LIETUVOS SVEIKATOS MOKSLU UNIVERSITETAS
VETERINARIJOS AKADEMIJA

Kristina Morkiiniené

GENOMINIS GALVIJU
PIENINIU IR SVEIKATINGUMO
SAVYBIU GERINIMAS

Daktaro disertacija
Zemés tkio mokslai,
zootechnika (03A)

Kaunas, 2018



Disertacija rengta 2012—-2018 metais Lietuvos sveikatos moksly universiteto
Veterinarijos akademijoje.

Mokslinés vadovés:

2012-2016 m. doc. dr. Lina Baltrénaité (Lietuvos sveikatos moksly
universitetas, zemeés tikio mokslai, zootechnika — 03A);

2017 m. doc. dr. Sigita Kerzien¢ (Lietuvos sveikatos moksly universi-
tetas, zemés iikio mokslai, zootechnika — 03A).

Disertacija ginama Lietuvos sveikatos moksly universiteto Veterinari-
jos akademijos zootechnikos mokslo krypties taryboje:

Pirmininké

prof. dr. Elena Bartkiené¢ (Lietuvos sveikatos moksly universitetas,
zemés tkio mokslai, zootechnika — 03A).

Nariai:

vt —

versitetas, zemés iikio mokslai, zootechnika — 03A);

prof. dr. Gintaré¢ Zaborskiené (Lietuvos sveikatos moksly universitetas,
zemes tkio mokslai, zootechnika — 03A);

dr. Petras Prakas (Gamtos tyrimy centras, biomedicinos mokslai, bio-
logija — 01B);

v —

mokslai, veterinarija — 02A).

Disertacija bus ginama vieSame zootechnikos mokslo krypties tarybos
posédyje 2018 m. rugpjii¢io 31 d. 12 valanda Lietuvos sveikatos moksly
universiteto Veterinarijos akademijos S. Jankausko auditorijoje.

Disertacijos gynimo vietos adresas: Tilzés g. 18, LT-47181 Kaunas,
Lietuva.



LITHUANIAN UNIVERSITY OF HEALTH SCIENCES
VETERINARY ACADEMY

Kristina Morkiiniené

GENOMIC IMPROVEMENT
OF CATTLE DAIRY
AND HEALTH TRAITS

Doctoral Dissertation
Agricultural Sciences,
Zootechnics (03A)

Kaunas, 2018



Dissertation has been prepared at the Veterinary Academy of Lithuanian
University of Health Sciences during the period of 2012-2018.

Scientific Supervisors:

2012-2016 Assoc. Prof. Dr. Lina Baltrénaite (Lithuanian University of
Health Sciences, Agricultural Sciences, Zootechnics — 03A);

2017 Assoc. Prof. Dr. Sigita Kerziené¢ (Lithuanian University of Health
Sciences, Agricultural Sciences, Zootechnics — 03A).

Dissertation is defended at the Zootechnics Research Council of Vete-
rinary Academy of Lithuanian University of Health Sciences:

Chairperson

Prof. Dr. Elena Bartkien¢ (Lithuanian University of Health Sciences,
Agricultural Sciences, Zootechnics — 03A).

Members:

vt —

Sciences, Agricultural Sciences, Zootechnics — 03A);

Prof. Dr. Gintaré Zaborskiené (Lithuanian University of Health Scien-
ces, Agricultural Sciences, Zootechnics — 03A);

Dr. Petras Prakas (Nature Research Center, Biomedical Sciences,
Biology — 01B);

v —

Veterinary — 02A).

Dissertation will be defended at the open session of the Zootechnics Re-
search Council of Lithuanian University of Health Sciences on the 31 of
August, 2018 at noon in S. Jankauskas Auditorium of the Veterinary Aca-
demy.

Address: Tilzés 18, LT-47181 Kaunas, Lithuania.



TURINYS

SANTRUMPOS ...ttt 7
TVADAS ..ottt e ettt 8
1. LITERATUROS APZVALGA ......ooviiiriirieiiieeiesiesiisesisessssssesessesessesssesssesssenes 11
1.1, GalVijy ZENOMAS ...cveevieiieieeieeiiesiiete et eteeeaesteesteeseesesaesseesseenseenseensesssensaensens 11
1.2. Galvijy kiekybiniy poZymiy genoming selekcija.........coceevvevieneneninencnineennenn 12
1.2.1. Tradiciniai gyvuliy genetinio gerinimo metodai..........cceeveeuereereeneennen. 12
1.2.2. Molekulinés informacijos panaudojimas gyvuliy vertinimui gerinti....... 13
1.2.3. Genominés selekcijos metodologija .......cocceveerierienieneeiieieeieeeeeeeee 14
1.2.4. Pieniniy galvijy genominis vertinimas ir selekcija.........ccccoverererennenee. 17
1.3. Galvijy kokybiniy pozymiy selekcija pagal genetinius Zymenis .............ccc.c..... 18
1.3.1. Pieno baltymo kapa kazeino genetinis Zymuo ..........cccceceevverenereneneenne. 19
1.3.2. Pieno baltymo beta kazeino genetinis Zymuo...........cceccverveeveeevenreeneeennnns 22
1.3.3. Pieno baltymo beta laktoglobulino genetinis Zymuo...........c.ccceeverveennen. 24
1.4. Galvijy sveikatingumo pozymiy selekcija pagal genetinius Zymenis.................. 27
1.4.1. Galvijy leukocity sukibimo nepakankamumas ............ccceceereenieneeniennnen. 28
1.4.2. Fermento uridino monofosfato sintazés trikumas............cceceveereenueennen. 29
1.4.3. Sunkus stuburo iSSIZIMIMAS .......ceceeruirierieiieiieneeie e eee e 30
2. TYRIMU MEDZIAGOS IR METODALI ....c..oooviuiiieeieeeeeeeeeeeeeeee e
2.1, Tyrimy MEAZIAZA .......ccveevieerieeieeeieieeieereeteeteesteesteeaeeaesseesseesseesseessenssesseesseenses
2.1.1. Tiriamosios grupés SUAArymas ..........cceeeveeruereereeseesseesreesseesesnesseeseennes
2.1.2. Biologiniy méginiy Pamimas..........cceerveeeeeeereeseesreesseessensesnesseesseennes
2.2, Tyrimy MELOAAL ....eeiueeeeeieiieiiee ettt ettt ettt e see e e neeee s
2.2.1. DNR i$skyrimas i$ plauko svogiinélio 1asteliy .........cceevevrrecrencieneennnenne.
2.2.2. DNR isskyrimas i§ kraujo leukocity druskiniu metodu
2.2.3. DNR $§varumo ir koncentracijos nuStatymas ............ccceeeeveseenueeneeeneennne.
2.2.4. Kiekybiniy pozymiy genoming selekcija.........cocvervverreieerienienieneeeeeee.
2.2.4.1. Pieniniy galvijy genominio profilio nustatymas ...
2.2.4.2. Galvijy genetinio potencialo JVertinimas .........c..coccecevveeeeeerenenenennencns
2.2.4.3. Genominés selekcijos ekonominio efekto jvertinimas...........c.ccoceeenee 39
2.2.5. Galvijy kokybiniy pozymiy selekcija pagal genetinius Zymenis ............... 40
2.2.5.1. Kapa kazeino geno tyrimo metodika...........cceoveeririneneiiniiieneneeene

2.2.5.2. Betakazeino geno tyrimo metodika...........cccooeiriiineneineeee
2.2.5.3. Beta laktoglobulino geno tyrimo metodika

2.2.6. Pieno sudéties ir kokybés tyrimai

2.2.7. Galvijy sveikatingumo pozymiy selekcija pagal genetinius Zymenis...... 43
2.2.7.1. Galvijy BLAD ligg lemian¢ios mutacijos ¢.383 A—G
CD18 gene tyrimo mMetodikKa..........cccevruiririnieieieieeree e 43
2.2.7.2. Galvijy DUMPS liga lemiancios mutacijos c.405 C—T UMPS gene
tyrImMO MEtOAIKA ....c..ieieiieieiieieie ettt 44
2.2.7.3. Galvijy CVM liga lemiancios mutacijos ¢.559 G—T SLC35A3 gene
tyrimMO MEtOAIKA ....e..eeuiiiieieiieiieie ettt ees 44
2.3. Statistiné duomeny analize ............cceeecvierieeniienieenieeeie e 45



3. TYRIMU REZULTATAL ....octiiiiiiiii i 46

3.1. Pieniniy galvijy kiekybiniy pozymiy genominé selekcija........ccccoevirinrinnnnnnnn. 46
3.1.1. Pieniniy galvijy genominiy profiliy analiz€.............cccocvvvviiiiinicniennns 46
3.1.2. Lietuvos pieniniy galvijy genetinio potencialo palyginimas su

,lgenity* populiacijos galvijy genominémis Vertemis...........cocvrevervenen 49
3.1.3. Pieniniy galvijy selekcionuojamy pozymiy pridétiniy ver¢iy analizé

pagal genominio profilio rezultatus ...........ccoccoeiiiicincicine e, 53
3.1.4. Selekcinis modelis pagal genominio profilio rezultatus, kai selekcijos

prioritetu parenkamas pieno kiekio didinimas...........c.ccoeerervincncnnnn, 57

3.1.5. Selekcinis modelis pagal genominio profilio rezultatus, kai atrankos
prioritetas paskirstomas lygiai visiems svarbiems pieniniy galvijy
S10YAY 1T E= U 1TSS 60

3.1.6. Selekcinis modelis, kai tirtosios atrankinés karviy populiacijos
genominio profilio tyrimy duomenys perkeliami visai Lietuvos

pieniniy Karviyg populiacijai .....eeceeeeierieenieieeiesee e 63
3.2. Galvijy kokybiniy pozymiy selekcija pagal genominius Zymenis ...........cceoveene.. 67
3.2.1. Pieno baltymy kapa kazeino, beta kazeino ir beta laktoglobulino
genetings analiz€s TeZUltatal ..........covvvreeieienis e 67
3.2.2. Pieno baltymy kapa kazeino, beta kazeino ir beta laktoglobulino
polimorfizmy sgsajos su produkcijos genominiais balais.............c.......... 71
3.2.2.1. Pieno baltymo kapa kazeino polimorfizmo sgsajos su produkcijos
geNOMINIAIS DAlAIS........cveviiiiciicc e 72
3.2.2.2. Pieno baltymo beta kazeino polimorfizmo sgsajos su produkcijos
genoMINIaiS DAIAIS........cceeiiiii e 75
3.2.2.3. Pieno baltymo beta laktoglobulino polimorfizmo sgsajos Su
produkcijos genominiais DalaiS ..........ccccovriiiieneicieie e 77
3.2.2.4. Pieno baltymy kapa kazeino, beta kazeino ir beta laktoglobulino
polimorfizmy sgsajos su pieno kokybés rodikliais ...........c.ccoereiviinnnn 79
3.3. Galvijy sveikatingumo pozymiy selekcija pagal genominius zymenis............... 81
4., TYRIMU REZULTATU APTARIMAS......cootiiii e 83
ISVADOS ...ttt 92
REKOMENDACIJOS ...ttt bbbt sae e bt e b b ea 94
LITERATUROS SALTINTAL .....oevuiviiueiiieieesciesee et sas s 95
PASKELBTOS PUBLIKACIIOS ... .ot 109
SUMMARY bbbttt e e b e e be e be bt ear e he e nae e b b en 130
CURRICULUM VITAE . ...ttt bbbttt 180
PADEKA ..ottt sttt 181



Ala
AS-PCR
Asp

BCM7
BLAD
BLUP

CLAD
cM
CVM
DA
DNR
DOEP
DUMPS
FXID
ID
Igenity
Ile

Kb
kDa
KPL
MAS

RFIP
PGR
RNR
Thr

UMP
VNP
VvV

SANTRUMPOS

alaninas

aleliams specifiné PGR

aspartatas

galvijy citrulinemija

beta kazomorfinas 7

galvijy leukocity sukibimo nepakankamumas
(Best linear unbiased prediction) geriausio linijinio
objektyvaus prognozavimo metodas

baziy pora

Suny leukocity sukibimo nepakankamumas
genolapio vienetas (centimorganidé)

sunkus stuburo i§sigimimas

dirbtinis apvaisinimas
dezoksiribonukleininé rugstis

daugybinis ovuliacijos embriony perkélimas
uridino monofosfato sintazés trikumas

XI faktoriaus trilkumas

identifikacinis numeris

genominiy profiliy nustatymo sistema
izoleucinas

kilobaze

kilodaltonas

kiekybiniy pozymiy sritis (lokusas)

(Marker Assisted Selection) selekcija pagal genetinius
zZymenis

restrikciniy fragmenty ilgio polimorfizmas
polimeraziné grandinés reakcija
ribonukleining ruigstis

treoninas

uridino monofosfato sintazé

vieno nukleotido polimorfizmas

veisliniy verc¢iy vertinimas



IVADAS

XX amziuje genetinis gyvuliy riasiy tobul¢jimas buvo grindziamas gy-
vuliy pozymiy ir kilmés registravimu. Pastaraisiais deSimtmeciais veisli-
néms vertéms vertinti (VVV) buvo naudojama geriausio linijinio objekty-
vaus prognozavimo (BLUP) metodas [1]. VVV buvo naudojamas atrinkti
geriausios genetinés vertés gyvulius. Pieniniy galvijy veisimo programos
Jprastai buvo paremtos palikuoniy vertinimo schemomis, kai buliams apy-
tiksliai tekdavo 100 duktery, kuriy produktyvumo duomenys buvo gauna-
mi, kai buliams buidavo apie 5 metus. Geriausi buliai véliau buvo placiai
naudojami populiacijoje. Sios tradicinés veislininkystés programos buvo
labai efektyvios, nes genetiné pazanga pagerino daug selekciniy pozymiy.
Taip pat gerai zinomos ir $iy tradiciniy selekciniy programy ribos, kurios
pirmiausia atsiranda norint nuolat fiksuoti fenotipus, tai gali biiti sudétinga
del jvairiy priezasCiy. Pavyzdziui, pieniniy galvijy kartos intervalas yra
ilgas, nes galima vertinti tik pateliy produktyvumo pozymius. DNR Zyme-
nys gali praplésti Sias ribas, nes DNR galima surinkti i§ visy bet kokio am-
ziaus individy ir naudoti prognozuojant kiekvieno individo geneting nauda.
Individy geneting nauda lemia aleliai, kuriuos jie turi dél priezastiniy
mutacijy, jy pagrindas yra pozymis. Pastaruosius du deSimtmecius DNR
zymenys naudojami tiriant kiekybiniy genomo pozymiy lokusus (KPL) [2],
o naudojant zymeny genotipus kiekybiniy pozymiy lokusuose siekiama
numatyti individy geneting vert¢ [3]. DNR Zymeny naudojimas selekcijos
schemose yra naudingas, nes gali padidinti veisliniy verciy vertinimo
patikimuma, ypac jauny gyvuliy ir ty pozymiy, kurivos yra sunku uzfik-
suoti [4, 13]. Patikimumo padidéjimas galiausiai gali lemti didesnj genetinj
tobuléjimg. Nepaisant dideliy pastangy atlikti tyrimus ir selekcija pagal
Zymenis, poveikis nebuvo toks didelis, kaip buvo tikétasi [5]. Theo H. E.
Meuwissen su mokslininkais [6] pristat¢ metodologija, skirta veislinéms
vertéms jvertinti, naudojant viso genomo tankius zymenis. Selekcija,
pagrista Siomis veisliniy ver¢iy genominémis prognozémis, buvo pavadinta
genomine selekcija [7].

Praktiskai genoming selekcijg pradéta naudoti neseniai, nes daugelyje
galvijy rusiy nustatyty genetiniy Zymeny nepakako, o genotipavimas dar
buvo pakankamai brangus. Pastaruoju metu patobuléjusios DNR technolo-
gijos ir genomo seky sudarymas léme tiikstanciy atskiry nukleotido poli-
morfizmy (VNP) atradimg ir didelj VNP genotipavimo iSlaidy sumazéjima.
Tai suteiké galimybe praktiskai pritaikyti genomine selekcija ir pradéti
jvairius mokslinius tyrimus. Daugelis pirmyjy genomings selekcijos tyrimy
démesj skyré genominio prognozavimo modeliams [8, 9], vertino populia-



cijos parametry poveikj genominio prognozavimo patikimumui [10, 11]
arba lygino tradicinés ir genominés selekcijos schemas [5, 12]. Véliau, kai
buvo gauti genominiai duomenys, genominé€s prognozes buvo patvirtintos
realiais duomenimis, dazniausiai palyginus genomines prognozes, atsizvel-
giant ] palikuoniy charakteristikas [14, 66]. Turint Siy patvirtinamyjy
tyrimy rezultatus, genominés selekcijos nauda tapo labai aiSki. Tai léme,
kad pastaraisiais metais ] pieniniy galvijy veisimo schemas buvo jtraukta
genomin¢ selekcija [15].

Darbo tikslas:

Istirti genominés selekcijos poveikj galvijy pieninéms ir sveikatingumo
savybéms.

Darbo uzdaviniai:

1. Nustatyti pieniniy galvijy genominj profilj pieningumo, balty-
mingumo, baltymy kiekio, riebumo, riebaly kiekio, produktyvaus
amziaus, somatiniy lgsteliy skai¢iaus ir pieninés formos tkiniams
pozymiams.

2. Palyginti Lietuvos pieniniy galvijy genominius profilius su tarptau-
tiniais pieniniy galvijy populiacijos genomo tyrimo duomenimis.

3. Ivertinti pieniniy galvijy genominj potencialg ir ekonomin;j efekta,
taikant jvairius genomingés selekcijos modelius.

4. Jvertinti pieno baltymy kapa kazeino, beta kazeino ir beta lakto-
globulino geny polimorfizmy sgsajas su pieniniy savybiy genomi-
némis vertémis ir pieno kokybés rodikliais.

5. Atlikti galvijy letaliy genetiniy ligy BLAD, DUMPS ir CVM
paplitimo pieniniy galvijy populiacijoje jvertinima.

Darbo naujumas ir praktiné reik§mé

Nustatytas Lietuvos pieniniy galvijy genominis profilis ir jvertintas
genominis potencialas pieningumo, baltymingumo, baltymy kiekio, riebu-
mo, riebaly kiekio, produktyvaus amziaus, somatiniy lasteliy skaiCiaus ir
pieninés formos tkiniams poZymiams papildo pasaulinés pieniniy galvijy
populiacijos genominés jvairovés duomenis. Pritaike genominés selekcijos
metoda pieniniams galvijams teigiame, kad Sis metodas leidzia jvertinti
pieniniy galvijy genetin] potencialg, didina selekcijos tikslumg ir intensy-
vumg. Nustacius kiekvienam galvijui genominj profilj, reitingavus galvijus
bandose pagal genominio profilio rezultatus atskiriems pozymiams bei jvai-
rioms pozymiy kombinacijoms, atrinkus auks$ciausios genominés vertés gal-
vijus pagal genominius profilius ir numacius pagal gautus rezultatus atskiros



bandos ar veislés gerinimo kryptis, galima prognozuoti bandos ar veislés
genetinés pazangos, taikant genoming selekcija, ekonomin; efekta. Nustaty-
tos sgsajos tarp pieno baltymy geny polimorfizmy ir tikiniy savybiy genomi-
niy verciy, sudaro prielaidas, vykdant genoming selekcija pieno baltymingu-
mo didinimo kryptimi, kartu padidinti kapa kazeino, beta kazeino ir beta
laktoglobulino B alelio daznj ir BB genotipo karviy skai¢iy populiacijoje.
Pieniniy galvijy genominiy profiliy jvedimas ] tarptauting pieniniy galvijy
genominiy profiliy duomeny baze leidzia identifikuoti, kokiag vietg atskiras
galvijas bei visa galvijy banda pagal genetinj potencialg uzima tarptautinéje
erdvéje. Genominés selekcijos duomenis galima naudoti kartu su tradiciniais
veislinio vertinimo duomenimis. Galimyb¢ atlikti genomo tyrimg ankstyva-
jame amziuje suteikia geneting duomeny baze¢ daugeliui veisimo, selekcijos
ir rinkodaros sprendimy priimti.
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1. LITERATUROS APZVALGA

1.1. Galvijuy genomas

Galvijai priklauso senajai zinduoliy grupei, Cetartiodactyla, kuri pirma
karta, manoma, atsirado mazdaug prie§ 60 milijony mety. Prijaukinti gal-
vijai (Bos taurus ir Bos taurus indicus) atsiskyré nuo bendro protévio prie$
250 000 mety ir tur¢jo ilga bendro vystymosi kelig kartu su Zmoniy
civilizcija nuo Neolito laiky pries 8 000—10 000 mety. Visos moderniosios
galvijy veislés kilo i$ didelés senyjy auroky (Bos taurus primigenius) popu-
liacijos per tiikstan¢ius domestikacijos mety. Per tg laikotarpj buvo sukurta
daugiau nei 800 galvijy veisliy. Pasaulyje kasmet uzauginama daugiau nei
milijardas galvijy mésos bei pieno pramonei. Tod¢l galvijai reprezentuoja
svarbias mokslines galimybes, taip pat yra svarbus ekonominis $altinis [16].

Dezoksiribonukleino riigstis (DNR) arba organizmo genetiné medziaga
yra paveldima i§ kartos j karta. Technologijy tobuléjimas leidzia geriau su-
prasti ir iSanalizuoti paveldimaja medziagg. Manipuliavimui su DNR biolo-
gine medziaga buvo sukurtas laboratorinis tyrimo metodas, vadinamas PGR
(polimeraziné grandininé reakcija). PGR simbolizuoja vieng reikSmingiau-
siy atradimy DNR technologijoje, uz kurj JAV gimusiam mokslininkui Kari
Mullis [17] buvo jteikta Nobelio premija. Pastaryjy mety DNR technologijy
pazanga, jskaitant klonavimg, polimerazés grandinés reakcija (PGR), re-
kombinanting DNR technologija, DNR pirsty antspaudy tyrima, geny tera-
pija, DNR mikrogardeliy technologija ir DNR profiliavima, tur¢jo jtakos
medicinos, veterinarijos, gyvulininkysteés ir kitiems mokslams [18-22].

Galvijy genomo zemeélapis pirmiausia buvo plétojamas mikrosatelity
analizés metodu, in situ hibridizacijos chromosomy preparatuose metodu.
Galvijy genetinio Zemélapio tankumas yra pakankamai didelis ir iSmatuotas
vidutinis atstumas tarp dviejy kaimyniniy sri¢iy yra 2,5 cM [23]. Kai plataus
zemeélapio sudarymo émési kelios mokslininky grupés, buvo labai svarbu
formuoti vienodus ir iSsamius Zemelapius, buidingus galvijy chromoso-
moms.

Zemélapiai buvo sudaromi hibridizacijos metodu, po to patikslinami
palyginus su skirtingy gyviiny riiSiy zemélapiais, naudojant chromosomoms
specifinius zondus. Tyrimai parodé, kad apie 4 milijonai baziy pory yra
konservatyvios. Nustatytos homologinés sritys tarp zmogaus, galvijo, aviy,
kiauliy chrmosomy [24-26].

Galvijy genomo sekos nuskaitymas pradétas 2003 m. JAV mokslininky
Richard Gibbs and George Weinstock [27]. Pirmoji galvijy genomo secka
buvo nuskaityta i§ DNR iSskirtos i§ mésiniy galvijy Herefordy veislés kar-
vés. Paraleliai, i$ dalies nuskaitant HolSteiny, Angusy, DZersiy, Norvegijos
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zalyjy ir Brahamy veisliy galvijy genomus, buvo atrasta 37 470 vieno
nukleotido polimorfizmy, kuriy informacija buvo panaudota 50 VNP
mikrogardelei sukurti [28]. Sujungus Siuos duomenis kartu su visiSkai
nuskaitytu Herefordy veislés karvés genomu, jie sudaro komercinése veisi-
mo programose vertingg genetiniy pozymiy Saltinj selekcijai pagal geneti-
nius Zymenis bei genominei selekcijai.

Christine G. Elsik su kolegomis [27] iSaiSkino galvijy genomg struktii-
rine, geny ir baltymy prasmémis. Buvo isaiskinta, kad galvijy genomas
koduoja 22 000 geny, kuriy skai¢ius koreliuoja su geny, rasty kity zinduoliy
genomuose, kiekiu. Papildomai buvo rasta 496 mikroRNR, apimancios 135
naujas sekas.

Daugybiniai seky tarp galvijy ir kity zinduoliy rtsiy palyginimai iSais-
kino 14 345 ortologinius genus, i§ kuriy 1217 yra specifiniai placentiniams
zinduoliams. Palyginamasis su kity zinduoliy genomais Zemeélapis parodé
124 evoliucinio liuzio taskus, daugiausia susijusius su pasikartojan¢iomis
sekomis ir duplikacijomis. Jdomu, kad genai, susij¢ su pieno produkcija, tai
pat susije¢ su Siais evoliuciniais taskais [16, 29].

Galvijy genomo tyrimai toliau plétojami siekiant atrasti naujas asocia-
cijas tarp seky ir fenotipo pozymiy bei sgsajas tarp skirtingy veisliy genomy.
Vykdomo 1000 buliy genomo projekto tikslas — gauti geneting informacija,
kuri leisty dar labiau pagreitinti genetinj galvijy produkcijos savybiy geri-
nima, nebloginant galvijy sveikatingumo. Identifikuotas recesyvinis galvijy
embrioninio mirtingumo genas ir dominantinis letalinis chondrodisplazijos
genas. Toliau vykdant projekta tikimasi rasti asociacijas su kitais monoge-
niniais bei kompleksiniais pozymiais [30]. Gautomis Ziniomis nuolat tobu-
linamos galvijy mikrogardelés, naudojamos galvijy genominéje selekcijoje
[31].

1.2. Galvijy kiekybiniy poZymiy genominé selekcija

1.2.1.Tradiciniai gyvuliy genetinio gerinimo metodai

ISsami sistema, skirta jvertinti patikimoms veislinéms vertéms, yra vie-
nas pagrindiniy veiksmingos veisimo programos ir naudingo selekcijos
proceso elementy. Geriausio linijinio objektyvaus prognozavimo (BLUP)
[1] sistema tapo gyvuliy veisimo standartu. Remiantis BLUP sistema, indi-
vidualios veislinés vertés kartu su didziausiu pasiekiamu patikimumu gali
biti gautos atsizvelgiant | daugelio karty veislés informacijg ir fenotiping
informacija, gautg i paciy individy ar bet kuriy jy artimy giminaiciy.

Be tradicinio gyvuliy modelio, buvo sukurti skirtingi modeliai, kuriuos
galima taikyti skirtingoms veisimo programoms ir (arba) duomeny strukti-
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roms, pvz., tévy modeliai, skirti sumazinti skai¢iavimus, kai reikia apskai-
Ciuoti tik tévy veislines vertes, atsizvelgiant 1 duomenis apie bulius, arba
jvairiy pozymiy modeliai, skirti j vieng modelj sujungti tarpusavyje susi-
jusius pozymius [32], kuriuose trikstamos vertés néra tokios svarbios, arba
atsitiktinés regresijos modeliai, skirti apdoroti vienos dienos modelius [33].
Bent jau produktyvumo pozymiams Siuo metu visos pieniniy galvijy tradi-
cinés vertinimo sistemos yra grindziamos $iais tradiciniais BLUP metodais.
Dél tokiy procediiry, kaip daugybiniai pozymiy visos Salies mastu jvertini-
mai [34], tapo jmanoma tarptautiniu lygmeniu palyginti sutartines veislines
vertes.

Nepaisant gyvuliy genetinio gerinimo pasiekimy BLUP metodu, yra Sio
metodo naudojimo trikumy. BLUP metodu yra nejmanoma tiksliai jvertinti
individo veisling verte, kai yra nezinoma fenotipiné pacio gyvulio ar artimy
giminai¢iy informacija ir dél to gali padidéti giminingo veisimo laipsnis
[35].

1.2.2. Molekulinés informacijos panaudojimas gyvuliy vertinimui
gerinti

Kai XX a. 8-0jo deSimtmecio pabaigoje ir 9-3ji deSimtmet] tapo prieina-
mi pirmieji genetiniai zymenys, prasid¢jo diskusijos, kaip panaudoti naujg
informacija, siekiant pagerinti selekcijos schemas. Buvo pristatytas naujas
selekcijos metodas, selekcija pagal genetinius Zymenis (MAS).

Daugumai gyvulininkystéje tirtyjy pozymiy biidingas kiekybinis geneti-
nis pagrindas. Tai reiskia, kad stebimi fenotipai yra kintantys, o stebimg ge-
neting jvairove lemia daugiau nei vienas genas. Visos geny sritys, kurios
prisideda prie konkretaus pozymio kitimo, vadinamos kiekybiniy poZymiy
sritimis (KPS). DaZnai nezinoma, kurioje genomo vietoje jos yra ir kokia
jtakg turi genetinei jvairovei. Ankstyvuose tyrimuose buvo sitiloma, kad
sriciy, turin€iy jtakos konkreciam pozymiui, skaiCius vyrauja nuo mazo iki
vidutinio [36], taCiau Siuo metu bendroji nuomoné — daugumag pozymiy
greiCiausiai veikia Simtai sri¢iy, i§ kuriy dauguma turi labai maza poveikj
pozymiui [37].

Kadangi galimy KPS vietos dazniausiai i§ anksto nezinomos, genetinius
Zymenis su zinomomis vietomis galima naudoti kaip prognostinius. Jei KPS
ir Zymuo yra vienas Salia kito, jiems daznai biidinga stipri sgsaja. Tai sudaro
salygas zZymeniu uzfiksuoti didele dal; genetinés jvairovés, kurig sukelé
KPS. Genetiniai zymenys yra mikrosatelity arba restrikciniy fragmenty ilgio
polimorfizmy, kurie, manoma, yra tinkamas pagrindas surasti susijusiy KPS
vietas, dalis. Siekiant suzyméti KPS vietas ir atsizvelgiant | Zymeny poveiki
fenotipams, buvo sukurti skirtingi statistiniai metodai [38]. Taciau KPS
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jtaka daznai buvo pervertinama [39] ir jos nebuvo galima patvirtinti naudo-
jant referenting duomeny bazg, tai sudaryty salygas jtraukti MAS | regulia-
rias veisimo schemas.

MAS, taikoma jvairioms gyvuliy rii§ims, niekada nepateiké stulbinamy
rezultaty, iSskyrus vieng iSimt] — pieniniuose galvijuose padéjo atrasti Dia-
cilglicerolio O-aciltransferazés 1 (DGAT 1) gena, turintj jtakos medziagy
metabolizmui [40], ir Pranciizija buvo vienintelé valstybé, kuri tikrai MAS |
veisimo programa jtrauke ilgesniam laikui [41].

1.2.3. Genominés selekcijos metodologija

Mokslininkai Haley and Visscher [7] iSreiSké mintj, kad selekcijos
pagal genetinius Zymenis technika gali biiti pritaikyta viso genomo tyrimo
lymeniu, ir 2001 m. Meuwissen aprasé metodologija kaip naudoti tankius
7ymeny rinkinius siekiant numatyti bendras genetines vertes [6]. Si idéja
gyvuliy veisimo srityje sukélé revoliucija tokiu budu ir greiciu, kuriy nepa-
sieké ankstesnés naujovés. Tokio metodo id¢ja teigia, kad naudojant tankius
zymeny zemélapius (tiikstanciai ar deSimtys tukstanciy Zymeny), visoms
KPS, veikianCioms konkre¢ius pozymius, bus biidinga stipri sgsaja su bent
vienu zymeniu ar chromosomos segmentu. Todé¢l naudojant tanky Zymeny
zem¢lap] turéty biiti jmanoma uzfiksuoti visus arba didzigja dalj; genetiniy
variacijy. Nepaisant to, kad didelj poveikj turin¢iy KPS buvo ieSkoma tai-
kant MAS metodg anks¢iau, Meuwissen et al. [6] aprasé statistinius meto-
dus, kai daugelio genome iSsibars¢iusiy zymeny poveikiai arba atitinkamy
haplotipy poveikiai vertinami vienu metu. Netaikant jokiy reikSmingy riby,
visy zymeny ar haplotipy poveikiai yra sumuojami ir po to gaunama bendra
individo genetiné verté (kuri véliau bus vadinama genomine veisline verte).
Selekcijos, atsizvelgiant | genomines veislines vertes, pranasumas pries§ tra-
dicines schemas yra aiskus, nes dél genominés informacijos naudojimo jma-
noma tiesiogiai uzfiksuoti pozymiy paveldéjima pagal Mendelio désningu-
mus, tai biity nejmanoma naudojant palikuoniy vertinimu pagrjstg metoda.
Tai gali turéti teigiamg poveikj giminingo veisimo laipsniui [35, 42, 43] ir
veisliniy ver¢iy tikslumui. Atsizvelgiant ] tai, kad yra pakankamas kiekis
fenotipuoty individy, kuriuos galima naudoti siekiant jvertinti poZymiy po-
veikius, genomines veislines vertes galima gauti ir individams, kurie néra
fenotipiSkai jvertinti, bet tik genetiSkai. Taigi galima nustatyti jauny indivi-
dy ar net embriony tikslias veislines vertes, todél ir selekcija (genoming
selekcijg) galima atlikti remiantis Siomis genominémis veislinémis vertémis.
Po Sios i1d¢jos pasitilymo daugelyje tyrimy pradéti naudoti sumodeliuoti
duomeny rinkiniai [44, 45, 66], skirti, pavyzdziui, ekonominiu poziiiriu ver-
tinti skirtingus prognostinius metodus, jgyvendinimo scenarijus ir idéjas,
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kaip integruoti genoming¢ selekcijg j esamas veisimo programas [12], nes
duomenys, skirti jvertinti genominiy veisliniy verc¢iy ir genominés selekcijos
poveikj, dar nebuvo prieinami.

Nebuvo aisku, kada bus galima gauti tokius duomenis, kurie tinka prog-
nozuoti genomines veislines vertes tokiu patikimumu, kuris biitinas, norint
Sias vertes praktiSkai taikyti kasdieniuose vertinimuose. Tokiam metodui
buvo paranku, kad 2009 m. tapo prieinama visa galvijy genomo seka [29,
46] ir kad genotipavimo technologija pirmaisiais XXI a. metais taip pazenge
1 priekj, kad iki Siol galima gauti didelius kiekius duomeny apie genominius
zymenis. Zinduoliy genomuose egzistuoja skirtingy rasiy seky variantai,
kuriuos galima naudoti kaip Zymenis, pavyzdziui, mikrosatelitai, kopijy
skaiCiaus variacijos, insercijos, delecijos, vieno nuleotido polimorfizmai
(VNP) ir t.t. Siekiant praktiSkai prognozuoti genoming veisling verte,
genomo Zymenys yra mazdaug vienodai pasiskirst¢ po visa genoma ir, jei
reikia, prieinami dideliais kiekiais.

VNP atitinka Siuos kriterijus, tod¢l tai yra Zymens tipas, kurj optimalu
naudoti genominio prognozavimo metoduose. VNP yra polimorfizmas,
kuris atsiranda vienoje bazéje ir paprastai yra bialelinis. Milijonai $iy VNP
yra prieinama Zzinduoliy genomuose [47, 48]. Naudojant naujas techno-
logijas, tapo jmanoma protingomis sgnaudomis didelio naSumo genotipavi-
mo platformose naudojant VNP gardele gauti individo genotipus su tiikstan-
¢iais VNP [49, 50].

Tokios pasaulinés bendrovés kaip ,,Illumina Inc.* (http//www.illumina.com)
ir ,,Affymetrix Inc.” (http://www.affymetrix.com) gali pasitlyti komercines
ir pagal individualius poreikius sukurtas VNP gardeles. ,,Illumina* gardeles
sudaro apie 6000 VNP (,Illumina BovineLD BeadChip*), 54000 VNP
(,,[llumina Bovine50 BeadChip* toliau nurodomas kaip ,,50K Chip*), kurios
labiausiai buidingos galvijy tyrimuose. Iki Siol oficialiuose genominiuose
vertinimuose su ,,50K Chip* gauti VNP sudaro genominiy veisliniy verciy
pagrindg, nes dauguma elitiniy buliy buvo genotipuojami naudojant Sig
VNP gardelg.

Prie§ keleta mety buvo pasitlyta nauja VNP gardel¢ ,Illumina
BovineHD BeadChip* (toliau — ,,HD Chip* (didelio daznio lustas)), kurig
sudaré apie 777000 VNP. Mokslininkai nekantriai lauké Sio produkto, nes
buvo tikimasi, kad 10 karty didesnis Zymeny tankumas, palyginti su ,,50K
Chip*, labai padidins genominés prognozés patikimuma ir turés daug priva-
lumy naudojant nedidelése veislése, nes tokiu biidu buty sékmingas dauge-
lio veisliy prognozavimas.

Dauguma individy, ypac buliai, jvertinti pagal palikuonis, iki atsiran-
dant didelio daznio gardeléms, buvo genotipuoti naudojant ,,50K Chip*
gardele ar mazesnio tankumo gardele, taigi nuo pat pradziy buvo aisku, kad
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ne visi Sie individai bus i$ naujo genotipuojami naudojant didelio daznio
gardele. Todél buvo bitina pradéti naudoti naujg strategija, vadinama
jterpimu. Jterpimo tikslas — rekonstruoti negenotipuoto Zymens lokusy in
silico genotipus.

Pagrindinés imputacijos proceso pakopos yra Sios. Jei turime individy,
genotipuoty su zymeny rinkiniu A, méginj, ir Sie individai turéty buti jterpti
1 didesn} Zymeny rinkinj B. Pirmiausia reikéty gauti kitg individy, genoti-
puoty su zymeny rinkiniu B, méginj (referencinj). Antra, naudojant atitinka-
ma programings jrangos jrankj, rekonstruojami (iSdéstomi etapais) haplo-
tipai, atsizZvelgiant | Seiminiais rySiais pagrjstas sgsajas ir (arba) tarppopu-
liacines sgsajas individams, genotipuotiems su zymeny rinkiniu B, ir
individams, genotipuotiems su zZymeny rinkiniu A. Remiantis Siais haploti-
pais, Zymeny srityse esantys aleliai, kurie nejtraukti | zymeny rinkinj A, bet
jtraukti | Zymeny rinkinj B, gali buti rekonstruoti tiems individams, kurie ka
tik buvo genotipuoti su zymeny rinkiniu A. Haplotipy rekonstrukcijai ir
trukstamiems duomenims jkelti buvo sukurta jvairiy programiniy jrangy,
ypa¢ zmogaus genetikos srityje — ,fastPHASE” [51], ,MaCH" [52],
»Shapelt” [53]. Tac¢iau dauguma §iy programy turi ribotas galimybes per
duotg laikg apdoroti Simtus ar tikstanc¢ius méginiy, kuriuos sudaro deSimtys
tukstan¢iy VNP, arba §ios programos negali apdoroti duomeny be referenci-
niy duomeny su i§ anksto apibréztais haplotipais. Viena iSimtis yra
BEAGLE [54], kuri plaiai naudojama ne tik zmogaus, bet ir gyvuliy
genetikoje. Joje jdiegtos visos biitinos funkcijos. Siekiant jveikti anksCiau
apraSytas problemas, per pastaruosius metus gyvuliy genetikos sektoriuje
taip pat buvo sukurtos kitos programinés jrangos — ,,Findhap* [55], ,,FImpute*
[56], ,,Alphalmpute* [57]. Be programos pasirinkimo, kiti du veiksniai —
referencinio Zymeny rinkinio dydis ir sudétis — turi didziausig jtakg jterpimo
tikslumui [58]. Pasirodo, didesni referenciniai rinkiniai ir didesnis artimy
giminai¢iy skaiCius padidina tikslumg. Taciau kuo daugiau gyvuliy reikia
genotipuoti naudojant didesnj Zymeny tankuma, tuo didesnés iSlaidos. Todél
viena dazniausiai naudojamy strategijy yra atrinkti pagrindinius protévius
tokiu biidu, kad buty maksimizuotos geny, kuriuos jie perdave faktinéms
populiacijoms, proporcijos [59], ir genotipuoti Siuos protévius didelio
daznio mikrogardele. Pastaruoju metu atlikta tyrimy, kuriuose pateikti
realis duomenys, kurie buvo naudojami vertinant informacijos jterpimuy,
prapleciant iki didelio daznio mikrogardelés informacijos, tiksluma [60].
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1.2.4. Pieniniy galvijy genominis vertinimas ir selekcija

Didéjanti genomings selekcijos seékme, kuri pastebima kaip didesnis
kiekis ir geresné pieniniy ir mésiniy galvijy produkcijos kokybé, sudaré
poreikj genominiy priemoniy pritaikymui ir Sio selekcijos metodo integravi-
mui | veisimo programas visame pasaulyje [61]. Genominés informacijos
panaudojimas genetiniam jvertinimui l€émé esminius pieniniy galvijy selek-
cijos pokycius [62—64]. Veisimo schemos geneting naudg apibrézia keturi
parametrai: genetinis standartinis nuokrypis, selekcijos intensyvumas, veis-
linés vertés vertinimo tikslumas ir kartos intervalas [65]. Pieniniams galvi-
jams naudojant klasikines palikuoniy vertinimo schemas, vertinamyjy buliy
palikuoniy veisliniy verc¢iy tikslumas yra labai didelis, taciau didelj tikslumag
galima pasiekti, tik jei turimi dukry produktyvumo duomenys [63], pvz., kai
bulius yra bent penkeriy mety amziaus. Vertinant jaunus bulius, galima ap-
skaiiuoti tévy produktyvumo pozymiy vidurkj, taciau gauti duomenys yra
per daug netiksliis, kad buty galima formuoti konkrecios selekcijos spren-
dimy pagrinda. Siuo pagrindu galima priimti tik ikiselekcinius sprendimus,
tai yra, kuris bulius taps vertinamuoju buliumi. Todél buliy karty intervalai
yra pakankamai ilgi ir riboja klasikines veisimo schemas. Vertinamyjy buliy
laikymas tiek mety, kai jau galima atlikti selekcija, remiantis duomenimis
apie palikuonis, yra gana brangus. Geneting naudg galima padidinti ir i$lai-
das sumazinti, jei tikslesnes veislines vertes bty galima gauti ankstyvajame
buliy amziuje. Jauny individy genominés veislés nustatymas néra toks
tikslus kaip palikuoniy, bet pakankamai tikslus. Tai suteikia sglygas naudoti
dvi strategijas: galimas tikslesnis vertinamyjy buliy ikiselekcinis procesas ir
(arba) jauni buliai gali biti tiesiogiai naudojami nelaukiant duomeny apie
palikuonis. Genoming selekcijg taip pat galima taikyti buliy motinoms, taip
sudarant sglygas anksciau ir tiksliau atrinkti elitines karves. Mokslininkas
Schaeffer [12], remdamasis prognostiniais svarstymais, atskleidé, kad bu-
liaus geneting naudg galima padvigubinti, o iSlaidas labai sumazinti, jei
buliams ir buliy motinoms nuolat taikoma genominé selekcija. Faktiniuose
tyrimuose su genominio veisimo schemy modeliavimu vertes taikant nuo
mazdaug 20 proc. [42] iki 100 proc. [67], atskleidZziama, kad genetinés nau-
dos did¢jimas priklauso nuo selekcijos intensyvumo ir tyrimuose numano-
mo kartos intervalo. Reguliarus ir oficialus genominis vertinimas, kuris yra
genominés selekcijos pagrindas, pirma kartg buvo pritaikytas 2009 m.
Holsteiny veislei JAV ir Kanadoje. Nuo to laiko §j vertinimg naudoja daug
Saliy — Vokietija nuo 2010 m., Australija nuo 2011 mety. Taciau genomines
veislines vertes taip pat siekiama naudoti ir kitose galvijy veislése — JAV
Dzersiy ir Sveicarijos Zalyjy veisléms nuo 2009 m., Vokietijoje Simentaly ir
Sveicarijos Zalyjy veisléms nuo 2011 mety [68-71].
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Dauguma Saliy genominés selekcijos metoda prad¢jo taikyti nedidelése
bandomyjy gyvuliy grupése, kurias sudaré¢ keli Simtai ar keli tikstanciai in-
dividy, genotipuoty naudojant 50K VNP. Kadangi bandomojoje grupéje
individy skaiCius yra svarbiausias veiksnys, buvo jkurta jvairiy bendradar-
biavimo konsorciumy ,,EuroGenomics in Holstein Friesian“ [72], ,,Interge-
nomics in Brown Swiss“ [73] ir t. t., kurie padeda gerinti genominio prog-
nozavimo tikslumg. Beveik visos genominio vertinimo sistemos pagrjstos
geriausio linijinio objektyvaus prognozavimo sistema, skirta prognozuoti
genomines veislines vertes. Norint tiksliai prognozuoti selekcijai parinkty
kandidaty, kurie neturi savo fenotipy, veislines vertes, biitina turéti labai
didele genotipuoty ir fenotipuoty individy referencing populiacija, kad biity
galima iSvesti prognostine lygti [14, 59]. Nors Sis tikslas pasiektas tokioms
veisléms kaip HolSteiny pieniniai galvijai [69], su mazesnémis veislémis
sudaryti tokig referencing populiacijg yra nejmanoma. Sitiloma alternatyva —
naudoti jvairiy veisliy referencing populiacija, kurioje bendras individy
skaiCius referenciniame rinkinyje biity didelis. Kai individy skaicius referen-
tin¢je populiacijoje yra ribotas, genominés veislinés vertés yra netiksliai
apskaiCiuojamos, ir prognozés nustatytos vienai veislei negali biiti pritaiky-
tos ir kitomis veislémis [15, 74]. Pryce su mokslininkais 2011 m. palygino
vienos ir keliy veisliy referentines populiacijas Flekvichy, Holsteiny ir
Dzersiy veisliy galvijams, ir padaré iSvada, kad genominés selekcijos nauda
yra minimali, kai naudojama keliy veisliy referentiné populiacija. Taciau
i§ keliy veisliy referencinés populiacijos gaunami geresni rezultatai nei is
vienos veislés referencinés populiacijos, kai numatomos veislinés vertés,
nesant genotipuoty individy referencinéje populiacijoje [75].

1.3. Galvijuy kokybiniy poZymiy selekcija
pagal genetinius Zymenis

Pieno baltymai yra svarbiausi pieno komponentai Zzmogaus mityboje.
Siandien pieno pramoné turi technologines galimybes gaminti daug skirtin-
gy risiy pieno produkty. Pieno perdirbimo savybés yra susijusios su pieno
baltymy sudétimi [76]. Pieno baltymai yra skirstomi j dvi grupes. Pirmajai
grupei priklauso keturi pagrindiniai kazeinai: asi-kazeinas, as2-kazeinas,
kapa kazeinas, beta kazeinas. Galvijams jie yra randami 6 chromosomoje
(6031), kur klasterio ilgis siekia nuo 200 iki 250 kb [77-79]. Antrajai grupei
priklauso keletas skirtingy iSrtigy baltymy, o svarbiausi i§ jy yra f-lakto-
globulinas ir a-laktoalbuminas. Visi kazeino baltymai sudaro pagrinding
galvijy pieno baltymy dalj (80 proc.) [80].

RySys tarp pieno baltymy polimorfizmo, produkcijos pozymiy, pieno
sudéties ir pieno technologiniy savybiy buvo istirtas ir aprasytas daugybeéje
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tyrimy [81-83]. Tyrimai atskleid¢, kad skirtingi pieno baltymy variantai
veikia pieno fizines ir chemines savybes [84]. ISsiaisSkinta, kad beta kazeino
B alelis [85-87], kapa kazeino B alelis [85, 88-90] ir beta laktoglobulino B
alelis [89, 91] koreliuoja su didesne varskés ir siiriy iSeiga bei geresnémis
skoninémis savybémis, o kapa kazeino E alelis [81, 89] lemia maZesnj piene
esancio kazeino kiekj bei prastesne siiriy kokybe daugelyje galvijy veisliy.
Dél $iy sgsajy pieno baltymy polimorfizmas gali buti naudojamas kaip pieno
kokybés atrankos kriterijus galvijy selekcijos programose.

1.3.1. Pieno baltymo kapa kazeino genetinis Zymuo

Kapa kazeinas sudaro mazdaug 12 proc. visy kazeiny. Kapa kazeino
baltymg koduojantis genas yra 6 chromosomos 6q31 pozicijoje [92]. Bend-
ras geno ilgis yra 13 kb. Jis sudarytas i§ penkiy egzony [93], taciau daugiau-
sia baltyma koduojanciy seky yra rasta ketvirtajame egzone [78]. Kapa
kazeino baltymas yra viengrandis polipeptidas, sudarytas i§ 169 amino rtgs-
¢iy, kurio molekulinis svoris yra 19,2 kDa. Galvijams rasta net 14 kapa
kazeino aleliy (A, Al, B, B2, C, D, E, F1, F2, G1, G2, H, I, J) [88]. Pieno
savybéms didziausig jtakg turi A ir B aleliai, kurie skiriasi 136 ir 148
grandinés vietose esanc¢iomis amino rigstimis — 136 vietoje Thr (ACC) yra
pakeistas j Ile (ATC), o 148 vietoje Asp (GTA) — i Ala (GCT). Siy dviejy
taskiniy mutacijy vieta yra Salia glikozilinimo viety ir tai paveikia tiek
baltymo struktiirg, tiek ir pat] glikozilinimg [94]. Taigi Sie genetiniai
variantai yra susij¢ pieno nestabilumu perdirbimo metu bei tinkamumu siiriy
produkcijai. Pastaraisiais metais mokslininkai susidoméjo kazeino geno
poky¢iais, rastais promotoriaus srityje, bei jy jtaka pieno baltymy raiskai
[88, 93, 95, 96].

Kapa kazeino B alelio svarba pieno technologinéms savybéms yra ap-
raSyta daugybé¢je tyrimy [97-100]. Pieniniy galvijy B kapa kazeino
variantas yra susij¢s geresne varskés kokybe ir padidéjusia strio iSeiga [88,
101]. Manoma, kad kapa kazeino geno B alelis didina baltymy kiekj, regu-
liuoja miceliy dydj, apsaugo kitus kazeinus nuo nusodinimo, turi stipresnes
koaguliacines savybes ir taip padaro pieng tinkamesn;j stiriy gamybai [102],
gerina jogurto kokybe [103]. Kapa kazeino alelio poveikis pieno sudéciai
buvo patvirtintas ir kity mokslininky tyrimais [83, 85, 104, 105]. Apskai-
Ciuota, kad i§ BB genotipg turin¢iy karviy pieno yra pagaminama 10 proc.
daugiau tam tikros riiSies surio nei i§ AA genotipg turinCiy galvijy pieno
[78]. Kietieji siiriai, pagaminti i§ tokio pieno, pasizymi geresne konsisten-
cija ir kompozicija. Karvés, turinios AA genotipg, pasizymi didesniu
pieningumu [106, 107].
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Mokslininky buvo pasitilyta, kad kapa kazeino genotipy identifikavimas
galéty biuti ekonomiskai svarbus atrankos kriterijus formuojant pieniniy
galvijy bandas, skirtas pramoninei pieno gamybai [108, 109].

Skirtingi kapa kazeino genetiniai variantai yra randami nevienodu
dazniu jvairiose pieniniy galvijy populiacijose. Daugumoje Europos galvijy
veisliy yra nustatomas didelis kapa kazeino A alelio daznis (1.3.1.1 lentel¢).

1.3.1.1 lentelé. Kapa kazeino aleliy dazniai skirtingose pieniniy galvijy veislése

Galvijy veislé Kapa kazeino aleliy daZniai Saltiniai

Holsteinai A =0,690 [110]
B=0,310

A=0,940 [111]
B = 0,060

A =0,760 [112]
B = 0,240

A= 0,642 [86]
B =0,288

A =0,830 [113]
B=0,170

A=0,790 [114]
B=0,138
E=0,072
A=0,752 [115]
B=0,161
E=0,087
Dzersiai A =0,290 [113]
B=0,710
A=0,110
B =0,880 [110]
A=0,512 [114]
B =10,488
Rumuny margieji A =0,650 [116]
B=0,350
Maramures zalieji A=0,375
B =0,625
Turkijos pilkieji A =0,806 [86]
B=0,193
Lietuvos A=0,731 [115]
baltnugariai B =0,238
E=0,010
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1.3.1.1 lentelés tesinys

Galvijy veislé

Kapa kazeino aleliy daZniai

Saltiniai

Lietuvos
$émieji

A=0,735
B =0,228
E=0,037

Lietuvos zalieji

A=0,714
B =0,265
E =0,021

Lenkijos zalieji

A =0,690
B=0,310

Danijos zalieji

A=0,810
B=0,190

Vokietijos zalieji

A =0,642

B =0,288

E=0,070

[119]

Lenkijos zalieji

A =0,600
B =0,330
C=10,020
H= 0,030

[113]

Estijos zalieji

A =0,642
B=0,324
E=0,034

[114]

Simentalai

A =0,681

[117]

A =0,600
B =0,380
E=0,020

[83]

A =0,531
B =0,469

[118]

Airsyrai

A =0,550
B=0,130

[113]

Estijos vietiniai

A =0,695
B =0,305

Vakary Suomijos galvijai

A=0,671
B =0,305
E = 0,024

[114]

Indijos pieniniai galvijai

A =0,66
B=0,34

[120]

Holsteinai-Fryzai

A =0,81
B=0,19

[121]
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1.3.2. Pieno baltymo beta kazeino genetinis Zymuo

Beta kazeinas sudaro iki 45 proc. kazeiny kiekio galvijy piene. Sj
baltyma koduojantis genas yra aptinkamas galvijy SesStojoje chromosomoje
[122]. Beta kazeino geno pirminé seka buvo nustatyta Bruno Ribadeau-
Dumas et al. [123].

Beta kazeinas yra polimorfiSkas pieno baltymy genas, turintis 12 Zino-
my genetiniy varianty: Al, A2, A3, B, C, D, E, F, H1, H2, 1, G. Pieniniy
galvijy veislése dazniausiai pasitaikantys beta kazeino aleliai yra Al ir A2,
B alelis yra re¢iau aptinkamas, o A3 ir C yra ypa¢ reti (1.3.1.2 lentel¢). Sio
baltymo polipeptidiné grandiné sudaryta i§ 209 aminorugsciy [80, 124, 125,
127], o polimorfizmo priezastis yra natiiralios vieno nukleotido mutacijos
koduojanciame gene [128]. B alelis nuo A2 alelio skiriasi dviem mutacijo-
mis — A — C nukleotidy pakaita, dél kurios jvyksta aminortgsciy pasikeiti-
mas 1§ prolino j histiding (67 pozicijoje), ir C — G pakaita, dél kurios
jvyksta pasikeitimas i§ serino j argining (122 pozicijoje). Sie aminoriigi¢iy
sekos skirtumai lemia konformacinius skirtumus tarp baltymo antrinés
struktiiros [128-130]. Pirminiame beta kazeino baltymo variante galvijy
piene buvo tik A2 alelis. Al beta kazeino variantas yra mutacijos padarinys
[126, 127].

Tyrimy metu nustatyta, kad beta kazeino B alelis [85, 98] yra susijes su
kazeino kiekio padidéjimu piene ir suriy iSeiga bei kokybe jvairiose galvijy
veislése. Kazeinai yra baltymai, kurie yra sutraukinami strio gamybos
procese, todel kuo didesnis kazeino kiekis, tuo geresné gaunama siirio iSeiga
i$ to paties kiekio pieno [85, 86, 98].

Pieno baltymai, jskaitant kazeinus, taip pat yra bioaktyviy peptidy
Saltinis. Vienas i8 $iy peptidy yra beta kazamorfinas (BCM), kuris priklauso
opioidiniy peptidy grupei, susiformuojanciai i§ beta kazeino varianty. Buvo
istirta, kad beta kazomorfinas 7 (BCM-7), veikiant fermentams, yra sufor-
muojamas 1§ Al arba B beta kazeino varianty.

Ivykes strukttrinis pokytis tarp Al ir A2 varianty nuléme, kad Sie du
beta kazeino variantai yra skirtingai hidrolizuojami Zmogaus virSkinama-
jame trakte. Peptidiné jungtis tarp prolino ir izoleucino A2 variante yra
labiau atspari fermenty poveikiui nei kad jungtis tarp histidino ir izoleucino
Al variante. Tai reiskia, kad Al variantg turintis pienas yra daug lengviau
hidrolizuojamas virSkinamajame trakte esan¢iy fermenty ir iSskiriamas
didesnis BCM-7 kiekis, kuris gali neigiamai paveikti Zmogaus sveikata
[131-136].

Didelis BCM-7 kiekis i$skiriamas ne tik vartojant Al, bet ir B varianta
turint] pieng [131, 133, 137]. Beta kazomorfinas per daugybe receptoriy gali
paveikti endokrining, imuning, nervy ir kitas sistemas. D¢l to pieno, turincio
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Al ar B variantus, vartojimas gali padidinti Zzmoniy rizikg susirgti kai ku-
riomis ligomis: iSemine Sirdies liga, diabetu, ateroskleroze, staigios kudikiy
mirties sindromu, autizmu, Sizofrenija [131, 133, 136, 138].

1.3.2.1 lentelé. Beta kazeino aleliy dazniai skirtingose pieniniy galvijy veis-
lése

Galvijy veislé Beta kazeino aleliy dazZniai Saltiniai
Holsteinai A1=0,472 [139]
A2 =0,496
B=0,026
Al=0,371 [140]
A2 =0,546
B =10,050

Al =0,485 [36]
A2 =0,456
A3=0,029
B =0,029

Al1=0,177 [83]
A2=0,809
A3 =0,006
B = 0,008

A1=0,169 [141]
A2=0,831
Al = 0,402 [80]
A2 =0,598
Al=0,418 [142]
A2=0470
B=0,107

Al =0,429 [138]
A2 =0,548
B =0,024

Dzersiai Al1=0,093
A2=0,721 [139]
B=0,186
Al=0,123 [143]
A2=0,591
Al=0,077 [141]
A2=0,923
Al =0,094 [114]
A2 =0,688
B=0219
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1.3.2.1 lentelés tesinys

Galvijy veislé Beta kazeino aleliy dazZniai Saltiniai

Turkijos pilkieji Al=0,426 [86]
A2=0,544
B =10,029

AirSyrai Al1=0,432 [143]
A2=0,527

Gir (Turkijos vietiniai) A1=0,020 [144]
A2=0,980

Guzera (Turkijos vietiniai) | Al = 0,030
A2=0,970

Lenkijos zalieji Al=0,617 [119]
A2=0,321
B =0,062

Danijos zalieji A1=0,710
A2=0,230
B =0,060

Vokietijos zalieji Al =0,628
A2=0,302
B =0,057

Estijos vietiniai A1=0,318 [114]
A2 =0,644
B=10,038

Siaurés Suomijos galvijai Al1=0,292
A2=0,671
B =0,037

1.3.3. Pieno baltymo beta laktoglobulino genetinis Zymuo

Beta laktoglobulinas yra vienas pagrindiniy iSrtigy baltymy. Galvijy beta
laktoglobulinas yra mazas tirpus baltymas, kuris yra stabilus esant pH = 2.
Paprastai vyrauja kaip dimeras, sudarytas i§ dviejy subvienety, kuriy kiek-
vieno molekuliné masé yra apie 18,4 kDa. Kiekvienas monomeras susideda
1§ 162 aminoriigsciy liekany su viena laisva cisteino liekana tarp dviejy di-
sulfidiniy jungCiy [145, 146].

Galvijy beta laktoglobulino genas yra randamas vienuoliktojoje chro-
mosomoje ir sudaro 4,7 kb transkripcijos vieneta, jskaitant septynis egzonus
ir SeSis intronus. Yra Zinoma maziausiai vienuolika §io geno genetiniy
varianty (A, B, C, D, E, F, G, H, I, J, W), bet A ir B aleliai yra domi-
nuojantys tarp jvairiy galvijy veisliy (1.3.3.1 lentel¢). Cheminiai skirtumai
tarp Siy dviejy baltymy varianty yra nulemti dviejy tasSkiniy mutacijy koduo-
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jan¢iame gene — pakaitos 1§ aspartato j glicing 64 pozicijoje ir i§ valino ]
alaning 118 pozicijoje. Tyrimai atskleide, kad beta laktoglobulino srityje
esantys genetiniai variantai (A ir B) gali biiti susije su laktacijos procesu ir
turi didele jtaka pieno sudédiai. Sie variantai taip pat turi jtakos pieno tech-
nologinéms savybéms. AA genotipas yra susijes su didesniu pieno kiekiu.

Manoma, kad B alelis padidina kazeino baltymy kiekj. Tyrimai parodg¢,
kad laktoglobulino BB genotipas nulemia 3 procentais daugiau kazeino
kiekio nei AA genotipas, tod¢l i§ BB genotipo karviy, i tokio pacio pieno
kiekio, galima pagaminti apie 2 proc. didesn; stirio kiekj. D¢l $iy priezasciy
stiriy gamyboje yra pageidautinas BB genotipo karviy pienas [83, 146-151,
153].

1.3.3.1 lentelé. Beta laktoglobulino aleliy dazniai skirtingose pieniniy gal-
vijy veislése

Galvijy veislé Beta laktoglobulino aleliy daZniai Saltiniai

Holsteinai A=0,53 [154]
B=047
A =0,320 [110]
B =0,680
A =0,480 [111]
B=10,520
A=0,421 [114]
B=0,579
A=0,173 [155]
B =10,827
A =0,143 [156]
B =0,857
A=0,51 [157]
B=10,49
A =0,469 [86]
B=0,53
A =0,431 [158]
B=10,569

DzZersiai A =0,463 [114]
B =0,537
A =0,260 [159]
B=0,720
C=0,020
A =0,320 [110]
B =0,680
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1.3.3.1 lentelés tesinys

Galvijy veislé Beta laktoglobulino aleliy daZniai Saltiniai

Cekijos Flekviso A=0,11 [83]
B=10,489

Urugvajaus Kreole A =0,494 [160]
B =10,506

Lietuvos A=0,378 [158]

baltnugariai B =0,622

Lietuvos $émieji A =0,551
B =10,449

Lietuvos zalieji A =0,068
B=10,923
C =0,009

Lenkijos zalieji A=0,188 [119]
B=0,740
C=0,058
[=0,014

Danijos zalieji A=0,110
B =10,890

Vokietijos zalieji A=0,157
B=0,775
C=0,068

Estijos zalieji A=0,254 [114]
B=0,746

Indijos vietiniai galvijai | A = 0,255 [161]
B=0,745

Simentalai A=0,379 [117]
B =10,621

Sahiwal (Indijos vietiniai) | A = 0,170 [162]
B=10,830

Tharparkar (Indijos A =0,390

vietiniai) B=10,610

Estijos vietiniai A=0,314 [114]
B =10,686

Vakary Suomijos galvijai | A = 0,098
B =10,902

Najdi (Irano vietiniai) A =0,087 [163]
B=0,912
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1.4. Galviju sveikatingumo poZymiuy selekcija
pagal genetinius Zymenis

Siuolaikinis pieniniy galvijy veisimas pagrijstas tarptautiniy elitiniy bu-
liy spermos panaudojimu. Kartu su placiai naudojamomis pazangiosios re-
produkcijos technologijomis, jskaitant dirbtinj apvaisinimg (DA) ir daugy-
binés ovuliacijos embriony perkélimg (DOEP), atskiri buliai visame pasau-
lyje naudojami kaip reproduktoriai tiikstanciams telyCiy [164]. Intensyviai
vystant gyvulininkyste, atskiroje gyvuliy ruSyje ima vyrauti viena veisle,
pavyzdziui, tarp pieniniy galvijy — HolSteiny veislé, o taikant séklinimg toje
veisléje yra naudojamas nedidelis kiekis reproduktoriy. D¢l Sios priezasties
labai sumazéjo genetiné biojvairove, daugelis geny peréjo | homozigoting
biiseng ir pasireiSke jvairios paveldimos genetinés ligos. Gyvuliai, neSiojan-
tys jvairius genetinius defektus, turi biiti pasalinti 1§ populiacijy, kad nepa-
geidaujamo geno daznis nepadidéty iki kritinés ribos, kai jis pereina j homo-
zigotine biikle ir pradeda reikstis fenotipiSkai. Jei gyvulys yra tik nepagei-
daujamo geno nesiotojas, Sis genas fenotipisSkai nepasireiskia ir tyrima gali-
ma atlikti tik genetiniais tyrimo metodais, todél labai svarbu norint neiSpla-
tinti nepageidaujamo geno, jo atzvilgiu istirti veislinius galvijus.

Zinomi paveldimi galvijy sutrikimai daZniausiai atsiranda dél autosomi-
niu recesyviniu budu paveldimy geny [165]. Autosominiy recesyviniy geny
budingas bruozas yra tai, kad jie pasireiskia fenotipiskai tik tuo atveju, jei
yra du pakite aleliai. Todél galima nepastebima mutacijas turin¢iy geny
sklaida, o autosominiu recesyviniu btidu paveldimos ligos, kurios daznai yra
letalios, kelia didesniy riipes¢iy galvijy augintojams nei sutrikimai, turintys
dominuojantj paveldéjimag ar su X chromosoma susijusj recesyvinj paveldé-
jima, nes jie yra lengviau atpazjstami [166].

Heterozigotiniai individai gali buti identifikuojami, kai kuriais atvejais,
biocheminiais metodais, analizuojant fermenty aktyvuma kraujyje ir (arba)
atliekant gyviiny genealoging analize, kuri gali uztrukti gana ilgai. Moleku-
linés genetikos pasiekimai leidzia efektyviai ir greitai identifikuoti hetero-
zigotinius gyviinus atlickant genoming analize. Zinant molekulinj ligos pa-
grinda, genetiniu lygmeniu tiesiogiai galima nustatyti pakitusiy geny, kurie
lemia genetinio sutrikimo pasireiSkimg, neSiotojus, tokiu biudu uzkertant
kelig nepageidaujamam tolimesniam gyviino veisimui [166].

Tarp pieniniy juodmargiy galvijy karviy séklinimui visame pasaulyje
placiai naudojant tuos pacius bulius reproduktorius, kurie pasirodé esantys
recesyviniy, ligas lemianc¢iy geny nesiotojai, iSplito daugiau nei deSimt ge-
netiniy ligy, kuriy dalis lemia letalig baigt] ir atneSa didelius ekonominius
nuostolius. Tai galvijy leukocity sukibimo nepakankamumas (BLAD), uridi-
no monofosfato sintetazés (DUMPS) trukumas, sunkus stuburo i§sigimimas
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(CVM), citrulinemija (BC), XI faktoriaus trikumas (FXID) ir kiti [156,
166-172].

1.4.1. Galvijy leukocity sukibimo nepakankamumas

Igimtas verSeliy imunodeficitas BLAD (angl. Bovine Leukocyte Adhe-
sion Deficiency — galvijy leukocity sukibimo nepakankamumas) yra letaliné
autosominé recesyvin¢ paveldima liga, pasireiSkianti HolSteiny veislés
verSeliams [173]. Pirmg kartg ligag diagnozavo JAV mokslininkas Marcu E.
Kehrli 1990 m. [174]. Dale E. Shuster ir kiti mokslininkai nustaté¢ sveiko
galvijo geno CD18 nukleotidy sekg ir mutuotg CD18 geno alelj [175]. To
pacio geno mutacija nustatyta zmonéms [176] ir Sunims [177]. Heterozigo-
tiniai nesiotojai kliniskai yra sveiki, bet heterozigotiniai buliai ir karveés turi
25 proc. tikimybe atvesti homozigotinius verselius, sergancius Sia liga.

BLAD ligg lemiantis genas yra BTA1 galvijy chromosomoje. Mutacijos
metu pakito genas, atsakingas uz glikoproteino — beta integrino sinteze: $io
geno 383-iame nukleotide adeninas yra pakeistas guaninu. Dél to sintezuo-
jamas nevisavertis beta integrinas, kurio molekulés 128-oje padétyje asparto
amino rugstis pakeista glicinu.

Suny ir galvijy liga pradZioje buvo pavadinta chronisku granuliocito-
patijos sindromu. [178]. Tik véliau buvo nustatyta ir susieta su B2-integriny
deficitu [174, 177]. Analogiskai Zmoniy ligos pavadinimo santrumpa yra
LAD, Suny liga buvo pavadinta CLAD [179], o galvijy — BLAD [174].
BLAD sutrikimas lemia galvijy leukocity sukibimo nebuvima, dél to sutrin-
ka Igstelinis ir humoralinis imunitetas. Ligai biidingas leukocity membranos
pavirsiuje esancio baltymo glikoproteino — heterodimerinio B.-integrino ak-
tyvumo sumazéjimas. Tam, kad neutrofilai emigruoty i§ kraujagysliy, biitina
B2-integriny sgveika su endotelio 1gsteliy sukibimg uZztikrinan¢iomis ir tarp-
lasteliniame tarpe esanc¢iomis kity baltymy molekulémis. Jvykus CD18 geno
mutacijai, J2-integrinai tampa nevisaverciais ir praranda veikluma, nesugeba
prilipti prie kraujagysliy endotelio ir nenukeliauja i§ kraujagysliy | uzde-
giminj zidinj bei nevyksta fagocitoze [175].

Tik homozigotiniai BLAD geno atzvilgiu galvijai turi klinikinius ligos
pozymius. Heterozigotiniai galvijai, patys nesirgdami, yra potencialis
BLAD geno platintojai populiacijoje ir didina rizikqa BLAD geno peréjimui |
homozigoting (letaling) forma. Homozigotiniai mutavusio geno atzvilgiu
verSeliai daznai serga virSkinamojo trakto ir kvépavimo taky infekcinémis
ligomis. BLAD liga sergantys verSeliai gimsta mazos kiino masés, prastai
auga, blogai ¢da ir pasisavina pasarus, jy plaukai neblizga, lizingja, verse-
liai biina neatsparts infekcijoms — periodiskai serga bakterinémis infekcijo-
mis, enteritu, pakartotinai serga pneumonija, diaréja, opomis, laringitu,
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granuliaciniu stomatitu, gingivitu, alveoliniu, periostitu, dermatomikozémis
ir odos abscesais, kriitinkaulio srities dermatitu ir edema, periferine limfa-
denopatija, iSekimu (uzauga tik 60 proc. reikiamos kiino maseés), anemija, ir
jei uzdelsiama gydyti, dazniausiai mirS§ta 2—-3 ménesiy amziaus [173]. Vete-
rinarijos gydytojai gali jtarti $ig liga, nustat¢ neutrofilijg (40 x 103 lgst./ul) ir
monocitoze. Taciau jei verSelis yra tik mutavusio geno neSiotojas, jis
normaliai auga ir gali turéti palikuoniy. Atvesti jie gali atrodyti sveiki, kol
gyvinai turi neutrofilijg, limfocitoz¢ ir monocitoze. Jie taip pat turi hypo-
albuminemija, hyperglobulinemija, Zema kreatining. Dalis gyvuliy gali
iSgyventi daugiau nei dvejus metus, bet jy yra sulétéjes augimas ir jie kencia
nuo pasikartojanc¢iy odos, skrandzio, zarny ir kvépavimo taky infekcijy.
SkrandZzio, zarny ir kvépavimo taky didzioji dalis apimta nekrozés, tai mato-
ma atlikus lavono skrodima.

Daugeliu atvejy buliai heterozigotiniai BLAD geno atzvilgiu buvo api-
biidinami kaip turintys labai didel¢ veisling vertg, atsizvelgiant j pieno kie-
kybinius bei kokybinius pozymius, daugiausia pieno baltymy kiekj. ISsamiis
tyrimai parodé sary$j tarp geno ir kity genomo sri¢iy, kurios apsprendzia
pageidaujamus produkcijos rezultatus [203].

1.4.2. Fermento uridino monofosfato sintazés triukumas

Fermento uridino monofosfato sintazés trikumas (angl. DUMPS — defi-
ciency of uridine monophoshhate synthase) — tai autosominé recesyviné
letaliné Holsteiny veislés galvijy liga, pasireiskianti ankstyvuoju embriony
mirtingumu [ 173, 180-182].

UMPS (uridino monofosfato sintazé¢) yra fermentas, kuris yra labai
svarbus pirimidino nukleotidy sintezés metu. Jis yra biitinas norint, kad vyk-
ty normalus atrajotojy ir kity gyviiny ri§iy augimas ir vystymasis. Sio fer-
mento inaktyvacija sukelia taskiné mutacija UMPS gene (C — T), 5 egzono
405 kodone. Sis Holsteiny galvijy sutrikimas pasizymi sumazéjusiu fermen-
to UMPS aktyvumu kraujyje [183]. DUMPS liga sukelia embrioning mirtj
ankstyvojoje verSingumo stadijoje [170] ir tai pieniniy galvijy bandose
sukelia daug reprodukciniy problemy [184].

Fermento uridino monofosfato trikumag lemiantis genas yra galvijy
1 chromosomoje [180-182]. Zinduoliy Iastelése pirimidino nukleotidy sinte-
z¢s paskutiné pakopa apima orotato konvertavimg j uridino monofosfato
sintazg (UMP) ir yra katalizuojama UMP sintazés fermento. UMP sintaze
yra biitina naujy pirimidino nukleotidy sintezei, kurie yra DNR ir RNR
sudedamosios dalys. Kadangi pirimidinai yra labai reikalingi nukleorig§¢iy
sintezei embrioninio vystymosi periodu, embrionai, kurie yra homozigoti-
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niai pagal recesyvinj alelj, mirSta iki 40 néStumo dienos [185]. Embrionai
daznai yra rezorbuojami per pirmus du ver§ingumo ménesius, o tokia karve
vél rujoja. Tai lemia kur kas didesnius intervalus tarp apsiverSiavimy [181,
182, 186].

Heterozigotai galvijai yra fenotipiSkai normaliis, bet pasireikskia tik
pusé normalaus UMPS fermento aktyvumo, kuris savo ruoztu sukelia padi-
déjusj orto riigSties kiekj jy piene ir Slapime [187]. Iki Siol néra rasta gyvy
gyviiny, kurie biity homozigotiniai pagal mutavusj aleli [180]. Taciau aiskus
fermento aktyvumo skirtumas tarp heterozigotiniy ir homozigotiniy sveiky
embriony nebuvo pastebétas. Akivaizdu, kad fermento aktyvumga gali pa-
veikti ir kiti veiksniai nei taskiné mutacija, kuri sukelia DUMPS [185].

DUMPS atradimas buvo netikétas, tai jvyko, kai buvo atliekami
moksliniai tyrimai analizuojant orto riigSties kiekj karvés piene. Orto riigStis
(6-karboksiuracilas) yra tarpinis junginys pirimidino nukleotidy biosintezés
metu ir yra normali karviy bei kity atrajotojy pieno sudedamoji dalis.
Ilinojaus universitete (JAV) nagrinéjant Sérimo jtaka bei laktacijos stadijas
buvo pastebéta, kad keletas pieniniy karviy duoda pieng su nuo penkiy iki
desimties karty aukstesne orto riigties koncentracija nei jprastai. Sis orto
rugsties kiekio padidéjimas buvo nustatytas visose laktacijos stadijose ir taip
pat keliose laktacijose i§ eilés. Tolesni tyrimai parodé¢, kad orto riigsSties
kiekis taip pat buvo pakiles tiek kraujyje, tiek gyviiny Slapime, kai jie lak-
tavo. Buvo iskelta hipotez¢, kad Siems gyvinams triiko uridino monofosfato
(UMP) sintazés, fermento, kuris metabolizuoja orto rugstj. Jei yra fermento
deficitas, tuomet kaupiasi orto rugstis. IStyrus keturias karves su auk$ciausiu
piene orto riigSties kiekiu, nustatyta pusé jprasto jy eritrocituose UMP
sintazés aktyvumo. Sie gyviinai turéjo bendra protévj, ir atrodo, jog jis
perdavé Sig bukle daliai savo palikuoniy. Atlikti tyrimai patvirtino, kad Sie
gyvinai buvo heterozigotiniai letalaus susirgimo atzvilgiu [188].

1.4.3. Sunkus stuburo iSsigimimas

Sunkus stuburo i$sigimimas (angl. CVM — Complex Vertebral Malfor-
mation) — tai autosominé recesyviné¢ HolSteiny veislés galvijy paveldima
liga, pasireiskianti sunkiais stuburo i$sigimimais. Sindromas pirmg karta
identifikuotas 2000 m. Danijos HolSteiny veislés populiacijoje [167, 168,
186]. Liga taip pat nustatyta galvijy Wagyu veisléje [190]. Pagrindinis gal-
vijy protévis, turéjes Sig mutacijg, buvo Carlin-M Ivanhoe Bell [191].

Sunkus stuburo iSsigimimas (CVM) yra nustatytas tiek abortuotiems
vaisiams, tiek ir per anksti gimusiems, negyviems verSeliams. Paveikti ver-
Seliai turi nugarkauliy stuburo anomalijas, tokias kaip nevisiSkai i$sivystgs,
susisukes ar nejprastos formos stuburas ir Sonkauliai, skolioze ir nugarkau-
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lio sinostoze¢. Taip pat pastebétas mazas kiino svoris ir Sirdies anomalijos
[192]. Tokie verSeliai turi sutrumpéjusias stuburo ir kriitinés sritis, abiejy
pusiy simetriSkas metatarsofalango jung¢iy susitraukima ir simetriska artro-
gripoze [167].

Sunky stuburo i$sigimimg (CVM) sukelia taskiné mutacija i§ guanino |
timino nukleotidg galvijy treciosios chromosomos 559 pozicijoje, SLC35A3
gene. Si mutacija pakei¢ia aminorigiéiy seka — vietoj valino susidaro fenila-
laninas, 180 baltymo uridino 5'-difosfato-N-acetilgliukozamino vietoje [189].
Sis genas yra atsakingas uz UDP-N-acetilgliukozamino transpotavima j
Goldzio aparato membrang [193].

80 proc. embriony, paveld¢jusiy CVM ligg lemiant] mutavusj geng i
abiejy tévy, bus prarandami per pirmuosius tris ver§ingumo ménesius. Abor-
tuotas CVM sergantis verSelis dél stuburo pazeidimo turés sutrumpéjusj
kakla, taip pat pakitusius Sonkaulius, galiines ir tarpSonkaulines jungtis
[173]. Papildomai gali pasireiksti tokie pozymiai kaip daliné plauciy hipo-
plazija, per didel¢ kepeny segmentacija, dviguba tulzies pusl¢, tiesiosios
zarnos ir gimdos atrezijg [194]. Heterozigotiniai galvijai yra geno nesiotojai.

Jei karvés ir buliai, turintys CVM ligg lemiant] gena, nebus naudojami
veisimui, Sis genas gali biiti sékmingai paSalintas 1§ galvijy populiacijos
tokiu paciu budu, kaip ir galvijy leukocity sukibimo nepakankamumo genas.
Taciau jei ligg lemiantis genas yra susijes su tokiais pozymiais kaip, pvz.,
didelis pieno kiekis HolSteiny veislés galvijams, pasalinus mutavusj gena,
gali biiti pasalinti ir su juo susije iSskirtiniai pozymiai [195].
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2. TYRIMU MEDZIAGOS IR METODAI

2.1. Tyrimy medZiaga

2.1.1. Tiriamosios grupés sudarymas

Galvijai tyrimams buvo atrinkti pieniniy galvijy bandose, kuriose vyk-
doma veislininkystés apskaita ir galvijy produktyvumo kontrol¢. Ukiai yra
keturiuose skirtinguose Lietuvos regionuose. Kiekvienoje pieniniy galvijy
bandoje atrinkta po 50 negiminingy (jvertinus kilmés dokumentus) galvijy —
karviy ir tely¢iy. Taip pat beta kazeino Al ir A2 aleliy polimorfizmui jver-
tinti papildomai buvo atrinkti galvijai i§ genofondiniy pieniniy galvijy veis-
liy: Lietuvos $émyjy — 32 ir Lietuvos baltnugariy — 34 galvijai. Galvijai
buvo sveiki, laikomi ir Seriami pagal higienos normas, laikymo ir Sérimo
salygos atitiko veterinarinius reikalavimus.

Tyrimai atlikti laikantis Lietuvos Respublikos gyviiny globos, laikymo
ir naudojimo jstatymo bei pojstatyminiy akty (1997 m. lapkric¢io 6 d. Nr.
VI11-500).

Kiekvienam tiriamajam galvijui suteiktas individualus numeris, sudary-
tas i§ skaiiaus ir raidés, nurodancios bandg. Individualus numeris buvo
naudojamas visose sudarytose duomeny bazése. Sudarytos Sios duomeny
bazes:

1. Galvijy duomeny suvesting, kurioje yra duomenys apie tiriamojo
galvijo individualy numerj, ID, veislg, lyti, gimimo data, laikytoja,
kiino dangos spalva. Informacija surinkta i§ galvijy laikytojy.

2. Galvijy kilmés duomeny suvestin¢, kurioje yra duomenys apie
tiriamojo galvijo individualy numerj, ID, motinos ID, produkty-
vumo duomenys, tévo ID, produktyvumo duomenys. Informacija
surinkta i§ galvijy laikytojy.

3. ,Igenity” pieniniy galvijy genominiy profiliy suvesting, kurioje yra
duomenys apie tirtyjy produktyviyjy pozymiy genominius balus —
pieno kiekio, baltymy kiekio, kg ir proc., riebaly kiekio, kg ir proc.,
somatiniy Igsteliy skaiciaus, produktyvaus amziaus, pieninés formos.

4. Galvijy pieno baltymy polimorfizmy suvestin¢, kurioje yra kapa
kazeino, beta kazeino ir beta laktoglobulino geny tyrimy rezultatai.

5. Galvijy paveldimy ligy suvestiné¢ — kurioje yra BLAD, DUMPS ir
CVM genetiniy ligy tyrimy rezultatai.

Tyrimai buvo atliekami pagal pateikta schema (2.1.1.1-2.1.1.4 pav.).
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Genominis galvijy pieniniy savybiy ir sveikatingumo gerinimas

PleUILy Al | 3 BI,OIOg].ml% —  DNR skyrimas [ Tyrimai
atranka méginiy paémimas
v v v v
Kapa kazeino, Gna(lv:;‘ll?i::lo-
lgenity™ Beta kazeino, ey
. S autosominiy
Kraujas, genominiy Beta laktog- 5
. - . recesyviniy
plaukai profiliy lobulino geny :
nustatymas polimorfizmy Hgg—BLAD,
tyrimai RUMFs,
y CVM tyrimai

2.1.1.1 pav. Tyrimy atlikimo schema

Galvijy kiekybiniy pozymiy genominé selekcija

v

Genominiy profiliy nustatymas

v

Galvijy sureitingavimas pagal genominiy profiliy rezultatus

v

Galvijy genetinio potencialo jvertinimas

v v

Pirmas selekcinis modelis

Antras selekcinis modelis

v v

Genominges selekcijos
ckonominio efekto jvertinimas

Genomings selekcijos
ckonominio efekto jvertinimas

2.1.1.2 pav. Tyrimy pirmasis etapas
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Galvijy kokybiniy pozymiy selekcija pagal genetinius Zymenis

v v v

Kapa kazeino geno Beta kazeino geno Beta laktoglobulino geno
polimorfizmo tyrimas polimorfizmo tyrimas polimorfizmo tyrimas

Aleliy ir genotipy dazniy jvertinimas

Pieno baltymy geny polimorfizmy sasajy Pieno baltymy geny polimorfizmy sasajy
su produkcijos genominiais balais tyrimas su pieno kokybés rodikliais tyrimas

2.1.1.3 pav. Tyrimy antrasis etapas

Galvijy sveikatingumo pozymiy selekcija pagal genetinius Zymenis

Galvijy leukocity suki- Fermento uridino mono- Sunkaus stuburo
bimo nepakankamumo fosfato sintazés trikumo issigimimo (CVM)
(BLAD) tyrimai (DUMPS) tyrimai tyrimai

v v v

Aleliy ir genotipy dazniy jvertinimas

v

BLAD, DUMPS, CVM ligy pieniniy galvijy populiacijoje paplitimo jvertinimas

2.1.1.4 pav. Tyrimy treciasis etapas

2.1.2. Biologiniy méginiy paémimas

Kraujas genetiniams tyrimams buvo imtas aseptinémis salygomis i$ v.
cephalica | vakuuminius mégintuvélius (Vacutainer) su KoEDTA (etilendia-
mino tetraacetatu) antikoaguliantu apdorotag mégintuvélj. Mégintuvéliai su-
zyméti. Uzpildytas duomeny lydrastis. Kraujas iki tyrimo buvo laikomas
+4 °C temperatiiroje.

Plaukai genetiniams tyrimams (su svogiin¢liais) buvo peSami gyvuliui
1§ uodegos, 10-20 vnt., dedami | specialius maiselius ir suzymimi. Uzpildo-
mas duomeny lydrastis.
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2.2. Tyrimy metodai

2.2.1. DNR iSskyrimas i$ plauko svogiinélio 1asteliy

Iranga. Maisyklé ,,Vortex-gene2* (Scientific industires, JAV), centri-
fuga ,,Microcentaur” (Sanyo, Jungtiné¢ Karalyst¢), automatinés pipetés
,Eppendorf Research* 100-1000 ul, 10-100 pul, 0,5-10 ul (Eppendorf AG,
Vokietija), antgaliai automatinéms pipetéms 100-1000 pl, 10-100 pl, 0,5-
10 ul., 2 ml mégintuvéliai, termostatas ,,Binder* (WTC Binder, Vokietija).

Reagentai. Chelex (Sigma, JAV), proteinaz¢ K 600 U/mL (,,Thermo
Fisher Scientific, Lietuva), Dithiotreitolis (DTT) (Invitrogen, JAV).

Metodika. Pagal N. Peciulaitieng [196]. Nukerpami 4-5 plauky svo-
giin¢liai ir jdedami j 2 ml mégintuvélius. ParuoSiamas lizavimo miSinys
(DTT - 17,5 pl, Chelex — 200 pl, Proteinazés K (20 mg/ml) — 10,7 ul). Me-
gintuvélio turinys uzpilamas lizavimo mis$iniu (vienam pavyzdziui imama
218,2 ul paruosto misinio). Mégintuvéliai 30 s maiSomi maisyklés ,,Vortex*
pagalba. Centrifuguojami 10 s 13 500 aps./min. grei¢iu. Méginiai 45 min. in-
kubuojami 56 °C temperatiiroje. Po inkubacijos méginiai 10 min. kaitinami
94 °C temperatiiroje ir atSaldomi iki kambario temperatiiros.

2.2.2. DNR i$skyrimas i§ kraujo leukocity druskiniu metodu

Iranga. MaiSytuvas su reguliuojama temperatira ,,Eppendorf Thermomi-
xer Comfort (Eppendorf AG, Vokietija), Centrifuga ,,Microcentaur (Sa-
nyo, Jungtin¢ Karalysté), reguliuojamos temperatiiros centrifuga ,,Universal
32 R* (Hettich, Vokietija), magnetiné¢ maisSyklé¢ (IKA labortechnik, Vokie-
tija), automatinés pipetés ,,Eppendorf Research® 100-1000 ul, 10-100 pl,
0,5-10 ul (Eppendorf AG, Vokietija), antgaliai automatinéms pipetéms
100-1000 pl, 10-100 pl, 0,5-10 pl, 50 ml kiiginiai centrifugavimo mégintu-
véliai, 2 ml mégintuvéliai, termostatas ,,Binder (WTC Binder, Vokietija),
Saldytuvas (Snaige, Lietuva), svarstyklés (KERN and Sohn GMBH, Vo-
kietija), pH metras (Proline plus, Kinija).

Reagentai. TE (Tris — EDTA) buferis (ThermoScientific, Lietuva),
proteinazé K 600 U/mL (,,Thermo Fisher Scientific®, Lietuva), 6 M Natrio
chloridas (NaCl) M = 58,44 g/mol (Carl Roth GmbH + Co, Vokietija). Lysis
I buferis (sudétis — 155 mM M = 53,49 g/mol NH4Cl (Carl Roth GmbH +
Co, Vokietija), 10 mM KHCOs3 (Sigma Chemical CO, JAV), 1 mM EDTA
(Sigma Chemical CO, JAV), pH 7,4). Lysis II buferis (sudétis — 10 mM M =
157,6 Tris HCl (Carl Roth GmbH + Co, Vokietija), 400 mM NaCl M =
58,44 g/mol (Carl Roth GmbH + Co, Vokietija), 2 mM EDTA (Sigma
Chemical CO, JAV)). Laurilsulfatas (SDS) (C12H25NaOsS) M = 288,38 g/mol
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(Carl Roth GmbH + Co, Vokietija), 96 proc. etilo alkoholis (AB ,,Stumbras®,
Lietuva), chloroformas 99,9 proc.

Metodika. Pagal Miller et al. [197]. | 50 ml mégintuvélius jpilama po
10 ml periferinio kraujo ir uzpilama Salto Lysis I buferio iki 35 ml, mégin-
tuvéliy turinys sumaiSomas vartant. J[dedama j Saldytuva 30 min. Centrifu-
guojama 15 min. 4 °C temperatiiroje 3000 aps./min. grei€iu. Atsargiai nupi-
lamas skystis ir paliekamos tik nuosédos. Plovimas kartojamas 2-3 kartus.
Ant nuosédy uzpilama 6 ml Lysis II, 400 pl 10 proc. SDS ir 30 ul protei-
nazés K, gerai iSmaiSoma. Inkubuojama termostate 16 valandy, 37 °C. 1 va-
landai méginiai inkubuojami prie 55 °C. Pridedama 2 ml NaCl, iSmaiSoma.
Traukos spintoje jpilama 2 ml chloroformo, iSmaiSoma. Centrifuguojama
20 min. 16 °C temperatiiroje 3200 aps./min. grei¢iu. | 2 ml mégintuvelius
jpilama po 1 ml 70° etanolio ir dedama j Saldytuvg. Po centrifugavimo
virSutinis sluoksnis atsargiai nusiurbiamas j 50 ml mégintuvélius. Pilama
1:1 96° etanolio, atsargiai pavartoma, ir matomi susiriSantys DNR siiilus. Su
steriliu antgaliu nusiurbiami DNR sitilai | 2 ml mégintuvélius su 70° eta-
noliu. 1-2 min. dedama | mazaja centrifugg. 14 680 aps. Atsargiai nupila-
mas etanolis, paliekama tik DNR, nusausinama, dedama j maiSytuva su
reguliuojama temperatiira, jkaitintg iki 37 °C, kad iSgaruoty likes etanolis.
Ipilama 300 pl I1xTE buferio ir palickama kambario temperatiroje, kad is-
tirpty DNR. Po 24 val. matuojama DNR koncentracija.

2.2.3. DNR §varumo ir koncentracijos nustatymas

Iranga. Spektrofotometras (DNA/RNA Reader, Pharmacia). Automa-
tinés pipetés ,,Eppendorf Research® 10-100 pl, (Eppendorf AG, Vokietija).
Antgaliai automatinéms pipetéms 10—-100 pl.

Metodika. Genominés DNR kiekis ir grynumas nustatomas spektro-
fotometrinio metodo pagalba. Tam tikslui paruoSiamas 100 pl skiestos DNR
tirpalas: imama 10 pl koncentruotos DNR ir skiedZziama su 90 pl distiliuoto
vandens. DNR kiekis nustatomas iSmatuojant skiesto tirpalo optinj tankj
(OD) prie 260 nm bangy ilgio. DNR kokybé¢ jvertinama iSmatavus skiesto
tirpalo optinius tankius prie 260 ir 280 nm bangos ilgiy. Svaruma rodo
santykis OD260/0D280. Svariy DNR tirpaly santykis yra 1,8-2,0. Jei
tirpale yra baltymy ar fenolio priemaiSy, §is santykis bus mazesnis nei
nurodyta. Baltymy koncentracija neturi virSyti 0,5 mg/ml ribos.
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2.2.4. Kiekybiniy poZymiy genominé selekcija
2.2.4.1. Pieniniy galvijy genominio profilio nustatymas

Pieniniy galvijy tkiniy pozymiy genetinio potencialo jvertinimui buvo
atlikta genominé analizé naudojant patentuota galvijy VNP mikrogardele
,lgenity SNP panel“. Tyrimas atliktas Neogen Genomics korporacijos labo-
ratorijoje (JAV). IS viso istirta 72 000 VNP. Referentiniy pieniniy galvijy
populiacijg, kurios yra iStirti genotipai ir susieti su tkiniy pozymiy feno-
tipais, sudaro 5 000—6 000 galvijy (www.igenity.com) [198].

1. Kiekvienam galvijui istirta 360 vieno nuleotido polimorfizmy
(VNP), apimanciy visg galvijy genomga, siejamy su pieningumo,
pieno baltymingumo, pieno baltymy kiekio, riebumo, pieno riebaly
kiekio, somatiniy lIasteliy kiekio, pieninés formos ir produktyvaus
amziaus fenotipais.

2. Galvijo VNP informacija (genotipas) buvo palyginta su referentiniy
galvijy VNP duomeny baze.

3. Nustatytos koreliacijos tarp tiriamojo galvijo VNP ir referentiniy
galvijy VNP duomeny.

4. Kadangi yra zinomos s3sajos tarp referentinés populiacijos galvijy
VNP ir fenotipy, buvo identifikuotos sgsajos tarp tiriamojo galvijo
VNP ir referentinés populiacijos fenotipy.

5. Kiekvieno tirtojo galvijo VNP informacija iSreikS§ta genominiais
balais, rodanciais galvijo genetinj potencialg atskiriems pozymiams
pasireiksti.

6. Kiekvienam tirtajam galvijui sudarytas ,,Igenity” pieninio galvijo
genominis profilis. ,,Igenity* pieninio galvijo genominis profilis pa-
rodo genetiSkai numatomas poZzymiy vertes, naudojantis genomi-
niais balais nuo 1 iki 10. Galvijo auks$ciausias balas parodo ge-
riausig genoming vertg ir didziausig genetinj potencialg tam tikram
pozymiui pasireiskti.

Pieniniy galvijy genominj profilj sudaro:

Produktyvumo savybiuy genominiai Zymenys. DNR profilis skai¢iuoja
pieningumo, pieno riebumo ir baltymingumo balus, panaudojant daugybi-
nius DNR Zymenis. Zymenys atpaZjsta tuos pieningumo, pieno riebumo ir
baltymingumo genetinius variantus, kurie nemazina vaisingumo. Sie kombi-
nuoti rezultatai duoda geresn¢ informacijg apie gyvulio produktyvumo
genetin] potencialg. Genominiy Zymeny ribos yra 10 baly — aukSc¢iausia
genominé verte, palyginti su referentiniu juodmargiy galvijy veislés vidur-
kiu, 1 balas — zemiausia genoming¢ verte.

Produktyvaus amzZiaus genominis Zymuo. Yra daug genetiniy ir ap-
linkos veiksniy, kurie veikia karviy amziy. Du geri ilgaamziSkumo indikato-
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riai yra produktyvus amzius ir pieniné forma. Siy veiksniy jtaka gerai doku-
mentuota, bet selekcijos efektas pagerinti ilgaamziSkuma buvo mazas dél
daugelio priezasCiy, pirmiausia todél, kad §] pozymj gyvulio gyvenime gali-
ma jvertinti tik vélai. Produktyvaus amziaus analizé genominiame profilyje
naudoja daugybe genetiniy Zymeny, kad biity galima jvertinti gyvulio pro-
duktyvaus amziaus genetinj potencialg, todé¢l §j pozymj, naudojant geno-
ming selekcija, galima jvertinti ankstyvajame galvijo amziuje.

Somatiniy lasteliy kiekio (SLK) piene genominis Zymuo. Somatiniy
lasteliy kiekis piene yra potencialus mastito indikatorius. Kadangi geno-
minis profilis gali biiti iStirtas bet kuriame gyvulio amziuje, genominio pro-
filio informacija apie somatiniy lgsteliy zymen;j gali biiti panaudota identi-
fikuojant tely€ias ir verSelius, kurie yra jautrls mastitams, dar prie§ nau-
dojant juos produkcijos gavimui ar veisimui. Galvijas, gaunantis 10 baly uz
SLK, potencialiai turés didesnj somatiniy lasteliy kiekj ir bus jautresnis
mastitams nei galvijas, turintis vertinimg 1.

Pieninés formos genominis Zymuo. Pienin¢ forma apibiidina sveika-
tingumo rodiklius. Tyrimai rodo, kad karvés, kurios turi auksta pieninés
formos vertinimg, yra jautresnés metabolinéms, reprodukcinéms ir sgnariy
bei nagy problemoms. Pienin¢ forma yra glaudziai susijusi su produktyviuo-
ju amziumi, ypac per reprodukcijos savybes. Galvijai, kurie gauna 10 baly i§
pieninés formos, kaip dalies pieninio galvijo genominio profilio, turi Zemg
pieninés formos vertinima.

2.2.4.2. Galviju genetinio potencialo jvertinimas

1. Galvijy pasiskirstymo pagal genominius balus analizé.

2. Galvijy genetinio potencialo palyginimas su ,,Igenity* duomeny
bazéje esanciy galvijy genetiniu potencialu ,,Benchmark ,,Igenity*
programine jranga (www.igenity.com). Si programiné jranga lei-
dzia jvertinti galvijy grupés, bandos, veislés vietg tarp daugiau nei
pusés milijono ,,Igenity” duomeny bazéje esanciy galvijy pagal ge-
nomine informacija.

3. Galvijy reitingavimas ir atrinkimas pagal genomin¢ informacijg
,Igenity* Custom programine jranga (www.igenity.com). Si prog-
raminé jranga leidzia pritaikyti prioritety filtrg, parodant] selekcijos
kryptingumg ir intensyvuma, pozymiams, iSreikStiems genominiais
balais. Selekcijos kryptingumas buvo iSreikStas parenkant selekcio-
nuojamuosius pozymius, o intensyvumas — pritaikant skirtingas
reikSmes procentais selekcionuojamiesiems pozZymiams.
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Kiekvienam individui buvo apskaiiuotas vidutinis genominis balas,
varijuojantis skaléje nuo 1 iki 10. Sis procesas leido jvertinti galvijus pagal
pozymius, kurie buvo pasirinkti kaip svarbiausi selekcijos tikslui pasiekti.

Pirmas selekcijos modelis — skai¢iavimai atlikti visai galvijy grupei,
atskirai karvéms ir telyCioms. Suteiktas 100 proc. reikSmingumas pieno kie-
kio pozymiui, 0 proc. riebaly kiekiui, 0 proc. pieno riebumui, 0 proc. balty-
my kiekiui, 0 proc. pieno baltymingumui, 0 proc. produktyvaus amziaus il-
gumui, 0 proc. somatiniy Igsteliy skaiciui ir 0 proc. pieninei formai. 30 proc.
zemo genetinio potencialo pagal pieniniy galvijy pozymius karviy pakeista
30 proc. telyCiy, gavusiy aukstus genominius balus, t.y. turin¢iy didelj ge-
netin] potencialg pozymiui pasireksti. Buvo pritaikyti pirmo selekcijos mo-
delio reikSmingumai procentais selekcionuojamiems poZymiams.

Antras selekcijos modelis — skai¢iavimai atlikti visai galvijy grupei,
atskirai karvéms ir telyCioms. Suteiktas 25 proc. reikSmingumas pieno kie-
kiui, kg, 15 proc. pieno riebumui, 15 proc. pieno baltymingumui, 15 proc.
produktyviam gyvenimui, 15 proc. somatiniy lasteliy skai¢iui ir 15 proc.
pieninei formai. 30 proc. Zemo genetinio potencialo pagal pieniniy galvijy
pozymius karviy pakeitéme 30 proc. telyCiy, gavusiy aukStus genominius
balus, t. y. turin¢iy didel} genetinj potencialg pozymio pasireiSkimui. Buvo
pritaikyti antro selekcijos modelio reikSmingumai procentais selekcionuo-
jamiems poZymiams.

2.2.4.3. Genominés selekcijos ekonominio efekto jvertinimas

Genominiai balai ,,Igenity Custom® programine jranga (www.igenity.com)
buvo paversti kievienam pozymiui | tikruosius fenotipiniy pozymiy rodik-
lius — pieno kiekio genominiai balai j kilogramus, pieno baltymingumo |
procentus, pieno baltymy kiekio j kilogramus, pieno riebumuo j procentus,
pieno riebaly kiekio j kilogramus, somatiniy lgsteliy kiekis j tikst./ml,
produktyvus amzius j ménesius. Fenotipiniy poZymiy rodikliai parodé kiek
pridétinés vertés gali duoti kiekvienas galvijas. Gyvuliy genominis poten-
cialas ir pridétiné genominé verté iSreikSta fenotipiniy poZymiy rodikliy
vertémis buvo perskaiciuota j eurus ir jvertintas genomings selekcijos eko-
nominis efektas.
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2.2.5. Galvijy kokybiniy poZymiuy selekcija pagal genetinius Zymenis
2.2.5.1. Kapa kazeino geno tyrimo metodika

Kapa kazeino genotipavimas atlickamas PGR-RFIP metodu [199].

PGR reakcija atlickama termocikleriu (G-storm, Jungtiné Karalyste).
PGR misSinys sudarytas i§ 12 ul ddH»0O, 5 pl 10xPGR buferio, 2,5 ul ANTP
(2 mM), 3 ul MgClh; (50 mM), 2,5 ul CSN3 1 (20 pmol), 2,5 pl CSN3 2
(20 pmol), 0,5 ul BSA, 2 ul Taqg (1U/ml) polimerazés (Thermo Scientific,
Lietuva) (2.2.5.1.1 lentele).

2.2.5.1.1 lentelé. Pieno baltymo kapa kazeino geno polimorfizmo identifyka-
vimo pradmenys, PGR sqlygos, PGR produkto dydis ir restrikcijos fermentai

Pieno Pradmuo PGR salygos PGR | Karpy-
balty- pro- | mo fer-
mas dukto | mentas
dydis
Kapa CSN31-5" - 94 °C | 3 min. 935bp | Hindlll
kazeinas AGCGCTGTGAGAAAGATG - 3 94 oc 30 S 30 Hael ”
CSN3 2-5- S cikl
GTGCAACAACACTGGTAT -3’ | 28°C | 30s 4
72°C | 30s
72 °C | 5 min.

PGR produktas karpomas panaudojant Haelll/ Hindlll (Thermo Scien-
tific, Lietuva) endonukleazes. 20 pl PGR produkto karpoma su 10,5 pl
misiniu (8 pl ddH20, 2 pl 10xMbuf., 0,5 ul. Haelll/ Hindlll (aleliams A, B,
E iSskirti). Palieckama termostate nakciai (15 val.) 37 °C temperatiiroje
(2.2.5.1.2 lentele).

2.2.5.1.2 lentelé. Kapa kazeino geno PGR fragmenty dydzZiai po karpymo
restrikcijos endonukleazémis, bp.

Genotipas Karpymo endonukleazés, fragmenty dydis, bp
HindlIIl Haelll

A/A 935 641 +294

A/B 935 + 520+ 415 641 +294

A/E 935 641 + 496 + 294 + 145
B/B 520 + 415 641 +294

B/E 935 +520 + 415 641+ 496 +294 + 145
E/E 935 496 +294 + 145
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Kapa kazeino genotipai nustatomi panaudojant karpyta PGR produkta
elektroforezés biidu, ji frakcionuojant 3 proc. agarozés gelyje, 100 V 50 min.
ir analizuojant UV Sviesoje (bangos ilgis 300 nm) Mini Bis Pro vaizdo
dokumentavimo prietaisu (Herolab).

2.2.5.2. Beta kazeino geno tyrimo metodika

Galvijy beta kazeino geno Al ir A2 variantai nustatomi aleliams speci-
finiy oligonukleotidy polimerazés grandininé reakcija (ASO-PGR) [138].

PGR reakcija atlickama termocikleriu (G-storm, Jungtiné Karalyste).
PGR miSinys sudaromas i§ 2,5 ul tiesioginio ir atvirkStinio pradmeny
(biomers.net), 2,5 ul buferio (10X DreamTaq Green Buffer (su 20 mM
MgClI2) 1,25 ml; Thermo Scientific), 2,5 ul dANTP (dNTP Mix, Thermo
Scientific), 4,75 pl vandens be RNaziy (be nukleaziy, Thermo Scientific),
0,25 ul Tag polimerazés (DreamTaq DNA Polymerase 5 U/ul; Thermo
Scientific) ir tiriamosios DNR (2.2.5.2.1 lentel¢). Kiekvienam aleliui nusta-
tyti vykdoma atskira reakcija. | mégintuvélj pilama 10 pl DNR ir 15 pl PGR
misinio. Reakcija atlikama pagal Sias salygas (2.2.5.2.2 lentele).

2.2.5.2.1 lentele. Pieno baltymo beta kazeino A1 ir A2 aleliy polimorfizmo
identifikavimo pradmenys

Variantas Kryptis Pradmuo

Al Tiesioginis  |5’-TCCCTTCCCTGGGCCCATCCA-3’
Atvirkstinis | 5’-TCAGTGAGAGTCAGGCTCTGG-3’
A2 Tiesioginis  |5’-TCCCTTCCCTGGGCCCATCCC-3’
Atvirkstinis | 5’-TCAGTGAGAGTCAGGCTCTGG-3’

2.2.5.2.2 lentelé. Pieno baltymo beta kazeino polimorfizmui nustatyti PGR
sglygos, PGR produkto dydis

Pieno baltymas PGR profilis PGR produkto dydis
Beta 95 °C 2 min. 208 bp
kazeinas 95 °C 30s 35 ciklai

64 °C 30s
72 °C 30s
72 °C 7 min.

PGR produktas frakcionuojamas elektroforezés (CS-300V Cleaver; Scien-
tific Ltd) budu 2 proc. agarozés 1X TAE gelyje, dazomas etidZio bromidu,
100 V 45 min. Atsiskyre fragmentai analizuojami UV Sviesoje ,,MiniBIS
Pro* (Herolab) vaizdo dokumentavimo prietaisu.

41



2.2.5.3. Beta laktoglobulino geno tyrimo metodika

Beta laktoglobulino genetiniy varianty nustatymas atlickamas PGR-
RFIP metodu [200].

PGR reakcija atliekama termocikleriu (G-storm, Jungtiné Karalysté).
PGR misinys sudarytas i$ 4,95 ul ddH20, 2,5 ul 10xPGR buferio, 2 pl dNTP
(2 mM), 2 ul MgCl, (50 mM), 1,5 ul BLg 2, 1,5 ul BLg 3, 0,25 ul BSA,
0,3 ul Taq (1U/ml) polimerazés (MBI Fermentas, Lietuva). PGR produkto
karpymas atliktamas su Haelll (MBI fermentas, Lietuva) endonukleaze.
10 pl PGR produkto karpoma su 10,5 pl misiniu (8 pul ddH20, 2 pl 10xMbuf.,
0,5 pl. Haelll (MBI fermentas, Lietuva) (aleliams A ir B iSskirti). Paliekama
termostate nak¢iai (15 val.) 37 °C temperatiiroje (2.2.5.3.1 lentelé).

2.2.5.3.1 lentelé. Pieno baltymo beta laktoglobulino polimorfizmo identifi-
kavimo pradmenys, PGR sqglygos, PGR produkto dydis ir karpymo
fermentas

Pieno Pradmenys PGR profilis PGR Karpymo
baltymas produkto | fermentas
dydis
Beta JBLG 2:5'- TGT GCT 94 °C |3 min. 247bp  |Haelll
|aktOg|0' GGA CACCGACTA 94°C |40s 35 ciklai

bulinas | CAA AAA G-3'

JBLG 3: 5'- GCT CCC 58°C |50
GGT ATA TGA CCA 72°C |50
CCC TCT-3' 73°C |5 min.

Karpytas PGR produktas frakcionuojamas elektroforezés metodu 4 proc.
agarozés (Thermofisher Scientific Baltics) gelyje, 100 V 50 min. ir analizuo-
jamas panaudojant UV spinduliuote (bangos ilgis 300 nm), su ,,MiniBisPro*
videodokumentavimo sistemg (Herolab) (2.2.5.3.2 lentelé).

2.2.5.3.2 lentelé. Beta laktoglobuling, koduojancio geno PGR fragmenty
dydis po karpymo endonukleaze

Genotipas Karpymo fermentas, fragmento dyds, bp
Haelll
A/A 148 + 99
A/B 74 +74+99 +99 + 148
B/B T4+ 74 +99
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2.2.6. Pieno sudéties ir kokybés tyrimai

Meéginiy émimas

Zalio pieno méginiai tyrimams buvo imti vakarinio melZzimo metu po
50 ml pagal pieno méginiy émimo taisykles (LST EN ISO 707:1999+
P:2003 Pienas ir pieno produktai. Méginiy €émimo taisyklés). Pieno sudéties
ir kokybés tyrimai atlikti V] ,,Pieno tyrimai‘.

Pieno sudéciai ir kokybei jvertinti méginiai buvo surenkami i§ specia-
lios taros, kurioje surenkamas maiSytas viso melZimo nustatytas pieno kie-
kis i§ individualios karvés. Zalio pieno méginiai konservuojami ,,Sedupolo
tabletemis (kiekvienoje tabletéje yra 8 mg bronopolo ir 0,3 mg natamicino).
Idéjus konservanto, pienas gerai iSmaiSytas. Konservuoti pieno méginiai
specialiuose konteineriuose, esant ne aukstesnei kaip 6—8 °C temperatiirai,
per dvi valandas pristatyti tyrimams } laboratorija.

Pieno baltymingumo, kazeino kiekio piene ir somatiniy lasteliy
kiekio piene tyrimai

Pieno baltymingumas nustatytas matuokliu Lactoscope, remiantis tiria-
mojo komponento specifinio vidutiniy infraraudonyjy spinduliy bangy ilgio
absorbcijos matavimu (tarptautinis standartas LST ISO 9622:2000). Pieno
baltymingumas iSreiSkiamas procentais.

Somatiniy lgsteliy skaiCius nustatytas tekmeés citometrijos metodu ma-
tuokliu Somascope (tarptautinis standartas LST EN ISO 13366-2:2006+
AC:2007). Somatiniy lasteliy skai¢ius piene iSreiSkiamas tikst.lgst./ml.

Kazeino kiekis nustatytas pamatiniu metodu (tarptautinis standartas
LST EN ISO 8968-2:2002), skirtu azoto kiekiui piene nustatyti. Kazeino
kiekis piene iSreiSkiamas g /100 g pieno.

2.2.7. Galvijy sveikatingumo poZymiy selekcija

pagal genetinius Zymenis

Galvijy BLAD, DUMPS ir CVM ligas lemianciy geny polimorfizmo
tyrimai atlikti ,,Neogen Genomics* korporacijos laboratorijoje (JAV).

2.2.7.1. Galviju BLAD liga lemiancios mutacijos ¢.383 A—G

CD18 gene tyrimo metodika

BLAD liga nulemta taskinés muatcijos, kuri jvyko CD18 gene. Galvijy
pirmojoje chromosomoje CD18 gene pakitusiame alelyje yra nustatyta vie-
nos bazés pakaita 383 pozicijoje i§ adenino | guaning. Galvijy BLAD liga
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lemianciy aleliy nustatymas buvo atliktas PGR-RFIP metodu [201]. Mutuo-
to alelio identifikavimui naudoti pradmenys:

pirminis 5° GAATAGGCATCCTGCATCATATCCACCA 3’

atvirkstinis 5 CTTGGGGTTTCAGGGGAAGATGGAGTAG 3°.

Jeigu galvijas turi du mutuotus alelius, jo genotipas Zymimas BL/BL.
Toks galvijas yra sergantis.

Jeigu galvijas turi vieng mutuotg alelj, jo genotipas zymimas BL/TL.
Toks galvijas yra nesergantis, o mutuoto alelio neSiotojas ir platintojas.

Jeigu galvijas neturi mutuoty aleliy, jo genotipas Zymimas TL/TL. Toks
galvijas yra sveikas.

2.2.7.2. Galvijy DUMPS liga lemiancios mutacijos ¢.405 C—T
UMPS gene tyrimo metodika

DUMPS liga nulemta taskinés muatcijos, kuri jvyko UMPS gene. Gal-
vijy pirmojoje chromosomoje UMPS gene pakitusiame alelyje yra nustatyta
vienos bazés pakaita 405 pozicijoje 1§ citozino j timing. Galvijy DUMPS
liga lemianciy aleliy nustatymas buvo atliktas PGR-RFIP metodu [202].
Mutuoto alelio identifikavimui naudoti pradmenys:

pirminis 5> GCAAATGGCTGAAGAACATTCTG 3’

atvirkstinis 5> GCTTCTAACTGAACTCCTCGAGT 3°.

Jeigu galvijas turi du mutuotus alelius, jo genotipas Zymimas DP/DP.
Toks galvijas yra sergantis.

Jeigu galvijas turi vieng mutuota alelj, jo genotipas Zymimas DP/TD.
Toks galvijas nesergantis, o yra mutuoto alelio neSiotojas ir platintojas.

Jeigu galvijas neturi mutuoty aleliy, jo genotipas zymimas TD/TD.
Toks galvijas yra sveikas.

2.2.7.3. Galviju CVM liga lemiancios mutacijos ¢.559 G—T
SLC35A3 gene tyrimo metodika

CVM liga yra nulemta missens mutacijos, kuri yra SLC35A3 gene.
Galvijy treCioje chromosomoje SLC35A3 gene pakitusiame alelyje yra
nusatyta vienos bazés transversija 559 pozicijoje i§ guanino ] timing. Tyri-
mas atliktas sekoskaitos metodu.

Jeigu galvijas turi du mutuotus alelius, jo genotipas Zymimas CV/CV.
Toks galvijas yra sergantis.

Jeigu galvijas turi vieng mutuotg alelj, jo genotipas Zymimas CV/TV.
Toks galvijas nesergantis, o yra mutuoto alelio neSiotojas ir platintojas.

Jeigu galvijas neturi mutuoty aleliy, jo genotipas Zymimas TV/TV.
Toks galvijas yra sveikas.
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2.3. Statistiné duomeny analizé

Statistine duomeny analizé atlikta, naudojant duomeny kaupimo ir
analizés programy paketg SPSS 22.0 (Statistical Package for Social Science
22 for Windows). Naudojant Kolmogorovo-Smirnovo testa, tikrinta tolydziy
kintamyjy normalumo prielaida. Tiriamiesiems pozymiams buvo taikomos
Sios apraSomosios statistikos charakteristikos: aritmetinis vidurkis ir jo pa-
klaida, mediana (minimali ir maksimali reikSm¢), kokybiniams kintamie-
siems skaiciuoti dazniy skirstiniai. Genominio balo, kapa kazeino, beta ka-
zeino ir beta laktoglobulino genotipy jtaka pieniniams poZymiams standar-
tinéje laktacijos trukméje pieno kiekiui, baltymy kiekiui ir baltymingumui
nustatyta taikant vienfaktorinés dispersinés analizés ANOV A metoda (post-
hoc Fisher LSD kriterijus (a = 0,05). Kapa kazeino, beta kazeino ir beta
laktoglobulino genotipy jtaka genominiam balui buvo vertinta analizuojant
skirstinius ir vertinant jy skirtumus neparametriniais metodais (y* testas;
Kruskal-Wallis testas). Kapa, beta kazeino ir beta laktoglobulino polimor-
fizmo aleliy ir genotipy dazniai buvo istirti, jvertinant nuokrypi nuo Hardy-
Veinbergo pusiausvyros, naudojant > testa.
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3. TYRIMU REZULTATAI

3.1. Pieniniy galvijy kiekybiniy poZymiy genominé selekcija

3.1.1. Pieniniy galvijy genominiy profiliy analizé

Produktyvaus amziaus aukStus genominius balus, kintan¢ius nuo 8 iki
10 baly, gavo 23 proc. tirtyjy galvijy, pieno kiekio — 13,0 proc. galvijy,
pieno riebaly kiekio — 25,5 proc. galvijy, pieno riebumo — 17,0 proc. galvijy,
baltymy kiekio — 27,0 proc. galvijy, baltymingumo — 41,5 proc. galvijy, pie-
ninés formos — 8,5 proc. galvijy. Somatiniy Igsteliy skaiciui pageidaujami
zemi genominiai balai, kintantys nuo 1 iki 3, juos turéjo 16,0 proc. iStirty
galvijy. Produktyvaus amziaus vidutinius genominius balus, varijuojancius
tarp 5-6, gavo 41,0 proc. tirtyjy galvijy, pieno kiekio — 44,5 proc. galvijy,
pieno riebaly kiekio — 34,0 proc. galvijy, pieno riebumo — 29,0 proc. galvijy,
baltymy kiekio — 36,0 proc. galvijy, baltymingumo — 23,0 proc. galvijy,
pieninés formos — 42,5 proc. galvijy, somatiniy lasteliy skai¢iaus 24,0 proc.
tirtyjy galvijy. Zemus genominius balus nuo 1 iki 3 gavo 5,0 proc. tirtyjy
galvijy pagal produktyvaus amziaus pozymj, pieno kiekio — 6,0 proc.
galvijy, pieno riebaly kiekio — 12,5 proc. galvijy, pieno riebumo — 18,0 proc.
galvijy, baltymy kiekio — 7,5 proc. galvijy, baltymingumo — 0,0 proc. gal-
vijy, pieninés formos — 19,0 proc. galvijy. Somatiniy lasteliy skaiciaus po-
zymiui nepageidaujamus aukstus genominius balus nuo 8 iki 10, rodancius
jautrumg mastitams, gavo 13,5 proc. tirtyjy galvijy (3.1.1.1 lentel¢).
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3.1.1.1 lentelé. Pieniniy galvijy (Karviy ir telyciy) ,, 1genity* genominio pro-
filio tyrimy rezultatai

Geno- | Produk- | Somatiniuy | Pieno | Riebaly | Riebu- | Baltymy | Baltymin- | Pieniné
miniai| tyvus Iasteliy | kiekis, | kiekis, | mas, | Kiekis, gumas, | forma
balai | amzZius, | skaiCius, kg kg proc. kg proc.
meén. tikst./ml
Tirtosios populiacijos galviju, Kurie turi tam tikra genominj bala
pagal atskira poZymij, kiekis procentais
10 2,5% 1,5 0 8,0* 6,0%* 2,0% 3,5% 0
9 4,5 3,0 3,0% 3,5 5,5 7,0 14,0 4,0*
8 16,0 9,0 10,0 14,0 5,5 18,0 24,0 4,5
7 22,5 17,0 22,0 17,5 16,5 17,0 30,5 12,0
6 24,0 18,0 27,0 19,5 18,5 22,0 22,5 21,5
5 17,0 16,0 17,5 14,5 10,5 14,0 5,0 21,0
4 8,5 19,0 14,5 10,5 19,5 12,5 0,5 18,0
3 4,5 9,0 4,5 9,0 10,0 3,0 0 11,5
2 0,5 3,0 1,5 3,5 5,0 4,0 0 5,5
1 0 4,0% 0 0 3,0 0,5 0 2,0

* Nurodo procenta gyviny, kurie turi geriausiag genominj balg pagal nustatyta pozymij.

Produktyvaus amziaus aukStus genominius balus, kintan¢ius nuo 8 iki
10, gavo 20 proc. tirtyjy karviy, pieno kiekio — 8,4 proc. karviy, pieno
riebaly kiekio — 28,3 proc. karviy, pieno riebumo — 22,1 proc. karviy, pieno
baltymy kiekio — 21,7 proc. karviy, baltymingumo — 46,7 proc. karviy,
pieninés formos — 13,4 proc. Somatiniy Igsteliy skaiciui pageidaujami Zemi
genominiai balai, svyruojantys nuo 1 iki 3, juos turé¢jo 28,4 proc. tirtyjy
karviy. Produktyvaus amziaus vidutinius genominius balus, varijuojancius
tarp 6 baly, gavo 45,0 proc. tirtyjy karviy, pieno kiekio — 55,0 proc. karviy,
pieno riebaly kiekio — 26,7 proc. karviy, pieno riebumo — 30,5 proc. karviy,
baltymy kiekio — 41,7 proc. karviy, baltymingumo — 20,1 proc. karviy,
pieninés formos — 38,3 proc. karviy, somatiniy lasteliy skai¢iaus — 26,7
proc. tirtyjy karviy. Zemus genominius balus nuo 1 iki 3 gavo 5,0 proc.
tirtyjy karviy pagal produktyvaus amziaus pozymj, pieno kiekio — 8,3 proc.
karviy, pieno riebaly kiekio — 16,7 proc. karviy, pieno riebumo — 8,5 proc.
karviy, baltymy kiekio — 10 proc. karviy, baltymingumo — 0,0 proc. karviy,
pieninés formos — 16,7 proc. karviy. Somatiniy lasteliy skai¢iaus pozymiui
nepageidaujamus aukStus genominius balus nuo 8 iki 10, rodancius
jautruma mastitams, gavo 15,1 proc. i8tirtyjy karviy (3.1.1.2 lentel¢).
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3.1.1.2 lentelé. Karviy ,,Igenity “ genominio profilio tyrimy rezultatai

Geno- | Produk- | Somatiniy | Pieno | Riebaly | Riebu- | Baltymy | Baltymin- | Pieniné
miniai | tyvus Igsteliy | kiekis, | kiekis, | mas, | Kiekis, gumas, | forma
balai | amZius, | skaiCius, kg kg proc. kg proc.
mén. | tiukst./ml
Karviy, kurios turi tam tikra genominj bala pagal atskira poZymj,
kiekis procentais
10 0 1,7 0 15,0% 8,5% 1,7* 5,0%* 0
9 8,3* 1,7 1,7* 1,7 6,8 10,0 11,7 6,7*
8 11,7 11,7 6,7 11,6 6,8 10,0 30,0 6,7
7 20,0 6,7 15,0 20,0 16,9 18,3 333 13,3
6 25,0 15,0 36,7 20,0 18,6 25,0 13,3 20,0
5 20,0 11,7 18,3 6,7 11,9 16,7 6,8 18,3
4 10,0 233 13,3 8,3 22,0 8,3 0 18,3
3 5,0 21,7 3,3 11,7 8,5 5,0 0 6,7
2 0 1,7 5,0 5,0 0 33 0 83
1 0 5,0% 0 0 0 1,7 0 1,7

* Nurodo procentg gyviiny, kurie turi geriausia genominj balg pagal nustatyta poZym;.

Produktyvaus amziaus aukStus genominius balus, svyruojancius nuo 8
iki 10 baly, gavo 20 proc. tirtyjy telyciy, pieno kiekio — 15,5 proc. telyciy,
pieno riebaly kiekio — 25,5 proc. tely¢iy, pieno riebumo — 13,4 proc. telyCiy,
pieno baltymy kiekio — 29,1 proc. telyCiy, baltymingumo — 39,2 proc.
telyCiy, pieninés formos — 5,7 proc. Somatiniy Iasteliy skaiciui pageidaujami
Zemi genominiai balai, svyruojantys nuo 1 iki 3, juos turéjo 8,6 proc. tirtyjy
telyCiy. Produktyvaus amziaus vidutinius genominius balus, svyruojancius
tarp 5-6 baly, gavo 43,0 proc. tirtyjy telyCiy, pieno kiekio — 42,9 proc.
telyCiy, pieno riebaly kiekio — 36,8 proc. telyCiy, pieno riebumo — 35,0 proc.
telyCiy, baltymy kiekio — 33,7 proc. telyCiy, baltymingumo — 31,6 proc.
telyCiy, pieninés formos — 35,7 proc. telyCiy, somatiniy lgsteliy skaiCiaus
40,7 proc. tirtyjy telyéiy. Zemus genominius balus tarp 1 ir 3 gavo 2,2 proc.
tirtyjy telyCiy pagal produktyvaus amziaus pozymj, pieno kiekio — 3,9 proc.
telyCiy, pieno riebaly kiekio — 8,1 proc. tely¢iy, pieno riebumo — 10,5 proc.
telyCiy, baltymy kiekio — 7 proc. tely¢iy, baltymingumo — 0,0 proc. telyCiy,
pieninés formos — 16,7 proc. tely¢iy. Somatiniy lasteliy skaiciaus pozymiui
nepageidaujamus aukStus genominius balus nuo 8 iki 10, parodancius
jautruma mastitams, gavo 17,4 proc. tirtyjy telyciy (3.1.1.3 lentel¢).
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3.1.1.3 lentelé. Telyciy ,,Igenity “ genominio profilio tyrimy rezultatai

Geno- | Produk- | Somatiniy | Pieno | Riebaly | Riebu- | Baltymy | Baltymin- | Pieniné
miniai | tyvus Igsteliy | kiekis, | kiekis, | mas, | kiekis, gumas, | forma
balai | amZius, | skaifius, kg kg proc. kg proc.
mén. | tikst./ml
Tely¢€iy, kurios turi tam tikra genominj bala pagal atskira poZymi,
kiekis procentais
10 2,2% 2,9 0 5,2% 4,2% 2,5% 0,9* 0
9 2,2 5,1 3,9% 52 42 4,5 14,2 1,4*
8 15,6 9,4 11,6 15,1 5,0 22,1 24,1 4,3
7 25,2 21,8 26,1 15,8 17,5 16,2 29,2 13,6
6 23,0 27,3 28,3 18,7 22,5 20,5 27,3 15,0
5 20,0 13,4 14,6 18,1 12,5 13,2 43 20,7
4 9,6 11,5 11,6 11,8 233 14,0 0 22,2
3 1,5 4,3 3,9 7,2 10,0 2,5 0 14,6
2 0,7 2,9 0 2,9 0,8 4,5 0 5,0
1 0 1,4% 0 0 0 0 0 2,9

* Nurodo procenta galvijy, kurie turi geriausia genominj bala pagal nustatyta pozymj.

Palyginus karviy ir telyCiy pasiskirstymag pagal genominius balus nusta-
tyta, kad aukstus pieno kiekio pozymio genominius balus (8—10), rodancius
potencialg aukStam primilziui turé¢jo 7,1 proc. daugiau telyCiy nei karviy
(P<0,05). 14 proc. daugiau tely¢iy nei karviy turéjo vidutinius somatiniy las-
teliy skaiciaus pozymio genominius balus (5-6), rodancius atsparumg masti-
tams. 11,6 proc. ir 4,5 proc. daugiau tely¢iy nei karviy turé¢jo vidutinius pie-
no baltymingumo ir pieno riebumo pozymiy genominius balus (5-6)
(P<0,05). Zymiai maZiau tely¢iy nei karviy gavo Zemus genominius balus
(P<0,05) pozymiams, tokiems kaip produktyvus amzius, pieno kiekis, pieno
riebaly ir baltymy kiekis, rodancius telyCiy geresnj genetinj potencialg
produktyvumui.

3.1.2. Lietuvos pieniniy galviju genetinio potencialo palyginimas
su ,, Igenity* populiacijos galviju genominémis vertémis

»,Benchmark Igenity” duomeny analizés programa, palyginti Lietuvos
pieniniy galvijy genominius profilius su pieniniy galvijy populiacijos, kurig
sudaro daugiau nei pusé milijono karviy, esanciy ,,Igenity* duomeny bazéje,
genominiais profiliais, nustatyta, kad Lietuvos pieniniy galvijy vidutiné ge-
nomin¢ verté buvo didesné pieno riebaly kiekio pozymiui 0,09 balo, pieno
kiekiui — 1,49 balo, pieno baltymy kiekiui — 0,78 balo, pieninei formai—
0,11 balo. Mazesné nei vidutiné ,,Igenity pieniniy galvijy populiacijos ge-
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nomin¢ verté pieno riecbumui 1 balu, pieno baltymingumui — 0,94 balo,
produktyviam amziui — 0,54 genominio balo. Somatiniy lgsteliy skaiciaus
poZymiui mazesnis balas rodo teigiamg pozymio pasireisSkimg ir yra pagei-
dautinas, taCiau tirtyjy Lietuvos pieniniy galvijy populiacijoje somatiniy Igs-
teliy skai¢iaus genominis balas yra didesnis nei vidutinis ,,Igenity* pieniniy
galvijy populiacijos genominis balas 0,18 balo (3.1.2.1 lentel¢). Nustacius,
kad Lietuvos pieniniy galvijy vidutiné genominé verté buvo didesné pieno
riebaly kiekio pozymiui, pieno kiekiui, pieno baltymy kiekiui ir pieninei
formai, iSanalizuotas ir palygintas galvijy pasiskirtymas populiacijose pagal
S§iuos poZymius.

3.1.2.1 lentelé. Lietuvos pieniniy galvijy vidutiniy genominiy verciy palyQi-
Nimas su ,,Igenity* populiacijos genominémis vertémis

PoZymiai Lietuvos pieniniy »lgenity“ populiacijos
galviju vidutinés galviju vidutinés
genomingés vertés genomingés vertés

Pieno riebaly kiekis, kg 6,19 6,10
Pieno riebumas, proc. 5,80 6,80
Pieno kiekis, kg 6,01 4,50
Produktyvus amzius, mén. 6,26 6,80
Pieno baltymy kiekis, kg 6,18 5,40
Pieniné forma 5,18 5,07
Pieno baltymingumas, proc. 7,26 8,20
Somatiniy lgsteliy skaiCius, tukst./ml 5,38 5,10

,Benchmark Igenity* duomeny analizés programa, palyginti Lietuvos
pieniniy galvijy pasiskirstymg pagal pieninés formos pozymio genominius
balus su pieniniy galvijy, esanciy ,,Igenity” duomeny bazéje, pasiskirstymu,
nustatyta, kad genominius balus, kintan¢ius nuo 8 iki 10, turéjo 8,5 proc.
Lietuvos pieniniy galvijy ir 5 proc. ,,Igenity* pieniniy galvijy populiacijos,
vidutinius genominius balus, svyruojancius tarp 4-7, gavo 73,0 proc. Lietu-
vos pieniniy galvijy ir 75,0 proc. ,,Igenity” pieniniy galvijy populiacijos,
Zzemus genominius balus nuo 1 iki 3 gavo 19,0 proc. Lietuvos pieniniy gal-
vijy ir 19,0 proc. ,,Igenity* pieniniy galvijy populiacijos (3.1.2.1 pav.).
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3.1.2.1 pav. Karviy pasiskirstymas pagal pieninés formos
pozymio genominius balus

,Benchmark Igenity* duomeny analizés programa, palyginti Lietuvos
pieniniy galvijy pasiskirstyma pagal pieno riebaly kiekio pozymio genominius
balus su pieniniy galvijy, esanciy ,,Igenity duomeny bazéje, pasiskirstymu,
nustatyta, kad genominius balus, svyruojancius nuo 8 iki 10 baly, tur¢jo
25,5 proc. Lietuvos pieniniy galvijy ir 7 proc. ,,Igenity* pieniniy galvijy po-
puliacijos, vidutinius genominius balus, kintanc¢ius nuo 4 iki 7 baly, gavo
63,0 proc. Lietuvos pieniniy galvijy ir 88,0 proc. ,,Igenity* pieniniy galvijy po-
puliacijos, zemus genominius balus tarp 1 ir 3 gavo 13,0 proc. Lietuvos pie-
niniy galvijy ir 5,0 proc. ,,Igenity* pieniniy galvijy populiacijos (3.1.2.2 pav.).
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3.1.2.2 pav. Karviy pasiskirstymas pagal pieno riebaly kiekio
pozymio genominius balus
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,Benchmark Igenity* duomeny analizés programa, palyginti Lietuvos
pieniniy galvijy pasiskirstyma pagal pieno baltymy kiekio poZymio genomi-
nius balus su pieniniy galvijy, esanciy ,,Igenity* duomeny bazéje, pasi-
skirstymu, nustatyta, kad genominius balus, svyruojancius nuo 8 iki 10 baly,
turé¢jo 27,0 proc. Lietuvos pieniniy galvijy ir 10 proc. ,,Igenity” pieniniy
galvijy populiacijos, vidutinius genominius balus, svyruojanc¢ius nuo 4 iki 7
baly, gavo 65,0 proc. Lietuvos pieniniy galvijy ir 75,0 proc. ,,Igenity* pieni-
niy galvijy populiacijos, Zemus genominius balus nuo 1 iki 3 gavo 8 proc.
Lietuvos pieniniy galvijy ir 15,0 proc. ,,Igenity” pieniniy galvijy populia-
cijos (3.1.2.3 pav.).

10 Olgenity karviy populiacija
1 B Lietuvos karviy populiacija

9 —

0 10 20 30
Proc.
3.1.2.3 pav. Karviy pasiskirstymas pagal pieno baltymy kiekio pozymio
genominius balus

,Benchmark Igenity* duomeny analizés programa, palyginti Lietuvos
pieniniy galvijy pasiskirstymg pagal pieno kiekio poZymio genominius balus
su pieniniy galvijy, esanciy ,,Igenity* duomeny bazgje, pasiskirstymu, nusta-
tyta, kad genominius balus, svyruojancius nuo 8 iki 10 baly, turéjo 13,0 proc.
Lietuvos pieniniy galvijy ir 6,0 proc. ,,Igenity* pieniniy galvijy populiacijos,
vidutinius genominius balus, svyruojancius nuo 4 iki 7 baly, gavo 82,0 proc.
Lietuvos pieniniy galvijy ir 79,0 proc. ,,Igenity” pieniniy galvijy populia-
cijos, zemus genominius balus tarp 1 ir 3 gavo 5,0 proc. Lietuvos pieniniy
galvijy ir 12,0 proc. ,,Igenity* pieniniy galvijy populiacijos (3.1.2.4 pav.).
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3.1.2.4 pav. Karviy pasiskirstymas pagal pieno kiekio poZymio
genominius balus

3.1.3. Pieniniy galviju selekcionuojamy poZymiy pridétiniy
verciy analizé pagal genominio profilio rezultatus

,lgenity* referentinés grupés galvijai pagal genoming informacijg ir
koreliacijas su fenotipiniais poZymiais yra reitinguojami pagal genominius
balus. Genominiai balai yra susije su pridétine fenotipiniy pozymiy iSraiska.
Palyginus kiekvieno istirtojo galvijo VNP genotipavimo duomenis su VNP
duomenimis, gautais i§ referentinés grupés galvijy, kiekvienam tirtajam
galvijui yra priskiriami genominiai balai. Geriausios karvés, turin¢ios geno-
minj balg 10 pieno kiekio pozymiui, turi genetinj potencialg duoti 1175 kg
daugiau pieno per laktacija nei karvés, gavusios genominj balg 1. Karvés,
turin€ios genominj balg 10 produktyvaus amziaus poZymiui, turi genetinj
potencialg duoti produkcija 5,5 ménesio ilgiau nei karvés, gavusios geno-
minj balg 1. Karvés, turin¢ios genominj balg 10 pieno riebaly kiekio pozy-
miui, turi genetinj potencialg duoti 33 kg daugiau pieno riebaly per laktacija
nei karvés, gavusios genominj balg 1. Karvés, turin¢ios genominj balg 10
pieno baltymy kiekio pozymiui, turi genetinj potencialg duoti 18 kg daugiau
pieno baltymy per laktacijg nei karvés, gavusios genominj balg 1 (3.1.3.1
lentelg).
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3.1.3.1 lentelé. Pieniniy galvijy selekcionuojamy poZymiy pridétinés vertés
pagal genominius balus

Genominiai Selekcionuojamy poZymiy pridétinés vertés pagal genominius balus
balai Pieno kiekis, Riebaly kiekis, | Baltymy kiekis, | Produktyvus
kg kg kg amzius, mén.

10 1175 33 18 5,5

9 970 28 16 4,6

8 853 24 14 4,1

7 731 21 12 3,5

6 617 18 10 3,0

5 504 14 8 2,4

4 387 11 6 1,9

3 263 7 4 1,7

2 150 3 1,3

1 0 0 0 0

Tyrimy rezultatai parodé, kad 3 proc. galvijy, gavusiy genominj balg 9 uz
pieno kiekj, gali papildomai duoti 5 820 kg pieno per vieng laktacija, paly-
ginti su galvijais, kuriems suteiktas genominis balas 1. Taigi, jei populiacijoje
mes turime 13 proc. karviy, kurios gavo aukStus pieno kiekio genominis
balus, svyruojancius nuo 8 iki 9, galime gauti 22 880 kg papildomai pieno per
laktacija. Jei tirtojoje populiacijoje mes turime 25,5 proc. galvijy, kuriy
riebaly kiekio pozymio genominiai balai svyruoja nuo 8 iki 10 ir 27,0 proc.
galvijy pagal baltymy kiekio pozymj, gavusiy nuo 8 iki 10 genominio baly,
galime gauti papildomai 1 396 kg pieno riebaly ir 800 kg baltymy per lakta-
cija. Jei tirtojoje populiacijoje mes turime 20,0 proc. galvijy, kuriy produkty-
vaus amziaus poZymio genominiai balai svyruoja nuo 8 iki 10, papildomai
galime turéti 200,1 produktyviausiy karviy melzimo ménesiy ir gauti
450 121 kg pieno, 27 464 kg pieno riebaly, 15 738 kg pieno baltymy (3.1.3.2
lentelé).

54



3.1.3.2 lentelé. Lietuvos pieniniy galvijy (visos tirtosios populiacijos)
selekcionuojamy pozymiy pridétinés vertés pagal genominius balus

Genominiai Pieniniy galvijy (visos tirtos populiacijos) selekcionuojamuy poZymiy
balai pridétinés vertés pagal genominius balus
Pieno Kkiekis, Riebaly kiekis, | Baltymuy Kkiekis, Produktyvus
kg kg kg amzZius, mén.
10 0 528,0 72,0 27,5
9 5820,0 196,0 2240 41,4
8 17 060,0 672,0 504,0 131,2
7 32 164,0 735,0 408,0 157,5
6 33318,0 702,0 440,0 144,0
5 17 640,0 406,0 2240 81,6
4 112230 231,0 150,0 323
3 2367,0 126,0 24,0 11,7
2 450,0 28,0 32,0 1,7
1 0 0 0 0

3.1.3.3 lentelé. Lietuvos pieniniy galvijy (karviy) selekcionuojamy poZymiy
pridétinés vertés pagal genominius balus

Genominiai | Pieniniy galviju (karviy) selekcionuojamy poZymiu pridétinés vertés
balai pagal genominius balus
Pieno Kkiekis, Riebaly kiekis, | Baltymuy Kkiekis, Produktyvus
kg kg kg amzZius, mén.
10 0 495,0 61,2 0
9 1649,0 47,6 320,0 76,3
8 5715,1 1624 280,0 95,9
7 10 965,0 420,0 432,0 140,0
6 22 6439 360,0 400,0 150,0
5 92232 93,8 200,4 96,0
4 5147,1 91,3 99,6 38,0
3 867,9 81,9 40,0 13,0
2 750 20,0 19,8 0
1 0 0 3,34 0

Tyrimy rezultatai parodé, kad 1,7 proc. karviy, uz pieno kieki gavusiy
genominj balg 9, gali papildomai duoti 1 649 kg pieno per laktacija, paly-
ginti su karvémis, kurioms suteiktas genominis balas 1. Jei populiacijoje
mes turime 8,4 proc. karviy, kurios gavo aukstus pieno kiekio genominis ba-
lus, svyruojancius nuo 8 iki 9, mes galime gauti 7 364,1 kg papildomai pie-
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no per laktacijg. Jei tirtojoje populiacijoje mes turime 28,3 proc. karviy,
kuriy riebaly kiekio pozymio genominiai balai svyruoja nuo 8 iki 10 ir
21,7 proc. baltymy kiekio pozymio nuo 8 iki 10 genominio balo, galime
gauti papildomai 705 kg pieno riebaly ir 661,2 kg baltymy per laktacija. Jei
tirtojoje populiacijoje mes turime 20,0 proc. karviy, kuriy produktyvaus
amziaus poZymio genominiai balai svyruoja nuo 8 iki 9, papildomai galime
turéti 172,3 produktyviausiy karviy melzimo ménesiy ir gauti 124 803 kg
pieno, 11 948 kg pieno riebaly, 11206 kg pieno baltymy (3.1.3.3 lentel¢).

3.1.3.4 lentelé. Lietuvos pieniniy galvijy (telyciy) selekcionuojamy poZymiy
pridétines vertés pagal genominius balus

Genominiai | Pieniniy galviju (tely¢iy) selekcionuojamy poZymiy pridétinés vertés
balai pagal genominius balus

Pieno Kkiekis, Riebaly kiekis, | Baltymuy Kkiekis, Produktyvus
kg kg kg amzZius, mén.

10 0 171,6 45,0 12,1

9 3783,0 145,6 72,0 10,1

8 9894,8 3624 3094 64,0

7 19 079,1 331,8 194,4 88,2

6 17461,1 336,6 205,0 69,0

5 73584 2534 105,6 48,0

4 4 489,2 129.,8 84,0 18,2

3 1025,7 50,4 10,0 2,0

2 0 11,6 13,5 1,2

1 0 0 0 0

Nustatyta, kad 15,5 proc. tely€iy gavo aukstus pieno kiekio genominis
balus, svyruojancius nuo 8 iki 9, kurios gali duoti 13 681,8 kg papildomai
pieno per laktacija. Jei tirtojoje populiacijoje mes turime 25,5 proc. ir 29,1
proc. telyCiy, kuriy riebaly ir baltymy kiekio pozymio genominiai balai
svyruoja nuo 8 iki 10, galime gauti papildomai 679,6 kg pieno riebaly ir
426,4 kg baltymy per laktacijg. Jei tirtojoje populiacijoje mes turime 20,0
proc. tely¢iy, kuriy produktyvaus amziaus poZymio genominiai balai
svyruoja nuo 8 iki 10, papildomai galime turéti 86,2 produktyviausiy telyciy
melzimo ménesiy ir gauti 116 004 kg pieno, 5 762 kg pieno riebaly, 3 615
kg pieno baltymy (3.1.3.4 lentel¢).
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3.1.4. Selekcinis modelis pagal genominio profilio rezultatus, kai
selekcijos prioritetu parenkamas pieno kiekio didinimas

Pirmajame selekcijos modelyje atrinkome ir paskirstéme galvijus
,»Custom Igenity” galvijy reitingavimo programa, taikydami 100 proc.
prioriteta pieno kiekiui didinti, nekreipiant démesio i kitus pozymius.
Palikome bandoje 70 proc. karviy su didziausiais pieno kiekio pozymio
genominiais balais ir papildéme 30 proc. tely¢iy su geriausiais pieno kiekio
poZzymio genominiais balais. Vidutinis pridétinis pieno kiekis pagal
genominius balus vienai karvei per laktacija yra 548 kg. Atrinkus 70 proc.
geriausiy karviy (genomo potencialas papildomai 641 kg pieno i$ karvés per
laktacija), bandoje su 30 proc. karviy, pakeisty 30 proc. geriausiy telycCiy
(genomo potencialas papildomai 696 kg pieno per laktacijg), pieno kiekio
genominis potencialas gali buti padidintas iki 148 kg papildomai pieno
vienai karvei per vieng laktacijg arba 14 800 kg per vieng laktacijg 100
karviy bandoje. Vidutinis bandos genominis balas po karviy pakeitimo
genomiskai jvertintomis geriausiomis telyCiomis pakilo nuo 5,50 iki 6,41.
Taciau vykdant selekcijg tik pieno kiekio didinimo kryptimi, pablogéjo kiti
svarbiis pieniniy galvijy pozymiai — sumaz¢jo pieno ricbumo bei baltymin-
gumo genominis potencialas, padid¢jo somatiniy lasteliy genominis balas
(3.1.4.1 lentele).
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Pirmajame selekcijos modelyje, konvertuojant pridéting pozymiy geno-
min¢ vert¢ pozymio rodikliais, o produkcijos rodiklius — eurais, vykdant
atrankg tik pieno kiekio didinimo kryptimi, gavome 148 Eur uz papildoma
pieno kiekj i§ vienos karvés (0,27 Eur uz vieng kilograma pieno) visoje
bandoje, 173 Eur i$ vienos karvés, kai i§ bandos atrinkta 70 proc. geriausiy
karviy, 237 Eur i$ vienos karvés kai i§ bandos atrinkta 30 proc. geriausiy
telyCiy ir 188 Eur i§ vienos karvés bandoje, kurioje 30 proc. karviy pakeista
30 proc. geriausiag genominj vertinima turin¢iomis telyCiomis. Pelno
augimas eurais per laktacijg, naudojant pirmajj genominés atrankos modelj,
biity i§ 100 karviy bandos 4 000 Eur per metus uz pieno kiekj ir 1 100 Eur
uz pieno kiekj, gautg per ilgesnj produktyvy amziy. Atrinktos geriausios
pagal genominius pieno kiekio balus telycios suteikia 237 Eur pelno i§ vieno
gyvulio, jei visos karvés biity pakeistos geriausiomis telyCiomis, pelno
augimas galéty pasiekti 8 900 Eur uz pieno kiekj ir 7000 Eur uz pieno kiekj,
gautg per ilgesnj produktyvy amziy (3.1.4.2 lentelée).

3.1.4.2 lentelé. Pridétinés genominés vertés ekonominis jvertinimas, kai se-
lekcija vykdoma siekiant padidinti pieno kiekj (100 proc. pieno kiekiui, kg)

Pieniniai galvijai Papildomai uz pieno kiekj Papildomai uz pailgéjusij
per laktacija vienai produktyvy amzZiy ménesiais,
karvei, Eur / jei vidutinis pieno kiekis per
100 karviy bandai, Eur laktacija vienai karvei yra
5600 kg, Eur /
100 karviy bandai, Eur
Karvés 148/14 800 446/44 600
Karvés — 70 proc. atrinkty 173/17 300 448/44 800

geriausiy pagal pieno
kiekio genominj bala

Telycios 142/14 200 516/51 600
Telycios — 30 proc. 237/23 700 481/48 100
atrinkty geriausiy pagal

pieno kiekio genomin;j bala

Banda su 30 proc. karviy 188/18 800 457/45 700

pakeisty 30 proc. telyCiy
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3.1.5. Selekcinis modelis pagal genominio profilio rezultatus,
kai atrankos prioritetas paskirstomas lygiai visiems svarbiems
pieniniy galviju poZymiams

Antrajame selekcijos modelyje atrinkome ir paskirstéme galvijus
,»Custom Igenity* galvijy reitingavimo programa, taikydami vienoda svarbg
visiems selekcionuojamiems poZymiams: 25 proc. pieno kiekiui, 15 proc.
riebumui, 15 proc. baltymingumui, 15 proc. produktyviam amziui, 15 proc.
somatiniy lgsteliy kiekiui ir 15 proc. pieninei formai. Palikome bandoje
70 proc. karviy su didziausiais genominiais balais ir kita dal; pakeitéme
30 proc. telyCiy su geriausiais genominiais balais. Vidutinis pridétinis pieno
kiekis vienai karvei per laktacijg 100 karviy bandoje yra 548 kg, atrinkus
70 proc. geriausiy karviy — 553 kg vienai karvei per laktacija, bandoje su
30 proc. karviy pakeisty 30 proc. geriausiy telyCiy — 524 kg vienai karvei
per laktacija. Taigi pieno kiekis sumazéja 24 kg vienai karvei per laktacija
arba 2400 kg per vieng laktacijg 100 karviy bandoje. Kity selekcionuojamy
pozymiy pridétine verté padidéja — pieno riebumo nuo 0,28 iki 0,32 proc.,
produktyvus amzius pailgéja nuo 2,95 ménésiy iki 3,45 ménesiy, sumazéjes
somatiniy lgsteliy skaicius, parodo, kad karves yra maziau jautrios mastitui
(3.1.5.1 lentele).
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Antrajame modelyje konvertuojant pridéting poZymiy genoming verte
eurais, kai atranka buvo vykdoma pagal visus svarbius pieno pozymius,
apskaiciavome 148 Eur papildoma pelng i$ vienos karvés (0,27 Eur uz vieng
kilograma pieno) visoje bandoje, 149 Eur i§ vieno karvés kai i§ bandos
atrinkta 70 proc. geriausiy karviy, 126 Eur kai i§ bandos atrinkta 30 proc.
geriausiy tely¢iy ir 141 Eur i§ bandos kurioje 30 proc. karviy pakeista 30
proc. geriausiomis telyCiomis. Pelno sumazéjimas eurais i vienos karvés
per laktacija, naudojant antrajj genominés atrankos modelj, buvo 7 Eur, o i$
100 karviy bandos — 700 Eur per metus. Taciau pailgéjes produktyvus
amzius atneSa 7 500 Eur pelno, taip pat pieno riebumo padidé¢jimas bei
somatiniy lgsteliy skaiCiaus sumazéjimas, parodantis geresn¢ teSmens bikle
(3.1.5.2 lentelé).

3.1.5.2 lentelé. Pridétinés genominés vertés ekonominis jvertinimas, kai se-
lekcija vykdoma suteikiant vienodq svarbg visiems selekcionuojamiems
pieniniy galvijy poZymiams (25 proc. pieno kiekiui, 15 proc. riebumui,
15 proc. baltymingumui, 15 proc. produktyviam gyvenimui, 15 proc.
somatiniy lgsteliy skaiciui ir 15 proc. pieninei formai)

Pieniniai galvijai | Papildomai uZ pieno kiekj Papildomai uz pailgéjusij
per laktacija vienai produktyvy amzZiy ménesiais, jei
karvei, Eur / vidutinis pieno kiekis per laktacija
100 karviy bandai, Eur vienai karvei yra 5 600 kg, Eur /
100 karviy bandai, Eur
Karves 148/14 800 446/44 600
Karvés — 70 proc. 149/14 900 502/50 200

atrinkty geriausiy
pagal genominius

balus
Telycios 128/12 800 473/47 300
Tely¢ios — 30 proc. 126/12 600 641/64 100

atrinkty geriausiy
pagal genominius
balus

Banda su 30 proc. 141/14 100 521/52 100
karviy pakeisty
30 proc. telyCiy
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3.1.6. Selekcinis modelis, kai tirtosios atrankinés karviy
populiacijos genominio profilio tyrimy duomenys perkeliami
visai Lietuvos pieniniy karviy populiacijai

Pagal tirtosios atrankinés karviy populiacijos pieninio galvijo geno-
minio profilio tyrimy rezultatus sudaryta populiacijos genominé struktiira,
iSreiksta procentais karviy, turin¢iy tam tikrus genominius balus nuo 1 iki
10. Gautus atrankinés populiacijos tyrimy rezultatus perkéléme visai Lietu-
vos pieniniy karviy populiacijai, kurig 2018 m. sausio 1 d. sudaré 272 100
pieniniy karviy (3.1.6.1 lentelé).

3.1.6.1 lentelé. Prognozuojama Lietuvos pieniniy galvijy populiacijos struk-
tira pagal genominius balus

Geno- Karviy pasiskirstymas pagal:
miniai pieno kiekio riebaly kiekio | baltymy kiekio produktyvaus
balai genominius genominius genominius | amZziaus genominius
balus, proc./vnt. | balus, proc./vnt. | balus, proc./vnt. | balus, proc./vnt.
10 0 8,0/21 768 2,0/5 442 2,5/6 803
9 3,0/8 163 3,5/9 524 7,0/19 047 4,5/12 245
8 10,0/27 210 14,0/38 094 18,0/48 978 16,0/43 536
7 22,0/59 862 17,5/47 618 17,0/46 257 22,5/61 223
6 27,0/73 467 19,5/53 060 22,0/59 862 24,0/65 304
5 17,5/47 617 14,5/39 455 14,0/38 094 17,0/46 257
4 14,5/39 455 10,5/28 571 12,5/34 013 8,5/23 129
3 4,5/12 245 9,0/24 489 3,5/9 524 4,5/12 245
2 1,5/4 082 3,5/9 524 4,0/10 884 0,5/1 361
1 0 0 0 0

Jverting Lietuvos pieniniy galvijy populiacijos struktiirg pagal genomi-
nius balus, atlikome genoming selekcija, atrinkdami ir iSbrokuodami popu-
liacijoje po 5 proc. Zemiausius genominius balus 1-6 turinéiy karviy ir pa-
pildydami populiacija po 5 proc. aukStus genominius balus turinciomis
karvémis 7-10 pagal pieno, pieno riebaly, pieno baltymy ir produktyvaus
amziaus pozymiy genomines vertes.

Panaudojus genominés selekcijos metodg Lietuvos pieniniy galvijy po-
puliacijoje galvijy, gavusiy aukstus genominius balus nuo 7 iki 10 produk-
tyvaus amziaus pozymiui, padidéjo nuo 41 proc. iki 65 proc., tai rodo didelj
potencialg papildomam produkcijos kiekiui gauti (3.1.6.1 pav.).
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—e— Pieniniy karviy populiacija
—=— Pieniniy karviy populiacija
po genomings selekcijos

Proc.

1 2 3 4 5 6 7 8 9 10

3.1.6.1 pav. Prognozuojama Lietuvos pieniniy karviy populiacijos struktiira
pagal produktyvaus amziaus pozymio genominius balus

Panaudojus genominés selekcijos metoda Lietuvos pieniniy galvijy po-
puliacijoje galvijy, gavusiy aukStus genominius balus nuo 7 iki 10 pieno
kiekio pozymiui, padidéjo nuo 35 proc. iki 44 proc. (3.1.6.2 pav.).
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—e— Pieniniy karviy populiacija
—=— Pieniniy karviy populiacija
po genomings selekcijos

Proc.

1 2 3 4 5 6 7 8 9 10

3.1.6.2 pav. Prognozuojama Lietuvos pieniniy karviy populiacijos struktiira
pagal pieno kiekio pozymio genominius balus

Panaudojus genominés selekcijos metoda Lietuvos pieniniy galvijy po-
puliacijoje galvijy, gavusiy aukStus genominius balus nuo 7 iki 10 pieno
riebaly kiekio pozymiui, padidéjo nuo 42 proc. iki 63 proc. (3.1.6.3 pav.).
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3.1.6.3 pav. Prognozuojama Lietuvos pieniniy karviy populiacijos struktiira
pagal pieno riebaly kiekio poZymio genominius balus
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Panaudojus genominés selekcijos metoda Lietuvos pieniniy galvijy
populiacijoje galvijy, gavusiy aukstus genominius balus nuo 7 iki 10 pieno
baltymy kiekio pozymiui, padid€jo nuo 44 proc. iki 64 proc. (3.1.6.4 pav.).

254
—e— Pieniniy karviy populiacija
20 1 —=— Pieniniy karviy populiacija
S 154 po genominés selekcijos
£
& 10+
5 2
0 = L T T T T T 1
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3.1.6.4 pav. Prognozuojama Lietuvos pieniniy karviy populiacijos struktiira
pagal pieno baltymy kiekio pozymio genominius balus

Lietuvos pieniniy galvijy populiacijoje po karviy atrankos ir parankos
pagal genominius balus prognozuojamas karviy pieno kiekio padidéjimas
per laktacijg 37 746 tony (3.1.6.5 pav.).
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E Pieniniy karviy populiacija
OPieniniy karviy populiacija po genomineés selekcijos

3.1.6.5 pav. Prognozuojamas pieno kiekio padidéjimas Lietuvos pieniniy
karviy populiacijoje vykdant genomine selekcijq

Lietuvos pieniniy galvijy populiacijoje po karviy atrankos ir parankos

pagal genominius balus prognozuojamas karviy pieno riebaly padidéjimas
per laktacijg 497 tony (3.1.6.6 pav.).
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449
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3.1.6.6 pav. Prognozuojamas pieno riebaly kiekio padidéjimas
Lietuvos pieniniy karviy populiacijoje vykdant genomine selekcijq

Lietuvos pieniniy galvijy populiacijoje po karviy atrankos ir parankos
pagal genominius balus prognozuojamas karviy pieno baltymy kiekio

padidéjimas per laktacijg 425 tony (3.1.6.7 pav.).
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EPieniniy karviy populiacija

OPieniniy karviy populiacija po genominés selekcijos

637

3.1.6.7 pav. Prognozuojamas pieno baltymy kiekio padidéjimas
Lietuvos pieniniy karviy populiacijoje vykdant genoming selekcijg

Lietuvos pieniniy galvijy populiacijoje po karviy atrankos ir parankos
pagal genominius balus prognozuojamas karviy produktyvaus amziaus padi-
dé¢jimas atneSty papildomai 412 110 828 tony pieno, 5 426 246 tony pieno
riebaly, 4 640 150 tony pieno baltymy (3.1.6.8 pav.).
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3.1.6.8 pav. Prognozuojamas produktyvaus amziaus padidéjimas
Lietuvos pieniniy karviy populiacijoje vykdant genomine selekcijq

3.2. Galvijy kokybiniy poZymiy selekcija pagal genominius Zymenis

3.2.1. Pieno baltymy kapa kazeino, beta kazeino ir
beta laktoglobulino genetinés analizés rezultatai

Tirtojoje Lietuvos pieniniy galvijy populiacijoje buvo identifikuoti trys
kapa kazeino aleliai — didziausiu dazniu rastas A alelis — 0,724, maziausiu
dazniu E alelis — 0,052. B alelj, turintj didel¢ jtaka pieno technologinéms
savybeéms, turéjo 90 proc. tirtyjy karviy.

Lietuvos pieniniy juodmargiy galvijy populiacijoje rasti 6 kapa kazeino
genotipai: AA (0,5), AB (0,379), AE (0,069), BB (0,023), BE (0,023), EE
(0,006). Tikrieji ir tikétini genotipy dazniai statistiSkai reikSmingai nesisky-
ré (P = 0,185). Dazniausiai pasitaikantis buvo AA genotipas. Ji tur¢jo
50 proc. tirtyjy galvijy. Reciausiai pasitaikantis buvo EE genotipas. Ji turéjo
tik 0,6 proc. tirtyjy galvijy. Didziausig jtakg pieno, kaip zaliavos siiriy ir
varskés gamybai, technologinéms savybéms turintis BB genotipas rastas pas
2,3 proc. karviy (3.2.1.1 pav.).
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EE (1 proc.)

BE (2 proc.) AA (50 proc.)
BB (2 proc.)
AE (7 proc.)

AB (38 proc.)

3.2.1.1 pav. Kapa kazeino genotipy pasiskirstymas
Lietuvos pieniniy galvijy populiacijoje

Ivertinus kapa kazeino geno tikrajj ir tikéting heterozigotiSkuma Lietu-
vos pieniniy juodmargiy galvijy populiacijoje tikétinas heterozigotiSkumas
buvo mazesnis nei tikrasis, taciau skirtumas nebuvo statistiSkai reikSmingas,
tirtoji galvijy grupé pagal Hardzio-Veinbergo désnj tirtojoje kapa kazeino
geno srityje islaiko genetine pusiausvyra (x* = 0,028; P>0,05). Rastas ma-
Zesnis tikrasis heterozigotiskumas rodo, kad galbiit populiacijoe vyko selek-
cija atrenkant ir paliekant homozigotinius individus dél geresniy produk-
cijos savybiy.

Lietuvos pieniniy galvijy populiacijoje buvo identifikuoti du beta ka-
zeino aleliai. A alelis rastas 0,968 dazniu, B alelis rastas 0,032 dazniu.

Lietuvos pieniniy juodmargiy galvijy populiacijoje buvo nustatyti du
beta kazeino genotipai: AA (0,937), AB (0,063). AA genotipg tur¢jo
93,7 proc. tirtyjy karviy. BB genotipas nebuvo nustatytas né vienam gal-
vijui. Tikrieji ir tikétini genotipy dazniai nesiskyré statistiskai reikmSmingai
(P=0,999) (3.2.1.2 pav.).

AA (94 proc.)

AB (6 proc.)

3.2.1.2 pav. Beta kazeino genotipy pasiskirstymas
Lietuvos pieniniy galvijy populiacijoje
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Ivertinus tikrajj ir tikéting heterozigotiSkumg Lietuvos pieniniy juod-
margiy galvijy populiacijoje tikrasis heterozigotiSkumas buvo mazesnis nei
tikétinas, tacCiau skirtumas nebuvo statistiSkai reikSmingas, taigi tirtoji
galvijy populiacija pagal HardZio-Veinbergo désnj tirtajame beta kazeino
geno lokuse iSlaiko geneting pusiausvyrg (P>0,05).

ISanalizavus moksling literattirg ir jvertinus beta kazeino geno polimor-
fizmo svarbg Zmoniy sveikatingumui, buvo atlikti papildomi tyrimai identi-
fikuojant beta kazeino Al ir A2 alelius Lietuvos pieniniy galvijy populia-
cijoje. Al alelis rastas 0,261 dazniu, A2 alelis rastas 0,739 dazniu. Beta
kazeino Al ir A2 archajiSkose genofondinése Lietuvos $émuyjy ir Lietuvos
baltnugariy galvijy veislése. Lietuvos Sémyjy veisléje Al alelj turéjo 52
proc. karviy, A2 — alelj 48 proc. karviy. Lietuvos baltnugariy galvijy veislé-
je A1l alelj turéjo 38 proc. karviy, A2 alelj — 62 proc. karviy.

Lietuvos pieniniy juodmargiy galvijy populiacijoje buvo nustatyti trys
beta kazeino genotipai pagal Al ir A2 alelius: A1A1 (0,04), A1A2 (0,44) ir
A2A2 (0,52). A2A2 genotipa, neturintj neigiamo poveikio Zmoniy sveikatai,
turéjo 52 proc. tirtyjy karviy. Tikrieji ir tikétini genotipy dazniai nesiskyré
statistiSkai reik§Smingai (P = 0,99) (3.2.1.3 pav.).

A1AT (4 proc.)

A2A2 (52 proc.)

ATA2 (44 proc.)

3.2.1.3 pav. Beta kazeino genotipy pasiskirstymas
pieniniy galvijy populiacijoje

Ivertinus tikrajj ir tikéting heterozigotiSkumg Lietuvos pieniniy juod-
margiy galvijy populiacijoje tikrasis heterozigotiSkumas buvo didesnis nei
tikétinas, taciau skirtumas nebuvo statistiSkai reikSmingas, taigi tirtoji gal-
vijy populiacija pagal Hardzio-Veinbergo désnj tirtajame beta kazeino geno
lokuse iSlaiko geneting pusiausvyrg (P>0,05). Rastas didesnis tikrasis hete-
rozigotiSkumas nei tikétinas, rodo aukstg genetinés jvairovés lygi, kas suda-
ro palankias salygas gyvuliy selekcijai.

ArchajiSkose genofondinése Lietuvos §émuyjy ir Lietuvos baltnugariy
galvijy veislése populiacijoje rasti 3 beta kazeino genotipai: A1A1 (0,15),
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A1A2 (0,59), A2A2 (0,26). Tikétini ir prognozuojami genotipy dazniai
statistiSkai reik§mingai nesiskyré (P = 1). Dazniausiai pasitaikantis buvo
A1A2 genotipas. Jj turéjo 59 proc. tirtyjy galvijy. Reciausiai pasitaikantis
buvo maziausiai pageidaujamas A1A1 genotipas. Jj turéjo 15 proc. tirtyjy
galvijy. Labiausiai pageidaujamas neigiamos jtakos zmoniy sveikatai netu-
rintis A2A2 genotipas aptiktas 26 proc. karviy (3.2.1.4 pav.).

A2A2 (26 proc.) ) A!Al 5 proc)

ATA2 (59 proc.)

3.2.1.4 pav. Beta kazeino genotipy pasiskirstymas
genofondinésé pieniniy galvijy veislése

Ivertinus beta kazeino geno tikrajj ir tikéting heterozigotiSkuma Lietu-
vos pieniniy genofondiniy galvijy populiacijoje, tikétinas heterozigotis-
kumas buvo mazesnis nei tikrasis, tac¢iau skirtumas nebuvo statistiskai reiks-
mingas, tirtoji galvijy grupé pagal Hardzio-Veinbergo désnj tirtojoje beta
kazeino geno srityje iSlaiko geneting pusiausvyra (P>0,05).

Lietuvos pieniniy galvijy populiacijoje buvo identifikuoti du beta lakto-
globulino aleliai. A alelis rastas 0,456 dazniu, B alelis rastas 0,544 dazniu. B
alelj tur¢jo 54,4 proc. tirtyjy karviy.

Lietuvos pieniniy juodmargiy galvijy populiacijoje rasti 3 skirtingi ge-
notipai: AA (0,183), AB (0,544), BB (0,273). Dazniausiai pasitaikantis buvo
beta laktoglobulino AB genotipas, kurj tur¢jo 54,4 proc. tirtyjy karviy. BB
genotipas, turintis didele jtaka pieno tinkamumui siiriy ir var§kés gamybai,
nustatytas pas 27,3 proc. karviy. Tikrieji ir tikétini genotipy dazniai statis-
tiSkai reikSmingai nesiskyré (P = 0,998) (3.2.1.5 pav.).
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BB (27 proc.) AA (18 proc.)

AB (55 proc.)

3.2.1.5 pav. Beta laktoglobulino genotipy pasiskirstymas
Lietuvos pieniniy galvijy populiacijoje

Ivertinus tikrajj ir tikéting heterozigotiSkumg tirtojoje Lietuvos pieniniy
juodmargiy galvijy populiacijoje tikrasis heterozigotiSkumas buvo didesnis
nei tikétinas, taciau skirtumas nebuvo statistiSkai reikSmingas, tirtoji galvijy
grupé pagal Hardzio-Veinbergo désnj tirtjaame beta laktoglobulino geno
lokuse iSlaiko geneting pusiausvyrg (P>0,05). Rastas didesnis tikrasis hete-
rozigotiSkumas, nei tikétinas, rodo auksta genetinés jvairovés lygi, tai suda-
ro palankias salygas gyvuliy selekcijai.

3.2.2. Pieno baltymy kapa kazeino, beta kazeino ir
beta laktoglobulino polimorfizmy sasajos su produkcijos
genominiais balais

Pieno kiekio genominiai balai svyravo nuo 2 iki 9. Pieno baltymy
kiekio pozymio genominiai balai jvairavo nuo 1 iki 10. Daugiausia karviy
(27 proc. ir 19,5 proc.) tur¢jo vidutinj pieno kiekio genominj balg 6 ir
vidutinj pieno baltymy kiekio genominj balg 7. Pieno baltymingumo pozy-
mio genominiai balai jvairavo nuo 1 iki 10. Karviy pasiskirstymas pagal
pieno kiekio, baltymy kiekio ir pieno baltymingumo genominius balus paro-
dé, kad karvés pagal pieno baltymingumo pozymj gavo aukStesnius geno-
minius balus nei pagal pieno kiekj ir baltymy kiekj (P<0,001) (3.2.2.1 pav.)
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—e— Pienas, kg

30 —=— Baltymai, kg
25 4 —¢- - Baltymai, proc.
20 -

15 1

10 A

5 A

0 1

1 2 3 4 5 6 7 8 9 10

3.2.2.1 pav. Lietuvos pieniniy galvijy pasiskirstymas
pagal genominius balus

3.2.2.1. Pieno baltymo kapa kazeino polimorfizmo sasajos
su produkcijos genominiais balais

Palyginus skirtingus kapa kazeino genotipus pagal pieno kiekio geno-
miniy baly pasiskirstyma, auksciausias genomines vertes pagal pieno iSeiga
tur¢jo kapa kazeino AE ir BE genotipo karves — 41,7 proc. ir 50,0 proc.
karviy tur¢jo aukstesnius nei 6 genominius balus. AA genotipo 35,6 proc.
karviy, AB genotipo 27,7 proc., BB genotipo 25,0 proc. karviy turé¢jo geno-
minius balus, auksStesnius nei 6. Auks¢iausia genominj balg 9 gavo 2,3 proc.

AA genotipo ir 4,6 proc. AB genotipo karviy. Buvo nustatyta, kad skirtingy

kapa kazeino genotipy jtaka pieno kiekiui yra statistiSkai reikSminga, kapa
kazeino E ir A aleliai didino pieno kiekj (P<0,05) (3.2.2.1.1 pav.).

100 -
90
80 -
70 -
60 -
50 -
40 4
30 -
20 -
10 4

Proc.

0

AA | AB | AE BB | BE  EE
3.2.2.1.1 pav. Kapa kazeino genotipy pasiskirstymas
pagal pieno kiekio (kg) genomines vertes
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Auksciausias genomines vertes pagal pieno baltymy kiekj turé¢jo kapa
kazeino BB ir BE genotipo karvés. 50,0 proc. abiejy genotipy karviy turéjo
aukStenius nei 6 genominius balus. AA genotipo 40,6 proc. karviy, AB
genotipo 43,2 proc., AE genotipo 41,6 proc. karviy turéjo genominius balus,
aukstesnius nei 6. AuksSciausius genominius balus 9-10 gavo 25,0 proc. BB
genotipo, 50,0 proc. BE genotipo, 6,8 proc. AB genotipo ir 7,3 proc. AA ge-
notipo kapa kazeino karviy. IStirta skirtingy kapa kazeino genotipy jtaka pie-
no baltymy kiekiui rodo, tendencijas, kad B alelis didina pieno baltymy kiekj,
bet rezultatai nebuvo statistiskai reikSmingi (P = 0,636) (3.2.2.1.2 pav.).

l =
b9 o1o
90 o9
i o8
80 a7
70 A m6
|5
P 60 =4
£ 50+ @3
A m2
40_ .l
30
20
10 1
0_

AA AB  AE BB BE  EE
3.2.2.1.2 pav. Kapa kazeino genotipy pasiskirstymas
pagal baltymy kiekio (kg) genomines vertes

50 proc. kapa kazeino BB genotipo karviy, 11,4 proc. AA genotipo,
27,3 proc. AB genotipo, 25,0 proc. AE genotipo karviy gavo genominius
balus 9-10. Istirta skirtingy kapa kazeino genotipy jtaka pieno baltymy
kiekiui rodo tendencijas, kad B alelis didina pieno baltymy kiekj, bet
rezultatai nebuvo statistiSkai reikSmingi (P = 0,230) (3.2.2.1.3 pav.).
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3.2.2.1.3 pav. Kapa kazeino genotipy pasiskirstymas
pagal pieno baltymingumo (proc.) genomines vertes

Vidutiniai pieno kiekio genominiai balai Lietuvos pieniniy galvijy
populiacijoje varijavo nuo 6,05 balo (AA kapa kazeino genotipui) iki 5,00
(EE kapa kazeino genotipui), pieno baltymy kiekio genominiai balai Lietu-
vos pieniniy juodmargiy galvijy svyravo nuo 6,25 vidutinio balo (BB kapa
kazeino genotipui) iki 6,00 (AE, BE ir EE kapa kazeino genotipams), pieno
baltymingumo genominiai balai Lietuvos pieniniy galvijy ivairavo nuo 9,00
(EE kapa kazeino genotipui) iki 7,18 (AA kapa kazeino genotipui). Statistis-
kai reikSmingai skyrési pieno kiekio genominiai balai tarp AA ir BB geno-
tipy (P<0,05) (3.2.2.1.4 pav.)

10 M@ Pienas, kg
1. @ Baltymai, kg
9 = | @Baltymai, proc.
8 i
7
’ I -
5 —
4
3 .
2
1
AA  AB AE BB BE  EE

3.2.2.1.4 pav. Kapa kazeino genotipy pasiskirstymas pagal vidutines pieno
kiekio, baltymy kiekio ir pieno baltymingumo genomines vertes

74



Dispersiné analizé parodé, kad 2,8 proc. pieno kiekio genetinés jvai-
rovés (P<0,05), 0,2 proc. pieno baltymy kiekio genetinés jvairovés (P<0,05)
ir 3,3 proc. pieno procentinio baltymy kiekio genetinio jvairovés (P<0,05)
priklauso nuo kapa kazeino genotipo.

3.2.2.2. Pieno baltymo beta kazeino polimorfizmo sasajos
su produkcijos genominiais balais

Palyginus skirtingus beta kazeino genotipus pagal pieno kiekio genomi-
niy baly pasiskirstyma, 34,6 proc. AA genotipo Lietuvos pieniniy karviy ir
9,1 proc. AB genotipo Lietuvos pieniniy karviy turéjo pagal pieno kiekj tu-
réjo aukstesnius nei 6 genominius balus. Auksc¢iausia genominj balg 9 gavo
3,1 proc. AA genotipo karviy, kurios turi auks$ta genetinj potencialg ir geras
galimybes selekcijai pagal genomines vertes pieno iSeigai didinti. Skirtingy
beta kazeino genotipy jtaka pieno kiekiui yra statistiSkai reikSminga
(P<0,05).

Auksciausias genomines vertes pagal baltymy kiek;j turéjo beta kazeino
AB genotipo karvés. 54,6 proc. Lietuvos pieniniy karviy AB genotipo ir
42,0 proc. AA genotipo Lietuvos pieniniy karviy tur¢jo aukStesnius nei 6
genominius balus. Auksciausig genominj balg 10 pagal pieno baltymy kie-
kio pozymj Lietuvos pieniniy karviy populiacijoje turéjo 2,5 proc. beta ka-
zeino AA genotipo karviy. Skirtingy beta kazeino genotipy jtaka pieno
baltymy kiekiui nebuvo statistiSkai reikSminga (P = 0,859).

Beta kazeino genotipai AA ir AB pagal pieno baltymingumo pozymj
gavo aukStus genominius balus nuo 5 iki 10. 100 proc. Lietuvos pieniniy
karviy AB genotipo ir 72,5 proc. AA genotipo turéjo aukstesnius nei 6
genominius balus, 18,2 proc. beta kazeino AB genotipo karviy turé€jo
aukscCiausig pieno baltymingumo balg 10. Skirtingy beta kazeino genotipy
jtaka pieno baltymingumui pagal genominius balus buvo statistiSkai reiks-
minga (P<0,001). Beta kazeino B alelis didina pieno baltyminguma, auks-
Ciausius balus gavo AB genotipo karvés (3.2.2.2.1 pav.).
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3.2.2.2.1 pav. Beta kazeino genotipy pasiskirstymas pagal pieno kiekio,
baltymy kiekio ir pieno baltymingumo genomines vertes

Vidutiniai pieno kiekio genominiai balai Lietuvos pieniniy galvijy
populiacijoje ivairavo nuo 5,91 balo (AA beta kazeino genotipui) iki 4,73
(AB beta kazeino genotipui), pieno baltymy kiekio genominiai balai Lietu-
vos pieniniy galvijy jvairavo nuo 6,64 vidutinio balo (AB beta kazeino ge-
notipui) iki 6,06 (AA beta kazeino genotipui), pieno baltymingumo genomi-
niai balai Lietuvos pieniniy galvijy jvairavo nuo 8,73 (AB beta kazeino
genotipui) iki 7,28 (AB beta kazeino genotipui). StatistiSkai reikSmingai
skyrési pieno kiekio genominiai balai tarp beta kazeino AA-AB genotipy
(P<0,05) ir pieno baltymingumo genominiai balai tarp beta kazeino AA-AB
genotipy (P<0,001) (3.2.2.2.2 pav.).
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3.2.2.2.2 pav. Beta kazeino genotipy pasiskirstymas pagal vidutines pieno
kiekio, baltymy kiekio ir pieno baltymingumo genomines vertes

Faktorin¢ dispersin¢ analizé parodé, kad beta kazeino genotipas turi
jtakos 3,8 proc. pieno kiekio genetinés variacijos (P<0,05), 0,5 proc. pieno
baltymy kiekio genetinés variacijos ir 8,1 proc. pieno baltymingumo varia-
cijos (P<0,001).

3.2.2.3. Pieno baltymo beta laktoglobulino polimorfizmo sasajos
su produkcijos genominiais balais

Palyginus laktoglobulino genotipus pagal pieno kiekio genominiy baly
pasiskirstyma, nustatyta, kad 53,0 proc. AA genotipo Lietuvos pieniniy
karviy, 28,0 proc. AB genotipo Lietuvos pieniniy juodmargiy karviy 16,1
proc. BB genotipo Lietuvos pieniniy karviy pagal pieno kiekio pozym; tu-
réjo aukstesnius nei 6 genominius balus. Auksciausia genominj pagal pieno
kiekj 9 gavo 6,1 proc. AA genotipo karviy ir 2,2 AB genotipo karviy, kurios
turi aukstg genetinj potencialg ir geras galimybes selekcijai pagal genomines
vertes pieno iSeigai didinti. Skirtingy beta laktoglobulino genotipy jtaka
pieno kiekiui yra statistiSkai reikSminga (P<0,01), beta laktoglobulino A ale-
lis didina pieno primilzj 42 proc. beta laktoglobulino AA genotipo Lietuvos
pieniniy karviy, 43,1 AB genotipo karviy ir 48,4 proc. BB genotipo karviy
tur¢jo pieno baltymy kiekio genominius balus, didesnius nei 6. Genominj
balg 10 tur¢jo 3,2 proc. beta laktoglobulino BB genotipo karviy. Skirtingy
beta laktoglobulino genotipy jtaka pieno baltymy kiekiui nebuvo statistiskai
reik§minga (P = 0,66).
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Beta laktoglobulino AA, AB ir BB genotipy Lietuvos pieninés karves pa-
gal pieno baltymingumo pozymj gavo genominius balus nuo 5 iki 10. Auks-
Ciausias genomines vertes pagal pieno baltyminguma turé¢jo beta laktoglobu-
lino BB genotipo karvés. 44,0 proc. beta laktoglobulino AA genotipo karviy,
85,0 proc. AB genotipo ir 90,4 proc. BB genotipo tur¢jo pieno baltymingumo
genominius balus, aukStesnius nei 6. 9,7 proc. beta laktoglobulino BB
genotipo karviy turé¢jo auksciausig pieno baltymingumo pozymio genoming
verte — 10 baly. Tai rodo geras $iy galvijy galimybes selekcijai pagal pagei-
daujamg pozymj. Skirtingy beta laktoglobulino genotipy jtaka pieno balty-
mingumui pagal genominius balus buvo statistiSkai reikSminga (P<0,001),
beta laktoglobulino B alelis didina pieno baltyminguma (3.2.2.3.1 pav.).
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3.2.2.3.1 pav. Beta laktoglobulino genotipy pasiskirstymas pagal pieno
kiekio, baltymy kiekio ir pieno baltymingumo genomines vertes

Vidutiniai pieno kiekio genominiai balai Lietuvos pieniniy galvijy
populiacijoje jvairavo nuo 6,51 balo (AA beta laktoglobulino genotipui) iki
5,42 (BB beta laktoglobulino genotipui), pieno baltymy kiekio genominiai
balai jvairavo nuo 6,55 vidutinio balo (BB beta laktoglobulino genotipui) iki
5,96 (AA beta laktoglobulino genotipui), pieno baltymingumo genominiai
balai jvairavo nuo 7,94 (BB beta laktoglobulino genotipui) iki 6,50 (AA
beta laktoglobulino genotipui). StatistiSkai reikSmingai skyrési pieno kiekio
genominiai balai tarp beta laktoglobulino AA-BB ir AB-BB genotipy
(P<0,01) ir pieno baltymingumo genominiai balai tarp beta laktoglobulino
AA-BB ir AB-BB genotipy (P<0,001). Beta laktoglobulino A alelis didina
pieno kiekj, o B alelis didina pieno baltyminguma (3.2.2.3.2 pav.).
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3.2.2.3.2 pav. Beta laktoglobulino genotipy pasiskirstymas pagal vidutines
pieno kiekio, baltymy kiekio ir pieno baltymingumo genomines vertes

Faktorin¢ dispersin¢ analizé parodé, kad beta laktoglobulino genotipas
turi jtakos 8,4 proc. pieno kiekio genetinés variacijos (P<0,01), 1,2 proc.
pieno baltymy kiekio genetinés variacijos ir 20,6 proc. pieno procentinio
baltymy kiekio genetinio svyravimo (P<0,001).

3.2.2.4. Pieno baltymy kapa kazeino, beta kazeino ir beta
laktoglobulino polimorfizmy sasajos su pieno kokybés rodikliais

Istyre kazeino kiekio piene priklausomyb¢ nuo kapa kazeino, beta
kazeino ir beta laktoglobulino genotipy nustatéme, kad kazeino kiekis kito
nuo 2,24 g/100 g, kurj turéjo AA kapa kazeino genotipo karves iki 2,96 g/
100 g ir kurj tur¢jo BB kapa kazeino genotipo karvés. Galimybiy santykis,
kad BB kapa kazeino genotipo karvés turés didesnj kazeino kiekj piene 1,3.
Galimybiy santykis, kad BB beta laktoglobulino genotipo ir AB beta kazeino
genotipo karves turés didesnj kazeino kiekj piene 1,1 (3.2.2.4.1 pav.).
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3.2.2.4.1 pav. Kazeino kiekio prikausomybé nuo pieno baltymy genotipy

IStyre somatiniy lasteliy kiekio priklausomyb¢ nuo kapa kazeino, beta
kazeino ir betalaktoglobulino genotipo nustatéme, kad somatiniy Iasteliy
kiekis kito nuo 123 tiikst. 1ast./100 ml, kurj turéjo BB beta laktoglobulino
karves, iki 321 tukst. Iast./100 ml, kurj tur¢jo AB beta kazeino genotipo
karveés. Galimybiy santykis, kad BB kapa kazeino genotipo karvés turés
mazesnj somatiniy lgsteliy kiekj piene nei BB genotipo 1,27. Galimybiy
santykis, kad AB beta kazeino genotipo karvés turés mazesn] somatiniy
lasteliy kiekj piene nei AA genotipo 1,82 (3.2.2.4.2 pav.).
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3.2.2.4.2 pav. Somatiniy lgsteliy kiekio prikausomybé
nuo pieno baltymy genotipy
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3.3. Galvijy sveikatingumo poZymiy selekcija
pagal genominius Zymenis

Duomenys apie geny, lemianciy letalias autosomines recesyvines juod-
margiy galvijy ligas BLAD, DUMPS ir CVM, Lietuvos pieniniy galvijy
populiacijoje pateikti 3.3.1 lenteléje.

BLAD liga lemiantis alelis su taskine mutacija A—G (383), pasireis-
kiantis neutrofily funkcijos poky¢iais, kurie lemia nuolatinius verseliy infek-
cijy protrukius, rastas 0,0025 dazniu, heterozigoty individy nustatyta 0,5
proc. tirtojoje populiacijoje.

DUMPS liga sukeliancio alelio su taskine mutacija C—T (405), pasi-
reiSkiancio ankstyvu embriony mirtingumu dé¢l uridino monofosfato sintazés
trikumo, tarp tirtyjy galvijy neradome. CVM liga sukelia mutacija gene
SLC35A3 G—T (559), kuri pasireiSkia stuburo iSsigimimais, karvés abor-
tuoja arba verSeliai gimsta negyvi. Tarp tirtyjy karviy CVM mutuoto alelio
daznis buvo 0,005, heterozigoty individy nustatyta 1 proc. tirtojoje populia-
cijoje (3.3.1 lentele).

3.3.1 lentelé. BLAD, DUMPS ir CVM ligy paplitimas Lietuvos pieniniy gal-
vijy populiacijoje

Genetiné liga Genotipy daZniai Aleliy dazniai
BLAD/CD18 TL/TL TL/BL BL/BL TL BL
genas 0,995 0,005 0 0,9975 0,0025
CVM/SLC35A3 TV/TV TV/CV Ccv/CvV G T
genas 0,99 0,01 0 0,995 0,005
DUMPS/UMPS TP/TP TP/DP DP/DP TP DP
genas 1 0 0 1 0

CD18 geno genotipai: TL/TL — homozigotas, sveikas, neturintis BLAD sutrikimo; TL/BL —
heterozigotas, mutuoto alelio platintojas, bet sveikas, BL/BL — abiejy mutavusiy aleliy
nesiotojas, sergantis.

UMPS geno genotipai: TP/TP — homozigotas, sveikas, neturintis DUMPS sutrikimo;
TP/DP — heterozigotas, mutuoto alelio platintojas, bet sveikas, DP/DP — abiejy mutavusiy
aleliy nesiotojas, sergantis.

SLC35A3 geno genotipai: TV/TV — homozigotas, sveikas, neturintis CVM sutrikimo;
TV/CV - heterozigotas, mutuoto alelio platintojas, bet sveikas, CV/CV — abiejy mutavusiy
aleliy nesSiotojas, sergantis.

2000 m. Lietuvos pieniniy galvijy populiacijoje buvo rasti 5 proc. hete-
rozigotiniy galvijy BLAD geno nesiotojy ir nepageidajamo geno platintojy
populiacijoje, 2002 m. — 4 proc., 2004 m. — 2 proc., mes 2017 m. nustatéme
0,5 proc. BLAD geno nesiotojy (3.3.1 pav.).
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3.3.1 pav. BLAD geno paplitimo monitoringas Lietuvos pieniniy galvijy
populiacijoje 2000-2017 metais

Pakitusio alelio daznis, kuriam esant homozigotinés biiklés pasireiskia
liga, nuo 2000 iki 2017 m. tendencingai maz¢jo. Tarp Lietuvoje auginamy
pieniniy galvijy 2000 m. Sio alelio daznis buvo 0,025, 0 2017 m. — tik 0,005

(3.3.2 pav.). \
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3.3.2 pav. BL alelio paplitimo monitoringas Lietuvos pieniniy galvijy
populiacijoje 2000-2017 metais

Proc.
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4. TYRIMU REZULTATU APTARIMAS

Genominés informacijos panaudojimas galvijy genetiniame vertinime
atneS¢ revoliuciniy pokycCiy pieniniy galvijy selekcijoje [12, 62, 64, 204].
Genomingje selekcijoje veislinés vertés nustatymas paremtas Simty ar
tikstanciy molekuliniy Zymeny, o ne paties gyvulio ar jo tévy bei protéviy
informacija. Naudojant molekulinius Zymenis, tikslios veislinés vertés gali
buti nustatytos abiejy ly¢iy galvijams ankstyvajame amziuje, o tai yra
naudinga mazinant karty intervala, praleidziant vertinimo pagal palikuonis
etapg [12, 205]. Genomin¢ selekcija suteikia daug privalumy gerinant gene-
tinj pieniniy galvijy produkcijos ypatybiy potenciala. Svarbiausi veiksniai,
skatinantys greitesnj genetinio potencialo didinimag, yra didesnis jauny gy-
vuliy prognozuojamos genetinés vertés tikslumas, trumpesnis intervalas tarp
karty, nes intensyviau naudojami jauni, aukStos genetinés vertés patelés ir
patinai; padidéjes selekcijos intensyvumas, nes veis¢jai gali atlikti genomi-
nius tyrimus, kad buity galima patikrinti didesne potencialiai elitiniy gyvuliy,
esanc¢iy jauno amziaus, grupe. Padidinus selekcijos tikslumg ir intensyvuma
ir sumazinus intervalus tarp karty, ekonomiskai svarbiy pieno produkcijos
poZymiy genetinés pazangos greitis gali biiti mazdaug dukart padidintas.
Pieniniy galvijy genominé selekcija pritaikyta daugelyje valstybiy, gars¢jan-
¢iy dideliu pieno produkcijos kiekiu [68-71].

Pieniniy galvijy genominei selekcijai naudojamos jvairaus tankio DNR
mikrogardeliy technologijos. Mes genominei selekcijai naudojome pieninio
galvijo genominio vertinimo sistema ,,Igenity* [206]. Sistema ,,Igenity” lei-
dzia vykdyti genomine¢ selekcijg ir atskiroje galvijy bandoje, veisléje ir
visoje populiacijoje. Genominé selekcijos sistema ,,Igenity” naudoja DNR
informacija, ji padeda suprasti ir valdyti gyvuliy potencialg turéti ir perduoti
ekonomiskai svarbius pozymius. ,,Igenity* pieniniy galvijy profilis parodo
gyvuliy genetinj potencialg, iStirta naudojant DNR esancius vieno nukleo-
tido polimorfizmus kaip daugybe Zymeny, ir paverciamas j pieninés formos,
pieno kiekio, riebaly kiekio, riebaly procento, baltymy kiekio ir baltymy
procento, somatiniy lasteliy kiekio, pieninés formos genominius balus. Ge-
nominio profilio koreliacija su fenotipiais pozymiais buvo istirta keturiose
galvijy populiacijose skirtingoms galvijy veisléms, laikomoms skirtingomis
salygomis, individy skaiCius populiacijoje svyravo nuo 4 000 iki 6 000
galvijy panaudojant daugialypj statistinj modelj [206].

Misy tyrimai parodé, kad Lietuvos pieniniy galvijy populiacijoje
nustatyti vidutiniai genominiai balai pieno kiekiui — 6,01, baltymingumui —
7,26, baltymy kiekiui — 6,18, riebumui — 5,80, riebaly kiekiui — 6,19, pro-
duktyvaus amziaus pozymiui — 6,26, somatiniy lasteliy skaiciui — 5,38 ir
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pieninei formai— 5,18 koreliuoja su tarptautinés pieniniy galvijy populia-
cijos, genominiais profiliais. Nustatéme, kad Lietuvos pieniniy galvijy vidu-
tiné genominé verté kai kuriems pozymiams buvo didesné nei vidutiniai
genominiai balai tarptautinéje pieniniy galvijy populiacijoje, pavydZziui,
pieno riebaly kiekio pozymiui — 0,09 genominio balo, pieno kiekiui — 1,49
balo, pieno baltymy kiekiui — 0,78 balo, pieninei formai — 0,11 balo.

Pieno, riebaly ir baltymy kiekiai rutiniSkai yra matuojami jau Simtmet;.
Kiekybiniai poZymiai tur¢jo skirtingg ekonomin¢ reikSme skaiciuojant
bendrgjj pelng [207], taCiau pageidaujamas Siy pozymiy progresas priklauso
nuo jy vidutinio paveldimumo [208]. AnkS$¢iau buvo naudojami skirtingi
selekcijos metodai, nuo paprasto fenotipinio jvertinimo iki geriausio lini-
jinio objektyvaus prognozavimo (BLUP). Selekcijos perversmas jvyko, kai
buvo pradétas taikyti genomings selekcijos metodas. Vieno nukleotido poli-
morfizmo Zymenys, naudojami ,,Igenity®, identifikuoja genetines variacijas,
kurios padeda reguliuoti pieno kiekj, baltymy ir riebaly kiekj, nemazinant
vaisingumo ir nedidinant inbrydingo [209, 210].

Pieninés formos analizé parodé, kad karvés, turin€ios aukstus pieninés
formos balus, yra labiau linkusios j medziagy apykaitos, reprodukcijos ir ka-
nopy bei kojy ligas. Tirtojoje Lietuvos pieniniy galvijy populiacijoje Zema
pienin¢ forma, tur¢jo 8,5 proc. galvijy. Pienin¢ forma yra glaudziai susijusi
su produktyviuoju amziumi, ypa¢ dél jo poveikio reprodukcinéms ypaty-
béms. Gyvuliai, ,,Igenity* profilyje gave 10 baly pieninei formai, turés Zema
piening formg — gerg ilgaamziSkumo rodiklj. Kiekvienas papildomas pro-
duktyvaus amziaus ménuo gali biiti paver¢imas | pridéting verte karvei per
papildoma produkcijg.

Produktyvus amzius [211] — tai gyvulio ilgaamziskumo rodiklis, pagris-
tas tuo, kiek laiko karvé laktuoja pieng per savo gyvenima. Ilgiau gyvenan-
tys gyvuliai paprastai yra pelningesni nei trumpiau gyvenantys, ypac kai
auginimo kaina nuo gimimo iki laktacijos laikotarpio yra didelé. Produkty-
vaus amziaus paveldimumas yra palyginti zemas (h2 = 0,08), ir selekcijos
tikslumas jauny gyvuliy, kurie turi mazai palikuoniy su tiesioginiais skerdi-
turi didele ekonoming verte ir Siuo metu 22 proc. démesio skiriama Siam
pozymiui kombinuotame ekonominiame indekse. Tirtoje Lietuvos pieniniy
galvijy populiacijoje aukstus produktyvaus amziaus genominius balus, svy-
ruojancius nuo 8 iki 10, nustatéme 23 proc. tirtyjy galvijy. Produktyvus
amzius turi stiprig koreliacijg su vaisingumu ir kitais geros fizinés biiklés
pozZymiais.

Somatiniy lgsteliy kiekis (SLK) yra daugelio gamintojy pelno varomoji
jéga ir potencialus mastito rodiklis. Tai yra teSmens sveikatos matas, apskai-
¢iuojamas pagal somatiniy Igsteliy skaiciy, kuris yra susijes su pieno liauky
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infekcija, mastitu. SLK yra svarbus rodiklis, nes jis stipriai susijes su klini-
kiniu ir subklinikiniu mastitu ir jj daug lengviau jvertinti nei pieniniy galvijy
mastitg [213, 214]. Jautrumas mastitui pieno pramongje turi didele ekono-
ming reikSme del nuostoliy, susijusiy su sumazéjusia pieno gamyba, netin-
kamu vartoti pienu, ankstyvu brokavimu, padidéjusiomis veterinarinés prie-
zitros ir gydymo i$laidomis ir pakaitiniy gyvuliy kaina [215]. Kadangi
»lgenity* profiliai gali biti nustatomi bet kuriame galvijo amziuje, SLK
,lgenity” analizé gali biiti naudojama norint identifikuoti verSelius ir tely-
Cias, kurios potencialiai gali turéti didelj SLK ir taip pat jautrumg mastitui,
iki patenkant | banda. Gyvulys, kurio balas yra 10, gali buti labiau jautrus
mastitui nei gyvulys su genominiu balu 1.

Somatiniy Iasteliy skaiCiui pageidaujamus Zemus genominius balus,
svyruojanc¢ius nuo 1 iki 3, nustatéme 16,0 proc. Lietuvos pieniniy galvijy
populiacijos.

Genomings selekcijos efektyvumas priklauso nuo telyciy, kurias pasi-
renkame pakeitimui, genomings vertés. Vertindamas tely¢iy banda, jei geno-
miné telyCiy verté yra per zema, ukininkas gali nuspresti jsigyti telyCiy,
turin¢iy tam tikrg genoming verte atskiriems pozymiams, priklausomai nuo
pasirinktos selekcijos krypties [216]. Iverting Lietuvos pieniniy galvijy
populiacijoje karviy ir tely¢iy pasiskirstyma pagal genominius balus, nusta-
téme, kad aukstus pieno kiekio pozymio genominius balus (8—10), rodanc¢ius
potencialg aukStam primilziui, turéjo 7,1 proc. daugiau tely¢iy nei karviy
(P<0,05). 14,0 proc. daugiau tely¢iy nei karviy turéjo vidutinius somatiniy
lasteliy skaiCiaus pozymio genominius balus (5-6), rodancius atsparumag
mastitui. 11,6 proc. ir 4,5 proc. daugiau telyCiy nei karviy turé¢jo vidutinius
pieno baltymingumo ir pieno riebumo poZymiy genominius balus (5-6)
(P<0,05). Aukstesni tely¢iy nei karviy genominiai balai rodo, kad Lietuvos
pieniniy galvijy populiacijoje yra genetinis potencialas genominei selekcijai
vykdyti.

Genominés selekcijos, kaip naujos priemonés, naudojimas veisiant gal-
vijus duoda didele ekonoming naudg [217]. Genominés selekcijos pritaiky-
mas JAV sumazino intervala tarp karty SeSeriais metais. Sis laiméjimas pri-
sid¢jo prie visy kity pokyciy raidos. Analizé parodé, kad genetinis galvijy
pagerinimas padidino pieno, riebaly ir baltymy kiekj, kai buvo pradéta
taikyti genominé selekcija. Pasiektas pieno, riebaly ir baltymy kiekiy padi-
d¢jimas atitinkamai 71, 111 ir 81 proc. [205]. Tyrimuose su genominio vei-
simo schemy modeliavimu taikant vertes nuo mazdaug 20 [42] iki 100 proc.
[67], atskleidziama, kad genetinés naudos didé¢jimas priklauso nuo selek-
cijos intensyvumo ir tyrimuose numanomo kartos intervalo. Palyging du
genominés selekcijos modelius Lietuvos pieniniy galvijy populiacijoje, nu-
statéme, kad vykdant genoming selekcijg tik pieno kiekio didinimo krypti-
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mi, prognozuojamas pieno kiekis padidéjo 21 proc., taciau pablog¢jo kiti
svarbiis pieniniy galvijy pozymiai — sumazg¢jo pieno riebumo bei pieno
baltymingumo genominis potencialas, padid€jo somatiniy Igsteliy genominis
balas.

Vykdant genoming selekcijg visy pieniniy pozymiy gerinimo kyptimi,
suteikiant jiems vienoda svarba, pieno kiekis sumazéjo 4proc., taciau kity
selekcionuojamy pozymiy pridétiné verté padidéja: pieno riebumo padidéjo
12 proc., produktyvaus amziaus 14 proc., somatiniy Igsteliy kiekio sumazéjo
15 proc. Tai parodo, kad karvés maziau jautrios mastitui.

Genominiai pieniniy galvijy profiliai gali buti jtraukti j tarptauting
pieniniy galvijy genominiy profiliy duomeny baz¢. Tada tkininkas gali
nustatyti savo atskiro gyvulio ar net visos bandos vieta pagal jos genetinj
potenciala, palyginti su beveik 500 000 individy tarptautinéje duomeny
bazéje genominiais profiliais.

»lgenity* profilio i§samumas leidzia stebéti pozymius, kurie svarbiausi
rentabilumui. Naudojant patogig baly sistema kartu su pateiktas genominiais
jvertinimais galima palyginti ir stebéti genetin] progresa bandoje. Gyvuliy
iStyrimas ankstyvajame amziuje yra stiprus genetinis pagrindas daugybei
veisimo, atrankos ir valdymo sprendimy. Galvijy jvertinimas pagal
genominius profilius leidzia atrinkti galvijus su geriausiais genominio
profilio variantais pagal visus pieniniy galvijy pozymius, t.y. gyvulius su
auksc¢iausiomis genominémis vertémis [218].

Vykdant galvijy selekcijg svarbiis ne tik kiekybiniai pozymiai, kuriy
genetinis potencialas didinamas taikant genominés selekcijos metoda, bet ir
kokybiniai pozymiai, kuriy fenotipiniai pokyciai priklauso nuo vieno geno
polimorfizmo. Vieni i§ tokiy svarbiy galvijy kokybiniy pozymiy yra pieno
baltymai kapa kazeinas, beta kazeinas, beta laktoglobulinas, kuriy skirtingi
variantai skirtingai veikia pieno technologines ypatybes, tinkamuma stiriy ir
varSkés gamybai. Vienas i§ moderniy biidy pagerinti pieno kokybe yra gene-
tinis arba biotechnologinis metodas, MAS (selekcija pagal genetinius zZyme-
nis) [79, 219].

Norint turéti tikrai auksStos veislinés vertés gyvulj nustatant genominj
pieninio galvijo profilj iStiriami ir pieno kokybe¢ lemiantys genetiniai pieno
baltymy Zymenys [220].

Pieno baltymy polimorfizmo tyrimai vystési jvairiomis kryptimis
siekiant iStirti cheming pieno baltymy evoliucijg ir rasti jmanomy panasumy
su kitais baltymais, patvirtinti rySius tarp skirtingy riisiy ar veisliy, fiksuoti
pakitimus, vykstancius laike ar erdvéje tam tikroje gyvuliy populiacijoje, su-
prasti genetiniy varianty biologing svarbg. Naujy Siuolaikiniy biomolekul-
iniy metody naudojimas atvéré naujy galimybiy pieno baltymy polimor-
fizmo tyrimuose.
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Sasajos tarp pieno baltymy polimorfizmo, produkcijos ypatybiy, pieno
sudéties ir pieno perdirbimo ypatybiy bei skirtingy baltymy lokusy poveikio
kiekybiniams pozymiams buvo istirtos ir aprasytos keliuose tyrimuose [83,
90, 111, 221]. Kapa kazeino ir beta kazeino A alelis yra susijgs su didesne
pieno iSeiga [78], daugiausiai pieno pagamina AA genotipg ir AB genotipa
turintys galvijai. Lietuvos pieniniy galvijy populiacijoje nustatéme, kad
kapa kazeino (P<0,05), beta kazeino (P<0,05) ir beta laktoglobulino
(P<0,01) A alelis didina pieno kieki (P<0,05). Pieno kiekio auksc¢iausius
genominius balus Lietuvos pieniniy galvijy populiacijoje turéjo beta lakto-
globulino AA genotipo karvés — 6,51 genominio balo. Per tyrimus paste-
béta, kapa kazeino ir beta kazeino B alelio ir BB genotipo svarba pieno
technologinéms ypatybéms [86, 88, 93, 95, 96]. Pieniniams galvijams kapa
kazeino ir beta kazeino B variantas yra susijes su didesniu baltymy kiekiu,
geresne varSkés kokybe ir padidéjusia stirio iSeiga. Lietuvos pieniniy galvijy
produkcijos pozymiy genominiy ver¢iy koreliacija su pieno baltymy geno-
tipais parode, kad kapa kazeino, beta kazeino (P<0,001), beta laktoglobulino
(P<0,001) B alelis didina pieno baltyminguma. Auksc¢iausiu pieno baltymy
kiekio ir baltymingumo genominius balus Lietuvos pieniniy galvijy
populiacijoje tur¢jo beta kazeino AB genotipo karves — 6,64 genominio balo
ir 8,73 genominio balo atitinkamai. B alelis yra susij¢s su pieno atsparumu
temperatiirai, trumpesniu koaguliacijos laiku. D¢l trumpesnio mazy miceliy
formavimosi laiko varské biina pakankamai tvirta [78, 222]. O AA genotipa
turin¢iy galvijy piene yra mazesné kapa kazeino ir beta kazeino
koncentracija ir formuojasi didelés micelés, dél to sumazéja varskés iSeiga
[223]. Nors pats beta laktoglobulinas nedalyvauja nekaitinto pieno fermenti-
niame koaguliacijos procese, buvo jrodyta, kad beta laktoglobulino gene-
tiniai variantai gali turéti jtakos zalio pieno koaguliacijos ypatybéms [147].
Nustatyta, kad beta laktoglobulino B alelis yra susijes su didesne striy
iSeiga, nei beta laktoglobulino A alelis. Per kelis tyrimus buvo pastebétas
reik§mingas beta laktoglobulino A ir B aleliy poveikis baltymy kiekiui,
baltymy sudéciai ir kazeino kiekiui piene [85, 148]. Keli tyrimai patvirtino,
kad beta laktoglobulino polimorfizmas turi jtakos ne tik pieno perdirbimo
ypatybéms, bet ir produkcijos ypatybéms, tokioms kaip pieno kiekis, balty-
my procentinis kiekis piene ir pieno baltymy kiekis kilogramais [153].
Lietuvos pieniniy galvijy populiacijos tyrimai parodé¢, kad beta laktoglobu-
lino genotipas tur¢jo 8,4 proc. jtakos pieno kiekio genetinei variacijai
(P<0,01), 1,2 proc. pieno baltymy kiekio genetiniams pokyciams ir 20,6 proc.
pieno baltymingumo genetiniam svyravimui (P<0,001).

Manoma, kad kapa, beta kazeino ir beta laktoglobulino genotipy identi-
fikavimas gali buiti ekonomiskai svarbus selekcinis kriterijus formuojant
pienines bandas, skirtas pramoninei pieno produkty gamybai [224].
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Tarp galvijy labiausiai paplite yra kapa kazeino A ir B aleliai, nors i$
viso identifikuota net 11 aleliy [86, 88, 110, 112, 113, 118]. Daugelyje
pieniniy galvijy veisliy kapa kazeino A alelis randamas dideliu dazniu, kaip
ir musy tyrimuose. Lietuvos pieniniy galvijy populiacijoje kapa kazeino A
alelj radome 0,724 dazniu, panaSiu dazniu jis rastas Kinijos holSteiny,
simentaliy [102, 117], holSteiny, veisiamy Indijoje, Rusijos juodmargiy ir
Rusijos zalyjy, Kolumbijos holsteiny galvijy [223], Turkijos pilkyjy veislése
[86]. B aleliui skiriamas didelis démesys, nes jis yra susijes su pieno
technologiniy ypatybiy gerinimu. Intensyviai vykdoma selekcija atrenkant
BB genotipg turincias karves ir formuojant specifines galvijy bandas, kuriy
pienas tinkamas siiriy pramonei [90, 147]. Kapa kazeino B alelis dideliu
dazniu rastas Italijos, Pranciizijos, Vokietijos, Jungtinés Karalystés (0,400-
0,840) galvijams, Rumunijos vietiniy, dzersiy, simentaliy veislése [110,
116, 118], mazesniu dazniu Turkijos (0,2979-0,3452), Kroatijos (0,130-
0,460), Lenkijos (0,33) ir Belgijos (0,190-0,280) galvijams [113], kaip ir
miisy gautais tyrimy rezultatais Lietuvos pieniniy galvijy populiacijoje
(0,224), mazu dazniu — Turkijos pilkiesiems ir aiSyrams [86, 113]. Lietuvoje
kapa kazeino geno polimorfizmas ankstesniais metais buvo tirtas keturiose
galvijy veislése. Pageidaujamo siiriy pramon¢je kapa kazeino baltymo B
alelio auksciausias daznis buvo nustatytas Lietuvos zalyjy galvijy veisl¢je
[158].

Pieno baltymo beta kazeino pieno pramonéje pageidaujamas B alelis ir
BB genotipas dazniausiai randamas galvijams zemu dazniu. Tarp Estijos
pieniniy holsteiny B alelis aptiktas 0,024 dazniu [138], Vokietijos holstei-
ny — 0,026 dazniu [139], Cekijos pieniniy galvijy 0,008 — dazniu [83]. Kaip
ir kiti tyr¢jai, Lietuvos pieniniy galvijy populiacijoje radome B alelj zemu
dazniu 0,032. Beta kazeino B alelio Zemas daznis nustatytas JAV gernsio
veislei (0,010-0,020) [225], herefordy veislei (0,010-0,060) [226], Turkijos
pilkiesiems (0,029) [86]. DzZersio veisl¢je Vokietijoje beta kazeino B alelis
rastas Siek tiek aukstesniu 0,186 dazniu [139], taip pat Danijoje rastas 0,219
dazniu [114]. Beta kazeino A alelis ir AA genotipas, lemiantis didesnj pieno
primilzj, kity tyréjy ir misy tyrimy rezultatais, rastas vyraujantis Lietuvos
pieniniy galvijy populiacijoje.

Kaip ir kapa bei beta kazeinai, beta laktoglobulinas yra vienas i§ pieno
baltymy, svarbiy pieno pramonei dél poveikio pieno technologinéms ypaty-
béms. Nustatyta 15 skirtingy beta laktoglobulino aleliy, bet A ir B aleliai yra
labiausiai paplite [161, 227]. BB genotipa turéjo 29 proc. Sveicarijos Zalujy
galvijy, 49 proc. SirSyry veislés galvijy, 45 proc. DZersio veislés galvijy, 74
proc. Egipto vietiniy pieniniy galvijy [155]. Irano vietiniams galvijams beta
laktoglobulino B alelis nustatytas 0,77 dazniu [154], Cekijos Fleckvicho
galvijams — 0,489 dazniu [83]. Aukstas beta laktoglobulino B alelio daznis
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buvo nustatytas HolSteiny veislés galvijams Turkijoje (0,49-0,66) [86, 153,
157], Irane (0,47) [154], Serbijoje (0,48) [150, 153], Estijoje (0,68) [138],
Egipte (0,87) [155], Kinijoje [110, 152]. Argentinos holSteinams [112], kaip
ir miisy tyrimuose tarp Lietuvos pieniniy galvijy, B alelis randamas panasiu
dazniu (0,57), BB genotipa turéjo 27,3 proc. galvijy. Siek tiek Zemesnis
daznis — Lenkijos (0,34) ir Tailando (0,29) holsteinams.

Pienas turi antikancerogeninj, imunomoduliacinj, antimikrobinj, antika-
riogeninj, antihipertenzinj ir hidrocholesteroleminj poveikj [228]. Taciau, be
teigiamy kokybiniy pieno ypatybiy, pieno baltymy sudétis gali turéti
neigiamos jtakos Zmoniy sveikatai. Du pagrindiniai aspektai yra galvijy
pieno hipoalerginés ypatybés ir peptidy iSsiskyrimas per biologines funk-
cijas, dél pieno baltymy fermentinés proteolizés maisto skaldymo metu
virSkinamajame trakte [88, 140]. VirSkinamajame trakte i§ baltymo beta
kazeino Al ir B varianty veikiant fermentams suformuojamas beta kazo-
morfinas (BCM), kuris priklauso opioidiniy peptidy grupei ir gali padidinti
zmoniy rizika susirgti kai kuriomis ligomis: iSemine Sirdies liga, diabetu,
ateroskleroze, staigios kiidikiy mirties sindromu, autizmu, Sizofrenija [131—
136]. Todél aktualu identifikuoti beta kazeino Al ir A2 alelius, kad buty
galimybé atrinkti karves, turinCias tik A2A2 genotipg, ir i§ tokiy galvijy
gaminti funkcinj pieng. Toks specifinis pienas ir jo produktai gaminami
Naujojoje Zelandijoje ir Australijoje. Lietuvos pieniniy galvijy populiacijoje
A1 aleli radome 0,261 dazniu, A2 alelj — 0,739 dazniu. Archajiskoje Lietu-
vos $émyjy veisléje Al alel; turéjo 52 proc. karviy, A2 alelj — 48 proc. kar-
viy. Archajiskoje Lietuvos baltnugariy galvijy veisléje A1 alelj turéjo 38 proc.
karviy, A2 alelj — 62 proc. karviy. Rastas dideliu dazniu Lietuvos pieniniy
galvijy populiacijoje beta laktoglobulino A2 alelis sudaro labai palankias
salygas vykdyti teigiamg selekcijg Sio alelio atzvilgiu ir formuoti galvijy
bandas, kurios gamins A2A2 pieng, kuris turi didel¢ pasaulio rinkos nisa.

Genominé selekcija vykdoma ne tik gerinant galvijy produktyvumo,
reprodukcijos, pieno kokybés pozymiy genetinj potencialg, bet ir vertinant
galvijy sveikatingumo pozymius. Pieniniy galvijy populiacijoje d¢l tarptau-
tinio nedidelio auks$tos genetinés vertés reproduktoriy naudojimo, kurie
buvo ir recesyviniy, genetiniy ligy aleliy neSiotojai, Zzymiai sumazéjo gene-
tiné jvairoveé, daugelis geny peré¢jo | homozigoting biiseng ir dél to pieniniy
galvijy populiacijoje prad¢jo intensyviai reikstis genetinés ligos, neSancios
didelius ekonominius nuostolius, nes daugelis jy yra letalios. Atlikus galvijy
letaliy genetiniy ligy BLAD, DUMPS ir CVM paplitimo pieniniy galvijy
populiacijoje retrospektyvinj jvertinima nustatyta, kad, CVM ir BLAD yra
vieni dazniausiai pasitaikanciy paveldimy genetiniy defekty, atsiradusiy
Holsteiny veislés galvijams per pastaruosius deSimtmecius. Tyréjai nustate,
kad BLAD alelio daznis 2000 m. pasieké 24 proc., o CVM aleliy daznis
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Vokietijos holsteiny populiacijoje nuo 2001 iki 2007 m. svyravo nuo 9 iki
16 proc. [169].

Galvijy BLAD ligg lemiantis alelis BL (A—G, 383), pasireiskiantis
neutrofily funkcijos pokyciais, kurie lemia nuolatinius verseliy infekcijy
protriikkius, Lietuvos pieniniy galvijy populiacijoje rastas 0,025 dazniu,
heterozigotiniy galvijy BL/TL ligg lemiancio alelio neSiotojy ir platintojy
nustatyta 0,5 proc., homozigotiniy galvijy BL/BL, sergan¢iy BLAD, ne-
rasta. Lietuvoje 2000 m. rasta 6,7 proc. BLAD ligg lemiancio pakitusio geno
nesiotojy tarp rinktiniy karviy. IS 146 tirtyjy buliy rasti 4 nesiotojai. 2002 m.
nesiotojy rasta 3 proc. tarp rinktiniy karviy, o 2004 m. — 2 proc. tarp
rinktiniy karviy ir 1 buliukas. Visi veisliniai buliai, buliukai ir rinktinés
karves, kurie naujai patenka tarp veisliniy gyvuliy, yra privalomai tiriami
dél BLAD sutrikimo [30]. Panasus BL alelio daZnis rastas ir tarp Cekijos
galvijy — 0,82 proc. [187], Turkijos holSteiny — 0,84 proc. [229], Kinijos
holsteiny — 0,69 proc. [230]. Taciau BL alelis daug didesniu dazniu
nustatytas Indijos holSteiny-fryzy galvijams — 2,99 proc. [231], Irano hols-
teinams — 03,3 proc. [232], Amerikos holSteinams — 8,2 proc. [233], Len-
kijos holSteinams-fryzams — 7,9 proc. [203], Turkijos holSteiny karvéms —
4,0 proc. [234].

Galvijy DUMPS liga sukeliantis alelio DP (C—T, 405), pasireiskiantis
ankstyvu galvijy embriony mirtingumu dé¢l uridino monofosfato sintazes
trikumo, Lietuvos pieniny galvijy populiacijoje nenustatytas. Turkijoje taip
pat nebuvo nustatyta DUMPS genetinio sutrikimo neSiotojy [ 184, 229, 234].
PanaSiis rezultatai gauti ir kity pasaulio mokslininky Lenkijoje [182],
Cekijoje [187], Vokietijoje [235], Indijoje [231], Irane [236] ir Rumunijoje
[237]. Taciau mutantinis DUMPS ligos alelis 1-2 proc. dazniu buvo nusta-
tytas JAV holsteiny veislés galvijams 0,96 proc. Argentinos holSteny bu-
liams [234], Kinijos holsteiny galvijams — 0,06 proc. [186].

Galvijy CVM ligg sukeliantis alelis CV (G—T, 559), pasireiskiantis
embriono stuburo i§sigimimais, Lietuvos pieniny galvijy populiacijoje rastas
0,005 dazniu, heterozigotiniy galvijy CV/TV, liga lemiancio alelio neSiotojy
ir platintojy nustatyta 1 proc., homozigotiniy galvijy CV/CV, serganciy
CVM, nerasta. Turkijoje auginamy holSteiny veislés galvijy CVM mutavu-
sio alelio neSiotojy daznis yra 3,4 proc., Kinijos pieno galvijy populiacijoje
buvo 3,86 [188]. Dideliu dazniu CV alelis rastas Danijoje 31,0 proc. [189],
Lenkijoje — 24,8 proc. [238], Japonijoje — 32,5 proc. [239], Svedijoje — 23,0
proc. [240] ir Vokietijoje — 13,2 proc. [241], Kinijoje — 15 proc. [191]. Nuo
2000 m. daugelyje Saliy buvo vykdomos veisimo programos siekiant su-
mazinti CVM nesiotojy paplitimg. Taigi kai kuriose holSteiny populiacijose
CVM sutrikimo neSiotojy daznis vis dar yra didelis. IStyrus Irano holSteinus,
nebuvo identifikuota heterozigotiniy galvijy [242]. Tai gali biiti siejama su
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mazu buliy, CV alelio nesiotojy, naudojimu veislei formuojantis ir vykdant
tolesne selekcija.

Lietuvos pieniniy galvijy populiacijoje galvijy paveldimy letaliy ligy,
kurias lemia recesyviniai genai, neSiotojy ir platintojy kiekis sumazéjo del
intensyvios selekcinés programos, pasalinant karves BLAD geno neSiotojas
ir nenaudojant séklinimui BLAD, DUMPS ir CVM heterozigotiniy buliy.
BL alelio galvijy neSiotojy sumazéjo nuo 6 proc. 2000 m. iki 0,5 proc. 2017
metais.

Genominés selekcijos taikymas pasauliniu mastu i§ esmés pakeicia
galvijy veisimo programas. Si nauja selekcijos priemoné yra ypaé naudinga
pieniniy galvijy veisimo programose, nes nebéra poreikio turéti visy galimy
selekcijos kandidaty artimy giminaiciy fenotipiniy rodikliy. Pieniniy galvijy
veisimo programose genomin¢ selekcija leidzia veiséjams nustatyti
genetiskai geriausius galvijus ankstyvajame amziuje. Galvijai, kuriems buvo
iStirta DNR, gali gauti tikslia genomiskai jvertintg veisling verte, kol jie
pasieks lyting branda. Taip mazéja karty intervalai ir didéja genetiné pa-
zanga visiems tiksliniams pozymiams [12, 63, 65, 243].
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ISVADOS

Lietuvos pieniniy galvijy populiacijoje iStyrus pieniniy galvijy geno-
minius profilius nustatyti vidutiniai genominiai balai pieno kiekiui 6,01,
baltymingumui — 7,26, baltymy kiekiui — 6,18, riebumui — 5,80, riebaly
kiekiui — 6,19, produktyvaus amziaus pozymiui — 6,26, somatiniy
lasteliy skaiCiui — 5,38 ir pieninei formai — 5,18. Tely¢iy aukStesni
genominiai balai nei karviy rodo, kad Lietuvos pieniniy galvijy popu-
liacijoje yra genetinis potencialas vykdyti genoming selekcijg (P<0,05).

Palyginus Lietuvos pieniniy galvijy genominius profilius su tarptautinés
pieniniy galvijy populiacijos genomo tyrimo duomenimis, nustatyta,
kad Lietuvos pieniniy galvijy vidutinis genominis potencialas yra
didesnis pieno riebaly ir baltymy kiekio poZymiui, pieno primilziui ir
pieninei formai. Lietuvos pieniniai galvijai gavo vidutinj auksStesnj
genominj balag somatiniy lasteliy skaiCiui, rodantj, kad karvés turi
didesnj genetiskai nulemtg jautruma mastitui.

Ivertintas pieniniy galvijy genominis potencialas, taikant jvairius geno-
minés selekcijos modelius, parod¢, kad vykdant genoming selekcijg tik
pieno kiekio didinimo kryptimi, karves pakeitus genomiSkai jvertin-
tomis geriausiomis tely¢iomis, vidutinis bandos genominis balas pakilo
nuo 5,50 iki 6,41, bet, i1Sskyrus pieno kiekio padidé€jimag, genetinis kity
svarbiy pieniniy galvijy pozymiy potencialas sumazéjo. Vykdant
genoming selekcijg visy pieniniy poZymiy gerinimo kyptimi, suteikiant
jiems vienoda svarbg, vidutinis bandos genominis balas padidéjo nuo
6,08 iki 6,45 su geresniu visy poZymiy genominiu potencialu.

Ivertintas ekonominis efektas, taikant jvairius genominés selekcijos
modelius, parod¢, kad vykdant genoming selekcijg tik pieno kiekio di-
dinimo kryptimi uz pieno kiekio padidé¢jima gautume 27 proc. daugiau
pajamy, bet nuostolius neSa pieno riebumo ir pieno baltymingumo
sumaz¢jimas bei somatiniy Igsteliy skaiciaus padidéjimas. Vykdant
genoming selekcijg visy pieniniy pozymiy gerinimo kyptimi pieno
kiekio sumazéjimas nesa 5 proc. nuostoliy, bet produktyvaus amziaus
pailgéjimas atneSa 14 proc. pelno, taip kaip ir visy kity pozZymiy
genominio potencialo padidéjimas.

Lietuvos pieniniy galvijy populiacijoje pieno baltymo kapa kazeino BB
genotipa, gerinantj pieno technologines savybes, tur¢jo 22,4 proc. tir-

tyjy karviy, beta laktoglobulino BB genotipa — 54,4 proc. karviy, karviy
su beta kazeino BB genotipu nerasta. Lietuvos pieniniy galvijy popu-
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liacijoje identifikuoti du pieno baltymo beta kazeino A alelio variantai —
Al ir A2 aleliai. A1 alelis, rastas 0,261 dazniu, A2 alelis rastas 0,739
dazniu. A2A2 genotipa, tinkamg funkcinio pieno bei jo produkty ga-
mybai, turéjo 52 proc. karviy, turin¢iy puikias selekcijos ir specifiniy
galvijy bandy formavimo galimybes.

Ivertinus pieno baltymy kapa kazeino, beta kazeino ir beta laktoglobu-
lino geny polimorfizmy sgsajas su produkcijos savybiy genominémis
vertémis nustatyta, kad kad kapa kazeino, beta kazeino ir beta
laktoglobulino (P<0,05) A alelis didina pieno kiekio genominj poten-
ciala, o B alelis didina pieno baltyminguma (P<0,001).

IStyre kazeino ir somatiniy Igsteliy kiekio piene priklausomybe nuo
kapa kazeino, beta kazeino ir betalaktoglobulino genotipy nustatéme,
kad BB genotipas didina kazeino kiekj. Nustatéme, kad kapa kazeino
BB genotipo karvés turi 1,3 karto didesne galimybe produkuoti daugiau
kazeino piene ir 1,27 karto didesne galimybe turéti mazesnj somatiniy
lasteliy kiekj piene bei pagerinti teSmens sveikatinguma nei AA geno-
tipo ir AB karvés.

Atlikus galvijy letaliy genetiniy ligy BLAD, DUMPS ir CVM paplitimo
pieniniy galvijy populiacijoje jvertinimg rasta Lietuvos pieniny galvijy
populiacijoje BLAD geno nesiotojy 0,5 proc., CVM geno neSiotojy —
1 proc., DUMPS geno neSiotojy nerasta. Lietuvos pieniniy galvijy
populiacijoje paveldimy letaliy ligy, kurias lemia recesyviniai genai,
nesiotojy ir platintojy populiacijoje kiekis sumazéjo dél intensyvios
selekcinés programos, pasalinant karves mutuoto geno nesiotojas ir
nenaudojant séklinimui BLAD, DUMPS ir CVM heterozigotiniy buliy.
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REKOMENDACIJOS

Rekomenduojame taikyti genominés selekcijos metodg kaip nauja jran-
kj galvijy veisime, nesant] didele ekonomin¢ naudg tiek atskiroje galvijy
bandoje, tiek atskiroje veisléje ar populiacijoje. Galvijy jvertinimas pagal
genominius profilius sudaro galimybes atrinkti galvijus, turin€ius geriausius
genominio profilio variantus pagal visus pieninius galvijy pozymius, t.y.
auksciausios veislinés genominés vertés gyvulius. Genominio profilio rezul-
tatus rekomenduojame naudoti nustatant veisling genoming gyvuliy verte;
reitinguojant gyvulius bandose, veislése, populiacijose, priimant sprendimus
del gyvuliy brokavimo; vykdant ankstyva telyCiy ir buliuky atranka; vyk-
dant buliy motiny, atranka; jvertinant esamg bandos, veislés, populiacijos
genetinj potencialg ir numatant genetinés pazangos kryptis.
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ABSTRACT. The pilot study was c ted to  evaluat
economic benefit of application of genomic selection in Lithuanian
dairy cattle. Igenity dairy cattle genomic profile was determined for
each cow, including traits of productive life, somatic cell count,
milk yield, fat amount, fat %, protein amount, protein %, dairy
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Application of genomic selection in dairy cattle has enabled the
authors fo evaluate dairy catile genomic potential, increase
accuracy of selection, choose different selection models and
increase selection intensity, all together resulting in the new
selection tool taking into account economic benefit of usage.
Genomic selection method is recommended to be applied not only to
separate cattle herds, but also whole dairy breed (Lithuanian Black
and White, Lithuanian Red, Holstein) selection programs, as the
genomic information of each animal is ranked on the basis of
international data enabling international breeding value evall
and participation in cross-country international dairy cattle
breeding programs.

KEYWORDS: cconomic benefit, genomic selection, cattle,
igenity dairy profile, Lithuania.

JEL classification: Q1, Q12,Q14.

Introduction

The use of genomic information in genetic evaluation has brought about revolutionary
change in dairy cattle selection (Schaeffer, 2006; Mackay ef al., 2009; Pryce ef al., 2010;
Buch er al., 2012). In genomic selection, breeding values are estimated based on thousands of
molecular markers, instead of own performance and family information. Application of
molecular markers enables generation of accurate breeding values for animals of both sexes
early in life, which can be used to shorten the generation interval for dairy cattle by omitting
the progeny test (Schaeffer, 2006; Garcia-Ruiz ef al., 2016). Thus, selection decisions in dairy
cattle breeding can now be made on young animals with higher accuracy than using a parent
average breeding value. This has substantial implications on the design of breeding schemes,
because, instead waiting until a bull has daughters with phenotypic records, the process that
typically takes 5-6 years, young bulls with no progeny can rather be used as sires. The use of
genomic selection gives tremendous economic effect. Costs for genotyping are negligible
when focusing on a population wide perspective and considering additional costs for herd
book registration, milk recording, keeping of bulls and heifers till mature age (Kénig ef al.,
2009). In practice, genomic selection refers to selection decisions based on genomic estimated
breeding values (GEBV). GEBVs are calculated by estimating SNP effects from prediction
equations, which are derived from a subset of animals in the population (i.e. reference
population) with SNP genotypes and phenotypes for traits of interest. The accuracy of GEBV
depends on the size of reference population used to derive prediction equations, heritability of
the trait, and the extent of relationships between selection candidates and reference population
(Schefers et al., 2012).

Genomic testing helps to make the best decisions for future by providing estimates of
true genetic potential of animals as soon as they are born. Genomic testing increases herd
profitability through increased genetic gain, parentage verification, management of
inbreeding, confident mating decisions. Expected gains in net merit add tremendous economic
value to dairy herds. With production and type traits identified early on, a breeder can match
genomic profiles of heifers with those of bulls to improve the herd. Breeding with the use of
heifers, which are genetically inferior to bulls, provides value for the heifers and keeps
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inferior genetics from entering the herd gene pool, also enabling identification of the best
replacement females by using genomics and breeding them to sexed semen sires. The use of
genomic tested heifers allows to identify, cull or reprioritize, poor performing animals. Tested
calf genomic data are compared to the information of thousands of other cattle known
production traits. Genomic profiles can provide from 15 up to 45 key traits important for dairy
production. Profiles include content for coat colour, milk components and genetic conditions.
The cost of the development of high-throughput genotyping methods and reduced genotyping
has made the application of genomic selection feasible (Pryce ef al., 2012; Meuwissen, 2009).
Genomic selection could contribute to higher genetic gain without increased inbreeding, and
particularly important for traits with low heritability, such as fertility and productive age.
(Daetwyler ef al., 2009; Calus ef al., 2013). Genome wide selection in dairy cattle is used in
many countries with highly developed animal husbandry, such as New Zealand, USA,
Netherlands, Germany, France (Harris, Johnson, 2010; Wiggans ef al., 2011; Boichard er al.,
2012; Taylor et al., 2016).

Aim_of the study: The pilot study was conducted with the aim to apply genomic
selection in Lithuanian dairy cattle and to evaluate economic benefit of the application.

1. Material and Methods

The study involved the collection of blood samples from 200 dairy cows and heifers.
DNA was extracted by chloroform salt method (Sambrook er al., 1989). Genotyping was
performed by Igenity SNP panel identifying the genetic potential for dairy cattle traits -
productive life, somatic cell count, milk yield, fat amount, fat %, protein amount, protein,
dairy form. For each animal 360 single nucleotide polymorphisms (SNPs) covering the entire
genome and related to dairy cattle phenotypic traits were tested by DNA technology. 72 000
SNP were investigated in total. Dairy cattle Igenity DNA profile was determined for every
tested animal. DNA information was transformed into genomic scores showing genetic
potential of each cow or heifer. The Igenity dairy cattle profile calculates genomic scores for
traits using multiple DNA markers. The largest score indicates the best genomic value for
productive life, milk yield, fat amount, fat %, protein amount, protein %, the lowest score
indicates the best genomic value for somatic cell count. Combined results provide more
complete picture of an animal’s production potential. Genotypes were rated under the Igenity
dairy cattle reference group (www.igenity.com).

Igenity custom sort software (www.igenity.com) was used to sort and rank animals
according to DNA information based on the traits that are most important to dairy cattle
breeders. This software allows to apply the priority filter for traits expressed by genomic
scores. Weights or percentages of importance were applied to the traits. In the first model, we
have applied 100 percent priority to milk yield, without any account of other traits. In the
second model, 25% importance was applied for milk kg, 15% for fat %, 15% for protein %,
15% for productive life, 15% for somatic cell score and 15% for dairy form. The cattle were
ranked on the basis of all entered criteria by means of the custom sort software. The result was
customized, overall genomic index score on the familiar 1-to-10 scale from Igenity was
generated. This allowed evaluating cattle based on the traits that are the most important in
view of the selection goals. All rankings and calculation had been made separately for cows
and heifers. As part of the model of application of genomic selection, 30% of poor performing
cows that received the lowest genomic scores were replaced with 30% of best heifers that
received the highest genomic scores.
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Genomic scores were translated to actual figures for each trait using Igenity custom
sort software allowing to evaluate genomic potential of the animal and additive genomic value
effect. Genomic potential of the animal and additive genomic value effect expressed in net
merit was recalculated to economic effect expressed in euros for extra milk, expressed in
kilograms, and extra prolonged productive life, expressed in months. Productive life
expressed in months was recalculated into production values — i.e. the kilograms of extra milk
that can be produced by the cow with longer productive life and the potential economic
benefit.

Prognostic economical effect of replacing 30% of poor performing cows with well
performing heifers in 100 cow herd was evaluated.

2. Results and Discussion

Powerful DNA technology provides a wealth of valuable breeding, management and
marketing information. Genomic selection offers many advantages in terms of improvement
of the rate of genetic gain in dairy cattle breeding programs. The most important factors that
contribute to faster genetic gain include: greater accuracy of predicted genetic merit for young
animals; shorter generation interval as a result of heavier use of young, genetically superior
males and females; increased intensity of selection, as breeders can use genomic testing to
screen a larger group of potentially elite animals. By increasing the accuracy and intensity of
selection and shortening the generation interval, the rate of genetic progress for economically
important dairy traits can be approximately doubled. The introduction of genomic selection in
the U.S. in 2008 reduced the generation intervals by six years. This change contributed
significantly to the growth of all other developments. When the genomic selection was
introduced the analysis showed that genetic enhancements contributed to increase in milk, fat
and protein yield. When data was directly compared between 2008 and 2014, the
improvement was 71%, 111% and 81%, of milk, fat and protein, respectively (Garcia-Ruiz e/
al., 2016).

Igenity uses the power of DNA to help understand and manage the potential of
animals to perform and transmit traits that are economically important. The Igenity dairy
cattle profile shows animal genetic potential tested by DNA SNP multiple markers and
transformed into genetic scores for dairy form, milk yield, fat amount, fat percent, protein
amount and protein percent, somatic cell score, dairy form. The correlation between the
genomic profile and phenotypic features was tested in four cattle populations for different
breeds of cattle kept under different conditions, diversifying the population from 4000 to 6000
cattle, using the multivariate statistical model. The genomic profile was confirmed in 250,000
animals’ population. Milk, fat and protein yields have routinely been collected for as long as a
century. The yield traits have had varying economic weights in total merit indices (Miglior ef
al. (2005), but progress would be anticipated based on their moderate heritability (~0.30)
(Van Tassell ef al., 1999). Different selection methods have been used starting from simple
phenothypic evaluation up to the best linear unbiased prediction (BLUP). The revolution in
selection occurred with the application of genomic selection method. SNP markers used by
Igenity identify genetic variations that help to regulate milk yield, protein and fat content,
without decreasing fertility. Dairy form research has shown that cows, high in dairy form, are
more susceptible to metabolic, reproductive and foot and legs problems. Dairy form is closely
related to productive life, especially through its effect on reproductive traits. Animals received
10 score for dairy form as a part of the Igenity profile, will have low dairy form — a good
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indicator of longevity. The value of each extra month of productive life translates into
additional profit per cow. Productive life (PL) (VanRaden, Wiggans, 1995) is a measure of
animal longevity based on the amount of time a cow spends producing milk in its life. Longer
lived animals typically are more profitable than shorter lived animals, particularly when the
cost of raising an animal from birth to the start of lactation is high. The heritability of PL is
relatively low (h2 = 0.08), and selection accuracy is typically low for young animals that have
few offspring with direct culling information (Weigel er al., 1998). Despite these challenges,
the trait has substantial economic value and currently receives 22% of the total emphasis in
the combined economic index. PL has strong correlations with fertility and other fitness traits.
Somatic Cell Score (SCS) is a profit driver for many producers as well as an indicator of
potential for mastitis. It is a measure of udder health derived from somatic cell count that is
associated with intramammary infection, mastitis. The SCS trait is important because it has
strong relationship with the presence of clinical and subclinical mastitis and is much easier to
measure than mastitis in dairy cattle (Shook, Schutz, 1994; Miller ef al., 2009). Sensitiveness
to mastitis has great economic importance in the dairy industry because of losses associated
with reduced milk production; discarded milk; premature culling; and increased costs for
therapeutics, veterinary care and replacement animals (Hogeveen ef al., 2011). As Igenity
profiles can be used at any age, the Igenity analysis for SCS can be used to identify calves and
heifers with potential for high SCS and susceptibility to mastitis before they enter the parlour.
An animal which scores a 10 for SCS has the potential for higher Somatic Cell Scores and
may be more susceptible to mastitis than an animal with a 1 genomic score.

Table 1. Summarized results of Igenity profile genomic scores for Lithuanian dairy cattle

Genomic Percent of animals in tested population, which have certain genomic score by traits

scores Producti Dairy
ve Life, | Somatic Milk, Fat, Fat, Protein, | Protein, form
months Cell Score | kg kg % kg %

10 2.5% 1.5 0 8.0* 6.0% 2.0* 3.5* 0

9 4.5 3.0 3.0% 3.3 5.5 7.0 14.0 4,0%

8 16.0 9.0 10.0 14.0 5.5 18.0 24.0 4.5

7 225 17.0 22.0 17.5 16.5 17.0 30.5 12,0

6 24.0 18.0 27.0 19.5 18.5 220 22.5 21,5

5 17.0 16.0 17.5 14.5 10.5 14.0 5.0 21,0

4 8.5 19.0 14.5 10.5 19.5 12.5 0.5 18,0

3 4.5 9.0 4.5 9.0 10.0 3.0 0 11,5

2 0.5 3.0 1.5 3.5 5.0 4.0 0 5,5

1 0 4.0* 0 0 3.0 0.5 0 2

Notes: *indicates percent of animals that have the best genomic score by the respective trait.

Source: calculated by the authors.

High genomic scores varying from 8 to 10 points in productive life were received by
23% of tested cows, in milk yield 13%, in fat kg 25.5%, in fat percent 17%, in protein kg
27%, in protein percent 41.5%. Low genomic scores ranging from 1 to 3 which are desirable
in somatic cell count were demonstrated by 13% of tested animals. 35% of all tested dairy
cattle had middle genomic scores: 5 or 6. (Table 1)
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Table 2. Comparison of average genomic values between the Lithuanian dairy cattle with Igenity
reference group animals

Traits Average genomic values of | Average genomic values of
tested dairy animals Igenity reference animal group
Fat kg 6.19 5.02
Fat % 5.80 4.96
Milk kg 6.01 5.93
Productive Life 6.26 5.99
Protein kg 6.18 6.36
Protein % 7.26 6.67
Somatic Cell Score | 5.38 5.55

Source: calculated by the authors.

Average genomic values of tested dairy animals were higher than average genomic
values of Igenity reference animal group especially for fat kg and fat %, approximately 1
genomic point, for milk kg - nearly the same, for protein kg - less than in the Igenity reference
animal group. Somatic Cell Score genomic value was better in our tested dairy animals than in
reference animal group (7able 2).

Table 3. Additive genomic value effect to dairy cattle phenotypic traits

Genomic Additive genomic value effect
scores Productive | Somatic Cell

Milk, Fat, Protein, Life Score

kg kg kg months (0-9) Dairy form
10 - 33 18 5.5 0.35 -3.4
9 970 28 16 4.6 0.31 -2.9
8 853 24 14 4.1 0.27 -2.6
7 731 21 12 3.5 0.23 -2.2
6 617 18 10 3.0 0.20 -1.9
5 504 14 8 2.4 0.16 -1.5
4 387 11 6 1.9 0.12 -1.2
3 263 7 4 1.7 0.09 -0.8
2 150 4 3 1.3 0.05 -0.5
1 0 0 0 0 0 0.0

Source: calculated by the authors.

In the Igenity animal reference group, animals are rated by genomic scores according
to the SNP information and correlations with phenotypic traits. The genomic scores are
related to the expression of additive phenotype traits. Following the comparision between the
SNP data of each tested animal ant the SNP data of animal reference group, genomic scores
were input for tested animals. The best cows that got genomic score 9, had the genetic
potential to give 970 kg more milk per lactaction than cows that had genomic score 1. There
were 3 percent of such animals in the tested group of 200 animals (7able 3) and they could
give extra 5820 kg per lactation in comparison to animals with genomic score 1.
Consequently, if there are 13% of cows in the herd that got high genomic scores ranging from
8 to 9 in milk yield, 22,880 extra milk kg per lactation can be drawn. If there are 25.5% of
cows in the herd that got genomic scores ranging from 8 to 10 in fat kg and 27% in protein kg,
extra 1,396 kg of milk fat and 800 kg of protein per lactation in tested herd can be drawn.
Prolonged productive life can give extra 200.1 months of milking the best cows that can be
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converted in 96,656 kg of extra milk kg in 200 cow herd, while the average milk yield per
cow is 5,600 kg.

Table 4. Additive genomic value effect, where the increase in milk yield is the priority (100 % for milk kg)

Average Additive genomic value effect ]
genomic Somatic | Dairy Dairy cattle
score  for Productiv | Cell form
all traits Milk, Fat, Fat, Protein, | Protein, | e Life Score
kg kg Yo kg %o Months (0-9)
548 24 029+ | 10 0134 2.954 0.19+ 1.7+ Cows the
55 £189 | +11 0.12 L4 1| 0.02 0.91 0.08 """ | 0.7 | entire herd
1 o [oes a0
641 17+8 0.24+ | 11£3 0.12+ 2.96+ 0.19+ L7+ Cows - 70 %
6.01 +128 0.09 0.02 0.84 0.09 0.7 of the best
selected
according  to
the genomic
SCOTCS
6.06 5274 217 | 0.26+ | 944 0.13+0. | 3.41£096 | 0.24+0. | 1.240.5 | Heifers — the
1301 0.08 02 08 """ e entire herd
8.28 8764 1945 0.174 1442 0.104 3.18+ 0.68 | 0.274 1.6+ 0.8 | Heifers - 30
58 0.06 0.01 (.08 % of the best
selected
according  to
the  genomic
SCOTES
6.41 6961 | 1748 0.22+ | 1243 0.11+0. | 3.02+ 02140, | 1.61+0. | Herd with
63 0.09 aidd Q21 0.82 092 69 30% of cows
L replaced with
30% of heifers

Notes: 1, 2, 3 — the difference is statistically significant. * - indicates value of significance (*P<0.05 ** P<0.01
#££p<( 001),

Source: calculated by the authors.

In the first selection model, cows and heifers were sorted and ranked with the Igenity
custom sort software by applying 100 % priority to milk yield, without any account of other
traits. 70 % of cows with the highest genomic scores were selected to remain in the herd and
30 % of heifers with the best genomic scores for milk yield were selected for replacement.
Average additive effect to milk yield per cow per lactation in 100 cows herd was 548 kg,
following selection of 70 % of the best cows - 641 kg per cow per lactation, in herd with 30%
of cows replaced with 30% of the best heifers - 696 kg per cow per lactation. Consequently,
the increase can amount to 148 kg per cow per lactation or 14,800 kg per lactation per 100
cows herd. The average genomic score of the herd after replacement of cows with the
genomically evaluated best heifers increased from 5.50 to 6.41. Nonetheless, where only milk
yield is accounted for, other important dairy cattle traits became worse — lower genomic
potential of the milk fat percent, milk protein percent, increased somatic cell score (Table 4).

In the second selection model, cows and heifers were sorted and ranked with Igenity
custom sort software by balanced accounting of all traits - 25% for milk kg, 15% for fat %,
15% for protein %, 15% for productive life, 15% for somatic cell score, 15% for dairy form.
70 percent of cows with the highest genomic scores were selected to remain in the herd and 30
percent of heifers with the best genomic scores were selected for replacement. Average
additive effect to milk yield per cow per lactation in 100 cows herd was 548 kg, while
following selection of 70 % of best cows - 553 kg per cow per lactation, in herd with 30% of
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cows replaced with 30% of the best heifers - 524 kg per cow per lactation, meaning the
decrease of 24 kg per cow per lactation or 2400 kg per lactation per 100 cow herd. But the
additive effect of all other traits increases considerably: milk fat percent - from 0.28 to 0.32,
resulting in 4 kg of fat per cow or 400 kg per 100 herd, productive life increased from 2.95
month to 3.45 month, resulting in 0.5 month extra productive life per cow, 50 extra milking
month per herd, decreased somatic cell score and dairy form showing cows being less
susceptible to mastitis, metabolic, reproductive and foot and leg problems (Table 5).

Table 5. Additive genomic value effect with equal priority to all important dairy traits in selection (25 %
for milk kg, 15 % for fat %, 15 % for protein %, 15 % for productive life, 15 % for somatic cell score, 15
% for dairy form)

Average | Additive genomic value effect when attention in selection is 25 % for milk kg, 15 % for fat %, 15 % for
genomic | protein %, 15 % for productive life, 15 % for somatic cell score, 15 % for dairy form

scores Somatic | Dairy Dairy cattle
Milk, Fat, Fat, Protein, Producti | Cell form
kg kg % kg Protein, | ve Life, | Score

%Yo months (0-9)

6.08 548419 | 1646 1" | 02840 | 1044 2" 0.13+ 2,95+ 0.20+ 171+ Cows - the
0" qatr 002" 091" | 0.09"™" | 0.65"" | entire herd

6.31 553+16 | 2049 0.29+0 | 943 0.13+ 3.32 0.16+ 1.644 Cows - 70 % of
7 12 0.02 +0.76 0.05 0.71 the best

selected

according  to
the genomic

sCores
7.21 611+17 | 1847 02640 | 10+ 0.13+ 313+ 0.24+ 1.38 Heifers —  the
2 11 41" 0.02 0.91 0,08 | 0.60 """ | entire herd
6.85 665+15 | 24471" | 03840 | 642" 0.15+0, | 4.24+0.6 | 021+ 1.52+0. | Heifers - 30 %
8 Jor 02" 6 0.08 48 of the best
selected

according to the
2ENomic scores
6.45 524417 | 21.0049 | 0.3240 | 8+2 1 0.13+0. | 3.45+09 | 0.1740. | L.6140. | Herd with 30 %
4 A2 02 21" 06 66 of cows
replaced  with
30 % of heifers
Notes: 1, 2 — the difference is statistically significant. * - indicates value of significance (*P<0.05 ** P<0.01
#EEP<0.001).

Sowrce: calculated by the authors,

Table 6. Economical evaluation of additive genomic value effect with the increase of milk as the selection
priority (100 % for milk kg)

Dairy cattle For milk per lactation per cow, | For prolonged productive life, where average milk
EUR/ per 100 cow herd, EUR yield per cow is 5600 kg per cow, EUR/ per 100
cow herd, EUR

Cows — 100 % 148/14,800 446/4,460

Cows - 70 % of the best | 173/17,300 448/4,480
selected according to  the
genomic points,

Heifers - 100 % 142/14,.200 516/5,160

Heafers - 30 % of the best | 237/23,700 481/4,810
selected according to the
genomic points.

Herd with 30% of the cows | 188/18.800 457/4,570
replaced with 30% of the
best heifers.

Source: calculated by the authors.
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Converting additive genomic value of traits into Euro in the first model, when milk
yield was the only selection priority, extra milk yield resulted in 148 EUR (0.27 EUR per milk
kg) per cow in the preselected herd, 173 EUR per cow in 70% of the best selected cow herd,
237 EUR in 30% of the best selected heifers herd and 188 EUR in herd with 30% of the cows
replaced with 30% of the best heifers. Consequently, increase in EUR per cow per lactation
using first genomic selection model was 40 EUR or 4,000 EUR for 100 cow herd annually.
Given that the best selected heifers provide 237 EUR per animal, replacement of all cows with
the best heifers leads to potential increase in money to 9,800 EUR per herd (7able 6).

Table 7. Economical evaluation of additive genomic value effect in EUR with all important dairy traits
characterised by equal selection priority (25 % for milk kg, 15 % for fat %, 15 % for protein %, 15 % for
productive life, 15 % for somatic cell score, 15 % for dairy form)

Dairy cattle For milk during lactation For prolonged productive life, where
per cow, EUR/ per 100 cow herd, | average milk yield per cow is 5600 kg
EUR per cow, EUR/ per 100 cow herd, EUR

Cows — 100 % 148/14,800 446/4,460

Cows - 70 % of the best | 149/14,900 448/4,480

selected according to the
genomic points

Heifers - 100 % 128/12,800 516/5,160
Heifers - 30 % of the best | 126/12,600 481/4,810
selected according to the
genomic points

Herd with replaced 30 % | 141/14,100 457/4,570
of cows replaced by 30
% of best heifers
Source: calculated by the authors,

Converting additive genomic value of traits into Euro in the second selection model
with all important dairy traits having equal selection priority resulted in 148 EUR (0.27 EUR
per milk kg) per cow in the preselected herd, 149 EUR per cow in 70 % of the best selected
cow herd, 126 EUR in 30 % of the best selected heifer herd and 141 EUR in the herd with
30% of the cows replaced with 30% of the best heifers. Consequently, under the second
genomic selection model, the decrease in EUR per cow per lactation using was only 4 EUR,
or 400 EUR per 100 cow herd 400 EUR annually (7able 7). Nonetheless, the increase in other
important production and health traits, such as milk fat, milk proteins, decrease in somatic cell
count showing better udder condition as well as better dairy form gives more value than
insignificant decrease in milk yield.

The genomic selection effect depends on genomic value of heifers chosen by the
authors for replacement. Following the evaluation of heifers’ herd, if the genomic value of
heifers is too low, the farmer may make the decision to purchase heifers with certain genomic
value for separate traits from outside, in view of the selection trend chosen by a farmer. The
one-to-ten scoring system provides a more definitive and focused profile. The results can be
used to make more accurate breeding decisions, assist in heifer selection, whether buying,
selling or keeping replacements, improve voluntary culling decisions, select superior dams or
donor animals, adjust management practices, take inventory of herd and establish a baseline
for improvement, calculate the economic effect of genetic progress of the herd, by using
genomic selection.

Comprehensiveness of the Igenity profile allows to monitor the traits that are the most
important for future profitability. This convenient scoring system used in combination with
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published genetic evaluations enables benchmarking and monitoring of the genetic progress in
herd. Testing animals early in their lives provides a powerful genetic basis for the many
breeding, selection and management decisions. Bovine cattle rating according to genomic
profiles makes it possible to select cattle with the best variants of the genomic profile in all
dairy cattle characteristics, i.e. animals with the highest breeding genomic values (Hayes et
al., 2009).

Directions in herd improvement can be taken and economic effect can be calculated by
determining the genomic profile for each bovine, ranking animals in herds according to the
genomic profile results for individual traits, genomic profile results for various combinations
of traits and upon selection of the highest genomic value cattle according to the genomic
profiles and based on the obtained results.

Genomic profiles of dairy cattle can be input into the international database of dairy
cattle genomic profiles and a farmer can then identify location of the herd by genetic potential
in comparison to other herds in a separate breed, place of the herd or individual animal in the
international database of almost 500,000 individuals in accordance with genomic profiles.
Genomic selection already plays an important role in dairy cattle breeding programs, and this
will be the case for the foreseeable future. Genomic selection is attractive for dairy cattle
breeding, because it relaxes the need to perform phenotypic measurements of close relatives
of all selection candidates. In dairy cattle breeding programs, genomic selection allows
breeders to identify genetically superior animals at a much earlier age. In fact, animals that
have been DNA tested can receive an accurate genomic estimated breeding value (GEBV)
before they reach sexual maturity. This leads to decrease in generation intervals and increases
genetic gain per year for all breeding goal traits. Introduction genomic selection is
revolutionising breeding programs worldwide. This new selection tool is particularly
beneficial for dairy cattle breeding programs because it allows to significantly reduce
generation intervals and increase selection intensity at low cost, and the accuracy of selection
is only marginally lower compared with progeny testing schemes. Genomic selection employs
reference population to estimate effects for genome-wide single nucleotide polymorphism
(SNP) that are used subsequently to predict breeding values for selection candidates. (Schefers
et al.,,2012; Wiggans ef al., 2016)

Conclusions

Following the pilot study of application of genomic selection in dairy cattle, it can be
concluded that it provides the possibility to evaluate dairy cattle genomic potential, increases
accuracy of selection when choosing different selection models and increases selection
intensity, all of this resulting into economic benefit of application of the new selection tool.
The genomic selection method is recommended for application not only to separate cattle
herds but in the overall dairy breeds (Lithuanian Black and White, Lithuanian Red, Holstein)
selection programs, as the genomic information of each animal is ranked in the international
database, enabling international breeding value evaluation and participation in cross-country
international dairy cattle breeding programs.

References

Boichard, D.. Guillaume, F., Baur, A., Croiseau, P., Rossignol, M.N., Boscher, M.Y ., Druet, T., Genestout, L.,
Colleau, 1.J., Journaux, L., Ducrocq, V.A., Fritz, S. (2012), “Genomic selection in French dairy cattle”™,
Animal Production Science, Vol. 52, No 3, pp.115-120,

TRANSFORMATIONS IN BUSINESS ¢ ECONOMICS, Vol. 17, No 2 (44), 2018

121



K. Morkuniene, S. Kerziene, 31 ISSN 1648-4460
A. Miceikiene

Guest Paper

Buch, L.H., Sorensen, M.K., Berg, P., Pedersen, L.D., Sorensen, A.C. (2012.), . Genomic selection strategies in
dairy cattle: strong positive interaction between use of genotypic information and intensive use of young
bulls on genetic gain®, Jowrnal of Animal Breeding and Genetics, Vol. 129, No 2, pp.138-151.

Calus, M.P.L, de Haas, Y., Pszczola, M., Veerkamp, R.F. (2013), ,Predicted accuracy of and response to
genomic selection for new traits in dairy cattle™, Animal, Vol. 7, No 2, pp.183-191.

Daetwyler, H.D., Villanueva B., Bijma P., Woolliams, J.A. (2009), "Inbreeding in genome-wide selection”, J.
Anim. Breed. Genet., Vol. 124, No 6, pp.369-376.

Garcia-Ruiz, A., Cole, J.B., VanRaden, P.M., Wiggans, G.R., Ruiz-Lopez, F.J., Van Tassell, C.P. (2016),
“Changes in genetic selection differentials and generation intervals in US Holstein dairy cattle as a result
of genomic selection™, Proc Natl Acad Sci., Vol. 113, No 28, pp.3995-4004.

Hayes, B.J., Bowman, P.J., Chamberlain, A.J., Goddard, M.E. (2009), ,Invited review: Genomic selection in
dairy cattle: progress and challenges™, Dairy Sci., Vol. 92, No 3, pp.1313.

Harris, B.L., Johnson, D.L. (2010), ,,The Impact of High Density SNP chips on Genomic Evaluation in Dairy
Cattle”, fnterbull Bulletin, No 42, pp.40-43.

Hogeveen, H., Huijps, K., Lam, T.J. (2011), “Economic aspects of mastitis: New developments™, N Z Vet J., Vol.
59, No I, pp.16-23.

Konig, S., Simianer, H., Willam, A. (2009), “Economic evaluation of genomic breeding programs”, .J. Dairy
Sei., Vol. 92, No 1, pp.382-391.

Mackay, T.F., Stone, E.A., Ayroles, J.F. (2009), “The genetics of quantitative traits: Challenges and prospects”,
Nat. Rev. Genet. Vol. 10, No 8, pp.565-577.

Meuwissen, T, (2009), ,Accuracy of breeding values of ‘unrelated’ individuals predicted by dense SNP
genotyping™, Genetics Selection Evolution, Vol. 41, No 1, pp.1-9.

Miglior, F., Muir, B.L., Van Doormaal, B.J. (2005), “Selection indices in Holstein cattle of various countries™, J
Dairy Sci., Vol. 88, No 3, pp.1255-1263.

Miller, R.H., Norman, H.D., Wright, J.R., Cole. J.B. (2009), “Impact of genetic merit for milk somatic cell score
of sires and maternal grandsires on herd life of their daughters”, J Dairy Sci., Vol. 92, No 5, pp.2224-
2228.

Pryce, JL.E., Daetwyler, H.D. (2012), "Designing dairy cattle breeding schemes under genomic selection: a
review of international research”, Animal Production Science, Vol. 52, No 3, pp.107-114.

Pryce, J.E., Goddard, M.E., Raadsma, H.W., Hayes, B.J. (2010), ,,Deterministic models of breeding scheme
designs that incorporate genomic selection”, Journal of Dairy Science, Vol. 93, No 11, pp.5455-5466.

Sambrook, I, Fritsh, EF., Maniatis, T. (1989), Molecular Cloning. A laboratory manual, 2% Edition, New York:
Cold Spring Harbor Lab. Soller.

Schaeffer, L.R. (2006), "Strategy for applying genome-wide selection in dairy cattle”, J. Anim. Breed. Genel.,
Vol. 123, No 4, pp.218-223.

Schefers, J.M., Weigel, K.A. (2012), “Genomic sclection in dairy cattle: Integration of DNA testing into
breeding programs”, Animal Frontiers, Vol. 2, No 1, pp.4-9.

Shook, G.E., Schutz, M.M. (1994), “Selection on somatic cell score to improve resistance to mastitis in the
United States”, J Dairy Sci., Vol. 77, No 2, pp.648-658.

Taylor, LF., Taylor, K.H., Decker, J.E. (2016), “Holsteins are the genomic selection poster cows”, PNAS, Vol.
113, No 28, pp.7690-7692.

VanRaden, P.M., Wiggans, G.R. (1995), “Productive life evaluations: Calculation, accuracy and economic
value”, J Dairy Sei., Vol. 78, No 3, pp.631-638.

Van Tassell, C.P., Wiggans, G.R., Norman, H.D. (1999), “Method R estimates of heritability for milk, fat, and
protein yields of United States dairy cattle”, J Dairy Sci., Vol. 82, No 10, pp.2231-2237.

Weigel, KA., Lawlor, T.J., Vanraden, P.M., Wiggans, G.R. (1998), “Use of linear type and production data to
supplement early predicted transmitting abilitics for productive life”, J Dairy Sci., Vol. 81, No 7,
pp.2040-2044,

Wiggans, G.R., Cooper, T.A., VanRaden, P.M., Van Tassell, C.P., Bickhart, D.M., Sonstegard, T.S. (2016),
“Increasing the number of single nucleotide polymorphisms used in genomic evaluation of dairy cattle”, J
Dairy Sei., Vol. 99, No 6, pp.4504-4511.

Wiggans, G.R., VanRaden, P.M., Cooper, T.A. (2011), “The genomic evaluation system in the United States:
Past, present, future™, J Dairy Sci., Vol. 94, No 6, pp.3202-3211.

Igenity Dairy Dashboard (2016), available at, hitps://www.igenity.com, referred on 23/12/2017.

TRANSFORMATIONS IN BUSINESS ¢ ECONOMICS, Vol. 17, No 2 (44), 2018

122



K. Morkuniene, S. Kerziene, 32 ISSN 1648-4460
A. Miceikiene

Guest Paper

LIETUVOS PIENINIU GALVIJU GENOMINES SELEKCIJOS EKONOMINIS [VERTINIMAS
SANTRAUKA
Kristina Morkiiniené, Sigita Kerziené, Astrida Miceikiené

Sickiant jvertinti ekonoming genominés selekcijos panaudojimo naudg Lictuvos pieniniams galvijams,
buvo atliktas bandomasis tyrimas. Kickvienai karvei buvo nustatytas genominis pieniniy galvijy ,Igenity*™
profilis pagal produktyvaus amziaus pozymij, somatiniy lasteliy skai¢iy, primilzj, riebaly ir baltymy kiekj bei
procenty, ir piening formg. Didelis, nuo 8 iki 10 sickiantis produktyvaus amziaus pozymio, genominis
potencialas buvo nustatytas 23 % istirty karviy, primilzyje — 13 %, riebaly kg — 25.5 %, riebaly procentais —
17 %, baltymy kg — 27 %, baltymy procentais — 41.5 %. Nuo 1 iki 3 svyruojanti bei somatiniy lasteliy skaiciui
pageidautina Zema genetiné verté buvo nustatyta pagal 13 % istirty gyviiny. Pieniniy galvijy genominés
selekcijos taikymas leido autoriams jvertinti pieniniy genéiy potencialy, padidinti selekcijos tiksluma, pasirinkti
skirtingus atrankos modelius ir taikant naujg sclekcijos priemong, didinti jos intensyvuma. Genomings selekcijos
metoda rekomenduojama taikyti ne tik atskiroms galvijy bandoms, bet ir visose pieniniy galvijy veisliy (Lietuvos
juodmargiams, Lietuvos Zzaliesiems, Holsteinams) selekcijos programose, nes kickvieno gyvino genominé
informacija yra vertinama remiantis tarptautiniais duomenimis, suteikiant galimybe jvertinti veisling vertg
tarptautiniu mastu ir dalyvauti tarpvalstybinése tarptautinése pienininiy galvijy veisimo programose.

REIKSMINLAI ZODZLAI: ekonominé nauda, genominé atranka, galvijai, pieniniy galvijy profilis, Lietuva,
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ASSOCIATION OF KAPPA CASEIN POLYMORPHISM WITH MILK YIELD AND MILK
PROTEIN GENOMIC VALUES IN COWS REARED IN LITHUANIA

Kristina Morkiiniené, Lina Baltrénaité, Ausriné Puisyté, Renata Biziené, Nijolé Pecinlaitiene, Natalja Makstutiené,
Ramuté Miseikiené, llona Miceikiené, Sigita Kerziené

Lithuanian University of Health Sciences, Institute of Biology Systems and Genetics
Tilzes 18, LT-Lithuania, Kaunas; kristina.morkuniene(@smuni.lt

Summary. Aim of the study was to investigate polymorphism of bovine kappa casein gene in Lithuanian milk cattle
population and to evaluate relation of certain genotypes with milk production traits expressed by genome scores. DNA
samples were collected from 189 milk breed cattle reared in Lithuania. DNA was extracted from blood by salt method
(Miller et al., 1998). Bovine kappa casein gene polymorphism study was performed by PCR-RFLP method (Soria et al.,
2003). After PCR 935 bp fragment was recieved, which was digested with restriction enzymes Haelll / HindIII and the
fragments were separated in the 3% agarose gel, what allowed to identify the kappa casein A, B, E alleles. A allele with
frequency 0,72, E allele with frequency 0.05. B allele, which can be used to carry out selection to improve milk
processing properties was found 0.23 frequency. Six genotypes were identified: AA, AB, AE, BB, BE, EE at different
frequencies. The most common was the AA genotype, which had 49.2 % of the tested animals. EE was least frequently
ocecurring genotype, which had only 0.5% of the tested ammals. The biggest influence on the milk processing properties
having BB genotipe was found in 2.1% of the cows. Cows with kappa casein AA genotype had the highest genomic
scores for milk yield (6.05), observing statistically significant difference between kappa casein AA and AB genotypes
(P<0.05); the highest protein amount genomic values had kappa casein BB genotype cows (6.25), the highest protein
percent genomic scores had BB and BE genotype cows. Dispersion analysis showed that 2.8 % of milk yield variation
expressed by genomic scores, 0.2% of protein amount variation and 3.3 % of protein percent variation (P <0.05) are
dependent from kappa casein gene genotype. These results create opportunities to improve the properties of milk
processing in Lithuanian dairy cattle population.

Keywords: kappa casein, polymorphism, cattle, PCR-RFLP

Background. Animal productivity, milk amount, milk  position 148 there i1s Ala (GCT) instead of Asp (GTA)
composition, milk protein and fat amount, and (Tinaev, 2003). The positions of these two point
composition, milk suitability for manufactoring and other  mutations are close to the glycosylation sites, which
farm traits are inherited from generation to generation.  affects the protein structure as well as the glycosylation
Farm traits expression and functional properties are  itself (Fox, 1992). Thus, these genetic variants are related
dependent on genes that amimals have. Cow milk quality  to the milk properties of the dairy cows, milk mstability
and quantity are also dependent on feeding, milking, during the milk processing as its suitability for cheese
keeping conditions and many other factors but even when  production. In recent years, the variations in the promoter
all the factors are optimally balanced, the part of region of the casein gene, and their influence for the
productivity, dependent on heritability, stays unchanged. expression of the milk proteins came into the scientists

The milk proteins are the most important components  attention. In addition, changes in the flanking region,
of milk in human mutrition. Today the dairy industry has  together or separately with the changes in the coding
the technological possibilities to produce much more  region, may affect the yield and quality of milk (Caroli et
different kinds of milk products. The manufacturing  al., 2009; Hoogendoom et al., 2003; Martin et al., 2002;
properties of milk are related to the composition of  Pauciullo et al., 2013).

proteins in milk (Lunden et al., 1997). All of casein Kappa casein genetic variants are found in different
proteins are the major constituencies (80%) ol total  frequencies in various milk cattle populations. Most
proteins in cattle milk. (Grosclaude, 1988). European cattle breeds have very high frequency of kappa

Milk casein proteins are coded by four genes Casein  casein A allele (Jakob, 1992; Van Eenennaam and
51, Casein 52, Beta casein and Kappa casein found on  Medrano, 1991) and this allele is predominant in the
chromosome 6 in 631 position (Threadgill and Womack,  Holstein cattle (Lin et al., 1986). For the selection it is
1990). Total kappa casein gene length is 13 kb, composed  very important to identify animals with B allele and BB
from 5 egzones (Martin et al, 2002), but most sequencies  genotype of kappa casein to increase the frequency of this
coding proteine are found in fourth egzone (Azevedo et allele in dairy cattle population. So our aim was to test
al., 2008). Kappa casein is a one strand polypeptide, kappa casein polymorphism in milk cattle reared in
comprised from 169 amino acids with molecular weight  Lithuania, identify animals with favourable B allele and
19,2 KDa. Kappa casein is only fraction of caseins, which BB genotype and evaluate relation of certain genotypes
contains S-amino acid and is not precipitated by calcium  with milk production traits expressed by genome scores.
ions. In 1984 Eigel and co-authors published an article Materials and methods
about the two variants of k-casein, A and B, that differ in One hundred eighty nine milk breed cows reared in
their amino acids at the positions 136 and 148. In position  Lithuania were sampled at random. Blood samples were
136, Thr (ACC) is substituted by Ile (ATC), while in  taken from jugular vein into EDTA containing tubes,
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transported to laboratory and stored at — 20 until
genomic  DNA  extraction. DNA  was  extracted by
chloroform salt method (Miller et al., 1998). Genomic
DNA  content and purity were determined by
spectrophotometric  methods (DNA / RNA  Reader,
Pharmacia). Genomic DNA was stored at 4'C until

analysis. Statistical analysis performed by SPSS program.

Genotyping for kappa casein was done using PCR-
RFLP method (Soria et al., 2003). The primers, PCR
profile, PCR product size and restriction enzymes used
for identification of milk protein are shown in Table 1.

Table 1. Primer, PCR profile, PCR product size and restriction enzymes used for identification of milk

protein kappa casein polymorphisms

Milk Primer PCR profile PCR product | Restriction
protein size enzyme
Kappa CSN3 | 94 °C 3 min 935 bp Hindlll
casein 5- AGCGCTGTGAGAAAGATG -3 94 °C 30s | 30cycles Haelll
CSN3 2 58°C 30s
5-GTGCAACAACACTGGTAT - 37 73 °C 305
72°C 5 min

The PCR reaction was carried out in GeneAmp PCR
System 2700 (AppliedBiosystem). PCR mix — 12 ul
ddH:0; 5pl 10xPCR buffer; 2.5 pl dNTP (2 mM); 3 pl
MgCly, (50 mM); 2.5 ul CSN3 1 (20 pmol); 2.5 ul CSN3
2 (20 pmol); 0.5p1 BSA: 2 pl Taq (1U/ul) polimerase
(MBI Fermentas, Lithuania). The digestion of PCR
product was performed using endonucleases Haelll/
HindlII (MBI Fermentas, Lithuania). 20 pl PCR product
was digested with 10.5 pl restriction mix (8 pl ddH20, 2
ul 10xMbuf, 0.5 pl. Haelll/ HindIII) (to separate alelles
A, B, E ). The samples were left in thermostate for might
(15 h) at 37°C (table 2).

were rated in Igenity dairy catile reference group to
identify genomic scores relating to productive traits.

Results

The polymorplism of kappa-casein  gene was
investigated by PCR-RFLP method in 189 dairy cattle.
Restriction of the obtained 935 bp PCR reaction products
by Hinfl and Haelll restriction enzymes allowed
determination of the frequencies of A, B and E alleles of
kappa-casein in the investigated group of cattle.

Table 3. Kappa ecasein allele frequencies in
Lithuanian milk cattle

Table 2. PCR fragment sizes in bp of Kappa casein Identified kappa casein Observed
gene after the digestion with restriction endonucleases alelles frequencies
A 0.721
Genotype Restriction endonucleases, B 0.227
fragment sizes in bp E 0.052
HindllI Haelll
AJA 935 641 + 294 Table 4. Kappa casein genotype frequencies in
A/B 935 + 520+ 415 641 + 294 Lithuanian milk cattle
AE 935 641 +496 + 294 + 145
B/B 520+ 415 641 +294 Kappa casein Observed Expected
B/E 935 + 520 + 415 | 641 + 496 + 294 + 145 genotypes frequencies frequencies
E/E 935 496 + 294 + 145 AA 0.492 0518
AB 0.386 0.327
Kappa casein genotypes were determined using 3 % AE 0.069 0.076
agarose gel by electrophoresis 100 V 50 min. stained with BB 0.021 0.052
ethidium bromide 15-20 min. EtBr was added to gels to | BE 0.026 0.024
visualize the analysis results under UV light in EE 0.005 0.003

MiniBisPro“system (Herolab).

Genome analysis was performed by Igenity SNP panel
identifying the genetic potencial for dairy cattle traits -
milk yield and protein amount and protein %. Different
traits potencially related to  milk yield, protein amount
and protein % SNP's were tested. The IGENITY dairy
cattle profile calculates scores for traits using multiple
DNA markers. The largest score indicates the best
genomic value for milk yield and milk amount and milk
protein %. Combined results provide more complete
picture of an amimal’s production potential. Genotypes
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The frequency of A allele was found to be highest —
0.721, while the lowest was of E allele - 0,052, B allele,
which is important for the processing properties of milk,
was found in 22.7% of cows investigated. A allele was
more than three times more frequent than B allele and
even 13.6 times more frequent than E allele (table 3).

The expected and predicted genotype [requencies did
not differ statistically significantly (X =6.255; P=0,282)..

Six different genotypes were identified in the group of
investigated cattle: AA (0.492), AB (0.386), AE (0.069),
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BB (0.021), BE (0.027), EE (0.005). Three homozygous
genotypes AA, BB and EE were found and three
heterozygous - AB, AE and BE. Out of the identified
genotypes, the AA was found to be the most frequent. It
was found in 49.2% of investigated cows. EE genotype

was [ound to be the least frequent. It was found only in
0.5% of mvestigated cattle. BB genotype, which highly
influences the processing properties of milk, was found in
2.1% of cows (table 4).

Table 5. Distribution of Kappa casein genotypes according milk yield genomic scores

Kappa casein Milk yield genomic scores
genolypes 1 2 3 4 5 [ 7 8 9 10
AA 1.1% 12.6% | 16.1% 34.5% 24.1% 9.2% 2.3%
AB 4.6% 9.2% 13.8% | 16.9% 27.7% 15.4% 7.7% 4.6%
AE 8.3% 8.3% 16.7% 25.0% 25.0% 16.7%
BB 25.0% 25.0% 25.0% 25.0%
BE 25.0% | 25.0% 50.0%
EE 100.0%
Comparing  different  kappa  casein  genotypes Comparing  different  kappa  casein  genotypes

according to milk yield genomic scores i kappa casein,
AA genotype cow milk yield genomie scores varied from
3 1o 9, most cows (34.5%) got 6 milk yield genomic
scores; kappa casein AB genotype cow milk yield
genomic scores varied from 2 to 9, most cows (27.7%)
got 6 milk yield genomic scores; kappa casein AE
genotype cow milk yield genomic scores varied from 3 to
8, same amount of cows (25.0%) got 6 and 7 milk yield
genomic scores; in kappa casein BB genotype cow milk
yield genomic scores varied from 4 to 8, same amount of
cows (25.0%) got 4,5, 6 and 8§ milk yield genomic scores;
i kappa casein BE genotype cow milk yield genomic
scores varied from 4 to 7, same amount of cows (25.0%)
got 4 and 5 milk yield genomic scores; rest 50 % of cows
got 7 milk yield genomic scores; all kappa casein EE
genotype cows got 5 milk yield genomic scores. Pearson
Chi-Square test shows no statistically significant
influence of kappa casein gene to milk amount expressed
by genomic scores (P=0.838) (table 5).

according o protein amount genomic scores in kappa
casein, AA genolype cows prolein amount genomic
scores varied from 2 to 10, the most of cows (20.7%) got
6 and 8§ protein amount genomic scores equally, kappa
casein AB genotype cows protein amount genomic scores
varied from 1 to 10, most cows (19.7%) got 7 protein
amount genomic scores; kappa casein AE genotype cows
protein amount genomic scores varied from 4 to 8, same
amount of cows (33.3 %) got 6 and 7 protein amount
genomic scores; in kappa casein BB genotype cows
protein amount genomic scores varied from 4 to 9, all
cows (25.0%) got same prolein amount genomic Scores;
in kappa casein BE genotype cows protein amount
genomic scores varied from 2 o0 9. most cows (50.0%)
got 9 protein amount genomic scores; all kappa casein EE
genotype cows gol 6 profein amount genomic Scores.
Pearson Chi-Square test shows no statistically significant
influence of kappa casein gene to milk amount expressed
by genomic scores (P= 0.636) (table 6).

Table 6. Distribution of Kappa casein genotypes according protein amount genomic scores

Kappa casem Protein amount genomic scores

genolype 1 2 3 4 5 6 7 8 9 10
AN 3.4% 2.3% 14.9% 16.1% 20.7% 12.6% | 20.7% 6.9% 0.4%
AB 1.5% 6.1% 6.1% 9.1% 13.6% 18.2% 19.7% 16.7% 6.1% 0.7%
AE 25.0% 33.3% | 33.3% | 8.3%

BB 25.0% | 25.0% 25.0% 25.0%

BE 25.0% 25.0% 50.0%

EE 100.0%

Comparing  different  kappa  casein  genotypes
according to protein percent genomic scores in kappa
casein, AA genotype cows protein percent genomic scores
varied from 5 to 10, most cows (33.3%) got 7 protein
percent genomic scores; kappa casein AB genotype cow
milk protein percent genomic scores varied from 5 to 10,
most cows (27,.3%) got 7 protein percent genomic scores;
kappa casein AE genotype cow milk protein percent
genomie scores varied from 5 to 10, same amount of cows
(25.0%) got 6 and 7 protein percent genomic scores; in
kappa casein BB genotype cows mulk protein percent

genomic scores varied from 6 to 10, same amount of cows
(25.0%) got 9 and 10 protein percent genomic scores and
the rest of cows (50.0 %) got protein 6 percent genomic
scores; in kappa casein BE genotype cows protein percent
genomic scores varied from 7 to 8, the most of cows
(75.0%) got & protein percent genomic scores; all kappa
casein EE genotype cows got 9 protein percent genomic
scores. Pearson Chi-Square test shows no statistically
significant influence of kappa casein gene to milk amount
expressed by genomic scores (P=0.2300 (table 7).
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Table 7. Distribution of Kappa cascin genotypes according protein percent genomic scores

Kappa casein Protein percent _genomic scores

genolypes 1 2 3 4 4] 7 8 9 10
AA 8.0% 18.4% | 33.3% | 28.7% | 10.3% 1.3%
AB 3.0% 21.2% | 273% [21.2% | 21.2% 6.1%
AE 83% | 25.0% | 25.0% | 16.7% | 16.7% | 8.3%
BB 50.0% 25.0% | 25.0%
BE 25.0% | 75.0%

EE 100.0%

Table 8. Relation of Kappa casein genotypes to milk production traits genomic scores

Kappa casein Milk amount genomic Protein amount genomic Protein percent
genotypes n scores scores genomic scores
AA 87 6.05+0,136 a 6.17+0,200 7.18£0.122
AB 65 5.54£0,215 b 6.02+0,257 7.55+0,159
AL 12 6.00+0.444 6.00+0,389 7.33£0,432
BB 4 5.75+0,854 6.25+1,109 7.75+1,031
BE 4 5.75+0,750 6.00=1,780 7.75£0,250
EE 1 5.00 6.00 9.00

a, b — averages marked in different letters in the column differ significantly (P <0.05)

Cows with kappa casein AA genotype had the highest
genomics  scores  for mulk wield (6.05), observing
statistically significant difference between kappa casein
AA and AB genotypes (P<0.05); the highest protein
amount genomic values had kappa casein BB genotype
cows (6.25), highest protein percent genomic scores had
BB and BE genotype cows. EE genotype cow had
genomic score for protein percent 9, but as it was only |
cow, it can be a casual case (table 8).

Dispersion analysis showed that 2.8 % of milk vield
variation expressed by genomic scores (P =0.05), 0.2% of
protein amount variation (P =0.05) and 3.3 % of protein
percent variation (P <0.05) are dependent from kappa
casein gene genotype.

Discussion. For the first time association of Igenity
dairy cattle genomic values for production traits with milk
protein genotypes were tested. Cows with kappa casein
AA genotype had the highest genomics scores for milk
yield, observing statistically significant  differences
between kappa casein AA and AB genotypes; kappa
casein BB genotype cows had highest genomic values for
protein amount and protein percent, BE genotype cows -
for protein percent. The IGENITY profile calculates
scores for milk yield, fat amount, fat percent, protein
amount and protein percent using multiple DNA markers.
These markers identify genetic variations that help to
regulate milk yield, protein and fat content, without
decreasing fertility. The combined results provide more
complete picture of an animal’s production potential. The
use of genomic mformation in genetic evaluation has
brought revolutionary change in dairy. Genomic selection
offers many advantages with regard to improve the rate of
genetic gain in dairy cattle breeding programs. The most
important factors that contribute to faster genetic gain
include: a greater accuracy of predicted genetic merit for
young animals; a shorter generation interval because of
heavier use of young, genetically superior males and

females; an increased intensity of selection, because
breeders can use genomic testing to screen a larger group
of potentially elite animals. By increasing the accuracy
and intensity of selection and shortening the generation
interval, the rate of genetic progress for economically
important dairy traits can be approximately doubled
(Schaeffer, 2006; Pryce and Dactwyler, 2012).

Milk is very important in human diet. Human
consume raw milk and different milk products such as
cheese, curd, yogurt, ect. so milk manufacturing
properties are very important. One of the modern ways to
improve milk quality is genetic or biotechnological
method such as MAS (Marker Assisted Selection)
(Rachagani and Gupta, 2008; Dogru and Ozdemir, 2009).
Caseins are one of the most important milk proteins.
There are 14 alleles identified of the kappa-casein (A, Al,
B, B2, C, D, E, F1, F2, G, G2, H, 1, J) (Caroli et al,
2009), but the A and B alleles are the most prominent, as
were also found in our study (Chessa et al., 2007; Sona et
al., 2003; Atherton et al,, 1977; Addeo et al., 1983, Ih
Luccia et al., 1988; Eigel et al., 1984). The frequency of
A allele is highest in many of the dairy cattle breeds, but
the selection is intensively carried out against the B allele
by selecting such cows and forming specific cattle herds
that produce milk suitable for cheese production. A lot of
focus is concentrated on the B allele, as it is associated
with improvement of milk processing properties
(Kiibarsepp et al., 2005; Swzalkowska et al., 2002).
Relatively high frequency of kappa-casein B allele has
been found in the cattle of Italy, France, Germany and UK
(0,400 — 0,840) (Jann et al., 2004), slightly lower in
Turkish (0,2979 = 0,3452), Croatian (0,130 = 0.460),
Polish (0,33) and Belgian (0,190 — 0,280) cattle (Jann et
al., 2004) as well as in Lithuanian cows, as shown by the
results of our study (0.227). High frequency of kappa-
casein B allele has been determined for Estonian brown
and Jersey breeds, while lower frequency - in Estonian
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Holstein and Argentinian Holstein breeds (Bonvillani et
al., 2000; Beja-Pereira et al., 2002; Kubarsepp et al,
2005).

Kappa-casein E allele has not been found in Italian
(Caroli et al, 2004; Jann et al, 2004), French (Jann et al_,
2004), Belgian (Jann et al., 2004), Croatian (Jannet al.,
2004) and Turkish cattle (Dinc et al, 2013). The
frequency of E allele for the Lithuanian cattle was 0,052
as found in this study.

High frequency of A allele, as well as in our study,
has been found in Chinese Holsteins and Simmentals
(Trakovicka et al., 2012), also among Holstein cattle, bred
in India, Russian black and white and Russian brown, and
Columbian Holstein breeds (Zmbrano-Burbano et al.,
2012).

The importance of B allele and BB genotype of kappa
casein for milk manufacturing properties is reported in
several studies (Martin et al, 2002; Hoogendoorn et al,
2003; Caroli et al, 2009; Pauciullo et al, 2013). In dairy
cattle the B variant of kappa casein is associated with a
higher protein content, better quahty of curd and
increased yield of cheese. It has been suggested that
identification of kappa casein genotypes could be an
economically important selection criteria for dairy herds
designated for industrial milk production (Pedersen,
1991).

Ewvaluation of actual and theoretical heterozygosity in
the studied milk cattle population reared in Lithuanian
revealed that theoretical heterozygosity was lower than
the actual. The difference was not statistically significant,
thus showing that, according to the Hardy-Weinberg
principle, the studied group of cattle is in genetic
equilibrium at the locus of kappa-casein gene. Observed
higher than predicted actual heterozygosity indicates high
level of genetic variation, which creates favorable
conditions for livestock breeding.

Introduction of genetic markers into breeding
programs allows to increase selection effectiveness and to
expand the spectrum of traits, which can be effectively
manipulated. The use of markers enables selection by a
single trait only, which is determined by a single gene, or
by several traits that are dependent on several genes.
Consequently, with the rise of new molecular methods for
genotype  evaluation, new opportunities  for cattle
selection emerge (Miceikiené et al., 2007).

Conclusions

1. In this study, the polymorphism of milk protein
gene kappa-casein was investigated i milk cattle reared
in Lithuania. Three alleles with following frequencies A
(0.72), B (0.23) and E (0.05) and six genotypes AA, AB,
AE, BB, BE, EE were identified. The most frequent
genotype AA was identified for 49.5% of tested animals.
The least frequent genotype was EE, which was found
only in 0.5% of investigated cattle.

2. BB genotype, which highly influences the
processing properties of milk, was found in 2.1% of
investigated cows.

3. Cows with kappa casein AA genotype had the
highest genomics scores for milk yield (6.05), observing
statistically significant difference between kappa casein
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AA and AB genotypes (P<0.05); highest protein amount
genomic values had kappa casein BB genotype cows
(6.25), lghest protein percent genomic scores had BB
and BE genotype cows.

4. Dispersion analysis showed that 2.8 % of milk
yield variation expressed by genomic scores (P =0.05),
0.2% of protein amount variation (P =0.05) and 3.3 % of
protein percent varation (P <0.05) are dependent from
kappa casein gene genotype.

5. The studied milk cattle population reared
Lithuania was in genetic equilibrium at the locus of kappa
casein gene according to the Hardy-Weinberg principle.
Observed higher than predicted actual heterozygosity
indicates high level of genetic variation, which creates
favorable conditions for livestock selection. Obtained
results provide opportunities for selection of Lithuanian
dairy cattle population in order to improve milk
processing properties.
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SUMMARY

INTRODUCTION

In the last century, the genetic development of farm animals has been
based on the registration of the traits and parentage information. The Best
Linear Unbiased Prediction (BLUP) technique [1] was used to evaluate
breeding values, according which selection have been carried out. Dairy
cattle breeding programs have usually been based on progeny evaluation
schemes, when there were approximately 100 daughters of the sire, whose
prodigy data were obtained, when the bulls were around 5 years old. The
best bulls were later widely used in the population. These traditional bree-
ding programs have been very effective since genetic progress has improved
many selective traits. However, the limits of these traditional breeding
programs are also well known, which primarily arise on purpose to
constantly register phenotypes, which can be complicated for a variety of
reasons. For example, the generation interval of dairy cattle is long, because
only the traits of productivity of females can be considered. DNA markers
can extend these limits because DNA can be collected from all, of any age,
individuals and used to predict the genetic benefit of each individual. The
genetic benefit of individuals is determined by the alleles which they have
due to causative mutations which are based on the trait. For the last two
decades, DNA markers have been used to investigate quantitative genomic
traits [2], while using markers of genotypes in quantitative locus, the aim is
to predict the genetic value of individuals [3].

The use of DNA markers in selection schemes is useful because it can
increase the reliability of evaluation of breeding values, especially for young
animals and those traits that are difficult to register [4, 13]. The increase in
reliability can ultimately lead to greater genetic improvement. In spite of the
considerable effort it was to undertake research and selection according to
the markers, the effect was not as high as expected [5]. Meuwissen and his
scholars [6] introduced a methodology for assessing breeding values using
genome-wide markers. Due to the use of dense markers, each quantitive trait
locus of the population was associated with some of the markers. In
addition, since genomic markers were used, all quantitive traits locuses were
evaluated at the same time. The selection based on these genomic predic-
tions of breeding values was named genomic selection [7].

In practice, genomic selection has recently begun to be used, as genetic
markers identified in many cattle species were not sufficient and genotyping
was still quite expensive. The recent development of DNA technology and
genome sequencing has led to the discovery of thousands of single nucleo-
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tide polymorphisms (SNP) and a significant reduction in the costs of SNP
genotyping. This has enabled practically adapting genomic selection and
initiated various research. Many of the first studies of the genomic selection
focused on genomic prediction models [8, 9], assessed the effect of popula-
tion parameters on the reliability of genomic prediction [10, 11] or com-
pared the traditional and genomic selection schemes [5, 12]. Later, when
genomic data were obtained, genomic predictions were confirmed by real
data, most often comparing genomic predictions with respect to the charac-
teristics of the offspring [14, 66]. With the results of these confirmatory
studies, the benefits of genomic selection have become very clear. This has
led the inclusion of genomic selection in dairy cattle breeding schemes in
recent years [15].

1. AIM AND OBJECTIVES

1.1. Aim of the study

To investigate influence of genomic selection to improvement of cattle
dairy and health traits.

1.2. Objectives of the study

1. To determine dairy cattle genomic profile for milk yield, milk
protein content, milk protein %, fat content, milk fat %, somatic
cell count, dairy form and productive life traits.

2. Compare Lithuanian dairy cattle genomic profiles with interna-
tional dairy cattle population genomic investigation results.

3. Evaluate genomic potential of dairy cattle and economic benefit
applying different genomic selection models.

4. Evaluate interfaces of milk protein kappa casein, beta casein and
beta lactoglobulin gene polymorphism with dairy traits genomic
values and milk quality parameters.

5. To perform evaluation of cattle lethal diseases BLAD, DUMPS and
CVM prevalence in Lithuanian dairy cattle population.

1.3. Novelty and practical significance of the study

Determined Lithuanian dairy cattle genomic profile and evaluated
genomic potencial for milk yield, milk protein content, milk protein %, fat
content, milk fat %, somatic cell count, dairy form and productive life traits
refilles data of world dairy cattle population genomic diversity. It can be
concluded that using genomic selection method in dairy cattle breeding
schemes gives possibility to evaluate dairy cattle genomic potencial at an
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very early stage, increases selection accuracy and intensity. While deter-
mining dairy cattle genomic profile for each animal, rating animals in herds
according genomic profile results for separate traits and different traits
combinations, selecting animals with the highest genomic scores and predic-
ting according rezults separate breed or population genetic improvement
trends, it is possible to prognose economic effect in the beginning of
genomic selection process.

Determined associations between milk protein polymorphisms and
genomic values of productive traits, while carrying out genomic selection
towards increasing milk protein content, increases number of cattle with
kappa casein, beta casein and beta lactoglobulin B allele and BB genotype,
prefered in cheese and curd industry.

Introduction of dairy cattle genomic profiles to international dairy
cattle genomic data bases allowes to identify which place separate animal,
whole herd or dairy cattle population has in international space. Genomic
selection data is possible to use together with traditional breeding value
determination methods. Possibility to perform genomic test early in animal
life gives perfect genetic database for implemenation of many breeding,
selection and management solutions.

2. MATERIALS AND METHODS

2.1. The studies were carried out according to the presented scheme
(Fig. 2.1.1-2.1.4)

Genomic improvement of milk dairy and health traits

Scllecuon of Blolog‘mal DNA extraction Tests
dairy cattle —> sampling e
v v v v
Polymor- Bovine mono-
I phism tests of gene autoso-
——— Gm;omi;: Beta casein, diseases —
Profiles Beta }aclo_g- BLAD,
lobulin milk DUMPS,
protein genes CVM studies

Fig. 2.1.1. Scheme of the study
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Genomic selection of the quantitative traits of cattle

v

Identification of genomic profiles

v

Animal rating according to genomic profiles results

v

Evaluation of cattle genetical potencial

v v

First selective model Second selective model
Economic effect evaluation Economic effect evaluation
of genomic selection of genomic selection

Fig. 2.1.2. The first stage of the research

Genomic selection of the qualitative traits of cattle

v v v

Kappa casein gene Beta casein gene Beta lactoglobulin gene

polymorphism test polymorphism test polymorphism test

v v v

Evaluation of alleles and genotypes frequencies

v v

The links between the polymorphisms Investigation of milk-protein gene
of milk protein genes and polymorphism interactions
genomic production score study with milk quality indicators

Fig. 2.1.3. The second stage of the research

Genomic selection of the qualitative traits of cattle

v v v

Bovine Leukocyte Deficiency of Uridine Complex vertebal
Adhesion Deficiency Monophosphate Synthase malformation
(BLAD) research (DUMPS) research (CVM) research

v v v

Evaluation of alleles and genotypes frequencies

v

BLAD, DUMPS, CVM diseases ir dairy cattle population
prevalence retrospective evaluation

Fig. 2.1.4. The third stage of the research
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2.2. Research material

The cattle for research were selected in dairy herds, where breeding
accounting and cattle productivity control were carried out. Farms are
located in four different regions of Lithuania. In each dairy herd, 50 non-
related (based on the documentation of origin) cattle — cows and heifers —
were selected. The cattle were healthy, kept and fed according to hygiene
norms, the conditions for keeping and feeding were in line with veterinary
requirements.

Blood samples for genetic studies were taken from jugular vein into
EDTA containing tubes, transported to laboratory and stored at minus 20 °C
until genomic DNA extraction. Blood for genetic testing was carried out
under aseptic conditions from Cephalic Vein in vacuum tubes (Vacutainer)
with KoEDTA (ethylenediamine tetraacetate) anticoagulant. The tubes were
marked. Fill in the datasheet. The blood was stored at +4 °C until the test.
Hair for genetic research (with bulbs) were taken from the animal tail, from
10 to 20 pcs, placed in special bags and marked.

2.3. Research methods

DNA extraction from hair roots was performed according N. Peciulai-
tien¢ [196]. DNA extraction from blood leukocytes was performed by
chloroform salt method according Miller et al. [197]. Genomic DNA con-
tent and purity were determined by spectrophotometric method (DNA/RNA
Reader, Pharmacia).

Identification of dairy cattle genomic profile. Genomic analysis of
dairy cattle economical traits was carried out to evaluate genetic potential
using a patented bovine SNP microchip ,,Igenity SNP panel. The study was
done at the Neogen Genomics Corporation Laboratory (USA). A total of
72,000 SNP were investigated. A reference population of dairy cattle, that is
genotyped and associated with phenotypica traits, consists of over 500,000
cattle (www.igenity.com) [198].

For each cattle, 360 single-nucleotide polymorphisms (SNP) encompas-
sing the entire bovine genome associated with milk yield, milk protein
content, milk protein %, fat content, milk fat %, somatic cell count, dairy
form and productive life phenotypes have been investigated. The informa-
tion of the cattle SNP (genotype) has been compared with the reference
catlle SNP database. Correlations have been found between the SNP of the
tested cattle and the reference animals SNP records. Since there are known
interactions between the reference cattle populations SNP and phenotypes,
links between the tested animal SNP and reference population phenotypes
have been identified. For each tested cattle, “Igenity” dairy cattle genomic
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profile was composed. The genomic profile of dairy cattle shows the
genetically predicted values of the traits using genomic scores of 1 to 10.
The highest score shows the best genomic value and the highest genetic
potential for a certain feature.

Evaluation of cattle genetical potencial. Analysis of the distribution
of the cattle by genomic scores. Comparison of the genetic potential of the
cattle and the genetic potential of the cattle from the “Igenity” database by
the “Igenity Benchmark* software (www.igenity.com). This software allows
to estimate the location of the cattle group, herd, breed in more than half a
million ,,Igenity” database based on genomic information. Evaluation and
selection of cattle according to genomic information by “Igenity Custom”
software (www.igenity.com). This software allows to apply a priority filter
that shows the orientation and intensity of selection, for traits expressed by
scores. The orientation of the selection was expressed by traits selection and
the intensity, applying different values in percentage of the selected traits.
The average genomic score varied from 1 to 10 was calculated for each
individual. This process allowed to evaluate the cattle according to traits,
which were selected as the most important, to reach the selection purpose.
First selection model — calculations performed for the whole group of cattle,
individually for cows and heifers. 100% significance was given for the
amount of milk, 0% for fat content, 0% for fat percent, 0% for protein
content, 0% for protein percent, 0% for productive life, 0% for somatic cell
count and 0% for dairy form. 30% of low genetic potential in traits of dairy
cattle cows was replaced by 30% of heifers that received high genomic
scores, i.e. with a high genetic potential for the trait manifestation. The
significances in percent of the first selection model for the selected traits
were applied. Second selection model — calculations performed for the
whole group of cattle, individually for cows and heifers. 25% significance
was given for the amount of milk, kg, 15%. for fat content, 15% for milk
protein content, 15% for productive life, 15% for somatic cell count and
15% for dairy form. 30% of low genetic potential in traits of dairy cattle
cows was replaced by 30% of the heifers, that received high genomic sco-
res, 1. €. with a high genetic potential for the trait manifestation. The signifi-
cances in percent of the second selection model for the selected traits were
applied.

Economic effect evaluation of genomic selection. Genomic scores by
the ,,Igenity Custom* software (www.igenity.com) have been converted to
the true rates of phenotypic traits — genomic scores of milk in kilograms,
milk protein in percentage, milk protein amount in kilograms, milk fat in
percentage, milk fat amount inkilogram, somatic cell count in ths/ml, pro-
ductive life in months. Phenotypic traits rates showed how much added va-
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lue each animal could give. The lowest genomic score 1 equates to a zero-
manifestation. The genomic potential of the cattle and the added genomic
value expressed in the values of the phenotypic traits were converted into
euros and the economic effect of genomic selection was evaluated.

Kappa casein gene PCR-RFLP test method [200].

The PCR reaction was carried out in thermocycler (G-storm, United
Kingdom). PCR mix — 12 ul ddH>O, 5 pl 10xPCR buffer, 2.5 ul dANTP
(2 mM), 3 pul MgClL (50 mM), 2.5 ul CSN3 1 (20 pmol); 2.5 ul CSN3 2
(20 pmol); 0.5 ul BSA; 2 ul Taq (1U/ml) polymerase (Thermo Scientific,
Lithuania). The digestion of PCR product was performed using endo-
nucleases Haelll/ Hindlll (Thermo Scientific, Lithuania) (Table 2.3.1).

Table 2.3.1. The primers, PCR profile, PCR product size and restriction
enzymes used for identification of milk protein kappa casein gene polymor-
phism.

Milk Primers PCR profile PCR Restriction
protein product | endonuclease
size

Kappa |CSN3 15— 94°C | 3 min 935bp | Hindlll
casein AGCGCTGTGAGAAA 94 °C 30 s 30 Haelll

GATG -3

58 °C 30 s cycles

CSN3 25— 72°C | 30s

GTGCAACAACACTG 72°C | 5 min

GTAT -3’

To separate alelles A, B and E 20 pl PCR product was digested with
10.5 pl restriction mix (8 ul ddH»O, 2 ul 10xMbuf., 0.5 pl. Haelll/HindlIIlI).
The samples were left in the thermostate for night (15 h) at 37 °C (Table
2.3.2).

Table 2.3.2. PCR fragments sizes in bp of kappa casein gene after the
digestion with restriction endonuclease

Genotype Restriction endonuclease, fragment sizes in bp
HindIll Haelll

A/A 935 641 + 294

A/B 935 + 520+ 415 641 +294

A/E 935 641 +496 +294 + 145
B/B 520 +415 641 +294

B/E 935+ 520 + 415 641+ 496 + 294 + 145
E/E 935 496+294 + 145
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Kappa casein genotypes were determined by electrophoresis using
restricted PCR product fractionated by electrophoresis method on 3%
agarose gel (Thermofisher Scientific Baltics), 100 V for 50 min and
analysed under UV light (wave length 300 nm) by ,,MiniBisPro* videodocu-
mentation system (Herolab).

Beta casein gene test method. Investigations of the A and B alleles
polymorphism of bovine beta casein genes were performed at the Neogen
Genomics Corporation Laboratory (USA). The allele-specific oligonucleo-
tide polymerase chain reaction (ASO-PCR) [138], was used to determine the
variants, Al and A2, of the cattle beta casein gene (Table 2.3.3).

Table 2.3.3. Primers used for identification of milk protein beta casein Al
and A2 alleles polymorphism

Allele Direction Primers
Al Forward 5’-TCCCTTCCCTGGGCCCATCCA-3’
Reverse 5’-TCAGTGAGAGTCAGGCTCTGG-3’
A2 Forward 5-TCCCTTCCCTGGGCCCATCCC-3’
Reverse 5’-TCAGTGAGAGTCAGGCTCTGG-3’

The PCR mixture consists of 2.5 ul forward and reverse primers
(biomers.net), 2.5 pl Buffer (10xDreamTaq Green Buffer ((with 20mM
MgCl), Thermo Scientific), 2.5 ul ANTP (5 mM, Thermo Scientific), 4.75
pul water without RNase (Thermo Scientific), 0.25 pl Taq polymerase
(DreamTaq DNA Polymerase 5U/ul Thermo Scientific) and investigated
DNA. A separate reaction was performed to identify each allele (10 pl of
DNA and 15 pl of PGR into the tube) (Table 2.3.4).

Table 2.3.4. PCR profile and PCR product size used for identification of
milk protein beta casein polymorphism

Milk protein PCR profile PCR product size
Beta Casein 95°C 2 min 208 bp

95°C 30s 35 cycles

64°C 30s

72°C 30s

72°C 7 min
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Beta lactoglobulin gene PCR-RFLP test method. Genotyping for
beta lactoglobulin was done using PCR-RFLP method [200].

The PCR reaction was carried out in thermocycler (G-storm, United
Kingdom ). PCR mix — 4.95 pl ddH20, 2.5 pl 10xPCR buffer, 2 pul dNTP (2
mM), 2 pl MgCl, (50 mM), 1.5 ul BLg 2, 1.5 pl BLg 3, 0.25 pl BSA, 0.3 pl
Taq (LU/ml) polymerase (MBI Fermentas, Lithuania). The digestion of PCR
product was performed using endonuclease Haelll (MBI Fermentas, Lithua-
nia) (Table 2.3.5).

Table 2.3.5. Primers, PCR profile, PCR product size and restriction enzy-
mes used for identification of milk protein beta lactoglobulin polymorphism

Milk Primers PCR profile PCR product | Restriction
protein size enzyme

Beta lacto- |JBLG 2: 5'- TGT GCT | 94°C |3 min 247 bp Haelll
glObUIln GGA CAC CGACTA 94 °C 40s 35

CAA AAA G-3' S cveles

JBLG 3:5- GCT ccc | 98°C | 80s | &

GGT ATATGACCA | 72°C | 50s

CcCCTCT-3 73°C |5 min

To separate alelles A, B 10 pl PCR product was digested with 10.5 pl
restriction mix (8 pl ddH20, 2 pl 10xMbuf., 0.5 ul. Haelll (MBI Fermentas,
Lithuania, 10 units/20 ml)). The samples were left in the thermostate for
night (15 h) at 37 °C. Restricted PGR product was fractionated by electro-
phoresis method on 4% agarose gel (Thermofisher Scientific Baltics), 100 V
for 50 min and analysed under UV light (wave length 300 nm) by
,MiniBisPro“ videodocumentation system (Herolab) (Table 2.4.6).

Table 2.3.6. PCR fragments sizes in bp of beta lactoglobulin gene after the
digestion with restriction endonuclease

Genotype Restriction endonuclease, fragment sizes in bp
Haelll
AIA 148 + 99
A/B 74+74+99+99+148
B/B 74+ 74 +99

Tests for milk quality traits. Samples of 50 ml raw milk for testing
were taken during evening milking according to the milk sampling rules
(LST EN ISO 707: 1999 + P: 2003 Milk and milk products — Sampling
rules). Milk composition and quality studies were performed by “Pieno
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tyrimai”. Samples of milk composition and quality assay were collected to a
special container, which collects mixed milk amount from individual cow.
Samples of raw milk were preserved with ,,Sedupol” tablets (containing
8 mg bronopol and 0.3 mg natamycin per tablet). After placing the prieser-
vative, the milk was well mixed. Preserved milk samples in special
containers at a temperature of not more than 6-8 °C in two hours were
delivered to the laboratory. Milk protein content was determined by the
Lactoscope, based on the measurement of specific mean infra-red wave-
length absorption of the test component (LST ISO 9622: 2000).

The number of somatic cells was determined by flow cytometry method
using the Somascope gauge according to LST EN ISO 13366-2: 2006 + AC:
2007 “Milk. Somatic cell count.2nd part. Fluorooptoelectronic Meter
Guide”. The number of somatic cells in milk is expressed in ths.cells/ml.
The amount of casein was determined by the reference method using an
approved international standard LST EN ISO 8968-2: 2002 for the determi-
nation of nitrogen in milk. The amount of casein in milk is expressed in
g/100 g of milk.

Improvement of cattle health traits by genetic markers

Investigation of polymorphism of the genes for BLAD, DUMPS and
CVM diseases in cattle were performed at the ‘“Neogen Genomics”
Corporation Laboratory (USA).

Testing method for mutation c. 383 A—G in CD18 gene,
causing BLAD disease in cattle

BLAD disease is caused by point mutation in CD18 gene of the cattle
first chromosome. Single nucleotide mutation was determined as change
adenin to guanin in 383 position. PCR-RFLP test method was used to
determine polymorphism of BLAD gene. Primers used for identification of
mutated allele:

forward 5'-GAATAGGCATCCTGCATCATATCCACCA-3;

reverse 5'-CTTGGGGTTTCAGGGGAAGATGGAGTAG-3'.

If animal has two mutated alleles, his genotype is BL/BL. Such animal
is sick.

If animal has one mutated allele, his genotype is BL/TL. Such animal is
not sick, but is carrier and distributor of mutated allele.

If animal does not have mutated alleles, his genotype is TL/TL. Such
animal is healthy.
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Testing method for mutation ¢.405 C—T in UMPS gene,
causing DUMPS disease in cattle

DUMPS disease is caused by point mutation in UMPS gene of the
cattle first chromosome. Single nucleotide mutation was determined as
change citozin to timine in 405 position. PCR-RFLP test method was used
to determine polymorphism of DUMPS gene. Primers used for identifi-
cation of mutated allele:

forward 5'-GCAAATGGCTGAAGAACATTCTG-3";

reverse 5'-GCTTCTAACTGAACTCCTCGAGT-3".

If animal has two mutated alleles, his genotype is DP/DP. Such animal
is sick.

If animal has one mutated allele, his genotype is DP/TD. Such animal is
not sick, but is carrier and distributor of mutated allele.

If animal does not have mutated alleles, his genotype is TD/TD. Such
animal is healthy.

Testing method formutation ¢.559 G—T SLC35A3 in SLC35A3
gene, causing CVM disease in cattle

CVM disease is caused by missens mutation in SLC35A3 gene of cattle
third chromosome. The study was performed by sequencing method.

If animal has two mutated alleles, his genotype is CV/CV. Such animal
is sick.

If animal has one mutated allele, his genotype is CV/TV. Such animal
is not sick, but is carrier and distributor of mutated allele.

If animal does not have mutated alleles, his genotype is TV/TV. Such
animal is healthy.

2.4. Statistical data analysis

Statistical data analysis was performed using the data collection and
analysis program package SPSS 22.0 (Statistical Package for Social Science
22 for Windows). Using the Kolmogorov-Smirnov test, the assumption of
the continuity of the variables was verified. The following descriptive
statistics were used for the tested characteristics: the arithmetic mean and its
deviation, the median (minimum and maximum value), and the frequency
variables for the qualitative variables. The effect of genomic score, kappa
casein, beta casein and beta lactoglobulin genotypes on the dairy charac-
teristics in the standard lactation duration — milk content, protein content
and protein content was determined using the single-factor dispersion
analysis ANOVA (post-hoc Fisher LSD criterion (a = 0.05). The influence
of kappa casein, beta casein and beta lactoglobulin genotypes on the
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genomic score was assessed by analyzing the distributions and evaluating
their differences by nonparametric methods (y° test, Kruskal Wallis test).
The frequencies of alleles and genotypes of kappa casein, beta casein and
beta lactoglobulin polymorphism were investigated using a > test to deter-
mine the deviation from the Hardy-Veinberg equilibrium.

3. RESULTS
3.1. Dairy cattle genomic selection of quantitative traits

High genomic scores ranging from 8 to 10 points for productive life
received 23% of tested animals, for milk yield — 13.0% of animals, for fat
amount — 25.5% of animals, for fat percent — 17.0% of animals, for protein
amount — 27.0% of animals, for protein percent — 41.5% of animals, for
dairy form — 8.5% of animals. Low genomic scores raging from 1 to 3
points which are prefable for somatic cell score received 16.0% of animals.
Middle genomic scores ranging from 5 to 6 points for productive life
received 41.0% of tested animals, for milk yield — 44.5% of animals, for fat
amount — 34.0% of animals, for fat percent — 29.0% of animals, for protein
amount — 36.0% of animals, for protein percent — 23.0% of animals, for
dairy form — 42.5% of animals, for somatic cell score received 24.0% of
animals. Low genomic scores ranging from 1 to 3 points for productive life
received 5.0% of tested animals, for milk yield — 6.0% of animals, for fat
amount — 12.5% of animals, for fat percent — 18.0% of animals, for protein
amount — 7.5% of animals, for protein percent — 0.0% of animals, for dairy
form — 19.0% of animals, for somatic cell score received 24.0% of animals.
High genomic values not prefable for somatic cell score ranging from 8 to
10 received 13.5% of tested animals (Table 3.1.1).
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High genomic scores ranging from 8 to 10 points for productive life
received 20% of tested cows, for milk yield — 8.4% of cows, for fat
amount — 28.3% of cows, for fat percent — 22.1% of cows, for protein
amount — 21.7% of cows, for protein percent — 45.7% of cows, for dairy
form — 13.4% of cows. Low genomic scores ranging from 1 to 3 points
which are prefable for somatic cell score received 28.4% of cows. Middle
genomic scores raging from 5 to 6 points for productive life received 45.0%
of tested cows, for milk yield — 55.0% of cows, for fat amount — 26.7% of
cows, for fat percent — 30.5% of cows, for protein amount — 41.7% of cows,
for protein percent — 20.1% of cows, for dairy form — 38.3% of cows, for
somatic cell scor received 26.7% of cows. Low genomic scores ranging
from 1 to 3 points for productive life received 5.0% of tested cows, for milk
yield — 8.3% of cows, for fat amount — 16.7% of cows, for fat percent —
8.5% of cows, for protein amount — 10.0% of cows, for protein percent —
0.0% of cows, for dairy form — 16.7% of cows. High genomic values not
prefable for somatic cell score ranging from 8 to 10 received 15.1% of
tested cows (Table 3.1.2).
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High genomic scores ranging from 8 to 10 points for productive life
received 20.0% of tested heifers, for milk yield 15.5% of heifers, for fat
amount — 25.5% of heifers, for fat percent — 13.4% of heifers, for protein
amount — 29.1% of heifers, for protein percent — 39.2% of heifers, for dairy
form — 5.7% of heifers. Low genomic scores raging from 1 to 3 points,
which are prefable for somatic cell score received 28.6% of heifers. Middle
genomic scores ranging from 5 to 6 points for productive life received
43.0% of tested heifers, for milk yield — 42.9% of heifers, for fat amount —
36.8% of heifers, for fat percent — 35.0% of heifers, for protein amount —
33.7% of heifers, for protein percent — 31.6% of heifers, for dairy form —
35.7% of heifers, for somatic cell score received 40.7% of heifers. Low
genomic scores ranging from 1 to 3 points for productive life received 2.2%
of tested heifers, for milk yield — 3.9% of heifers, for fat amount — 8.1% of
heifers, for fat percent — 10.5% of heifers, for protein amount — 7.0% of
heifers, for protein percent — 0.0% of heifers, for dairy form — 16.7% of
heifers. High genomic values not prefable for somatic cell score ranging
from 8 to 10 received 17.4% of tested heifers (Table 3.1.3).
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Comparing distribution according genomic scores between cows and
heifers was determined that high genomic scores for milk yield (8-10),
showing potential for high milk yield had 7.1% more heifers than cows
(P<0.05). 14% more heifers than cows had average genomic scores (5—6)
for somatic cell scores, showing resistance to mastitis. 11.6% and 4.5%
more heifers than cows had higher average genomic scores (5—6) for milk
protein % and milk fat % (P<0.05). Less heifers than cows received
(P<0.05) low genomic scores for traits like: productive life, milk yield, milk
fat and protein amount, showing heifers better genetic potencial for milk
production traits.

Comparing Lithuanian dairy cattle genomic profiles with international
dairy cattle population, comprising of more than half million genomic
profiles in “Igenity” database, by “Benchmark Igenity” custom sort prog-
ram, was determined that Lithuanian dairy cattle average genomic value was
higher for milk fat amount 0.09 point, milk yield 1.49 point, milk protein
amount 0.78 point, dairy form 0.11 point. Determined less than average
“Igenity” dairy cattle population genomic value for milk fat % 1.00 score,
for protein % 0.94, for productive life 0.54. For somatic cell score lower
genomic point shows positive trait expression and is desirable, but in
Lithuanian dairy cattle population genomic points for somatic cell score is
higher 0.18 than the average “Igenity” dairy population genomic point.
After determination that Lithuanian dairy cattle average genomic values was
higher for fat %, milk yield, milk protein amount and dairy form distribution
and comparison with “Igenity” cattle population was analized according
these traits (Table 3.1.4).

Table 3.1.4. Comparison of average genomic values of Lithuanian dairy
cattle with cattle of the **Igenity”” population

Traits Lithuanian dairy cattle | “Igenity” international

average genomic values | dairy cattle population

average genomic values
Fat, kg 6.19 6.10
Fat, % 5.80 6.80
Milk yield, kg 6.01 4.50
Productive life, months 6.26 6.80
Protein, kg 6.18 5.40
Dairy form 5.18 5.07
Protein, % 7.26 8.20
Somatic cell score, (x1000, ml) 5.38 5.10
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Comparing Lithuanian dairy cattle distribution according dairy form
genomic scores with distribution of cattle in international dairy cattle popu-
lation, by Benchmark “Igenity” custorm sort program was determined that
genomic scores ranging from 8 to 10 had 8.5% of Lithuanian dairy cattle
population and 5.0% “Igenity” dairy cattle population, average genomic
value ranging from 4 to 7 points got 73.0% of Lithuanian dairy cattle popu-
lation, and 75.0% of “Igenity” dairy cattle population, low genomic values
ranging from 1 to 3 got 19.0% of Lithuanian dairy cattle population and
19.0% genity dairy cattle population. Comparing Lithuanian dairy cattle
distribution according milk fat amount genomic scores with distribution of
cattle in international dairy cattle population, by Benchmark ‘“Igenity”
custorm sort program was determined that genomic scores ranging from 8 to
10 had 25.5% of Lithuanian dairy cattle population and 7.0% “Igenity”
dairy cattle population, average genomic value ranging rom 4 to 7 points got
63.0% of Lithuanian dairy cattle population, and 88.0% of “Igenity” dairy
cattle population, low genomic values ranging from 1 to 3 got 13.0% of
Lithuanian dairy cattle population and 5.0% “Igenity” dairy cattle popula-
tion. Comparing Lithuanian dairy cattle distribution according to milk
protein amount genomic scores with distribution of cattle in international
dairy cattle population, by Benchmark “Igenity” custorm sort program was
determined that genomic scores ranging from 8 to 10 had 27.0% of
Lithuanian dairy cattle population and 10.0% “Igenity” dairy cattle popula-
tion, average genomic value ranging from 4 to 7 points got 65.0% of Lithua-
nian dairy cattle population, and 88.0% of “Igenity” dairy cattle population,
low genomic values ranging from 1 to 3 got 8.0% of Lithuanian dairy cattle
population and 15.0% “Igenity” dairy cattle population. Comparing Lithua-
nian dairy cattle distribution according milk yield genomic scores with
distribution of cattle in international dairy cattle population, by Benchmark
“Igenity” custorm sort program was determined that genomic scores ranging
from 8 to 10 had 13.0% of Lithuanian dairy cattle population and 6.0%
“Igenity” dairy cattle population, average genomic value ranging from 4 to
7 points got 82.0% of Lithuanian dairy cattle population, and 79.0% of
“Igenity” dairy cattle population, low genomic values ranging from 1 to 3
got 5.0% of Lithuanian dairy cattle population and 12.0% “Igenity” dairy
cattle population.

We carried out analysis of the selectable traits added values of dairy
cattle according to genomic profile results. Cattle in “Igenity” reference
population are ranked according correlation between genomic informacion
and phenotypic traits. Genomic scores are related to additive phenothypic
traits value. Comparing SNP genomic data of tested animals with SNP data
of reference animals each animal gets certain genomic score for each trait.
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Best cows, having genomic score 10 for milk yield, had genomic potential
give 1175 kg milk per lactation more than cows that got genomic score 1.
Cows having genomic score 10 for productive age have genomic potential
give production 5.5 month longer cows that got genomic score 1. Cows
having genomic score 10 for fat amount have genomic potential give 33 kg
more per lactation in comparison with cows getting genomic score 1. Cows
having genomic score 10 for protein amount have genomic potential give

19 kg more per lactation in comparison with cows getting genomic score 1
(Table 3.1.5).

Table 3.1.5. Added values of dairy cattle selectable traits based on genomic
Scores

Genomic Added values of selectable traits based on genomic scores
scores Milk yield, Fat amount, Protein amount, | Productive life,
kg kg kg months
10 1,175 33 18 55
9 970 28 16 4.6
8 853 24 14 4.1
7 731 21 12 3.5
6 617 18 10 3.0
5 504 14 8 2.4
4 387 11 6 1.9
3 263 7 4 1.7
2 150 3 1.3
1 0 0 0 0

Investigation revealed, that 3% of cattle that got genomic score 9 for
milk yield, could give extra 5,820 kg milk per lactation, in comparison with
cattle who got genomic score 1. So if in population we have 13% of cattle,
that got high genomic scores ranging from 8 to 9, we can get extra 22,880
kg of milk per lactation. So if in tested population we have 25.5% cattle,
that got high genomic scores for fat amount ranging from 8 to 10 and 27%
cattle, that got high genomic scores for protein amount ranging from 8 to 10
we can get extra 1,396 kg of fat and 800 kg of protein per lactation. So if in
tested population we have 25.5% cattle, that got high genomic scores for fat
amount ranging from 8 to 10 and 27% cattle. If in tested population we have
20.0% cattle, that got high genomic scores for productive life ranging from
8 to 10, we can get extra 200.1 month of most productive cow lactation and
get 450,121 kg milk, 27,464 kg milk fat amount, 15,738 kg milk protein
amount (Table 3.1.6).
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Table 3.1.6. Added values of Lithuanian dairy cattle (all tested population)
selectable traits based on genomic scores

Genomic |Added values of Lithuanian dairy cattle (all tested population) selectable
scores traits based on genomic scores
Milk yield, Fat amount, Protein amount, | Productive life,
kg kg kg months

10 0 528.0 72.0 27.5

9 5,820.0 196.0 224.0 41.4

8 17,060.0 67230 504.0 131.2

7 32,164.0 735.0 408.0 157.5

6 33,318.0 702.0 440.0 144.0

5 17,640.0 406.0 224.0 81.6

4 11,223.0 231.0 150.0 323

3 2,367.0 126.0 24.0 11.7

2 450.0 28.0 32.0 1.7

1 0 0 0 0

Investigation revealed, that 1.7% of cows that got genomic score 9 for
milk yield, could give extra 1,649 kg milk per lactation, in comparison with
cows which got genomic score 1. So if in population we have 8.4% of cows,
that got high genomic scores ranging from 8 to 9, we can get extra 7,364 kg
of milk per lactation. So if in tested population we have 28.3% cattle, that
got high genomic scores for fat amount ranging from 8 to 10 and 21.7%
cows, that got high genomic scores for protein amount ranging from 8 to 10
27% we can get extra 705 kg of fat and 661.2 kg of protein per lactation. If
in tested population we have 20.0% cows, that got high genomic scores for
productive life ranging from 8 to 9, we can get extra 172.3 month of most
productive cow lactation and get 124,803 kg milk, 11,948 kg milk fat
amount, 11,206 kg milk protein amount (Table 3.1.7).
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Table 3.1.7. Added values of Lithuanian dairy cattle (cows) selectable traits
based on genomic scores

Genomic | Added values of Lithuanian dairy cattle (cows) selectable traits based on
scores genomic scores
Milk yield, Fat amount, Protein amount, | Productive life,
kg kg kg months

10 0 495.0 61.2 0

9 1,649.0 47.6 320.0 76.36
8 5,715.1 162.4 280.0 95.94
7 10,965.0 420.0 432.0 140.0
6 22,643.9 360.0 400.0 150.0
5 9,223.2 93.8 200.4 96.0
4 5,147.1 91.3 99.6 38.0
3 867.9 81.9 40.0 13.0
2 750 20.0 19.8 0

1 0 0 3.34 0

If in population we have 15.5% of cattle, that got high genomic scores
ranging from 8 to 9, we can get extra 13,681.8 kg of milk per lactation. If in
tested population we got 25.5% of heifers with genomic scores ranging from
8 to 10 for fat amount we can get extra 679.6 kg of fat and 29.1% of heifers
with genomic scores ranging from 8 to 10 for protein amount we can get
extra 426.4 kg of protein per lactation. If in tested population we have
20.0% heifers, that got high genomic scores for productive life ranging from
8 to 10, we can get extra 86.2 month of most productive heifers lactation
and get 116,004 kg milk, 5,762 kg milk fat amount, 3,615 kg milk protein
amount (Table 3.1.8).
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Table 3.1.8. Added values of Lithuanian dairy cattle (heifers) selectable
traits based on genomic scores

Genomic | Added values of Lithuanian dairy cattle (heifers) selectable traits based
scores on genomic scores
Milk yield, Fat amount, Protein amount, | Productive life,
kg kg kg months
10 0 171.6 45.0 12.1
9 3,783.0 145.6 72.0 10.1
8 9,894.8 362.4 309.4 64.0
7 19,079.1 331.8 194.4 88.2
6 17,461.1 336.6 205.0 69.0
5 7,358.4 253.4 105.6 48.0
4 4,489.2 129.8 84.0 18.2
3 1,025.7 50.4 10.0 2.0
2 0 11.6 13.5 1.2
1 0 0 0 0

In the first genomic selection model we selected animals by cattle
“Custom Igenity” program giving 100% priority to increase milk yield with
no attention to other dairy traits. We left in the herd 70% of cows with
highest genomic scores for milk yield and replaced 30% of cows that got
lowest genomic scores for milk yield with 30% of the best heifers for milk
yield trait according SNP data. It was calculatad that average extra milk
amount according genomic scores for cow per lacation in tested population
is 548 kg. After selecting 70% of the best cows (genomic potential for extra
milk 641 kg per cow per lactation), in herd were 30% of cows is replaced by
30% of best heifers (genomic potential for extra milk 876 kg per heifer per
lactation), milk amount genomic potential coud be increased up to 148 kg
extra per cow per lactation or 14,800 kg per lactation per 100 cow herd.
Average herd genomic score after replacement of cows by genomically
evaluated heifers increased from 5.50 up to 6.41. But carrying out selection
only for increased milk amount other important dairy traits become worse —
decreased milk fat % and milk protein % genomic potential, increased
somatic cell score genomic value (Table 3.1.9).
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In the first genomic selection model coverting genomic scores to
production traits records and production records to money in Eur, giving
100% priority to increase milk yield with no attention to other dairy traits,
we got 148 Eur for extra milk yield per cow (0.27 Eur for one kg milk) in
herd before genomic selection, 173 Eur per cow from 70% of best selected
cows, 237 Eur from 30% best selected heifers and 188 Eur per cow in the
herd where 30% of cows with the lowest genomic scores replaced by 30%
of heifers that got the highest genomic scores. Profit increase in Eur per
lactation in first genomic selection model would be in 100 herd cow
4,000 Eur for milk yield and 1,100 Eur for milk amount got for prolonged
productive age. Selected the best genomically evaluated heifers give
237 Eur profit per animal, if all cows would be replaced by the best heifers,
the increase in profit could reach 8,900 Eur for milk yield and 7,000 Eur for
prolonged productive life (Table 3.1.10).

Table 3.1.10. Economic evaluation of added genomic value when selection
is made to increase the amount of milk (100% for milk amount, kg)

Dairy cattle Milk amount per lactation| Prolonged productive life in
per cow, EUR/ months if the average milk
for 100 cows herd, EUR | amount per lactation per one
cow is 5,600 kg, EUR /
for 100 cows herd, EUR
Cows 148/14,800 446/44,600
Cows — 70% selected 173/17,300 448/44,800

based on the best genomic
score for milk

Heifers 142/14,200 516/51,600

Heifers — 30% selected 237/23,700 481/48,100
based on the best genomic
score for milk

Herd with 30% cows 188/18,800 457/45,700
replaced by 30% heifers
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In the second genomic selection model we selected animals by cattle
“Custom Igenity” program giving selection preasure to all dairy cattle
important traits — 25% to milk yield, 15% fat %, 15% protein %, 15%
productive life, 15% somatic cell count and 15% dairy form. We left in the
herd 70% of cows with the highest genomic scores for milk yield and
replaced 30% of cows that got the lowest genomic scores for milk yield with
30% of the best heifers for milk yield trait according SNP data. It was
calculatad that average extra milk amount according to genomic scores for
cow per lacation in tested population is 548 kg. After selecting 70% of the
best cows (genomic potential for extra milk 553 kg per cow per lactation),
in herd were 30% of cows is replaced by 30% of the best heifers (genomic
potential for extra milk 524 kg per heifer per lactation), milk amount
genomic potential decreased in 24 kg per cow per lactation or 2,400 kg per
lactation per 100 cow herd. Average herd genomic score afer replacement of
cows by genomically evaluated heifers increased from 6.08 up to 6.45. But
despite of the decrease of milk amount in genomic selection model where
selection preasure is given to all dairy cattle traits other important dairy
traits genomic potencial increased — milk fat % from 0.28 upto 0.32, milk
fat amount from 16 up to 21 kg per cow per lactation, productive age could
be increased from 2.95 up to 3.45 month per cow, decreased somatic cell
count show higher genomic potencial for better udder health of cows
(Table 3.1.11).
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Profit increase in Eur per lactation in first genomic selection model
would be in 100 herd cow 4,000 Eur for milk yield and 1,100 Eur for milk
amount got for prolonged productive age. Selected the best genomically
evaluated heifers give 237 Eur profit per animal, if all cows would be
replaced by the best heifers, the increase in profit could reach 8,900 Eur for
milk yield and 7,000 Eur for prolonged productive life.

In the second genomic selection model coverting genomic scores to
production traits records and production records to money in Eur, giving
equal selection preasure to all dairy cattle important traits, we got 148 Eur
for extra milk yield per cow (0.27 Eur for one kg milk) in herd before
genomic selection, 126 Eur from 30 % the best selected heifers and 141 Eur
per cow in the herd where 30% of cows with the lowest genomic scores
replaced by 30% of heifers that got the highest genomic scores. Profit
deccrease in Eur per lactation in second genomic selection model would be
7 Eur per cow, in 100 herd cow 700 Eur for milk yield. But prolonged
productive age gives 7,500 Eur as well as increse in milk fat and decrease in
somatic cell score showing better udder health (Table 3.1.12).

Table 3.1.12. Economic evaluation of added genomic value when the
selection priority is allocated equally to all the important traits of dairy
cattle (25% milk, 15% fat, 15% protein, 15% productive life, 15% somatic
cell count and 15% milk form)

Dairy cattle Milk amount per Prolonged productive life in months if
lactation per cow, EUR / | the average milk amount per lactation
for 100 cows herd, EUR per one cow is 5,600 kg, EUR /

for 100 cows herd, EUR
Cows 148/14,800 446/44,600
Cows — 70% 149/14,900 502/50,200

selected based on
the best genomic
score for milk

Heifers 128/12,800 473/47,300

Heifers — 30% 126/12,600 641/64,100
selected based on
the best genomic
score for milk

Herd with 30% 141/14,100 521/52,100
cows replaced
by 30% heifers
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3.2. Dairy cattle genomic selection of qualitative traits

Results of milk protein kappa casein, beta casein and beta
lactoglobulin genetic analysis. We have found three kappa casein alleles in
Lithuanian dairy cattle population. The highest frequency is found A allele —
0.724, the lowest allele E — 0.052. B allele, having largest influence to milk
technological properties, had 90% of tested cows. Six kappa casein genoty-
pes have been found in Lithuanian cattle population: AA (0.5), AB (0.379),
AE (0.069), BB (0.023), BE (0.023), EE (0.006). Observed and expected
genotype frequencies did not differ statistically significant (P = 0.185). With
the highest frequency was found AA genotype. 50% of cows had this
genotype. The lowest ferquency was found EE genotype. It had only 0.6%
of tested cows. BB genotype, the most favourable to cheese production, was
found in 2.3% of cows. We have found two beta casein alleles in Lithuanian
dairy cattle population. The highest frequency was found A allele — 0.968, B
allele — 0.032. Two beta casein genotypes have been found in Lithuanian
cattle population: AA (0.937), AB (0.063). AA genotype had 93.7% of
cows. There was no cows with BB genotype. Observed and expected
genotype frequencies not differed statistically significant (P = 0.999). After
analyzing scientific literature and understanding how much influence beta
casein genotype has to human health we carried out extra investigation
identifying Al and A2 beta casein alleles. Al allele is harmfull to human
health because of formation of casomorfin in human digestive track. In
Lithuanian dairy cattle population Al allele is found with frequency 0.261,
A2 with frequency 0.739. In old Lithuanian cattle breeds Lithunian grey and
Lithuanian white backed Al alelle had 52% of cows and 38% of cows
repectively. A2 allele had 48% of Lithunian grey cattle and 62% of
Lithuanian white backed cattle. We have found three beta casein genotypes
in Lithuanian cattle population according A1 and A2 alelles: A1A1 (0.04),
ATA2 (0.44) ir A2A2 (0.52). A2A2 genotype causing human health
problems had 52% of tested cows. Observed and expected genotype
frequencies not differed statistically significantly (P = 0.99). We have found
two beta lactoglobulin alleles in Lithuanian dairy cattle population, in
frequencies for A allele — 0.456, for B allele — 0.544. We have found three
beta lactoglobulin genotypes in Lithuanian cattle population: AA (0.183),
AB (0.544), BB (0.273). The most frequent was AB genotype, which had
54.4% of cows. BB genotype favourable for cheese producton had 27.3% of
cows. Observed and expected genotype frequencies did not differ statisti-
cally significant (P = 0.998). Evaluated observed and expected heterozi-
gocity in kappa and beta casein locuses showed that observed heterozigosity
is lower than expected, but did not differ statistically significantly, so the
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population according to Hardy Weinberg law is in genetic equilibrium
(x? =0.028; P>0.05). Evaluated observed and expected heterozygocity in
beta lactoglobulin locus showed that observed heterozygosity in higher than
expected, but did not differ statistically significant, so the population
according to Hardy Weinberg law is in genetic equilibrium (P>0.05). Found
higher heretozygosity than observed gives good opportunities to selection.
We investigated relation between milk protein kappa casein, beta casein
and betalactolgobulin polymorphisms and production traits genomic scores.
Milk yield genomic scores varied in tested population from 1 to 9,
protein amount and protein % from 1 to 10. 27% of cows had average
genomic score 6 for milk yield and 10.5% of cows had average genomic
score 7 for milk protein amount. Distribution of cows according to genomic
scores showed that cows according to protein % had higher genomic scores
than according to milk yield and milk protein amount (P<0.001) (Fig 3.2.1.).
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Fig 3.2.1. Lithuanian dairy cattle distribution according to genomic scores

Comparison of kappa casein genotypes according to distribution of milk
yield genomic scores showed that the highest genomic scores according to
milk yield had AE and BE genotype cows. 35.6% of AA genotype, 27.7%
of AB genotype and 25.0% of BB genotype cows had average genomic
score for milk yield higher than 6. The highest genomic score 9 for milk
yield got 2.3% kappa casein AA genotype and 4.6% kappa casein AB
genotype cows. It was determined that kappa casein genotype statistically
significant influences milk yield trait (P<0.05) (Fig. 3.2.2).
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Fig 3.2.2. Distribution kappa casein genotypes according to milk yield (kg)
genomic scores

The highest genomic scores according to milk protein amount had
kappa casein BB and BE genotype cows. 50.0% of both genotype cows had
average genomic score for protein amount higher than 6. 40.6% of AA
genotype, 43.2% of AB genotype and 41.6% of AE genotype cows had
average genomic score for protein amount higher than 6. The highest
genomic score 9-10 for protein amount got 25.0% of kappa casein BB
genotype, and 50% kappa casein BE genotype cows, 6.8% of AB genotype
and 7.3% of AA genotype cows. It was determined that influence to milk
protein amount trait variation is not statistically significant to milk yield trait
(P =0.636) (Fig. 3.2.3).
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amount (kg) genomic scores

All kappa casein genotypes according to milk protein % trait got high
genomic scores varying form 5 up to 10. The highest genomic score 9-10
for protein % got 50,0% of kappa casein BB genotype, 25.0% kappa casein
AE genotype cows, 27.3% of AB genotype and 11.4% of AA genotype
cows. It was determined that influence of kappa casein genotype to milk %
amount trait shows tenedency that B allele increases milk protein %, but
results were not statistically significant (P = 0.230) (Fig.3.2.4).
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Fig 3.2.4. Distribution kappa casein genotypes according
to milk protein (%) genomic scores
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Average milk yield genomic scores varied in Lithuanian cattle popu-
lation from 6.05 (AA kappa casein genotype) up to 5 (EE kappa casein
genotype), for milk protein amount trait varied from 6.25 (BB kappa casein
genotype) up to 6 (AE, BE, EE kappa casein genotypes), for milk protein %
trait varied from 9 (EE kappa casein genotype) up to 7.18 (AA kappa casein
genotype). Statistically significant average genomic scores differ between
AA and AB genotypes for milk yield trait (P<0.05). Dispersion analysis
showed that 2.8% of milk yield trait genetic variation (P<0.05), 0.2% of
milk protein amount trait genetic variation (P<0.5) and 3.3% of milk protein
% trait genetic genetic variation (P<0.05) depend on kappa casein genotype
(Fig. 3.2.5).
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Fig 3.2.5. Distribution of kappa casein genotypes according to average milk
vield, protein amount and protein % genomic scores

Comparison of beta casein genotypes according to distribution of milk
yield genomic scores showed that 34.6% of AA genotype and 9.1% of AB
genotype cows had genomic score higher than 6 for milk yield. Highest 9
genomic score for milk yield trait got 3.1% AA genotype cows, which have
good genetic potencial and is suitable for genomic selection to increase the
milk yield. It was determined that beta casein genotype statistically signify-
cant influences milk yield trait (P<0.05). Beta casein A allele is related to
increased milk yield. 54.6% AB genotype cows and 42.0% of AA genotype
cows had average genomic score for protein amount higher than 6. The
highest genomic score 10 for protein amount got 2.5% of beta casein AA
genotype. All beta casein genotypes according to milk protein % trait got
high genomic scores varying form 5 up to 10. The average genomic scores
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more than 6 got 100.0% of beta casein AB genotype and 72.5% of AA beta
casein genotype cows. 18.2% of beta casein AB genotype cows got the
highest genomic 10 score for milk protein %. It was determined that influen-
ce of beta casein genotype to milk % trait was statistically significant
(P<0.001). Beta casein B allele increases milk protein % (Fig. 3.2.6).
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Fig 3.2.6. Distribution of beta casein genotypes according to milk yield,
protein amount and protein % genomic scores

Average milk yield genomic scores varied in Lithuanian cattle popula-
tion from 5.91 (AA beta casein genotype) up to 4.73 score (AB beta casein
genotype), for milk protein amount trait varied from score 6.64 (AB beta
casein genotype) up to score 6.06 (AA beta casein genotypes), for milk
protein % trait varied from score 8.73 (AB beta casein genotype) up to score
7.28 (AB beta casein genotype). Statistically significantly average genomic
scores differed between AA and AB genotypes for milk protein % trait
(P<0.001) (Fig. 3.2.7).
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Fig 3.2.7. Distribution of beta casein genotypes according average milk
yield, protein amount and protein % genomic scores

Dispersion analysis showed that 3.8% of milk yield trait genetic
variation (P<0.05), 0.5% of milk protein amount trait genetic variation
(P<0.05) and 8.1% of milk protein % trait genetic genetic variation
(P<0.001) depend on beta casein genotype.

Comparison of beta lactoglobulin genotypes according to distribution of
milk yield genomic scores showed that 53.0% of AA genotype, 28.0% of
AB genotype and 16.1% BB genotype cows had genomic score higher than
6 for milk yield. Highest 9 genomic score for milk yield trait got 6.1% AA
genotype cows and 2.2% AB genotype cows, which has good genetic
potencial and is suitable for genomic selection to increase of milk yield. It
was determined that beta lactoglobulin genotype statistically significant
influences milk yield trait (P<0.01). Beta lactoglobulin A allele is related to
increased milk yield. 42.0% beta lactoglobulin AA genotype cows, 43.1%
of AB genotype cows and 48.4% of BB genotype cows had average
genomic score for protein amount higher than 6. The highest genomic score
10 for protein amount got 3.2% of beta actoglobulin BB genotype. Beta
lactoglobulin genotype influence to milk protein amount trait variation is
not statistically significant (P =0.66). Cows with all beta lactoglobulin
genotypes according to milk protein % trait got high genomic scores varying
form 5 up to 10. 44.0% of beta lactoglobulin AA genotype cows, 85.0% of
AB genotype cows and 90.4% of BB genotype cows got higer than average
6 genomic score for milk protein % trait. 9.7% of beta lactoglobulin BB
genotype cows got the highest genomic 10 score for milk protein %. It
shows good opportunities for genomic selection for this trait according milk
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protein genotype. It was determined that influence of beta lactoglobulin
genotype to milk % trait was statistically significant (P<0.001). Beta lacto-
globulin B allele increases milk protein % (Fig. 3.2.8).
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Fig 3.2.8. Distribution of beta lactoglobulin genotypes according milk yield,
protein amount and protein % genomic scores

Average milk yield genomic scores varied in Lithuanian cattle popula-
tion from score 6.51 (AA beta lactoglobulin genotype) up to score 5.42 (BB
beta lactoglobulin genotype), for milk protein amount trait varied from score
6.55 (BB beta lactoglobulin genotype) up to score 5.96 (AA beta lactoglo-
bulin genotypes), for milk protein % trait varied from score 7.94 (BB beta
lactoglobulin genotype) up to score 6.50 (AA beta lactoglobulin genotype).
Statistically significant average genomic scores differed between AA-BB
genotypes and AB-BB genotypes for milk yield trait (P<0.01) and for milk
protein % trait (P<0.001). Beta lacoglobulin A allele increases milk yield,
while B allele milk protein % trait (Fig. 3.2.9).
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Fig 3.2.9. Distribution of beta lactoglobulin genotypes according to
average milk yield, protein amount and protein % genomic scores

Dispersion analysis showed that 8.4% of milk yield trait genetic varia-
tion (P<0.01), 1.2% of milk protein amount trait genetic variation and
20.6% of milk protein % trait genetic genetic variation (P<0.001) depend on
beta lactoglobulin genotype.

We have tested relation between milk casein amount and kappa casein,
beta casein and beta lactoglobulin genotypes. Casein amount ranged from
2.24 g/100 g milk for AA kappa casein genotype cows up to 2.96 g/100 g
milk for BB kappa casein genotype cows. Chances ratio that kappa casein
BB genotype cows will have higher casein amount is 1.3. Chances ratio that
BB beta lactoglobulin and AB beta casein genotype cows will have higher
casein amount is 1.1 (Fig. 3.2.10).
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Fig 3.2.10. Influence of milk protein genotype to casein amount in milk
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We have tested relation between somatic cell count and kappa casein,
beta casein and beta lactoglobulin genotypes. Somatic cell count ranged
from 123 thous. cells/100 ml milk for BB beta lactoglobulin genotype cows
up to 321 thous. cells/100 ml milk for AB beta casein genotype cows.
Chances ratio that kappa casein BB genotype cows will have less somatic
cell count is 1.27. Chances ratio that AB beta casein genotype cows will
have less somatic cell count than AA genotype is 1.82 (Fig. 3.2.11).
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Fig 3.2.11. Influence of milk protein genotype to somatic cell score in milk

3.3. Dairy cattle genomic selection of health traits

We have tested cows for lethal autosomal recessive disorders widely
distributed in black and white cattle population — bovine leukocyte adhesion
deficiency (BLAD), deficiency of uridine monophosphate synthesis (DUMPS)
and vertebral malformation (CVM). Recessive allele with point mutation
A—G (383), causing BLAD disease, showing up by persistent heifers infec-
tions, caused by disfunction of neutrofils, found in Lithuanian cow popula-
tion with 0.0025 frequency, heterozygote individuals found 0.5%. Recessive
allele with point mutation C—T (405), causing DUMPS disease, showing
up by early embrion mortality, caused by defficiency of uridine monopho-
sphate synthesis, was not found in Lithuanian cows population. Recessive
allele with point mutation SLC35A3 G—T (559), causing CVM disease,
showing up by cows abortion or heifers stillbirth, found in Lithuanian cows
population with 0.005 frequency, heterozygote individuals found 1.0%
(Table 3.3.1).
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Table 3.3.1. Prevalence of BLAD, DUMPS and CVM diseases in Lithuanian

dairy cattle population

Genetic disease Genotype frequency Allele frequency
BLAD/CD18 gene TL/TL TL/BL BL/BL TL BL
0.995 0.005 0 0.9975 0.0025
CVM/SLC35A3 gene TV/TV TV/CV Cv/CV G T
0.99 0.01 0 0.995 0.005
DUMPS/UMPS gene TP/TP TP/DP DP/DP TP DP
1 0 0 1 0

CD18 gene genotype: TL/TL = homozygote, without BLAD disorder;
TL/BL = heterozygote, BL allele carrier, BL/BL sick.

UMPS gene genotype: TP/TP=homozygote, without DUMPS disorder;
TP/DP = heterozygote, DP allele carrier, DP/DP sick.

SLC35A3 gene genotype: TV/TV = homozygote, without CVM disorder;
TV/CV = heterozygote, CV allele carrier, CV/CV sick.

In 2000 year 5% of heterozygote animals BLAD gene carriers were
found in Lithuanian dairy cattle population, in 2002 year 4%, in 2004 year
2%, we found 0.5% BL allele carriers and distributors of disease gene in
population (Fig. 3.3.1).
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Fig 3.3.1. Monitoring of BLAD disease prevalence in Lithuanian dairy
cattle population during 2000-2017 year

Mutated allele BL, which in homozygote status causes bovine BLAD

disease, frequency from 2000 year up to 2017 year had tendency to decrease
because of intensive selection against this allele (Fig. 3.3.2.).
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Fig 3.3.2. Monitoring of BL allele prevalence in Lithuanian dairy cattle
population during 2000-2017 year

4. DISCUSSION

The use of genome information in the genetic evaluation of cattle led to
revolutionary changes in dairy cattle selection [12, 62, 64, 204]. In genomic
selection, breeding value is based on hundreds or even thousands of
molecular markers, not information regarding the animal itself or its parents
and ancestors. Using molecular markers, exact breeding values can be
determined for both sexes of cattle at an early age, which is useful in
reducing the generation interval by skipping the assessment according to the
offspring [12, 205]. Genomic selection offers many advantages in
improving the genetic potential of dairy cattle production. The most
important factors contributing to an accelerated increase in genetic potential
are: higher accuracy of predicted genetic value for young animals, shorter
inter-generational intervals (because of the more intensive use of young
females and males with high genetic value), and increased breeding
intensity (because breeders can carry out genomic studies to test a larger
group of potentially elite animals at a young age). By increasing the
accuracy and intensity of breeding and reducing the intervals between
generations, the genetic progress of the bioaccumulation potential of econo-
mically-important milk production can be approximately doubled. Genomic
selection of dairy cattle has been introduced in many countries known for
their elevated milk production [68-71].

The genomic selection of dairy cattle utilizes a range of DNA
microchips with different densities. We used the “Igenity” dairy cattle
genomic evaluation system for genomic selection [206]. The “Igenity”
system makes it possible to carry out genomic selection in separate bovine
herds and breeds, and throughout the population. The “Igenity” genomic
selection system uses DNA information to help understand and manage the
potential of animals which possess and transmit economically important
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traits. The “Igenity” dairy livestock profile shows the genetic potential of
animals analysed using single nucleotide polymorphisms as multiple
markers of DNA, converted into genomic scores for dairy form, milk
content, fat content, fat percentage, protein content, protein percentage, and
somatic cell count. The correlation of the genomic profile with phenotypic
traits was investigated in four cattle populations of different cattle breeds
reared under different conditions. The number of individuals in the
population ranged from 4,000 to 6,000 head of cattle, and a multiple
statistical model was used [206].

Our research has shown that in the Lithuanian dairy cattle population
the average genomic score for milk content was 6.01: protein level — 7.26,
protein content — 6.18, fat level — 5.80, fat content — 6.19, productive age
trait — 6.26, somatic cell count — 5.38, and dairy form — 5.18, which
correlate to the genomic profiles of the international dairy cattle population.
We determined that the average genomic value of Lithuanian dairy cattle for
some attributes was higher than the average genomic scores for the
international dairy cattle population, the milk fat content was 0.09 genomic
points, milk quantity 1.49 points, milk protein content 0.78 points, dairy
form 0.11 points.

The levels of milk, fat and protein were measured routinely for a
century. Quantitative attributes had a different economic value in the overall
profit calculation [207], but the desirable progress of these traits depends on
their average inheritance [208]. Previously, different selection methods were
used, from simple phenotypic evaluation to best linear unbiased prediction
(BLUP). The selection breakthrough occurred when the genomic selection
method was applied. Single nucleotide polymorphism markers used for
“Igenity” identify genetic variations that help regulate milk, protein and fat
levels without reducing fertility or increasing inbreeding [209, 210].

The milk form analysis showed that cows with high dairy scores tend to
be more susceptible to metabolic, reproductive and hoof and foot diseases.
The low dairy form of the dairy cattle studied in Lithuania was found to be
8.5% of cattle. Milk form is closely related to productive age, mostly
because of its effects on reproductive properties. Animals in the “Igenity”
profile that scored 10 points in the dairy form category will have a low dairy
form — a good longevity indicator. Each additional month of productive age
may be a conversion to the added value of a cow through additional
production.

Productive age [211] is an indicator of the longevity of an animal, based
on how long the cow lactates milk during its lifetime. Animals with a longer
lifespan are generally more profitable, especially when the cost of raising
them from birth to lactation is high. The inheritance of productive age is
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relatively low (h2 =0.08), and the accuracy of selection is usually low for
young animals with few offspring with direct slaughtering data [212]. In
spite of these challenges, the trait has high economic value, currently com-
prising 22% in the combined economic index. In the Lithuanian dairy cattle
population that was analysed, high-yielding genome scores varying from 8
to 10 points were found in 23% of the cattle tested. Productive age has a
strong correlation with fertility and other signs of good physical condition.

Somatic cell count (SCC) is the driving force behind most producers
and is a potential indicator for mastitis. It is a measure of udder health, con-
verted from the number of somatic cells associated with mammary gland
infections, and mastitis. SCC is an important indicator as, although it is
closely associated with clinical and subclinical mastitis, it is much easier to
evaluate than dairy cattle mastitis [213, 214]. Sensitivity to mastitis in the
dairy industry is of major economic significance due to losses caused by the
reduction of milk production, malnutrition, early discarding, increased
veterinary care and treatment costs, and the cost of replacement animals
[215]. Since “Igenity” profiles can be determined at any age in cattle, SCC
analysis can be used to identify calves and heifers that potentially have a
high SCC and, at the same time, sensitivity to mastitis, prior to entering the
herd. An animal with a score of 10 may be more sensitive to mastitis than an
animal with the genomic score of 1.

We found the low somatic cell counts preferred for a genomic score
ranging from 1 to 3 in 16.0% of the Lithuanian dairy cattle population.

The efficiency of genomic selection depends on the genomic value of
the heifers we choose for replacement. In evaluating a herd of heifers, if
their genomic value is too low, the farmer may decide to purchase heifers
with a certain genomic value for individual attributes, depending on the
selected breeding direction [216]. Having estimated the distribution of cows
and heifers among Lithuanian dairy cattle according to genomic scores, we
found that 7.1% more heifers than cows (P<0.05) had high genomic scores
(8-10) for milk quantity, indicating a high potential for milk yield (P<0.05).
14.0% more heifers than cows had average genomic scores (5—-6) for the
somatic cell count, indicating resistance to mastitis. 11.6% and 4.5% more
heifers than cows had average genome scores for signs of milk protein and
milk fatty acids (5-6) (P<0.05), respectively. The heifers’ higher genomic
scores compared to cows indicate that there is genetic potential for genomic
selection in the Lithuanian dairy cattle population.

The use of genomic selection as a new tool in cattle breeding can lead
to significant economic benefits [217]. The introduction of genomic selec-
tion in the United States in 2008 reduced the interval between generations
by six years. This achievement has contributed to the development of all
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other changes. Analysis shows that genetic improvement in cattle increased
the amount of milk, fat and protein when genomic selection was launched.
Comparing the data for 2008 and 2014, the increase in milk, fat and protein
content was 71%, 111%, and 81%, respectively [205]. In experiments which
model genomic breeding schemes, values ranging from about 20% [42] up
to 100% [67] reveal that the increase in genetic benefit depends on the
intensity of selection and the range of implied generation in the study. By
comparing two genomic selection models in the Lithuanian dairy cattle
population, we determined that when genomic selection is carried out with
the aim of increasing the milk quantity only, the predicted milk content
increased by 21% and the productive age by 2%, but other significant dairy
cattle traits deteriorated. When genomic selection is carried out to favour
improvement in all dairy traits, giving them equal importance, the amount of
milk produced increased only by 4%, but other important cattle trait
indicators also improved: milk fat content increased by 12%, productive age
by 14%, and somatic cell count decreased by 15%.

The genomic profiles of dairy cattle may be included in the internatio-
nal database of dairy cattle genomic profiles, whereby the farmer can deter-
mine the location of his herd’s genetic potential in comparison with other
herds of a separate breed, ranking a herd or an individual animal in the inter-
national database of almost 500,000 individuals, based on their genomic
profiles.

The completeness of the “Igenity” profile makes it possible to track the
traits that are most important to profitability. Using a convenient scoring
system, together with genomic estimates, it is possible to compare and
monitor the genetic progress of the herd. Early examination of animals is a
powerful genetic basis for many breeding, selection and management plans.
Evaluation of cattle based on genomic profiles makes it possible to select
bovines with the best variants of the genomic profile for all dairy cattle
traits, i.e. animals with the highest genomic value [218].

In cattle selection, quantitative attributes, whose genetic potential is
increased by means of the genomic selection method, as well as qualitative
attributes, the phenotypic changes which depend on the polymorphism of a
single gene, are important. One of the important qualitative features of dairy
cattle is milk protein levels — kappa casein, beta casein, beta lactoglobulin,
with different variants having different effects on the technological proper-
ties of milk and the suitability or production of cheese and cottage cheese.
One of the modern ways to improve milk quality is the genetic or biotech-
nological method known as MAS (marker-assisted selection) [79, 219].
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In order to have livestock with truly high breeding value, the genetic
markers of the milk proteins responsible for milk quality are also examined
in determining the genomic profile of dairy cattle [220].

Milk protein polymorphism studies have evolved in various directions
in order to study the chemical evolution of milk proteins, find possible
similarities with other proteins, confirm the relationships between different
breeds or varieties, capture changes occurring over time or space in a certain
animal population, and understand the biological role of genetic variants.
The use of new, modern biomolecular methods has opened up new oppor-
tunities in the study of milk protein polymorphism.

The relationships between milk protein polymorphism, production
characteristics, milk composition and milk processing properties with the
quantitative effects of the different protein loci have been studied and
described in several papers [83, 90, 111, 221]. Kappa casein and beta-casein
A allele are associated with higher milk yields [78] and most milk is
produced by bovine animals having AA genotype and AB genotype. Several
studies have shown the importance of kappa casein, beta casein B allele and
BB genotype for the technological properties of milk [86, 88, 93, 95, 96].
For dairy cattle, the kappa casein and beta-casein B option is associated with
higher protein content, better cottage cheese quality and increased cheese
yield. The correlation of the genome values of Lithuanian dairy cattle
production with milk protein genotypes showed that the B allele of kappa
casein, beta casein (P<0.001) and beta lactoglobulin (P<0.001) increases
milk protein content. The highest genomic scores in the Lithuanian dairy
cattle population for milk protein content and protein level were found in
AB genotype cows, with a 6.64 genomic score and 8.73 genomic score for
beta-casein, respectively. B allele relates to the milk’s temperature resistan-
ce and shorter coagulation times. Due to the shorter formation time of small
micelles, sufficiently firm curd is produced [78, 222]. Meanwhile, the milk
of AA genotype cows has a lower concentration of kappa casein and beta
casein, and large micelles are formed, thereby reducing the yield of cottage
cheese [223]. Althouh beta lactoglobulin itself is not involved in the
enzymatic coagulation process of non-heated milk, it has been shown that
the genetic variants of beta-lactoglobulin may affect the coagulation proper-
ties of raw milk [147]. In addition, it was found that beta lactoglobulin B
allele is associated with a higher yield of cheeses than beta-lactoglobulin A
allele. Several studies have shown that beta lactoglobulin A and B alleles
have a significant impact on protein content, protein composition and casein
content in milk [85, 148]. Several studies have confirmed that beta lactoglo-
bulin polymorphism affects not only the properties of milk processing, but
also production characteristics such as milk quantity, protein content in milk
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as a percentage, and the amount of milk protein in kilograms [153]. Studies
of the Lithuanian dairy cattle population showed that the beta lactoglobulin
genotype had an 8.4% effect on the genetic variation of milk content
(P<0.01), 1.2% of genetic changes in the milk protein content and 20.6% of
genetic variation in milk protein (P<0.001).

The identification of kappa, beta casein and beta lactoglobulin genoty-
pes thus may be an economically important selection criterion for the
formation of dairy herds for industrial milk production [224].

Casein A and B alleles are most prevalent in cattle, although a total of
11 alleles have been identified [86, 88, 110, 112, 113, 118]. In most dairy
cattle breeds, kappa casein A allele is found at a high frequency, as in our
research. In the Lithuanian dairy cattle population, we found kappa casein A
allele 0.724 times more often; it was found at a similar frequency in Chinese
Holsteins, Simmental [102, 117], Holsteins bred in India, Russian black-
and-white and red cows, Colombian Holsteins [223], and Turkish Grey
cattle [86]. B allele is given plenty of attention because it has the potential to
improve the technological properties of milk. Intensive selection is carried
out when choosing cows with the BB genotype and forming specific bovine
herds suitable for the cheese industry [90, 147]. Kappa casein B allele was
found with high frequency in cattle in Italy, France, Germany and the
United Kingdom (0.400-0.840) in the local Romanian, Jersey and
Simmental breeds [110, 116, 118], at a lower frequency in the cattle of
Turkey (0.2979-0.3452), Croatia (0.130-0.460), Poland (0.33) and Belgium
(0.190-0.280) [113], as well as in the results of our research in the
Lithuanian dairy cattle population (0.224), with a low frequency in Turkish
Greys and Ayrshires [86, 113]. In the past, the polymorphism of the kappa
casein gene in Lithuania has been investigated in four cattle breeds. In the
preferred cheese industry, the highest frequency of kappa casein protein B
allele was found in the Lithuanian Red cattle breed [158].

The milk protein beta casein B allele, preferred in the dairy industry,
and the BB genotype are most commonly found in cattle with low
frequency. Among Estonian dairy cows, the Holstein B allele was found at a
frequency of 0.024 [138], in German Holsteins at 0.026 [139], and in Czech
dairy cattle at 0.008 [83]. Like other researchers, we found the allele B at a
low frequency (0.032) in the Lithuanian dairy cattle population. The low
frequency of beta casein B allele was determined for the American
Guernsey (0.010-0.020) [225], Herefords (0.010-0.060) [226], and Turkish
Greys at (0.029) [86]. Among Jersey cows in Germany, the beta casein B
allele was found to be slightly higher, at a frequency of 0.186 [139], quite
similar to Denmark’s 0.219 [114]. The beta casein A allele and AA geno-
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type leading to a higher milk yield was found by other researchers and our
research results to prevail among Lithuania’s dairy cattle population.

Like kappa and beta caseins, beta lactoglobulin is one of the milk
proteins important for the dairy industry due to its effect on tannic
characteristics. There are 15 different alleles of beta lactoglobulin, but the A
and B alleles are the most common [161, 227]. The BB genotype was found
in 29% of Swiss red cattle, 49% of Ayrshires, 45% of Jersey cattle, and 74%
of Egyptian Baladi cattle [155]. In local Iranian local bovines, beta lactoglo-
bulin B allele was found at a frequency of 0.77 [154], and among the
Fleckvieh cattle of the Czech Republic at 0.499 [83]. A high beta lactoglo-
bulin B allele frequency was determined for the Holstein breed in Turkey
(0.49-0.66) [86, 153, 157], Iran (0.47) [154], Serbia (0.48) [150, 153],
Estonia (0,68) [138], Egypt (0.87) [155] and China [110, 152]. Argentine
Holsteins [112], like in our studies of Lithuanian dairy cattle, have a similar
B allele frequency (0.57), and the BB genotype was found in 27.3% of
cattle. Slightly lower frequency was found in Polish (0.34) and Thai (0.29)
Holsteins.

Milk has anti-carcinogenic, immunomodulatory, antimicrobial, anti-
cariogenic, anti-hypertensive and hydro-cholesterolemic effects [228]. Ho-
wever, in addition to the positive qualities of milk, the composition of milk
proteins can have a negative effect on human health. Two main aspects are
the hypoallergenic properties of bovine milk and the release of peptides
during biological functions due to enzymatic proteolysis of milk proteins in
the digestive tract during digestion [88, 140]. In the digestive tract, under
the effect of enzymes, beta casein Al and B variants form beta-casomorphin
(BCM), which belongs to the group of opioid peptides and can increase the
risk of diseases such as ischemic heart disease, diabetes, atherosclerosis,
sudden infant death syndrome, autism, schizophrenia in humans [131-136].
It is therefore important to identify beta casein A1 and A2 alleles in order to
be able to only select cows with the A2A2 genotype and to produce
functional milk from such bovine animals. Such specialty milk and its
products are produced in New Zealand and Australia. In the Lithuanian
dairy cattle population, we found A1l allele at a frequency of 0.261, and A2
allele at 0.739. Beta casein Al and A2 in archaic gene pool breeds of
Lithuanian grey and Lithuanian white and back cattle were found. In the
grey breed of Lithuania, Al allele was found in 52% of cows and A2 allele
in 48% of cows. In the Lithuanian grey cattle breed, A1 was found in 38%
of cows and A2 allele in 62% of cows. The high frequency of beta
lactoglobulin A2 allele in the Lithuanian dairy population was found to be
very favourable for a positive selection of this allele and the formation of
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cattle herds that would produce A2A2 milk, with its rather large niche in the
world market.

Genomic selection is carried out not only by improving the genetic
potential of cattle productivity, reproduction and milk quality, but also by
assessing the signs of bovine health. In the dairy cattle population, due to
the international breeding of males with high genetic value despite also
being the carriers of recessive, genetic disease alleles, genetic diversity has
been significantly reduced. As a result, many genes have become homozy-
gous, producing abundant genetic diseases among the dairy cattle popula-
tion that cause significant economic losses, as many of them are lethal.
After a retrospective assessment of the prevalence of the lethal genetic
diseases of BLAD, DUMPS and CVM in the dairy cattle population, the
following was established:

CVM and BLAD are some of the most common hereditary genetic
defects of the Holstein breed in the past decades. Researchers have found
that in 2000 the BLAD allele frequency was 24%, and the rate of CVM
alleles in the German Holstein population from 2001 by 2007 ranged from
9% up to 16% [169].

The BL allele determining BLAD disease (A — G, 383) manifested as
the changes of the neutrophil function that cause common outbreaks of
infections among calves, was found at a frequency of 0.05 in the Lithuanian
dairy cattle population; carriers of the allele leading to heterozygous cattle
BL/TL disease was 0.5%, and no heterozygous animals with BL/BL, having
BLAD were found. In Lithuania in 2000, 6.7% of key areas of altered gene
leading to BLAD disease were found among selected cows. Of the 146 bulls
tested, 4 carriers were found. In 2002, 3% of selected cows were carriers,
and in 2004, 2% of selected cows and 1 young bull. All breeding bulls and
selected cows that are newly introduced among breeding animals are
compulsorily tested for BLAD disorder [30]. A similar BL allele frequency
was found in 0.82% of Czech cattle 0.82% [187], of Turkish Holsteins [229]
and 0.69% of Chinese Holsteins [230]. However, a much larger BL allele
frequency was founded Indian Holstein Friesian cattle 2.99% [231], Iranian
Holsteins 3.3% [232], American Holsteins 8.2% [233], Polish Holsteins
Friesian 7.9% [203], Turkish Holstein cows 4.0% [234].

The DP allele causing DUMPS genetic disorder in cattle (C—T, 405),
manifested as early mortality of cattle embryos due to the shortage of uri-
dine monophosphate synthase, was not found in the Lithuanian population.
No key areas of DUMPS genetic disorder was found in Turkey [184, 229,
234]. Similar results were obtained in the research done by other interna-
tional scientists in Poland [182], the Czech Republic [187], Germany [235],
India [231], Iran [236] and Romania [237]. However, the mutant DUMPS
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disease allele with 1-2% frequency was found in the Holstein breed of cattle
in the USA, 0.96% in Argentine Holstein bulls [234], and 0.06% in Chinese
Holsteins [186].

The CV allele causing CVM cattle disease (G — T, 559), manifested in
malformations of the embryo’s spine, was found in the population of
Lithuanian dairy animals at the frequency of 0.005, while the number of
heterozygous bovines carrying the allele that causes the CV/TV disease was
found to be 1%, and no homozygous bovine CV/CV affected by CVM was
found. In Turkey, the frequency of Holstein bovine CVM mutated allele
carriers was 3.4%, in the Chinese dairy population it was 3.86% [188]. A
high frequency of CV allele was found in Denmark, coming in at 31.0%
[189], in Poland at 24.8% [238], in Japan at 32.5% [239], in Sweden at
23.0% [240], in Germany, at 13.2% [241], and in China 15% [191]. Since
2000, breeding programs in most counties have been implemented to reduce
the prevalence of CVM carriers. Thus, in some Holstein populations, the
incidence of CVM disorder carriers is still high. The study of Iranian
Holstein cattle did not identify heterozygous bovine animals [242]. This can
be associated with the use of a small number of bulls carrying the CV allele
for breeding, during the formation of the breed and further selection.

In the Lithuanian dairy cattle population, the number of key areas of
hereditary, lethal bovine diseases caused by recessive genes in the popula-
tion was reduced because of an intense selection programme, eliminating
the BLAD gene carriers and not using BLAD, DUMPS and CVM
heterozygous bulls for breeding. The number of BL allele carriers dropped
from 6% in 2000 to 0.5% in 2017.

The application of genomic selection on a global scale essentially
changes bovine breeding programmes. This new selection tool is particu-
larly useful in dairy cattle breeding programmes since there is no need for
having all phenotypic indicators for close relatives of potential breeders.
Genomic selection in dairy cattle breeding programs allows breeders to
identify genetically-optimal bovines at an early age. Bovines that have been
DNA-tested can be given a precise, genomically evaluated breeding value
before they reach puberty. This reduces generation intervals and enhances
genetic progress for all targeted traits, as it allows for a significant reduction
in intervals between generations and an inexpensive increase in the intensity
of selection [12, 63, 65, 243].
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CONCLUSIONS

Estimated by genomic dairy profiles, average genomic points of
production traits in Lithuanian dairy cattle population were for milk
yield — 6.01, milk protein content — 6.18, milk protein % — 7.26, fat
content — 6.19, milk fat % — 5.80, somatic cell count— 5.38, dairy
form — 5.18 and productive life — 6.26 traits. Ascertained higher
genomic scores for heifers than cows (P<0.05) shows genetic potential
for genomic selection in Lithuanian dairy cattle population.

Comparing Lithuanian dairy cattle genomic profiles with genomic data
of international dairy cattle population, was determined that Lithuanian
dairy cattle have higher genomic potential for milk fat and protein
amount, milk yield and dairy form. In Lithuanian dairy cattle population
genomic values for somatic cell score is higher than the average of
international dairy population genomic score showing that cows have
genetic predisposition to be more susceptible to mastitis.

Evaluated genomic potential of dairy cattle applying different genomic
selection models showed, that carrying out selection only for increased
milk amount average herd genomic score after replacement of cows by
genomic evaluated heifers increased from 5.50 up to 6.41, but except
increase in milk yield genetic potential for other important dairy traits
become worse. Carrying out genomic selection with equal selection
pressure to all dairy cattle important traits average herd genomic score
increased from 6.08 up to 6.45 with higher genomic potential for all
traits.

Evaluated economic effect of applying different genomic selection
models showed, that carrying out selection only for increased milk
amount the economic profit could be up to 27%, but losses could be of
decreased milk protein and fat % as well as higher somatic cell score.
Carrying out genomic selection with equal selection pressure to all
dairy cattle important traits despite negligible decrease of milk yield,
increase of genomic potential of productive age could give 14% more
income as well as higher genomic potential for all other traits.

In Lithuanian dairy cattle population milk protein kappa casein BB
genotype improving milk technological properties had 22.4% of tested
cows, beta lactoglobulin BB genotype had 54.4% cows, cows with beta
casein BB genotype not identified. We identified two beta casein A
allele variants — A1 with frequency 0.261, A2 allele with frequency
0.739. A2A2 genotype suitable for functional milk production had 52%
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of cows showing good selection opportunities and specific cattle herd
formation.

6. Investigated connections between milk protein kappa casein, beta
casein and beta lactoglobulin polymorphism and production traits
genomic scores showed that kappa casein, beta casein and beta
lactoglobulin A allele increases milk yield genomic potencial (P<0.05),
while B allele milk protein content (P<0.001).

7. Investigated relationship between milk casein amount and kappa casein,
beta casein and beta lactoglobulin genotypes showed that BB kappa
casein genotype cows will have 1.3 chances ratio for higher casein
amount in milk than AA or AB genotypes. Investigated relationship
between milk somatic cell count and kappa casein, beta casein and bet
lactoglobulin genotypes showed that BB kappa casein genotype cows
will have 1.27 chances ratio for lower somatic cell count milk and
better udder health than AA or AB genotypes.

8. Investigation of cows for letal genetic disorders BLAD, DUMPS and
CVM prevalence in Lithuanian dairy cattle population showed 0.5%
BLAD gene carriers and 1.0% CVM gene carriers. No cattle DUMPS
gene carriers been found. In Lithuanian dairy cattle population number
of cattle, carriers of heritable letal diseases caused by recessive genes
decreased, because of intensive selection program, eliminating cows
mutated gene carriers and not using heterozygote for BLAD, DUMPS
and CVM bulls.

RECOMMENDATIONS

The genomic selection method is recommended for application not only
to separate cattle herds but in the overall dairy breeds selection programs, as
the genomic information of each animal is ranked in the international
database, enabling international breeding value evaluation and participation
in cross-country international dairy cattle breeding programs.

The results can be used to make more accurate breeding decisions,
assist in heifer selection, whether buying, selling or keeping replacements,
improve voluntary culling decisions, select superior dams or donor animals,
adjust management practices, take inventory of herd and establish a baseline
for improvement, calculate the economic effect of genetic progress of the
herd, by using genomic selection.
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