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ZINATNISKA DARBA APROBACIJA/
APPROVAL OF THE WORK

Par rezultatiem zinots 13 starptautiskas zinatniskas konferences, kongresos un

zinatniskajos seminaros Latvija un Slovakija.

1.

10.

11.

12.

13.

Annual XVI International Scientific Conference ,,Research for Rural Development
2010” ar publikacijas prezentaciju ,,Analysis of Kappa - Casein (CSN3) Alleles in
Latvian Brown and Latvian Blue Breed Cows Populations™, 19. - 21.05.2010. LLU,
Jelgava, Latvija.

Baltijas dzivnieku audzésanas XV konferencé ar publikacijas prezentaciju ,,Incidence
of B - Casein Alleles A/ and A2 in Latvian Dairy Cattle Populations”, 31.05. -
01.06.2010. Riga, Latvija.

Starptautiskaja zinatniskaja konference ,,Dzivnieki. Veseliba. Partikas higiéna.” ar
publikacijas prezentaciju ,,Study of the Milk Protein Genetic Characterization in
Latvian Dairy Cattle Breeds’ Populations”, 29.10.2010. LLU VMF, Jelgava, Latvija.
Daugavpils Universitates 53. starptautiskaja zinatniskaja konferencg ar publikacijas
prezentaciju ,,Polimorphism of oy - Casein (CSNISI) in the Latvian Brown (LB)
Dairy Cattle Breeds”, 13.15.04.2011. DU, Daugavpils, Latvija.

Annual XVII International Scientific Conference ”Research for Rural Development
2011’ ar publikacijas prezentaciju ,,Polymorphism of ay - Casein (CSN1SI) in the
Latvian Dairy Cattle Breeds’ Populations”, 18. - 20.05.2011. LLU, Jelgava, Latvija.
12. Starptautiskaja zinatniskaja konference ,,New Researchers 2011’ ar publikacijas
prezentaciju ,,Prospects of the B - Casein (CSN2) Alleles Al and A2 in the Dairy
Cattle Population of Latvia”, 21. - 22.09.2011. Nitras Universitate, Nitra, Slovakija.
Daugavpils Universitates 54. starptautiskaja zinatniskaja konferencg ar publikacijas
prezentaciju “Polymorphism of the B - Lactoglobulin (LGB) Alleles A and B in the
Dairy Cattle Population of Latvia”, 18. - 20.04.2012. DU, Daugavpils, Latvija.
Zinatniskaja seminara ,,Razas svétki Vecauce — 2012 ar publikacijas prezentaciju
,p - laktoglobulina (LGB) alelu A un B polimorfisms Latvijas govju ganampulka”.
MPS Vecauce, 01.11.2012. Vecauce, Latvija.

LLU Veterinarmedicinas fakultates konference ,,Veterinarmedicinas zinatnes un
prakses aktualitates” ar publikacijas prezentaciju ,,Alfa - laktalbumina (o - LA) géna
variaciju identificé$ana un ta analize Latvijas govju populacija”, 22. —23.11.2012.,
LLU VMF, Jelgava, Latvija.

Daugavpils Universitates 55. starptautiskaja zinatniskaja konferencg ar publikacijas
prezentaciju ,,Effects of Beta - Lactoglobulin (LGB) Genetic Variants on Milk
Productivity”, 10. — 12.04.2013. DU, Daugavpils, Latvija.

Daugavpils Universitates 56. starptautiskaja zinatniskaja konference ar publikacijas
prezentaciju ,,Effects of Alfa- Lactalbumin (LAA) Genetic Variants on Milk
Productivity”, 09.04. — 11.04.2014. DU, Daugavpils, Latvija.

Daugavpils Universitates 8. starptautiskaja biologiskas daudzveidibas pétijumu
konferencé ar publikacijas prezentaciju ,,A review of Latvian Blue (LZ) Cows from
the List of Animal Genetic Resources in Latvia”, 28.04. — 30.04.2015. Daugavpils,
Latvija.

Lictuvas Veselibas Zinatpu universitates (LUHS) Dzivnicku zinatnes institita (IAS)
rikotaja Starptautiska konference ,,Biodiversity of farm animal genetic resources and
its significance on ecosystem balance” ar mutisku prezentaciju ,,Genetic Diversity Of
The Renewed Latvian Blue (LZ) Cows' Breed Based On The Milk Protein
Polymorphisms”, 19.05. — 20.05.2016., IAS LUHS, Baisogala, Lietuva.
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IEVADS

Piens ir parastakais proteina un mikroelementu avots cilvékiem. Kop$
vesturiskiem laikiem piens ir kalpojis arT par cilveku partikas produktu. Sugas
pec to ieklauSanas secibas piena ieguves procesa var sarindot $ada seciba:
cilveks, kaza, bifelis, aita, jaks un 1pasi piemerota izkopSanai un specializ€Sanai
piena ieguvei izradijusies govju suga (Bos taurus).

Piena proteins ir dictiski vertigakais piena komponents, no kura daudzuma
un kvalitates ir atkariga arT piena un ta parstrades produktu (biezpiena, sieru
u. c.) kvalitate un produkcija.

Vairak neka 95 % no atgremotaju piena proteiniem kode 6 struktiirgéni:
divi galvenie piena siikalu proteini (a - laktalbumins un f - laktoglobulins) un 4
kazeni (ag; - un ag; - kazeini, B - kazeins un « - kazeins).

Uz géniem balstitas govju selekcijas pieredzes Latvija lidz Sim vél nav, jo
molekulari genétiskie pétijumi dzivnieku audzé$ana aizsakas tikai pedgjos
gados, Iidz ar Latvijas Lauksaimniecibas universitates (LLU) Lauksaimniecibas
fakultates (LF) Molekularas genétikas pétijumu laboratorijas izveido$anos
2006. gada decembri.

Geénu balstitas selekcijas iesp&jama efektivitate Latvijas piena lopkopiba ir
§is selekcijas lietojums, noskaidrojot piena proteinu vélamos genotipus, ta
palidz&s analiz&t un ieviest jaunus selekcijas standartus piena lopkopiba, lai
uzlabotu govju produktivitati: vidgjo izslaukumu, proteinu daudzumu un to
kvalitati, pieméram, isaks rec€Sanas ilgums, biezpiena masas veidoSanas laiks
un noturigums, ka art tauku saturs.

Salidzinot ar tradicionalo selekciju, génu tieSa vai markieru bazeta selekcija
var biit ieveérojami efektivaka. Spriezot pec dazadu valstu zinatniskaja literatiira
publicétajiem datiem, ta var biit loti nozimiga dzivnieku produktivitates cel$ana,
piena produkcijas kvalitates un drosuma uzlaboSana, samazinot ar piena un/vai
piena produktu saistitu slimibu risku, veicinot biologisko un partikas dro§umu.

Cilveks ir viens no lielakajiem piena un ta parstrades produktu patérétajiem.
Ar1 siera razoSanai tiek izvel&ts piens pec piena kvalitates raditajiem, bet razotaji
vél nav apzinaju$ies, ka butu jaizvérté piena proteinu molekulari genétiskie
varianti katram ganampulka dzivniekam, lai uzlabotu siera kvalitati, ka ar7 lai
nodro§inatu veselibai nekaitigu piena produkciju. Gandriz visi piena proteini ir
akttvu peptidu — opioidu avots. Piem&ram, tiek veikti pasakumi P - kazeina Al
aleles izslégSana no piena govju populacijam, lai nepielautu B - kazomorfina 7
iesp&jamas negativas izpausmes. Polija ir viena no pirmajam ES valstim, kas
plasi izversusi vaislas bullu parbaudi péc P - kazeina alélu sastava. Tapéc
nepieciesams pétit vairak piena proteinu genotipu un to ietekmi arT Latvija.

Jaunadko genoma un proteoma pétjumu metozu izmantoSanai
lauksaimniecibas ~ dzivnieku  $kirpu  pilnveido$ana  genétisko  resursu
daudzveidibas saglabaSanai ir jakltst par vienu no lauksaimniecibas zinatnes
prioritateém Latvija.

Molekulari genétisko metozu optimizacija un aktualizacija nepiecieSama
LLU LF laboratorijas vajadzibam, lai ieviestu metodes, kuras vargtu lietot



ilgstosa laika perioda Latvijas govju populacijas izpete, ganampulku izkopsana
un iegiito datu apkoposana.

PETIJUMA MERKIS UN UZDEVUMI

Izvirzitais mérkis ir sekmét govju selekciju Latvija, izstradajot un parbaudot
molekulari genétisko analizu nodro§inajumu kvalitates un kvantitates analizei
Latvija audzeto slaucamo govju populacija, balstoties uz piena proteina génu
polimorfismu pétniecibu.

Lai realizétu mérki, tika izvirzita darba hipotéze: Latvija audz&to slaucamo
govju piena proteinu molekulari genétiskas variacijas ir saistitas ar piena razibas
un kvalitates raditajiem.

Lai parbauditu izvirzito hipotézi un realizétu darba merki, izvirziti
uzdevumi.

1. Atlasit molekularos markierus, kuri biitu pieméroti piena proteina génu
(alfag; - kazeina, alfag, - kazeina, beta - kazeina, kappa - kazeina,
alfa laktalbumina un beta - laktoglobulina) polimorfismu raksturoSanai Latvija
audz&to slaucamo govju populacija.

2. Veikt atlasito govju piena proteina génu polimorfismu pirméjo
raksturoSanu Latvija audz&to slaucamo govju populacija.

3. Izpétit Latvija audz&to slaucamo govju piena produktivitates raditaju
saistibu ar izv€l&tajiem piena proteina génu molekularajiem markieriem.

4, Peétit Latvija audz€to un vaislai izmantoto bullu ciltsvértibas raditaju
saistibu ar izveletajiem piena proteina gé€nu molekularajiem markieriem.

DARBA NOVITATE

Latvija pirmo reizi:

1) veikti laboratoriski p&tfjumi par og -, B - un k - kazeinu, a - laktalbumina,
f - laktoglobulina génu polimorfismu Latvija audz&to slaucamo skirnpu govju
populacijas LLU laboratorija, aprob&jot jaunapglitas molekularas gengtikas
petljumu metodes;

2) veikta DNS amplifikacija un piena protelnus determingjoso génu alélo
variantu noteikSana no Latvija audz&to slaucamo govju biologiska materiala
kolekcijas LLU LF laboratorija, lietojot PCR - RFLP metodi;

3) noteikta ag; -, P-unx-kazemnu, o - laktalbumina, P - laktoglobulina
génu ietekme uz piena produktivitates raditajiem Latvija audz€tajam
slaucamajam govim.

DARBA TAUTSAIMNIECISKA NOZIME

1. legitie ag; -, f - un k - kazeinu, a - laktalbumina, B - laktoglobulina génu
uzbiives un polimorfismu dati papildina LR ZM Lauksaimniecibas datu centra
(LDC) datubazi.

2. Izpétiti citu valstu ieteikumi razotajiem un patérétajiem par izpéetito as; -,
B -un«x - kazetnu, o - laktalbumina, J - laktoglobulina g&nu uzbives un
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polimorfismu datu piemérotibu dazadam produktivitates pazimém, kurus var
lietot arT Latvija dazadu skirpu selekciontajam un audz€tajam slaucamajam
govim un vaislai izmantojamiem bulliem.

3. Pétito un izvertéto og -, f - un k- kazeinu, o - laktalbumina, f -
laktoglobulina génu molekularo markieru datus var izmantot LR ZM
Lauksaimniecibas datu centra ciltslietu specialisti un Skirnes dzivnieku
audzetaju biedribas slaucamo govju skirnu selekcijas uzlabosanai, pamatojoties
uz piena proteinu génu al€lo formu raditdjiem un to saisttbu ar piena
produktivitates raditajiem.

DARBA STRUKTURA UN APJOMS

Promocijas darbs uzrakstits latvieSu valoda, ta apjoms ir 143 lappuses. Darbs
sastav no devinam nodalam: anotacija, zinatniska darba aprobacija, ievads,
literatiras apskats, materiali un metodes, rezultati un diskusija, secinajumi,
ieteikumi, literatlras atsauces. Nodalas sadalitas kopsumma 17 apaks$nodalas.
Darbs satur 33 tabulas, 55 att€lus un papildus 52 pielikumus. Literatiiras
saraksta ir apkopotas 356 atsauces.

1. MATERIALI UN METODES
Pettjumi veikti laika posma no 2009. gada aprila Iidz 2014. gada junijam.
1.1. Petijuma objektu raksturojums

Latvija audz€to slaucamo govju Skirpu pétjjumu grupu veidojam no
septinam Latvija audz&to piena Skirnu (Latvijas briina (LB) un Latvijas zila
(LZ), Holsteinas melnraiba (HM), Holsteinas sarkanraiba (HS), Zviedrijas
sarkanraiba (ZS), Danijas sarkana (DS) un Vacijas sarkana (VS)) 719 liellopu
biologiskajiem materialiem, t. sk. 625 govju asins un 94 Ciltslietu un maksligas
apseklosanas stacijas vaislas bullu spermas $tinu paraugiem.

Latvija audz&to slaucamo govju skirnu piena produktivitates raditaju saistibu
ar govju piena proteinu génu (alfa, - kazelna, alfay, - kazeTna, beta - kazeina,
kappa - kazeina, alfa - laktalbumina un beta - laktoglobulina) genotipiem ne
visam genotipetajam govim vargja iegiit piena parraudzibas datus, un tapéc
analiz€to govju skaits samazinajas lidz 545 govim, par kuram Zemkopibas
ministrijas Lauksaimniecibas datu centa ieguvam piena produktivitates datus.

Latvija audzeto slaucamo govju skirnu vaislas bullu novertétas ciltsvertibas
raditaju saistibu ar piena proteinu gé€nu genotipiem analiz€jam 73 paraugos, par
kuriem LDC datubazg ieguvam ciltsveértibu novert§jums uz 2012. gada pirmo
ceturksni.

Kopuma biologisko materialu ieguvam no 81 slaucamo govju ganampulka
dazados Latvijas regionos. P&tijuma izmantoti ari Latvijas branas (LB) un
Latvijas zilas (LZ) skirnes govju paraugi no dzivniekiem, kuri ir ieklauti
Latvijas dzivnieku genétisko resursu saraksta, kas atrodas LLU LF MGPL



Depozitarija, ka ari citu Skirpu govju biologiskie paraugi no Latvijas
saimniecibam.

1.2. DNS izdaliSana

Genomisko DNS izdalijam no 625 govju asinim un 94 bullu spermas $Gnam.
Darba tika izmantots firmas Fermentas (Lietuva) genomiskas DNS izdaliSanas
komplekts (Genomic DNA Purification Kit #K512, Fermentas, Lietuva) un
firmas QIAgene (ASV) PUREGENE® DNS izdalisanas komplekts
(PUREGENE® DNA Isolation Kir). Abu komplektu metodika tika pielagota
darbam ar konkrétu daudzumu asinu vai spermas Stnu.

1.3. Govju piena proteinu polimorfisma analizes

P&tijumu veicam, izstradajot, optimiz€jot un aprobg&jot kompleksas metodes
lietosanai LLU LF MGP laboratorija seSu piena proteina génu — alfa,; — kazeina
(CSNISI), alfay, —kazeina (CSNIS2), beta — kazena (CSN2), kappa — kazeina
(CSN3) un alfa — laktalbumina (LAA), beta — laktoglobulina (LGB) — al€lo formu
molekulari genétiskai izpétei.

Izanaliz€jot MGPL pieejamo aparatiiru, tika nolemts ar restrikcijas enzima
saita polimorfisma (RFLP; restriction fragment lenght polymorphism) metodi
analizet Latvija audz€jamam govim pasaulé biezak pétitas piena proteinus
determingjoso génu aléles. Attiecigi CSNISI pétijam B un C aléli, CSN2 — Al
un A2, CSN3, LAA un LGB A un B aléli.

1.4. Datu analize

Izmantojot 719 Latvija audzéto govju DNS paraugu datus, tika veikta
Latvijas govju populacijas analize p&c pieciem piena proteina géniem. No
ieglitajiem molekularas genétikas analizes datiem katra géna polimorfismam
tika aprékinati alé]u un genotipu sastopamibas biezumi visai analiz€tajai grupai
kopuma un izdalot govju Skirnes. Izmantojot datorprogrammu DNASP 5.10.01
(Librado, Rozas, 2009; Rozas et al., 2003), izveidojam visu piecu piena proteina
génu seSu SNP (katra ge€na viens, iznemot CSN3) haplotipu kombinacijas un
noteicam to frekvences. No turpmaka darba tika izsleégti retie haplotipi, kuri
kopgja grupa bija retak neka piecos (5) paraugos.

Katram géna lokusam jeb polimorfismam tika noteikts Hardija—Veinberga
genétiskais ITdzsvars jeb sagaidamais heterozigotates indekss visai analizétajai
grupai un Kkatrai Skirnei atseviSki. Iegitais heterozigotates indekss tika
salidzindts ar iegiito heterozigotates biezumu, izmantojot hi kvadrata (x°)
kriterija metodi.

Veicot saistibu jeb asociaciju analizi (no anglu valodas “association
analyze”), tiek noteikts (1) statistiski nozimigas atskiribas esamiba starp
analiz€jamajam grupam un (2) statistiski nozimigas korelacijas esamiba starp
analiz€jamajiem lielumiem.



Visa grupa tika parbaudita statistiski nozimigas atskiribas esamiba starp
neparametriskajam pazimém (alélu un genotipu skaits, govju dzimums, Skirne
un to skaits), tika izmantota crosstab (krustu rekins) analize ar hi kvadrata (y°)
kritérija jeb Pirsona y” metodi pie ticamibu p,<0,05 (Arhipova, Balina, 2006).

Pirms saistibas analizes veik$anas gan govju, gan vaislas bullu paraugi tika
iedaltti tr1s grupas: (1) Sr jeb sarkano govju skirnu grupa, (2) Hol jeb HolSteinas
govju skirnu grupa un (3) ZI jeb zilo govju Skirnu grupa.

Pirms parametrisko pazimju saistibas analizes ar genotipu un/vai Skirni tika
veikta Skirgu grupu un piena proteina génu genotipu savstarp&ja saistibu analize,
izmantojot Pirsona y° metodi, lai noteiktu atskiribu starp grupam, un, otrkart,
Kramera V metode, lai noteiktu korelaciju starp konkrétiem raditajiem.
Korelacijas limenis tika noteikts péc V koeficienta vértibas: 1idz 0,20 korelacija
ir loti vaja, no 0,20 lidz 0,40 korelacija ir vaja, no 0,40 lidz 0,60 korelacija ir
vidgji ciesa, no 0,60 lidz 0,80 korelacija ir ciesa, virs 0,80 korelacija ir oti ciesa.

Statistiski ticamu saistibu jeb asociaciju katram piena proteina variantam
noteicam, analiz€jot: (1) atskiribu starp neparametrisko pazimju (genotipu
un/vai Skirnes grupu vai haplotipu) grupu parametrisko raditaju vid€jiem
lielumiem, izmantojot viena vai divu faktoru dispersiju jeb vienu vai divu
virzienu (one or two way) ANOVA testu pie ticamibas (pg), kas mazaka par
0,05 (Arhipova, Balina, 2006); (2) korelaciju starp grupu raditajiem, izmantojot
eta () koeficientu. Korelacijas Itmenis tika noteikts pec 1 koeficienta vertibas:
lidz 0,20 korelacija ir loti vaja, no 0,20 Iidz 0,40 korelacija ir vaja, no 0,40 lidz
0,60 korelacija ir vid&ji cies$a, no 0,70 Iidz 0,90 korelacija ir cieSa, virs 0,90
korelacija ir loti ciesa.

Lai noteiktu atSkiribu starp katru divu genotipu grupam vai $kirnu grupam,
tiek izmantots PostHoc tests. Statistiski ticamu atSkiribu gadijumi grafiskajos
att€los tiek noraditi ar bultinam un ticamibas limeni.

Lai veiktu Latvija audz&éto govju piena produktivitates raditaju saistibu
analizi ar piecu piena proteina gé€nu genotipiem, tika iegiiti slaucamo govju
305 dienu (standartlaktacijas) pirmo tris laktaciju produktivitates raditaji.
Laktacijas datos tika ieklauti tadi parametriskie raditaji ka izslaukums
kilogramos, tauku un olbaltumvielu daudzums kilogramos un tauku un
olbaltumvielu saturs procentuali. Par svarigaku raditaju tika uzskatits
izslaukuma daudzums, no kura ir atkarigs olbaltumvielu un tauku daudzums
kilogramos. P&c tam pé&c svariguma ir olbaltumvielu un tauku saturs procentos,
no kura var€tu bt atkarigs olbaltumvielu un tauku daudzums kilogramos
attiecigi.

Lai veiktu Latvija audz€to un izmantojamo vaislas bullu ciltsvertibas
raditaju saistibas analizi ar piecu piena proteinu génu genotipiem, tika izmantoti
parametriskie raditaji, ka noverteta ciltsvertiba izslaukumam, kg, olbaltumvielu
un tauku daudzums, kg, un tauku un olbaltumvielu saturs procentuali, ka ari
razibas indekss (RI). Novértétas ciltsvertibas raditaji katra bulla gadijuma var
bt gan ar pozitivu, gan ar negativu vertibu, jo tiek aprékinata péc formulas,
kura tiek nemts veéra konkrétas Skirnes raditaja v€lamais vid€jais lielums
konkréta datuma. RI tiek aprekinats péc formulas Lauksaimniecibas datu centa
datubaze.
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Abu saistibu analizé€s par svarigaku raditaju tika uzskatits izslaukuma
daudzums kilogramos vai ta novérteta ciltsvertiba, no ka ir atkarigs
olbaltumvielu un tauku daudzums kilogramos vai to novertétas ciltsvertibas. P&c
tam p&c svariguma ir olbaltumvielu un tauku saturs procentos vai to novertetas
ciltsveértibas, no kuriem varétu bt atkarigs olbaltumvielu un tauku daudzums
kilogramos attiecigi.

Visas statistiskas analizes tika veiktas, izmantojot statistikas programmas:
IBM SPSS Statistics versiju 21.0 (IBM Corp. Released 2012) un PAST
(PAlaentological Statistics, ver. 1.63; Hammer et al., 2001).

2. REZULTATI UN DISKUSIJA

2.1. Piena proteinu genu polimorfismu analizes metodes

Polimorfismu analize. Apskatot literatiiru par izve€letajiem pieciem piena
protetniem, konstatéjam, ka petijuma gala rezultata tiek analiz€tas proteina
variacijas, bet metodika tiek izmantota viena nukleotida nomaina.

Apkopojot vairakus literatiiras avotus (Medrano, Aguilar — Cordova, 1990;
Medrano, Sharrow, 1991; Koczan et al., 1993; Mao et al., 1994; Voelker et al.,
1998; Strzalkowska et al., 2002; McLachlan, 2006; Sulimova et al., 2007
Martins, 2008), tika atlasiti sesi viena nukleotida polimorfisma jeb SNP piecos
piena proteina génos (1. tabula).

Attiecigi kazeTna proteinu génos CSNISI c.-175A>G, kura rezultata notiek
B un C varianti, CSN2 — ¢c.4451A>C (Prog;syHis; Al un A2 varianti), CSN3
gadijuma tika atlastti divi SNP — ¢.11625C>T un c.11661A>C —, kuri nodroSina
Thrse571le un AspiugegyAla jeb A varianta nomaigu uz B variantu. Stkalu
protetniem, attiecigi, LAA tika izvélets SNP lokalizgts netransl&jama rajona jeb
¢.15A>G, kura gadijuma tiek uzskatits, ka mainas proteina A variants uz B, bet
LGB ¢.3106T>C, kas izraisa Val;;g34)Ala jeb A varianta nomainu uz B variantu
(1. tabula).

Visu polimorfismu gadijuma tika izve€leéta restrikcijas enzima saita
polimorfisma metodika, kuras pamata ir konkreta restrikcijas enzima jeb
fermenta endonukleazes sp€ja Skelt DNS sekvenci konkréta vieta, atpazistot
nukleotidu secibu. Ja sekvencé ir notikusi nukleotida nomaina, tad SkelSana
nenotiek (Botstein et al., 1980; Dowling et al., 1996).

Izmantojot izstradatas metodes, tika izanalizéta Latvija audz&to slaucamo
Skirnu govju DNS paraugu kolekcija, precizak, CSNISI/ polimorfisms tika
izanaliz€ts 675 paraugiem no 719, kas veido pozitivu rezultatu 93,88 %, CSN2 —
716 paraugiem ar pozitivu rezultatu, kas ir 99,58 %, CSN3 — 487 paraugiem ar
pozitivu rezultatu, kas ir 67,73 %. Sukalu protetniem: LAA polimorfisma
gadijuma 603 paraugiem ieguvam pozitivu rezultatu, kas ir 83,87 %, bet LGB
gadijuma — 649 pozitivus rezultatus, kas ir 90,26 %.
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1. tabula
Latvija audzéto govju populacijas piena proteinu génu polimorfismu pétijjumos izmantoto PCR/RFLP apraksts

PCR RFLP

3

Amplifikacijas nosacijumi Fragmenti,
Gens Polimorfisms® , Produkts, Enzims bp, un
Denatu- e .. Elon- Praimeru sekvence _
A Hibridizacija* ~ _ .. bp Sekvence  proteina
rizacija gacija varidcija
94°C /30 s F 5> — TGC ATG TTC TCA TAA
csnisg  C1T9AG 94°C/ 41 s90c /305 12°C/ TAACC-3’ 310 Maelll 310-C
B>C 3 min o 10min R 5" — GAA GAA GCA GCA AGC IGTNAC  214/96 - B
72°C/30s :
TGG -3
o F 5 — CCT TCT TTC CAG GAT
CSN2 ;145“;(; 9%4°C/ L zg 0843182 72°C/ GAACTC CAG -3’ 1 Ddel 121 - Al
Al §7A<8§> 4 min 72 9¢ 130 4min R 5 — GAG TAA GAG GAG GGA CJ/TNAG  86/35—A2
s TGT TTT GTG GGA GGC TCT — 3’
zﬂggiig un 05°C /30 & F 5~ TAT CAT TTA TGG CCA Hinfl
CSN3 Thr le 95! 45 ssecyans 12°C/ TTGGACCA-3 208 G|ANTC  133/93—-A
As 136(157) Ala 2min T 30s Min R 5= CTT CTT TGA TGT CTC HindIIl 135/95 -B
Aﬁ;‘g““) CTT AGA GTT -3’ AJAGCTT
. F 5 — CTC TTC CTG GAT GTA
LAA ¢15A>G 94°C/ . gg g f 38 . 72°C/ AGGCTT-3 166 Mnll 78/52/36 - A
(LALBA) 10 min . 05min R 5 — AGC CTG GGT GGC ATG CCTCN,| 114/52-B
A>B 72°C/60s ;
GAA TA-3
. F 5 — TGT GCT GGA CAC CGA
LGB %zll 06T>§la 94°C/ 4, Zg g f 28 : 72°C/ CTACAAAAAG-3’ e Haelll 148/99 — A
(PAEP) A>]‘3'8“34> 3 min 7200 /305 dMin RS —GCT CCC GGT ATA TGA GG|CC 74(x2)/99 — B

CCACCCTCT-3

’f— nukleotida nomaina un, ja ir, aminoskabes nomaina aktiviz&ta proteina (neaktiviz&ta proteina) un proteina variacijas.
S _ pie katra SNP noradits: konkréta etapa temperatiira/laiks.
* — pie katra SNP noradits: cikla skaits un tris etapu — denaturizacijas, aniléSanas un sinté€zes — temperatiira/laiks.



Gala rezultata, apvienojot tehniskos aprakstus no vairaku literatiras avotu
metodikas, eksperimentgjot, aprobgjot, verificgjot un validgjot tas MGPL,
secingjam, ka jaunapgiita metode nodrosina kvalitativus rezultatus, lai analizétu
piecu piena proteina génu — CSNISI, CSN2, CSN3, LAA un LGB -
polimorfismus.

Veicot petijumus par metodikas precizitati, paraléli miisu p&tjjumiem par K -
kazeina génu polimorfismu tika veikta Starptautiska testéSana Igaunija, Tartu
Dzivibas zinatnu universitates genétikas laboratorija. legitie rezultati sakrit
pilniba.

2.2. Piena proteinu génu polimorfismu analize

Ir izanalizéti 719 Latvija audz&to slaucamo $kirnu govju, t. sk. 94 vaislas
bullu, DNS paraugi piecu piena proteinu génu polimorfismiem, analizgjot katra
SNP algles, genotipus un visu SNP haplotipus. Tadgjadi ir iegiits prieksstats par
Latvijas govju populaciju, jo grupa tika ietvertas septinas Latvija biezak
audzetas govju skirnes.

Vislielako kopu piena proteina genétiska polimorfisma analizém veidoja 367
Latvijas briinas Skirnes liellopi, kas Latvija ir visizplatitaka piena govju Skirne,
179 Latvijas zilas Skirnes liellopi, 79 HolSteinas melnraibas Skirnes liellopi un
55 Danijas sarkanas Skirnes liellopi. Pargjo Skirpu 1patni veido mazaku skaitu,
bet arT to analiz€Sana deva biutiskus rezultatus genétiska polimorfisma analizg.

Kazeina proteinu analizé CSN1S1 gadijuma Latvija biezak sastopama aléle
ir B (0,96) un genotips BB (0,93). Izvértgjot alélu biezumus starp dzimumiem,
konstatéjam, ka 86 CMAS bulliem aléles B biezums ir par 0,07 mazaks (0,90)
neka govim (0,97; p = 2,07 x107). Apskatot genotipu frekvences, varam secinat,
ka heterozigoti parstavji ir izteikti vairak starp bulliem (20,93 % bulliem un
5,43 % govim; visiem genotipiem p = 4,99 x107), kas varétu nozimét, ka tie$i
bullu DNS nodrosina C al€les esamibu dazadajos ganampulkos, jo nevienam no
paraugkopas 675 Tpatniem nekonstatgjam genotipu CC.

Izpetot veikto pétijumu datus Igaunija (EE) par audz&to govju skirpu piena
proteTna alélu frekvenceém, konstatgjam, ka vid&jie raditaji ir 11dzigi musu
ieglitajiem datiem. EE vietgjai govju (n = 118) Skirnei oy - CN aleles B
frekvence ir 0,92, bet aléles C frekvence ir 0,08 (Lien et al., 1999). Art Lietuvas
(LT) zinatnieku petijumi uzrada lidzigakus rezultatus salidzinajuma ar misu
veiktajiem petijjumiem neka Igaunijas p&tijumi. LT slaucamo govju populacijas
(n=427) B aléles frekvence ir 0,95 (Peciulaitiene, 2005). Apskatot citu Eiropas
valstu pétnieku darbus, varam konstatet, ka Bulgarijas zinatnieku p&tfjumu
rezultati par Bulgaru pelékas Skirnes govim ir uzradijusi, ka al€les B frekvence
ir 0,43 un aléles C — 0,57, un pretgji musu rezultatiem zinatnieki ir konstatgjusi
visus tris genotipus ar novéroto genotipu frekvenceém, attiecigi BB = 0,18,
BC = 0,79, CC = 0,03, ko varétu izskaidrot arT ar §is Skirnes v€sturisko rasanos
(Bos taurus brachiceros x Bos taurus Primigenius; Neov et al., 2013). Turpreti
Cehijas zinatnieku rezultati ir lidzigaki misu pétfjumu rezultatiem neka
Bulgarijas, jo 440 Cehijas vietgjas govju skirnes (Czech Fleckvieh) dzivniekiem
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a1 - kazeina genotipu frekvences attiecigi ir BB = 0,80, BC = 0,18, CC = 0,16,
bet alélu frekvences attiecigi ir B = 0,89 un C = 0,11 (Kucerova et al., 2006).

CSN2 gadijuma biezaka alele ir Al (0,67) un genotipi A1Al (0,42) un
A1A2 (0,49), nenemot vera to, ka literattira ka veélamaka aléle govju populacija
aprakstita A2 aléle (Reichelt et al., 1991; Cade et al., 2000; McLachlan, 2001;
Cardak, 2005; A2 Corporation, 2006; Cieslinska et al., 2007; Peciulaitiene et al.,
2007). Apskatot populacijas lidzsvaru pec konkreta lokusa, ir redzams, ka
noverojamas statistiski ticamas atSkiribas (p, = 2,72 x107) starp sagaidamo un
realo heterozigoto Ipatnu biezumu. Apskatot katru Skirnes grupu atseviski, ir
noveérojama lidziga situacija pusé no Skirném (LB, LZ, HS un VS). Visos
gadijumos ir loti zems A2A2 genotipa biezums. Turklat ir redzams, ka Skirnei
HM, kurai ir raksturigs lielaks izslaukuma daudzums, ir novérojams augstaks
A2A2 genotipa ITmenis un lidzsvars péc Hardija—Veinberga vienadojuma.

Vélamas CSN2 A2 aléles biezums Igaunijas vietéjo govju Skirnei (Virv et
al., 2009) ir ievérojami augstaks (0,60) neka musu Latvijas zilajai Skirnei (0,24).
Secinam, ka Igaunijas vietgjai skirnei f — CN labvéligas aléles A2 frekvence ir
vidgji divreiz augstaka neka Latvija audz€tajam viet§jam govju Skirném:
Latvijas briinajai un Latvijas zilajai.

Masu petijuma ieklautajiem 94 vaislas bulliem piena proteina géna alElu
frekvences ir ar nelielu tendenci Al al€les parsvaram (0,54) par aleli A2 (0,46),
bet 622 kopas govim Al al€les frekvence ir 0,69, B al€les frekvence —0,31.
Turklat ir arT jasecina, ka vairak neka puse no vaislas bulliem ir heterozigoti
parstavji. Tatad, pienemot, ka p&c genotipa katra aléle iedzimst ar vienadu
varbiitibu, varam pielaut, ka bullis labvéligo aléli nodod katram savam otrajam
pEcnacgjam. Salidzinot alélu un genotipu frekvencu biezumu starp govim un
bulliem, ir redzama statistiski ticama atSkiriba. Vaislas bulliem ir augstaks A2
aleles biezums (p, = 4,22 x107), ka ar heterozigotd un A2 aléles homozigota
genotipa Iimenis (p, = 3,75 x107). Tatad ir labaks fons A2A2 genotipa
veidoSanai.

Cehijas zinatnieki (Kucerova et al., 2006), petot CSN2 algles Al, A2, A3 un
B, konstatgja, ka Al frekvence ir 0,18, A2 —0,80, A3 —0,01 un B —0,01. Tas
norada uz labaku A2 al€les selekciju neka Latvija.

Tresa analizéta kazeTna géna CSN3 analizé konstatgjam, ka populacija
biezaka ir alele A (0,92) un ta homozigotais (AA = 0,86) genotips. No
literatiras avotiem zinam, ka k —kazeina genotipa BB dzivnieki izcelas ar
labakam piena parstrades tehnologiskajam Ipasibam, augstaku siera iznakumu
(Martin et al., 2002), bet muisu populacija Sis genotips (BB = 0,03) un, attiecigi,
alele B (0,08) ir loti reti. Ir izteikts A aleles parsvars, ko pierada ari
Hardija—Veinberga vienadojuma analize, kura tika konstatetas sagaidama un
iegiita heterozigota genotipa statistiskas atskiribas (p, = 1,19 x107). Ir arf jamin,
ka tikai Latvijas vesturiskajas skirnés (LB un LZ) ir sastopami visi tiTs genotipi,
par¢jas skirnes ir tikai genotips AA.

Misu dati par «-kazeina A al€les lielo sastopamibu piena raZoSanas
virziena govju populacijas Latvija saskan ar izp&tes datiem Lietuva un Igaunija
(Peciulaitiene, 2005; Peciulaitiene et al., 2007; Vérv et al.,, 2009). Igaunija
lielaks aléles B biezums konstatets Igaunijas viet€jiem lopiem — Igaunijas
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vietgjo govju skirnei (0,24) un Igaunijas sarkano govju skirnei (0,37). Tomer ari
Igaunijas pétnieki « - kazeina petjjumos parliecinajas, ka visi piena rec€Sanas
parametri bija labaki k - kazeTna BB genotipa dzivniekiem (Kiibarsepp et al.,
2005). LT slaucamo govju populacijas A aléles frekvence ir 0,74, un
alelei B — 0,22 (Peciulaitiene et al., 2007).

Otra piena proteinu grupa ir siikalu proteini, kur LAA un LGB biezaka algle
ir B (attiecigi, 0,94 un 0,78) un genotips BB (attiecigi, 0,88 un 0,60) abos
gadijumos.

LAA gadijuma analiz8tais lokuss p&c Hardija—Veinberga vienadojuma ir
lidzsvara visas Skirnes grupas, iznemot Latvijas briinas Skirnes grupa. Sesu
Skirpu grupas ir noveérojams aleles B (no 0,82 Iidz 1,00) biezuma parsvars, lidz
ar ko var atzit, ka, domajams, génu dreifa rezultata aléle A tiek izspiesta no
populacijas un aléles B biezums picaug. Turklat A aléle ir sastopama
heterozigota forma, iznemot HolSteinas melnraibas govju $kirnes gadijuma, kad
vienam bullim tika konstatéta arf homozigota forma péc A algles. Sis $kirnes
gadijuma A al€les Tpatsvars ir visaugstakais, kas, salidzinot ar Latvijas briino
govju Skirni, ir pat seSas reizes lielaks (0,18 pret 0,03). Apskatot retas A al€les
sadalijumu govju un vaislas bullu starpa, ir redzams, ka vaislas bulliem $T alele
ir vairak nekas divas reizes biezak sastopama (0,12 pret 0,05; p, = 5,38 x10).
Genotipu gadijuma al€les A parsvars ietekm& heterozigotas formas divkarso
parsvaru (0,21 pret 0,10; p, = 6,00 x10'4).

No arzemju zinatnieku (Bell et al., 1981; Formaggini et al., 1999) p&tjjumu
datiem varam secinat, ka B varianta izplatiba ir Bos taurus, Bos Indicus, Bos
(Poephagus) Grunniens tipiska (ancestral) forma, bet A varianta izplatiba nav
Bos Taurus raksturiga forma. Hipotétiski varam secinat, ka ari misu dati
apstiprina zinatnieku noraditos rezultatus par A varianta zemo frekvenci dazadas
Skirn€s un tas izcelsmi. Péc misu iegiitajiem datiem visaugstaka A aléles
frekvence Latvija ir HM S8kirnes dzivniekiem (0,18) un, salidzinot ar arzemju
zinatnieku publicétajiem datiem, secinam, ka daudzas valstis (Voelker et al.,
1998; Bojarojc - Nosowicz et al., 2005) A aléles frekvence ir daudz augstaka
(I1dz pat 0,77 jeb 76,60 %) neka miisu pétitajas slaucamo govju skirn€s Latvija.

Otra stukalu proteina jeb LGB gadijuma Latvija izaudzgetajas slaucamo govju
Skirn@s ir relativi augstaks aléles B biezums: Latvijas briinajai 0,83, Latvijas
zilajai 0,80, bet HolSteinas melnraibajai tikai 0,58. Ja apskatam genotipus, tad ir
redzams, ka HS, ZS un VS S§kirn€s homozigota forma péc retas A aléles ir
izteikti augstaka neka par&jas Latvijas populacijas slaucamo govju Skirn€s un ar1
neka vidgji (0,03) Latvijas slaucamo govju populacija. Ja apskatam genotipus,
tad ir redzams, ka HS, ZS un VS $kirn€s homozigota forma péc retas A aléles ir
izteikti augstaka neka pargjas Latvijas populacijas Skirn€s un arT neka vidgji
(0,03) Latvijas govju populacija. Salidzinot algélu frekvencu sadalijumu pa
Skirn@m, ir noverojama statistiski ticama (p, = 7,16 x10™"") atskiriba. Tada ir
veérojama arT genotipu bieZumu sadaltjuma (p, = 3,25 x107).

Salidzinot misu pétijuma datus ar arzemju zinatnieku (Ikonen et al., 1996;
Erhardt et al, 1997; Peciulaitiene, 2005; Kiibarsepp et al., 2005; Zaton—
Dobrowolska et al., 2006) publicétajiem datiem, secinam, ka tie uzrada nedaudz
zemaku aléles B biezumu, pétot piena vajpiena proteina LGB polimorfismu
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dazadam govju Skirn€m nacionalajos un specialajos ganampulkos. Vieniga
Skirne, kurai ir augstaka biezak sastopamas aléles frekvence, ir Lietuvas sarkana
ar B al€les biezumu 0,92 (Peciulaitiene, 2005).

Analizgjot visus piecus génus kopa, tika izveidoti 15 haplotipi, no kuriem 11
tika konstateti vismaz piecos paraugos jeb kurus vargja uzskatit par biezu
haplotipu kop&ja populacijas grupa. Starp visu piecu proteinu haplotipiem
biezak sastopama kombinacija bija no visu proteinu variaciju biezakajam alelem
(haplotips H2: DNS sekvence ir AACAGT (1. pozicija CSNISI, 2. pozicija
CSN2, 3. un 4. — CSN3 abi SNP, 5. — LAA un 6. — LGB), bet proteinu sekvence ir
BA1ABB. Konkrétais haplotips tika konstatets vairak neka pusei no paraugiem
(51,81 %). Biezak sastopamais H2 haplotips nemainas, sadalot paraugus pa
govju Skirném.

legiitie rezultati sniedz iesp&ju analizét piecu proteinu génu divu alélu
genotipu saistibu ar piena produktivitates raditdjiem un ar vaislas bullu
ciltsvertibas indeksiem.

2.3. Piena proteinu genu polimorfismu saistiba ar piena produktivitati

Piena produktivitates raditaji ir statistiski nozimigi atSkirigi starp Latvijas
slaucamo govju Skirn€m, uzradot augstakus radijumus HolSteinas (HolSteinas
melnraiba un HolSteinas sarkanraiba) skirnu grupa, bet zemakus ZI1 jeb Latvijas
zilas Skirnes grupa visas laktacijas.

Cetru no piecu (iznemot CSNIS1) analizéto piena protenu génu genotipi ir
statistiski nozImigi saistiti ar Latvijas slaucamo govju skirném, turklat divi géni
(CSN3 un LAA) varétu ietekmét $kirnu veidoSanos.

Par piena produktivitates raksturojoSajiem lielumiem izv€léti govju pirmo
tris laktaciju izslaukums kilogramos, piena tauku un olbaltumvielu daudzums
kilogramos un to procentuala dala.

CSNIS1 saistibas analiz€ ar piena produktivitati tika izmantoti 519 paraugi,
CSN2 gadijuma — 541 DNS paraugi, bet tre§a kazeina proteina gé€na jeb CSN3
saistiba ar piena produktivitati tika noteikta, izmantojot 389 govs paraugu. Piena
stkalu proteTnu LAA un LGB analizes gadijuma tika izmantoti 434 un 505 govju
DNS dati, attiecigi.

Alfag; - kazeilna géna BB genotips statistiski ticami veicina tauku
procentuala satura pieaugumu Latvija audz€to govju piena pirmajas divas
laktacijas (1. att.). Pirmaja laktacija govim ar BB genotipu vidgji ir par 0,26 %
augstaks tauku saturs neka BC genotipa p&tamajiem Tpatpiem (pg = 1,27 x10%;
n = 0,11), bet otraja laktacija — palielindgjums ir par 0,21 % (pr = 4,23 x107%;
n=0,10).

BB genotips arT palielina izslaukuma daudzumu pirmajas trTs laktacijas, bet
atskiribas nav statistiski nozimigas. Tatad varam secinat, ka C alEles selekcija
nav nepiecieSama piena produktivitates uzlaboSana, jo B al€les homozigotas
formas govim saistitie radita;ji ir augstaki.

CSNIS1 genotipi un govju Skirnu grupas statistiski ticami ir saistiti ar
olbaltumvielu daudzumu procentos govju piena 2. laktacija (p = 4,72 x10°7%). Sr
un Zl grupas BC genotipa govju raditaji ir nedaudz augstaki (~0,10 %) neka
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BB genotipa, bet Hol grupas gadijuma ir pretgji (-0,44 %). Tatad C algles
nozimigums ir atkarigs no skirnes.

® BB genotips / genotype  mBC genotips / genotype

G0 E=6.26 F=4.15
QF—I 27 x102 r42’»xl()7
5.00 n=0.11 1n=0.10
R 400
)
ERS
s ‘§ 3.00 -
%’ L
2.00
<
=
1.00
0.00
Laktacua / Lactation

1. att. 04 - kazeina géna B un C al€lu genotipu saistibas analize ar tauku saturu
procentos pirmajas trijas laktacijas
Stabin$ ar nogriezni norada uz pazimes vidgjo grupas lielumu ar standartnovirzi; * — norada uz
saistibu ar raditdju konkréta laktacija; F — dispersijas analizes raditajs; pr— ticamibas jeb
nozimiguma limenis; 1 — korelacijas analizes raditajs.
Fig. 1. Association analysis between genotypes of B and C alleles of a,; — casein gene

and fat (%) at the first three lactations
Bar with a straight edge points to signs of an average group size with a standard deviation; * -
refers to the association with the performance at a particular lactation; F — index of ANOVA; pr—
statistical signification; n — index of correlation analyses.

Apskatot katru skirnes grupu atseviski, varam konstatgt, ka HolSteinas Skirpu
grupa ir statistiski nozimiga atskiriba starp genotipu grupu raditajiem 2. laktacija
tauku un olbaltumvielu satura gadijuma. Tauku satura gadijuma ticamiba ir 2,78
x107, bet olbaltumvielu — 1,86 x10>. Abu pazimju gadijumos govim ar BB
genotipu ir augstaks raditajs, attiecigi, +1,06 un +0,44.

Beta - kazeina g€na genotipu pozitivo ietekmi vargjam izteikt attieciba
A2A2 > A1A2 > AlAI. Tas nozimé, ka A2A2 genotips veicina statistiski
nozimigu izslaukuma pieaugumu pirmajas tris laktacijas (2. att.). Visu laktaciju
gadijuma korelacija (n) starp genotipu sadalfjumu un izslaukuma daudzumu ir
robezas no 0,24 pirmaja laktacija lidz 0,22 pargjas divas laktacijas. A2A2
genotipa parsvars par A1A2 genotipu ir +920,98 kg jeb 16,38 % pirmaja
laktacija (pr = 1,76 x107), +1313,42 kg jeb 20,33% 2. laktacija (pg = 1,38 x10™)
un +1597,65 kg jeb 25,10 % 3. laktacija (pr = 1,77 x107%). Ka redzams 2.attela,
ar katru laktaciju A2A2 al@les pozitivais parsvars palielinas.
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2. att. f - kazeina géna A1 un A2 al€]u genotipu saistibas analize ar piena izslaukumu
kilogramos pirmajas trijas laktacijas
Stabin$ ar nogriezni norada uz pazimes vidgjo grupas lielumu ar standartnovirzi; * — norada uz
saistibu ar raditaju konkréta laktacija; F — dispersijas analizes raditajs; pr— ticamibas jeb
nozimiguma limenis; n — korelacijas analizes raditajs.
Fig. 2. Association analyse between genotypes of Al and A2 alleles of f - casein gene
and milk amount (kg) at the first three lactations

Bar with a straight edge points to signs of an average group size with a standard deviation; * - refers
to the association with the performance at a particular lactation; F — index of ANOVA; pr —
statistical signification; 1 — index of correlation analyses.

Izslaukuma palielinasanas rezultata 3. laktacija A2 al€les homozigota forma
tauku daudzumu piena palielina par gandriz 1/5 dalu attieciba pret heterozigoto
formu (+54,09 kg jeb 19,52 %; pr = 2,59 x107) un 2. laktacija A2 alcles
homozigota forma olbaltumvielu daudzumu piena palielina par gandriz 1/5 dalu
attieciba pret heterozigoto formu (+44,67 kg jeb 19,95 %; pr = 2,25 x10'3), bet
3. laktacija — jau vairak neka 1/4 dalu (+57,30 kg jeb 26,06 %; pr = 1,74 x10’3).
Ir jamin, ka 1. un 3. laktacijas gadijuma P - kazeina gé€na Al un A2 alelu
genotipiem ir statistiski ticama saistiba arT ar olbaltumvielu saturu procentos
(3. att.). Tatad varam secinat, ka saisttba ar olbaltumvielu daudzumu ir
pastaviga, nevis tikai izslaukuma saistibas radita.

P&c misu iegiitajiem datiem B - CN géna A2 aléles homozigotajai formai
pozitiva ietekme palielinas, govim novecojot jeb ar vélaku laktaciju. Kopuma
varam secinat, ka misu iegitie rezultati ir Iidzigi citu valstu zinatnieku
iegiitajiem datiem (Ehrmann et al. 1997; Winkelman, Wickham, 1997,
Kaminski et al. 2006), ka govim piena produktivitates palielinasanai CSN2 géna
gadijuma tiesi A2A2 genotips ir japaklauj selekcijai jeb japalielina ta biezums
populacija. Tatad ir jasamazina A1A2 genotipa izplatiba starp bulliem.
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3. att. B - kazeina géna A1 un A2 alé]u genotipu saistibas analize ar olbaltumvielu
(olbv.) saturu procentos pirmajas trijas laktacijas
Stabin$ ar nogriezni norada uz pazimes vidgjo grupas lielumu ar standartnovirzi; * — norada uz
saistibu ar raditaju konkréta laktacija; F — dispersijas analizes raditajs; pr— ticamibas jeb
nozimiguma ITmenis; n — korelacijas analizes raditajs.
Fig. 3. Association analysis between genotypes of Al and A2 alleles of f - casein gene

and protein (%) at the first three lactations
Bar with a straight edge points to signs of an average group size with a standard deviation; * -
refers to the association with the performance at a particular lactation; F — index of ANOVA; pr—
statistical signification; n — index of correlation analyses.

Sadalot analiz&tos paraugus pa Latvijas govju Skirnu grupam, vieniga
statistiski nozimiga saistiba ir ar tauku satura daudzumu procentos pirmaja
laktacija (pr = 3,49 x107).

Analiz€jot katras Skirnes grupas datus atseviski, statistiski nozimigu
atSkirtbu sarkano (Sr) Skirnu grupa konstatgjam saistiba ar visu laktaciju
izslaukuma daudzumu, nepemot véra to, ka visam Skirn€m kopa neviena
gadfjuma netika iegits statistiski nozimigs rezultats. Tatad varam domat, ka
ieglita saistiba starp CSN2 genotipiem un izslaukuma daudzumu, analizgjot tikai
genotipus, ir attiecinama uz vairak uz Latvijas sarkano $kirpu grupu, nevis uz
visu pétamo populaciju.

CSN2 Al un A2 aléle ietekm& ne tikai piena produktivitati (izslaukuma
daudzumu un olbaltumvielu daudzumu procentos), bet ir saistitas (V = 0,21) ar
Latvijas govju Skirnes grupam, bet neietekmé (linearas regresijas p,> 0,05)
govju skirni.

Kappa - kazeina géna genotipu pozitivo ietekmi vargjam izteikt attiectba
AA > BB > AB visu daudzuma (kg) raditaju gadijumos. Tomér ne vienmér
BB > AB raditaju atskiriba bija statistiski nozimiga (pg > 0,05).

CSN3 genotips AA statistiski nozimigi veicina izslaukuma pieaugumu
pirmajas divas laktacijas (4. att.). AA genotipa parsvars par BB genotipu ir
+933,83 kg jeb 19,19 % pirmaja laktacija (pr = 3,43 x107), +1377,78 kg jeb
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25,58 % 2. laktacija (pr = 1,47 x107) un +1219,48 kg jeb 22,31 % 3. laktacija
(pr > 0,05 jeb = 0,06). Turklat ir jamin, ka starp genotipu sadalfjumu un
izslaukumu daudzumu kilogramos ir statistiski ticama saistiba: 1. laktacija n =
0,45, 2. laktacija n = 0,43, bet tresaja — n = 0,39. Saistiba ar katru nakamo
laktaciju samazinas no vidgji ciesas lidz vajai.

Pretgji iepriek§ analizEtajai asociacijai ar beta - kazeina géna genotipiem
kappa - kazeina gadijuma lielaks izslaukuma parsvars AA genotipam par BB
genotipu ir tieSi pirmas laktacijas laika. Starp pirmo un otro laktaciju AA aléles
parsvars palielinas, bet uz treSo laktaciju —samazinas. Tatad iespg&jams, ka
k - CN géna A aléles homozigotajai formai pozitiva ietekme ir tiesi uz jaunakam
govim.
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4. att. k - kazeina géna A un B al€]u genotipu saistibas analize ar piena izslaukumu
kilogramos pirmajas trijas laktacijas
Stabin$ ar nogriezni norada uz pazimes vidgjo grupas lielumu ar standartnovirzi; * — norada uz
saistbu ar raditaju konkréta laktacija; F — dispersijas analizes raditajs; pr— ticamibas jeb
nozimiguma ITmenis; ) — korelacijas analizes raditajs.
Fig. 4. Association analysis between genotypes of A and B alleles of x - casein gene

and milk amount (kg) at the first three lactations
Bar with a straight edge points to signs of an average group size with a standard deviation; * -
refers to the association with the performance at a particular lactation; F — index of ANOVA; pr—
statistical signification; n — index of correlation analyses.

Tauku daudzuma gadijuma: AA genotipa parsvars par BB genotipu ir
+62,12 kg jeb 32,06% pirmaja laktacija (p = 8,32 x10™), +72,08 kg jeb 32,01%
2. laktacija (pp = 2,68 x107) un +64,07 kg jeb 27,90 % 3. laktacija
(pr= 2,15 x107).

Olbaltumvielu daudzuma situacija: AA genotipa parsvars par BB genotipu ir
+38,67 kg jeb 24,19 % pirmaja laktacija (pr = 1,10 x107), + 51,21 kg jeb
27,78% 2. laktacija (pr = 9,58 x107) un +48,03 kg jeb 26,33% 3. laktacija
(pr = 3,35 x107).
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Gan olbaltumvielu, gan tauku saturam procentos pirmaja laktacija
konstatgjam statistiski ticamu saistibu, tad arT olbaltumvielu un tauku daudzums
kilogramos ir saistits ar CSN3 genotipiem neatkarigi no izslaukuma daudzuma
saistibas. Pirmas laktacijas gadifjuma raditajiem tauku un olbaltumvielu
daudzumam procentos ir at$kirigs genotipu grupu nozimiguma sadalfjums —
AA > AB > BB —, kas ir atSkirigs no piena izslaukuma daudzuma analizes.

No literatiiras datu analizes tika konstatéts, ka « - kazeina genotipa BB
dzivnieki izcelas ar labakam piena parstrades tehnologiskajam Tipasibam,
augstaku siera iznakumu (Martin et al., 2002), ko vajadzetu parbaudit art
Latvijas apstaklos. Nemot véra, ka BB genotipa govim izslaukuma daudzums
nav zemakais, bet tauku saturs procentos pirmaja laktacija ir zemaks jeb piens ir
liesaks, varam domat, ka Latvija ir icteicams paliclinat BB genotipa ipatsvaru.
Tomér nedrikst izslégt A aléles homozigoto genotipu, kura govim tika noveérots
augstakais izslaukums un augstakais tauku saturs 1. laktacija. Kopuma varam
domat, ka CSN3 var€tu izmantot selekcija, lai ieglitu govis ar pienu ar dazadu
treknuma Itmeni.

Sagrupgjot visus govju paraugus atkariba no to piederibas Latvijas govju
Skirpu grupam, konstat€jam statistiski nozimigu saistibu ar izslaukumu (kg) un
olbaltumvielu satura daudzumu procentos (paral€li arT olbaltumvielu daudzums
kilogramos) visas tris laktacijas. Izslaukuma daudzuma gadijuma sarkano Skirpu
grupa saglabajas attieciba AA > BB > AB, ka tas tika noverots, analizgjot tikai
genotipus, bet ZI grupa BB genotipa raditajs ir augstaks neka AA genotipam.

Olbaltumvielu satura daudzumam procentos sarkano $kirnu grupa attieciba ir
AA > AB > BB pirmajas divas laktacijas, bet péd&ja — AB un BB grupas raditaji
péc licluma apmainas vietam jeb ir BB > AB. Bet Latvijas zilo govju $kirnu
grupa attieciba ir BB > AB > AA pirmajas divas laktacijas un atkal treSaja
laktacija AB un BB grupas raditgji péc lieluma apmainas vietam jeb ir attieciba
AB > BB > AA.

Holsteinas Skirnpu grupa tika konstate€ta homozigota forma péc biezak
sastopamas al€les.

Analizgjot tikai Skirnu grupu datus, ieglistam rezultatus, kas liecina par to, ka
statistiski nozimiga atskiriba starp genotipiem un piena produktivitates raditaju
ir tieSi sarkano Skirnu grupa, kura statistiski nozimigas atSkiribas ir saistiba ar
tiem pasiem raditajiem, ka analiz€jot visas Skirnes grupas kopa.

Tatad, apkopojot informaciju par k - kazeina proteina analizi, varam secinat,
ka piena produktivitates raditajus ietekm& gan géna genotips, gan govju Skirne.
Tomér ir jamin, ka g€na genotips korele ar (V=0,32) un ietekmé
(linearas regresijas p,= 6,04 x10™) Latvijas slaucamo govju $kirnes, bet ne
100 %.

Alfa - laktalbumina genotips BB veicina pieaugumu tauku saturam
procentos 1. laktacija. Saja gadljuma BB genotipa govim tika konstatéts
augstaks (+0,22) tauku saturs neka AB genotipa govim (pr = 1,47 x107).
Korelacijas analize tika konstatéta loti vaja korelacija starp LAA genotipiem un
tauku saturu procentos.

Pargjo analiz€to pienu produktivitates raditaju gadijuma statistiski ticama
atSkirtba netika konstatéta, nenemot vera to, ka visu raditdju gadijuma BB

21



genotipu paraugiem vidgjas vertibas ir augstakas neka heterozigotai formai.
Iesp&jams, ka saistiba netika konstatéta, jo populacija netika konstateta A al€les
homozigota forma.

P&c rezultatiem varam domat, ka al€les A izspieSana no populacijas génu
dreifa rezultata un al€les B biezuma piecaugums ir saistits ar B al€les pozitivo
ietekmi uz govju organismu, tai skaita piena kvalitates un kvantitates pazimém.

Sadalot visus paraugus atkariba no to piederibas Latvijas govju skirnes
grupam, statistiski nozimiga atSkiriba ir saistiba ar olbaltumvielu daudzumu
kilogramos pirmajas divas laktacijas un tauku saturu procentos tresaja laktacija.

Holsteinas un sarkano skirnu grupas olbaltumvielu daudzums piena atkariba
no genotipa sadalas Iidzigi ka analiz€jot tikai géna genotipu, tas ir, BB > AB.
Bet Latvijas zilo govju grupa sadalijums ir pretSjs: govim ar AB genotipu
olbaltumvielu pirmaja un otraja laktacija ir vidgi par 24,58 un
21,51 kilogramiem attiecigi vairak neka govim ar BB genotipu.

Apskatot saistibu analizi ar tauku saturu procentos 3. laktacija, ir redzams,
ka at$kirigs daudzuma sadalijums atkariba no genotipiem ir Hol$teinas Skirpu
grupa. Saja grupa heterozigota genotipa parstavém ir par 0,86 % vairak tauku
neka B aleles homozigotas nesgjam.

Turklat Hol grupai atseviski ir saistiba ar 3. laktacijas izslaukumu un tauku
saturu procentos: izslaukuma daudzums kilogramos lielaks ir BB genotipa
govim, bet tauku saturs procentos — AB genotipa govim. Tatad varam secinat,
ka o — laktalbumina gé€na gadijuma 3. laktacija Hol grupas govis ar BB genotipu
dod vairak piena, bet liesaku, bet ar AB genotipu otradi: mazak piena, bet
treknaku.

Tatad, apkopojot rezultatus par o - laktalbumina genétisko saistibu ar piena
produktivitates raditajiem, varam secinat, ka A un B al€lu genotipi ietekmé
piena tauku saturu procentos 1. laktacija un dalgji ietekmé (linearas regresijas
p:<0,05) Latvijas slaucamo govju $kirni. Ka ari ir jamin, ka LAA genégtiska
variacija ir nozimiga Hol$teinas skirnu grupas govim.

Beta - laktoglobulina genotipu pozitivo ietekmi vargjam izteikt attieciba
AA > AB > BB, analizgjot izslaukumu, tauku un olbaltumvielu daudzumu
raditajus, bet BB > AB > AA — tauku un olbaltumvielu saturam procentos.

AA genotips statistiski ticami palielina izslaukuma pieaugumu pirmajas tris
laktacijas (5. att). Apskatot izslaukuma datus pa AA un AB genotipu, ir
redzams, ka 1. laktacijas gadijuma homozigoto genotipu govju vidgjais raditajs
ir par +974,27 kg jeb 16,73 % (pr = 1,26 x107) lielaks, 2. laktacija —
+1235,69 kg jeb 18,84 % (pr = 1,39 xlO’Z), bet 3. laktacija — par +1840,31 kg
jeb 27,77 % (pr = 2,96 x107). Péc datiem ir redzams, ka ar katru laktaciju
izslaukuma parsvars AA genotipam palielinas un 3. laktacijas laika A aléles
homozigotajam govim vidgji izslaukums ir par vairak neka 1/4 lielaks neka
heterozigotam govim.
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5. att. B - laktoglobulina géna A un B al€]u genotipu saistibas analize ar piena
izslaukumu kilogramos pirmajas trijas laktacijas
Stabin$ ar nogriezni norada uz pazimes vidgjo grupas lielumu ar standartnovirzi; * — norada uz
saistibu ar raditaju konkréta laktacija; F — dispersijas analizes raditajs; pr— ticamibas jeb
nozimiguma ITmenis; n — korelacijas analizes raditajs.
Fig. 5. Association analysis between genotypes of A and B alleles of f§ - lactoglobulin

gene and milk amount (kg) at the first three lactations
Bar with a straight edge points to signs of an average group size with a standard deviation; * -
refers to the association with the performance at a particular lactation; F — index of ANOVA; pr—
statistical signification; n — index of correlation analyses.

Olbaltumvielu saturs ir statistiski ticami saistits ar analiz€tajiem genotipiem
1. laktacija, kad BB genotipa parsvars par AB ir par 0,05 procentu dalam (pg =
2,40 x107%). Paskatoties par&jo laktaciju abu genotipu attiecibas, ir redzams, ka
BB genotipa parsvars samazinas. Ka interesantu faktu var minét, ka, skatoties
péc genotipu grupam, vidgji palielinoties olbaltumvielu daudzumam izslaukuma
1. laktacija, samazinas olbaltumvielu saturs procentuali.

Tauku satura gadijuma (6. att.) BB genotipa parsvars pret AB 1. laktacija ir
0,26 procentu dalas (pr = 8,37 x10®), 2. laktacijas gadijuma ir 0,23 procentu
dalas (pr = 521 x10°), bet 3. laktacija—par 0,15 procentu dalam
(pr = 3,40 x107). Péc datiem ir redzams, ka B aléles homozigotas formas
parsvars jeb pozitiva ietekme samazinas ar katru laktaciju.
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6. att. B - laktoglobulina géna A un B al€]u genotipu saistibas analize ar tauku saturu

procentos pirmajas trijas laktacijas
Stabin$ ar nogriezni norada uz pazimes vidgjo grupas lielumu ar standartnovirzi; * — norada uz
saistibu ar raditaju konkréta laktacija; F — dispersijas analizes raditajs; pr— ticamibas jeb
nozimiguma ITmenis; 1 — korelacijas analizes raditajs.
Fig. 6 Association analysis between genotypes of A and B alleles of f§ - lactoglobulin

gene and fat (%) at the first three lactations
Bar with a straight edge points to signs of an average group size with a standard deviation; * -
refers to the association with the performance at a particular lactation; F — index of ANOVA; pr—
statistical signification; n — index of correlation analyses.

Apvienojot izslaukuma un tauku satura rezultatus, varam konstatét, ka AA
genotips Latvija audz&to govju populacija nodrosina lielaku piena daudzumu
neka AB genotips, bet liesaku jeb ar mazaku tauku saturu. Tatad butu ieteicams
palielinat A algles un attiecigi AA genotipa Ipatsvaru Latvijas govju populacija,
tadgjadi nodrosinot liesaku pienu, ko musdienas vairak pieprasa paterétaji.
Sobrid ir novérojama pretgja aina, jo starp analizétajiem piena govju paraugiem
61,81 % ir ar genotipu BB, kas nodro§ina maz piena ar augstu tauku saturu.

Apskatot, ka LGB genotipi un Latvijas govju Skirnu grupas kopa ietekmé
piena produktivitates raditajus, var konstatét, ka saglabajas statistiski nozimiga
atSkiriba starp grupam saistiba ar izslaukuma daudzumu pirmajas divas
laktacijas, ka arT saistiba ar olbaltumvielu saturu procentos 1. laktacija.
Izslaukumam sarkano $kirnu gadijuma ir AB > AA > BB, Hol grupa — AA > AB
> BB, kas sakrit ar attiecibu, analizgjot tikai genotipu, bet Latvijas zilo $kirpu
grupa: AB > BB > AA. Tatad varam secinat, ka divu skirgpu grupu gadijuma
izslaukuma daudzuma palielinasanai vislabakais genotips ir heterozigota.

Olbaltumvielu saturam procentos 1. laktacija Sr un Hol grupu gadijuma
saglabajas genotipu pozitiva attieciba, kada tika novérota, analizgjot
B — laktoglobulina géna genotipus atseviski — BB > AB >AA —, bet ZI grupa
attieciba ir mainita — AA > BB > AB.
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Kopuma pirmaja laktacija Sr un Hol skirnu grupas biezak sastopama LGB
genotipa (BB) govim ir maz piena, bet ar augstu olbaltumvielu saturu, bet
Latvijas zilo govju Skirnu grupa biezak sastopama genotipa govim ir vidg&ji
daudz piena ar vidgju olbaltumvielu saturu.

Visu piecu piena proteinu génu analiz&to al¢lu haplotipi ir saistiti ar Skirgu
grupam: dazadas grupas biezakie haplotipi ir dazadi.

Haplotipi statistiski ticami ir saistiti ar izslaukumu (7. att.) un tauku saturu
procentos visas tr1s laktacijas.
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7. att. Piecu piena proteinu génu haplotipu saistibas analize ar izslaukuma
daudzumu pirmajas tris laktacijas
Stabin$ norada uz pazimes vid&o grupas lielumu; * — norada uz saistibu ar raditaju konkréta
laktacija; F — dispersijas analizes raditajs; pr — ticamibas jeb nozimiguma Iimenis; n — korelacijas
analizes raditajs.
Fig. 7. Association analysis between haplotype of five milk protein genes and milk
amount (kg) at the first three lactations

Bar edge points to signs of an average group size; * - refers to the association with the performance
at a particular lactation; F — index of ANOVA; pr — statistical signification; n — index of correlation
analyse.

Vislielakais izslaukums kilogramos ir govim ar H8 haplotipu, bet
vismazakais starp laktacijam atSkiras: pirmaja un otraja tas ir haplotips H6, bet
tresaja — HS. Pirmaja laktacija izslaukuma atskiriba starp H8 un H6 haplotipu
govim ir 2701,75 kg, bet otraja laktacija — 2560,27 kg. TreSaja laktacija starp
lielaka un mazaka izslaukuma haplotipiem (H8 un H6) atskiriba ir 2409,00 kg.
Ir redzams, ka ar katru nakamo laktaciju atSkiriba samazinas.

Apskatot rezultatus par fauku saturu procentos, konstatSjam, ka starp
laktacijam atSkiras haplotips ar lielako vai mazako tauku saturu piena. Pirmaja
laktacija lielakais raditajs ir H4 haplotipa grupai, bet mazakais — H10. Atskiriba
starp grupam ir 0,59 %. Otraja laktacija lielakais raditajs ir H9 haplotipa govim,
bet mazakais H10 (atSkiriba 0,70 %). TreSaja laktacija, attiecigi, H11 un H3
(0,59 %). Apskatot pirmas laktacijas augstaka tauku satura radijuma haplotipa
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H4 radijumus pargjas laktacijas, ir redzams izteikts kritums jeb tauku satura
samazinasanas no 4,53 Iidz 3,96. Tatad varam secinat, ka govim ar $adu H4
haplotipu samazinas tauku saturs ar katru nakoSo laktaciju. Lidziga situacija ir
novérojama H1, H2 un H3 haplotipam.

Sadalot paraugus pa Skirnu grupam, statistiski ticamu atskiribu konstatgjam
saistiba ar 2. laktacijas tauku saturu procentos (pr = 2,85 x107?). Konkrétaja
gadijuma, pirmkart, Hol grupa atSkiras haplotips ar augstako raditaju: Sr un ZI
grupa tas ir H9, bet Hol grupa — H11.

Sr un ZI gadijuma ir noverotas statistiski nozimigas atSkiribas saistiba ar
2. laktacijas izslaukumu (attiecigi, pr = 1,89 x10” un 3,04 x107%).

2.4. Piena proteinu génu polimorfismu saistiba ar vaislas bullu
ciltsvertibas raditajiem

Ir zinams, ka piena proteini var stimulét spermas kapacitati, tadgjadi
palielinot spermas daudzumu, kas saistas pie olStnas apvalka (plural zonae
pellucidae), kurs palielina apaugloSanas iesp&ju (Coutinho da Silva et al., 2014).
Tatad varam secinat, ka piena proteina koncentracija ir svariga apauglosanas
intensitatei un spermas kvalitatei, t. sk. iedzimstoSajam materialam. No ta izriet,
ka piena proteina polimorfisms ir nozimigs ar vaislas bulliem.

Analizgjot CSNISI saistibu ar vaislo bullu ciltsvertibas raditajiem, tika
izmantoti 72 paraugi, CSN2 gadijuma — 73 DNS paraugi, bet tresa kazeina géna
jeb CSN3 saistiba ar raditajiem tika noteikta, izmantojot 63 vaislas bullu
paraugus. Piena stikalu proteinu LAA un LGB analizes gadijuma tika izmantoti
73 vaislas bullu DNS dati. Saistibu analizé netika ietverti ZI grupas vaislas bulli,
jo netika iegiiti novertétas ciltsvértibas dati.

Tris novértéto ciltsvértibu raditaju (izslaukuma daudzums, olbaltumvielu
daudzums un tauku saturs) gadijuma atskiribas starp Skirnu grupam ir statistiski
nozimigas, bet viena raditaja (tauku daudzums) gadijjuma nozimigums ir uz
ticamibas robezas. Turklat noverteta ciltsvertiba pec izslaukuma daudzuma
vidgji korel€ ar Skirpu grupam. Analizgjot razibas indeksa atSkiribu starp abam
(Sr un Hol) grupam, redzam, ka tas ir augstaks tiesi sarkano Skirpu grupas
bulliem.

P&c datiem konstatgjam, ka kazetnu protetnu g&€ni nav saistiti ar Skirnu
grupam vaislas bulliem, bet abu stikalu protetnu génu gadijumos ir statistiski
nozimigas atSkiribas starp genotipu sadalfjumu Sr un Hol Skirpu grupas
(p, = 2,65 x10” un 2,77 x10). Turklat §iem sadalfjumiem ir novérojama vidgji
cieSa korelacija peéc Kramera V raditaja (attiecigi, 0,49 un 0,40), un varam teikt,
ka stikalu génu genotips ietekme dalgji (ap 41,0 %; dati nav paraditi) Skirnes
grupu vaislas bulliem.

Alfag, - kazeina g€na genotips BB vaislas bulliem statistiski nozimigi
palielina to meitu pirmas laktacijas piena tauku (8. att.) un olbaltumvielu (9. att.)
daudzumu kilogramos, salidzinot ar heterozigoto genotipu. Ka arl B aléles
homozigotais genotips vaislas bulliem palielina novertétas ciltsvértibas péc
izslaukuma daudzumu veértibu, bet ne statistiski ticami.
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8. att. o - kazeina géna A un B alélu genotipu saistibas analize ar noveérteto
ciltsvértibu (NC) péc olbaltumvielu daudzumu kilogramos
Stabin$ ar nogriezni norada uz pazimes vidgjo grupas lielumu; F — dispersijas analizes raditajs; pr —
ticamibas jeb nozimiguma limenis; 1 — korelacijas analizes raditajs.
Fig. 8. Association analysis between genotypes of A and B alleles of a; - casein gene
and estimated breeding values (EBYV) of protein (kg)

Bar with a straight edge points to signs of an average group size; * - refers to the association with
the performance at a particular lactation; F — index of ANOVA; pr — statistical signification; n—
index of correlation analyses.

Apskatot novertetas ciltsvertibas péc tauku daudzuma sadalfjumu atkariba no
CSNIS1 genotipiem (8. att.), ir redzams, ka vaisla bulla ar homozigotu genotipu
pEc biezas aléles jeb ar genotipu BB meitu pirmas laktacijas piena ir vidgji par
14,78 kilogramiem vairak tauku neka heterozigota genotipa gadijuma
(pr = 3,64 x107). Konkréta korelacija péc statistiskas ir ar 0,34 lielu biezumu
jeb vaja korelacija.

Apskatot novertgtas ciltsvertibas pec olbaltumvielu daudzuma sadalfjumu
atkariba no CSNISI genotipiem (9. att.), ir redzams, ka vaisla bullu ar genotipu
BB meitu pirmas laktacijas piena ir vid&ji par 9,36 kilogramiem vairak
olbaltumvielu neka heterozigota genotipa gadijuma (pg = 2,16 x102). Konkréta
korelacija p&c statistikas ir v&l vajaka (n = 0,27).

Varam secinat, ka vaislas bullu ar CSNIS! BB genotipu meitam pirmaja
laktacija ir vairak piena kilogramos, attiecigi ar1 vairak tauku un olbaltumvielu
pret ciltsvertibas vélamo lielumu.

Sadalot paraugus atkariba no to piederibas Skirnu grupam, konstatgjam, ka,
analiz€jot abas Skirnu grupas kopa, statistiski ticama atSkiriba ir novertetajai
ciltsvérﬁbai2 péc izslaukumam (pr = 2,50 x107) un tauku saturam procentos (pg
=3,48 x107).
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9. att. o - kazeina géna A un B alélu genotipu saistibas analize ar novértéto
ciltsvertibu (NC) péc tauku daudzumu kilogramos vaislas bulliem
Stabin$ ar nogriezni norada uz pazimes vidgjo grupas lielumu; F — dispersijas analizes raditajs; pr —
ticamibas jeb nozimiguma limenis; 1 — korelacijas analizes raditajs.
Fig. 9 Association analysis between genotypes of A and B alleles of a,; - casein gene
and estimated breeding values (EBV) of fat (kg) of breeding bulls

Bar with a straight edge points to signs of an average group size; * - refers to the association with
the performance at a particular lactation; F — index of ANOVA; pr — statistical signification; n—
index of correlation analyses.

Sarkano Skirpu gadijuma BB genotips vaislas bulliem palielina novertéto
ciltsvertibu péc izslaukuma daudzuma (+376,14 kg; pr = 4,73 x10'2), bet
Holsteinas skirnu grupa palielinajums ir BC genotipa gadijuma (+247,92 kg; pr
> (,05). Tomér ir arT jamin, ka Hol grupa abu genotipu gadijuma vidgjie raditaji
ir lielaki par ciltsvértibas vélamo, bet Sr grupa BC genotipa grupas raditajs ir
negativs pret ciltsvertibas vélamo.

Novertatas ciltsvértibas péc tauku satura (pr = 3,48 x107) gadijuma dati ir
pretgji: Sr grupa pozitivaks rezultats ir vaislas bulliem ar BC genotipu (+0,04 %;
pr > 0,05), bet Hol grupa — ar BB genotipu (+ 0,30 %; pr = 4,37 x107).
Holsteinas Skirném, neatkarigi no genotipa, tauku saturs procentos ir mazaks
neka ciltsvertibas velamais, bet sarkanajam s$kirn€m vaislas bulliem ar BC
genotipu tauku saturs ir pozitivs pret ciltsvertibas vélamo, bet nedaudz.

Ka arf BB genotips statistiski nozimigi (pr = 3,89 x107) palielina (+8,45
punkti) razibas indeksu Latvijas sarkano Skirpu grupa.

Apkopojot visus datus par oy —kazeina saistibu analizi vaislas bullu
gadijuma, varam secinat, ka pozitivais genotips jeb genotips, kas nodrosina
labakus novertetas ciltsvertibas raditajus, ir biezas aleéles B homozigotais
genotips.

Beta - kazeina g€na genotipiem, gan pnemot, gan nenemot véra Skirnes
grupas, nekonstatgjam statistiski nozimigu ietekmi uz vaislas bullu novertetas
ciltsvertibas raditajiem. Genotipu pozitivitates attiecibu Latvijas populacijas var
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pierakstit A2A2 > A1Al > A1A2, kas atSkiras no govju laktacijas datiem. Ir
jamin, ka A2A2 genotipu vaislas bulla meitu pirmas laktacijas izslaukuma
daudzums kilogramos vidgji ir par +280,44 kg (jeb 2,15 reizes) un +353,69 kg
(jeb 3,06 reizes) lielaks neka, attiecigi A1Al un A1A2 genotipu vaislas bullu
meitu pirmas laktacijas izslaukuma daudzums.

Sadalot paraugus péc Skirnu grupam, ir atSkiriga pozitivo genotipu attieciba:
Sr grupa attieciba ir AIA1 > A2A2 > A1A2, bet Hol grupa — A2A2 > Al1Al >
Al1A2.

Apkopojot iegiitos rezultatus, secinam, ka P - kazeina Al un A2 alglu
genotipu nozimigums novertétas ciltsvertibas raditaju sakara ir statistiski
nenozimigs.

Kappa - kazeina géna genotipiem, gan nemot, gan nenemot veéra Skirnes
grupas, nekonstatgjam statistiski nozimigu ietekmi uz vaislas bullu novertétas
ciltsvértibas raditajiem, ko varam izskaidrot ar faktu, ka visi Latvijas govju
populacijas vaislas bulli ir homozigoti péc biezakas A aléles.

Alfa - laktalbumina genotips BB statistiski ticami palielina vaislas bullu
novertétas ciltsvértibas péc olbaltumvielu saturu procentos (pr = 3,57 x107%) un
razibas indeksa (pg = 2,23 x107?%) vertibas.

Novertetas ciltsvertibas péc olbaltumvielu satura gadijuma augstaks raditajs
ir lielakajai genotipu grupai jeb vaislas bulliem ar BB genotipu (+0,09 %), ka ar1
razibas indekss augstaks ir vaislas bulliem ar BB genotipu (6,52 punkti).

Ir jamin, ka novertetas ciltsvertibas péc izslaukuma daudzuma atskiribas
starp genotipa grupam ir statistiski nenozimiga, bet liclaks raditajs ir tieSi LAA
heterozigotu vaislu bullu grupa (+158,46 kg).

Sadalot paraugus péc Skirnu grupam, nekonstatéjam statistiski nozimigas
saistibas. Apskatot novértéto ciltsvértibu péc izslaukuma daudzuma, varam
redzgt, ka abu $kirnu grupu gadijuma lielaks piena izslaukums ir bullu meitam,
kuru vaislu bullu genotips LAA ir BB. Turklat sarkano Skirpu grupa AB genotipa
vaislu bullu meitam vidgjais izslaukuma daudzums ir 117,00 kg zem v€lamas
normas.

Ir jamin, ja analizéta tikai HolSteinas Skirnu grupu, saglabajas statistiski
nozimigais rezultats ka analizgjot visu populaciju kopa. Hol skirnu grupa LAA
géna genotipiem ir saistiba ar novertéto ciltsvertibu péc olbaltumvielu satura
procentos (pr = 3,32 x107) un razibas indeksu (pr = 3,48 x10%). Abu raditaju
gadijuma BB genotipu grupa ir augstaks radijums neka AB genotipu grupam.

Apkopojot iepriek§ min€to a - laktalbumina géna A un B alglu genotipu
ietekmi uz vaislas bullu novertétas ciltsvertibas raditaju lielumiem, varam
secinat, ka pozitiva ietekme ir BB genotipam, Ipasi HolSteinas Skirnu grupa.

Beta - laktoglobulina genotipu pozitivo ietekmi novertétas ciltsvertibas pec
izslaukuma daudzuma gadijuma var izteikt AB > AA > BB un starp genotipiem ir
noverota statistiski ticama atskiriba (pg=9,07 x10™; 10. att.). Tatad varam secinat,
ka populacija biezak sastopamais genotips nav velams vaislu bulliem, ja
ganampulks tiek veidots piena izslaukuma palielinasanai. Turklat ir jamin, ka biezak
sastopamajam genotipam (BB) ir izteikti, Iidz pat septindm reiz€ém, mazaks piena
daudzums neka pargjos genotipos (AB > BB ir ar p = 8,82 x107).
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10. att. B- laktoglobulina gena A un B alelu genotipu saistibas analize ar novertetas
ciltsvertibas (NC) péc izslaukumu kilogrameos vaislas bulliem

Stabin$ ar nogriezni norada uz pazimes vidgjo grupas lielumu; F — dispersijas analizes raditajs; pr —
ticamibas jeb nozimiguma limenis; 1 — korelacijas analizes raditajs.

Fig.10. Association analysis between genotypes of A and B alleles of a; - casein gene

and estimated breeding values (EBV) of milk amount (kg) of breeding bulls

Bar with a straight edge points to signs of an average group size; * - refers to the association with
the performance at a particular lactation; F — index of ANOVA; pr — statistical signification; n—
index of correlation analyses.

Vaislas bullu noveérteétas ciltsvertibas péc tauku daudzuma kilogramos
vertibam starp genotipiem netika konstatSta statistiski nozimiga atskiriba,
nenemot vera to, ka videjo raditaju atskiriba starp AA genotipu vaislas bulliem
un BB genotipa vaislas bulliem ir lielaka neka 100 reizes. Olbaltumvielu
daudzumam atskiriba starp vidgjiem raditajiem ir mazaka (47,45 reizes), bet
atskiriba ir statistiski nozimiga (pg = 5,95 x107).

Novertetas ciltsvertibas péc tauku un péc olbaltumvielu daudzuma piena ir
statistiski ticami (attiecigi, pr=2,42 x10 un 4,03 x10™; 11. att.) saistits ar LGB
genotipiem, un to pozitivais iedalfjums ir atskirigs no izslaukuma daudzuma
raditaja: AA > AB > BB. Ta ka ir verojama atSkiriba genotipa pozitivaja
ietekmg, salidzinot ar novertétas ciltsvertibas péc izslaukuma daudzuma
raditajiem, tas lieck domat, ka, saistiba ar genotipiem ir dalgji individuala
konkrétajiem raditajiem.

Nemot véra paraugu piederibu skirnu grupam, statistiski ticama atskiriba tika
konstatéta novertétas ciltsvertibas pec olbaltumvielu satura procentos gadijuma
(pr = 3,74 x107%). Sarkanajam $kirn@m pozitivs vid&jais raditajs ir tikai vaislas
bulliem ar BB genotipu, bet HolSteinas Skirnpu grupa — ar AA genotipu. Tatad
varam domat, ka pozitivais genotips ir atSkirigs dazadam Skirné€m. Tas
apstiprina ieprieks iegiitos rezultatus par korelaciju starp LGB un skirgu grupam
(V = 0,40). Turklat Hol grupa atSkiribas starp genotipiem ir statistiski
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nozimigas: pr visiem genotipiem ir 9,24 x107, bet starp AA un BB genotipu
grupam — 6,94 x10~.
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11. att. B- laktoglobulina géna A un B al€lu genotipu saistibas analize novértéto
ciltsvertibu (NC) péc tauku un péc olbaltumvielu daudzumu kilogramos vaislas
bulliem
Stabin$ ar nogriezni norada uz pazimes vidgjo grupas lielumu; F — dispersijas analizes raditajs; pr —

ticamibas jeb nozimiguma limenis; 1 — korelacijas analizes raditajs.
Fig.11 Association analysis between genotypes of A and B alleles of a; - casein gene

and estimated breeding values (EBV) of fat and protein amount (kg) of breeding bulls
Bar with a straight edge points to signs of an average group size; * - refers to the association with
the performance at a particular lactation; F — index of ANOVA; pr — statistical signification; n —
index of correlation analyses.

Apkopojot sniegto informaciju par P - laktoglobulina géna A un B alélu
genotipu nozimigumu vaislas bullu novértétas ciltsvértibas sakara, varam
secinat, ka izslaukuma palielinasanu telém veicina AB genotips, ja netiek pemta
veéra skirmpu piederiba, un tauku un olbaltumvielu daudzumu — AA genotips.
Nemot véra paraugu Skirpu piederibu, sarkano skirpu grupa nozime paradas ari
BB genotipam, bet minimala. Bet Holsteinas $kirnu grupa saglabajas AA un AB
genotipu pozitiva ietekme.

Latvijas govju populacija vaislas bullu skirnu grupas ir atskirigs piecu piena
proteinu génu haplotipu sadalfjums jeb novérojama statistiski ticama atskiriba
(p,=2,00 x10™; V = 0,40), bet biezak sastopamais ir haplotips H15.

Statistiski nozimiga atSkiriba starp piecu piena proteinu génu haplotipu
grupam, nepemot veéra Skirnu grupu piederibu, ir vaislas bullu novertctai
ciltsvertibai péc tauku un péc olbaltumvielu daudzumam kilogramos (attiecigi,
pr = 8,01 x107 un 9,56 x107).

Abu noverteto ciltsvertibu gadijumos augstakais raditajs ir, ja vaislas bullis
ir ar H1 haplotipu, bet zemakais raditajs — H15 haplotips, kas ir biezakais
haplotips. Atskiriba starp H1 un H15 haplotipiem ir CSNISI, CSN2 un LGB
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lokusos. Kazeinu proteinu lokusos ir populacija biezak sastopama aléle, bet
laktoglobulina proteina lokusos — retak sastopama aléle.

Meitu pirmas laktacijas

Novertetas ciltsvertibas péc tauku daudzuma gadijuma vaislas bullu meitam
pirmaja laktacija tauku daudzuma atskiriba starp augstako un zemako vidgjo
radijumu ir 25,18 kg (pr = 5,60 x107), bet olbaltumvielu daudzuma gadijuma —

17,40 kg (pr = 1,70 x10%). Turklat ir jamin, ka abu raditaju gadijuma H15
haplotipa grupas vidgjais lielums ir negativs, kas nozime, ka §is grupas vaislas
bullu meitam tauku un olbaltumvielu daudzums pirmas laktacijas piena ir zem
vélama.

Sadalot wvaislas bullu paraugus pec Skirpu grupam, statistiski nozimigu
atSkiribu starp haplotipu/skirpu grupam konstatéjam saistiba ar novertéto
ciltvértibu pec olbaltumvielu saturu procentos (pg = 2,17 x107). Katra no 8kirnu
grupam ir cits haplotips ar augstako un zemako radijumu: Sr grupa attiecigi H3
un H9, bet Hol grupa — H1 un H9 vai H11.

Bez statistiska nozimiguma ir interesanti dati par vaislas bullu noveértéto
ciltsvertibu p&c izslaukuma kilogramos, kur Sr grupa mazaka vidgja vertiba bija
HI15 haplotipa grupas vaislas bulliem, bet Hol grupa konkréta haplotipa grupa
vid&jais radjjumu bija par 917,10 kilogramiem vairak. Tatad varam secinat, ka
HI15 haplotips nav velams sarkano skirnu vaislas bulliem, bet ir v€lams
Holsteinas Skirpu vaislas bu]liem.

SECINAJUMI

1. CSNISI B un C alglu, CSN2 Al un A2 alglu, CSN3, LAA un LGB A un B
alelu polimorfismi ir piemeroti Latvija audz€to govju pétjjumiem,
nodrosinot kvalitativu analizi. Apvienojot tehniskos aprakstus no vairaku
literatiras avotu metodikas, eksperiment€jot, aprobg&jot, verificgjot un
validgjot tas LLU LF MGPL, jaunapgiitas metodes nodroSina kvalitativus
rezultatus, lai analiz€tu piecu piena proteinu génu — CSNISI, CSN2, CSN3,
LAA un LGB — polimorfismus.

2. Ir veikta CSNISI B un C al€lu, CSN2 Al un A2 alglu, CSN3, LAA un LGB
A un B alélu polimorfismu izpéte vidgji 626 Latvija audz€tajam govim.
legiitie rezultati sniedz iesp&u analiz€t piecu protelnu génu divu alelu
genotipu un visu génu haplotipu saistibu ar piena produktivitates raditajiem
un ar vaislas bullu novertetas ciltsvertibas raditajiem un razibas indeksu.

3. legitie rezultati pierada, ka Latvijas populacija, nenemot véra skirnes
iedalfjumu, izslaukuma palielinasanos veicina P - kazeina A2A2 genotips,
K - kazeina AA genotips un beta - laktoglobulina AA genotips.

Individuali olbaltumvielu satura procentos palielinasanos statistiski nozimigi
veicina CSN2 A2A2 genotips 3. laktacija, CSN3 AA genotips un LGB BB
genotips 1. laktacija.

Individuali tauku satura procentos pieaugumu statistiski nozimigi ietekmée
alfag; —kazeina BB genotips 1. un 2. laktacija, kappa - kazeina AA un beta -
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laktoglobulina BB genotips visas laktacijas un alfa - laktalbumina BB
genotips 1. laktacija.

Visu piecu piena proteinu genu haplotipi statistiski ticami ir saistiti ar
izslaukuma un tauku saturu procentos radijumiem visas tris laktacijas ar
dazadiem pazimes veicinosajiem haplotipiem.

4. legitie rezultati pierada, ka, nepemot vera Skirnes iedalfjumu, Latvijas
audz€to un vaislai izmantoto bullu noveértéto ciltsvertibu péc izslaukuma
daudzuma palielinasanos veicina beta - laktoglobulina AB genotips.
Individuali noveérteto ciltsvertibu péc olbaltumvielu un péc tauku daudzumu
kilogramos palielina alfag; - kazeina BB genotips un beta - laktoglobulina
AA genotips.

Novertetas ciltsvértibas péc olbaltumvielu saturu procentos, ka ar razibas
indeksa pieaugumu statistiski nozimigi ietekmé alfa - laktalbumina BB
genotips.

Piecu piena proteinu génu haplotipi, nenemot véra skirnu grupu piederibu, ir
saistiti ar novertéto ciltsvértibu péc tauku un péc olbaltumvielu daudzuma
kilogramos, kur lielakais radijums ir bulliem ar H1 haplotipu.

IETEIKUMI

lopkopibas zinatniekiem wun specialistiem, maksligas apsékloSanas
specialistiem, dzivnieku audzétajiem un produkcijas raZotajiem

Iesakam Latvija sakt veikt piena $kirnpu govju un vaislas bullu gengtisko
skriningu péc pieciem piena proteina géniem — CSNISI, CSN2, CSN3, LAA un
LGB —, lai varétu nodrosinat vélamo genotipu parmantojamibu un uzkrasanos
ganampulkos Latvija, kuri lautu efektivi paaugstinat piena lopu produktivitati
péc kvalitativajam un kvantitativajam pazimem.

Ieguita pieredze lauj secinat, ka ir iesp&jams lietot genotipéSanu praktiskaja
slaucamo govju selekciong$ana un Iidz ar to samazinat genotip&Sanas izdevumus
ar minimaliem zaud€umiem, salidzinot ar potencialo kandidatu pilnigu
genotipeSanu. Vaislas bullu un govju genotip&Sanu ir v€lams veikt praktiskaja
slaucamo govju selekcion€Sana Latvija, nodroSinot tikai velamo al€lu
iedzimstibu.

lesakam turpinat veidot Latvijas govju genofondu jeb DNS kolekciju,
biologisko materialu nemot, govij piedzimstot vai to markgjot. Tadgjadi tiktu
nodro§inata pilniga informacija par Latvija audz€o govju populacijas
genotipiem un veicinata molekulara selekcija ar visvairak veélamajam alelém.

P&c pétijuma iegutajiem datiem iesakam veikt Latvija audz&to dazadu piena
govju Skirpu detaliz&taku genétisko analizi péc pieciem piena proteina géniem —
CSNIS1, CSN2, CSN3, LAA un LGB —, veidojot DNS paraugu kolekciju pec
skirném.

Pec iegttajiem datiem, ka ar1 p&c informacijas literatira un datubaze
iesakam veikt Latvijas briinas un Latvijas zilas skirnes padzilinatu piecu piena
protetna génu — CSNISI, CSN2, CSN3, LAA un LGB — DNS variaciju jeb
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nesinonimo polimorfismu analizi, lai noskaidrotu un saglabatu Latvijas
vesturisko skirnu genofondu.

P&c informacijas literatiiras avotos iesakam veikt genctisko saistibu analizi
Latvija audzeto piena govju populacija starp pieciem piena proteina géniem —
CSNIS1, CSN2, CSN3, LAA un LGB — un vélamajam pienu nozares tehnologijas
pazimém, tadgjadi papildinot informaciju par vélamajiem genotipiem. Ka ar1
tadgjadi iegiistot kvalitattvi un kvantitativi ekonomiskakus piena produktus.

PUBLIKACIJU UN ZINOJUMU SARAKTS PAR DARBA
TEMU / PUBLICATIONS

Petijjumu rezultati apkopoti astonos zinatniskos rakstos un publiceti
piecos recenzéjamos zinatniskos izdevumos.
Starptautiski citéjamos Zurnalos / International cited journals:

1. Smiltina, D., Grislis, Z. (2010) Analysis of kappa - casein (CSN3) alleles in
Latvian Brown and Latvian Blue breed cows’ populations. Annual 16th
International Scientific Conference Proceedings ''Research for Rural
Development 2010, ISSN 16914031, Volume 1, pp.71 - 74 (Indeksets
datubdazés: SCOPUS, EBSCO Academic Search Complete, CAB Abstracts,
CABI electronic resource).

2. Smiltina, D., Baligs, A., Grislis, Z. (2010) Study of the milk protein genetic
characterization in Latvian dairy cattle breeds’ populations. International
scientific conference Veterinarmedicine Proceeding 2010, ISSN 1407 -

1754, p.125-129 (Indeksets datubazés: EBSCO Central & Eastern
European Academic Source, CAB Abstracts, CABI electronic resource).

3. Smiltina, D., Balins, A., Grislis, Z. (2012) Identification of Variations in the
Alfa - Lactoalbumin Gene in Cows Population of Latvia. Proceedings of
Conference on “’Current events in veterinary research and practice — 2012,
ISSN 1407 — 1754, pp.143 - 147 (Indeksets datubazes: CAB Abstracts,
CABI electronic resource).

4. Smiltina, D., Balins, A., Grislis, Z. (2015) A Review of Latvian Blue (LZ)
Cows from the List of Animal Genetic Resources in Latvia. In: Proceedings
of the 8th International Conference on Biodiversity Research. Daugavpils:
Akadémiskais apgads SAULE. p. 165-177. ISBN 978-9984—14 (Indeksets
datubazés: Web of Science).

Starptautiskos zurnalos/International journals

1. Dace Smiltina, Andris Balins, Ziedonis Grislis (2011) Prospects of the f —
casein (CSN2) alleles Al and A2 in the dairy cattle population of Latvia.
PhD Students, Young Scientists and Pedagogues Conference Proceedings *’
Young Researchers 2011, Faculty of Natural Sciences, Constantine the
Philosopher University in Nitra, ISBN 978-80-8094-946—4, pp.703-708.

Latvijas zinatniskajos Zurnalos/Latvian scientific journal
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Dace Smiltina, Andris Balins, Ziedonis Grislis, Rita Sarma (2015) Effects
of alfa—lactalbumin (LAA) genetic variants on milk productivity.
Proceedings of the 56rd International Scientific Conference of Daugavpils
University 2014. DU Akadémiskais apgads SAULE, ISBN 978 — 9984.
Dace Smiltina, Andris Balins, Ziedonis Grislis, Rita Sarma (2014) Effects
of beta—lactoglobulin (LGB) genetic variants on milk productivity.
Proceedings of the 55rd International Scientific Conference of Daugavpils
University 2013, ISBN 978-9984—14-665-2.

Dace Smiltina, Andris Balins, Ziedonis Grislis (2013) Polymorphism of the
B —lactoglobulin (LGB) alleles A and B in the dairy cattle population of
Latvia. Proceedings of the 54rd International Scientific Conference of
Daugavpils University 2012, ISBN 978-9984-14—-613-3.

Dace Smiltina, Andris Balins, Ziedonis Grislis (2012) Polimorphism of
o5 —casein (CSN1S1) in the Latvian Brown (LB) dairy cattle breed.
Proceedings of the 53rd International Scientific Conference of Daugavpils
University 2011, ISBN 978-9984— 14-563—1.

PATEICIBAS

Es pateicos visiem, ar ko es tiesi sadarbojos pétijuma laika.

Pateicos bijusajai LLU MPS Vecauce direktorei Ivetai Grudovskas kundzei,
direktora vietniecei Indrai Eihvaldei un Lopkopibas specialistu kolektivam
par biologisko paraugu ieguves organizatoriskajiem pasakumiem misu
petijumam 2010. gada decembri.

Pateicos par veiksmigu sadarbibu un ilgstosu pretimnaksanu Siguldas
CMAS valdes priek$sédétajam Nilam Ivaram Feodorova kungam,
Kurzemes CMAS valdes prieksseédetajam Gatim Kaka kungam, Vidzemes
Veterinara servisa biroja vaditajai Valenttnai Stjades kundzei un vinu
vaditajiem kolektiviem par p&tijumam atvélétajiem vaislas bullu biologiska
materiala paraugiem un to uzglabasanai nepiecieSamo aukstumagentu.

Ipasi es pateicos saviem vecakiem un meitai par katru atbalsta bridi, ko vini
ir veltfjus§i man personigi ar visu savu milestibu, lai es varétu So darbu
paveikt.
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ADC
AF
AN
BAIS
Blue
CSNISI
CSN1S2
CSN2
CSN3
DR
EBV
HB
Hol
HR
LAA
LAU
LB
LGB
LZ
MGRL
PCR
p

Pr

Pv

Px

Pp
Red

RFLP
SNP
SR
YI

ABBREVIATIONS

State Agency ’Agricultural Data Centre”
Faculty of Agriculture

Angeln

Breeding and artificial insemination station
group of blue colour cow breeds

alphag; - casein gene

alphag;, - casein gene

beta - casein gene

kappa - casein gene

Danish Red cow breed

Estimated breeding value

Holstein Black and White cow breed
group of Holstein cow breeds

Holstein Red and White cow breed
alpha - lactalbumin gene (also LALBA)
Latvia University of Agriculture

Latvian Brown cow breed

beta - lactoglobulin gene (also PAEP)
Latvian Blue (Latvijas zila) cow breed
Molecular Genetics Research Laboratory
Polymerase Chain Reaction

statistical significance or importance to:
results of ANOVA or PostHoc

Cramer's V association analysis
Chi-squared (y°) test

Spearman's rank correlation coefficient p (rho)
group of red colour cow breeds
Restriction fragment lenght polymorphism
Single Nucleotide Polymorphism
Swedish Red and White

yield/ productivity index
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INTRODUCTION

Milk is the most common source of protein and microelements for people.
Since historical times milk has served as a human food product. According to
the sequence in the milk extraction process the species can be ranked in the
following order: man, goat, buffalo, sheep, yak and cow species (Bos Taurus)
which turned out to be particularly suitable for cultivating and specialisation for
milking.

Milk protein is the most valuable component of milk from a dietary point of
view. The quality and the yield of milk and its processing products (cottage
cheese, cheese etc.) depend on it.

More than 95% of ruminants’ milk proteins are coded by 6 structural
genes: two main whey proteins (o - lactalbumin and f - lactoglobulin) and 4
caseins (ag;- and ag, - caseins, f - casein and « - casein).

So far Latvia has not acquired any experience with gene-assisted selection,
since molecular genetic research in animal breeding started only in recent years
when the Molecular Genetics Research Laboratory (MGRL) of the Faculty of
Agriculture (AF) of Latvia University of Agriculture (LAU) was established in
December of 2006.

The potential effectiveness of gene assisted selection in Latvian milk cattle
breeding is that the use of this selection method, by finding out the desirable
genotypes of milk proteins, will help analysing and introducing new selection
standards in milk cattle breeding, to improve the productivity of the cow
population: the average yield of milk, amount of protein, the total content of
proteins and their quality, for instance, shorter duration of clotting/renneting
time, shorter time of curds mass formation and stability, as well as fat content.

Compared to the traditional breeding, direct gene or marker based selection
can be significantly more effective. Judging by the data from scientific literature
of different countries, it can be significant in increasing the productivity of
animals, improving the quality and safety of milk products by reducing the risks
of milk and/or milk product related diseases and promoting biological and food
safety.

Humans are one of the biggest consumers of milk and milk products. Also
for cheese production, milk is chosen according to its quality indicators, but the
manufacturers are still not aware of the necessity to evaluate the molecularly
genetic variants of milk proteins in each animal of the cattle herd, to improve
the quality of cheese and to provide milk products, which are harmless to our
health. Almost all milk proteins are a source of active peptides — opioids. For
example, measures have been taken to exclude P - casein Al allele from dairy
cow populations, not to allow the potential negative effects of B - casomorphine
7. Poland is one of the first EU countries, which has widely deployed testing of
breeding bulls for checking the composition of B —casein alleles. It is also
necessary to do more research on milk protein genotypes and their influence in
Latvia.
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The use of the latest methods of genome and proteome research for the
improvement of agricultural animal breeds and preservation of diversity of
genetic resources should be one of the priorities of agricultural science in
Latvia.

The optimisation and upgrading of molecular genetic methods is necessary
for the needs of Molecular genetics research laboratory of AF of LUA, to
introduce the methods which could be used for a longer period of time in the
research of Latvian cow population and summarization of the obtained data.

THE AIM AND TASKS OF THE STUDY

The hypothesis of the thesis — the molecular genetic variation of milk
proteins of dairy cows reared in Latvia is related to milk yield and quality
indicators.

The aim of the thesis is to promote cow breeding in Latvia by developing
and testing molecular genetics analyses for quantity and quality analysis of the
dairy cow population of Latvia, based on the research of polymorphism of genes
encoding milk proteins.

The following tasks have been set to reach the aim:

1. To select molecular markers which would be suitable for characterization
of polymorphism of milk protein genes (alphag; - casein, alfphag, - casein, beta -
casein, kappa - casein, alpha - lactalbumin and beta - lactoglobulin) in the
population of dairy cows reared in Latvia.

2. To make the primary characterization of the selected polymorphisms of
bovine milk protein genes in the population of dairy cows reared in Latvia.

3. To study the association of milk productivity indicators of dairy cows
reared in Latvia with the selected molecular markers of milk protein genes.

4. To study association of the estimated breeding values of the breeding
bulls reared in Latvia with the selected molecular markers of milk protein genes.

NOVELTY OF THE STUDY

The following studies have been undertaken for the first time in Latvia:

1. research of polymorphism of the ag; - casein, - casein, « - casein,
a - lactalbumin and B - lactoglobulin genes in the population of dairy cows and
bulls reared in Latvia at the Molecular Genetics Research Laboratory of the
Faculty of Agriculture of Latvia University of Agriculture by approbating five
molecular genetics methods;

2. DNA amplification and definition of allele variation of genes encoding
milk proteins in biological material of dairy cows and bulls reared in Latvia at
the Molecular Genetics Research Laboratory of the Faculty of Agriculture of
Latvia University of Agriculture by using a PCR - RESP method;

3. determination of the association of ag; - casein, [ - casein, k - casein,
o - lactalbumin and P —lactoglobulin gene polymorphisms with milk
productivity indicators of dairy cows reared in Latvia and with estimated
breeding values of the breeding bulls of milk producing breeds reared in Latvia.
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ECONOMIC IMPORTANCE OF THE STUDY

1. The obtained results about the frequency of polymorphisms of the ag; -
casein, [ - casein, k - casein, o - lactalbumin and P — lactoglobulin genes in the
population of dairy cows reared in Latvia complements the data base of the
State agency “Agricultural Data Centre” of the Ministry of Agriculture of the
Republic of Latvia.

2. Genotyping and analysis of molecular markers data of the ag; -, f - and
K - casein, o - lactalbumin and § — lactoglobulin genes can be used by pedigree
specialists of the State Agency ”Agricultural Data Centre” of the Ministry of
Agriculture of the Republic of Latvia and members of Animal Breeders
Association of Latvia for improving dairy cow breeds, on the basis of
association between alleles of milk protein genes and milk production
indicators.

3. Other national research recommendations described in the thesis on
associations between og; -, P-and «-casein, o-lactalbumin and p-—
lactoglobulin genes and different production indicators can be used as baseline
data of different breeds of dairy cows and breeding bulls selected and raised in
Latvia.

STRUCTURE AND VOLUME OF THE WORK

Thesis is written on 143 pages in Latvian following classical scheme. The
work is structured in nine chapters: Annotation, Approval of the work,
Introduction, Literature review, Materials and Methods, Results and Discussion,
Conclusions, Advice, References. The chapters are formed of seventeen
sections. The text is containis by 33 Tables, 55 Figures and it is supplemented
by 52 appendices. 356 references are included in the reference list

1. MATERIALS AND METHODS
The research was elaborated in the period of April 2009 to June 2014
1.1. Description of the study object

Research group of breeds of dairy cows raised in Latvia was formed of
seven breeds (Latvian Brown (LB) and Latvian Blue (LZ; Latvijas zila),
Holstein Black and White (HB), Holstein Red and White (HR), Swedish Red
and White (SR), Danish Red (DR) and Angeln (AN)) using the biological
material of 719 cattle, including blood of 625 cows and sperm cell samples of
94 breeding bulls of Breeding and artificial insemination station (BAIS),

At study of association of milk productivity indicators of dairy cows reared
in Latvia with the genotypes of milk protein genes (as; - casein, B - casein, x -
casein, o - lactalbumin and P — lactoglobulin) the number of cows was reduesd
to 545 dairy cows with productivity data in at least one of three lactations at
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State agency ”Agricultural Data Centre” of the Ministry of Agriculture of the
Republic of Latvia were selected.

At study association of estimated breeding values of the breeding bulls’
reared in Latvia with the selected molecular markers of milk protein genes 73
samples with information about estimated breeding values in the first quarter of
year 2012 in ADC data base were selected

Overall, the biological material was obtained from 81 herds of dairy cows in
different regions of Latvia. The research also used samples of cows of Latvian
Brown and Latvian Blue breeds that are included in the Latvian animal genetic
resources list from MGRL of AF of LAU depository, and different samples of
cows from Latvian farms.

1.2. DNA extraction

Genomic DNA extraction was done from cows’ blood and bulls’ sperm
samples. In the work two kits of genomic DNA extraction were used: Genomic
DNA Purification Kit #K512 (Fermentas, Vilnius, Lithuania) and PUREGENE®
DNA Isolation Kit (QIAgene, USA). Methods of both kits were adjusted for
work with different blood and sperm quantity than in protocol.

1.3. Polymorphism analysis of cows' milk proteins

Research was made by developing, optimizing and approbating complex
methods for molecular genetic analysis of alleles of six milk protein genes: og; —
casein (CSN1S1), ag, — casein (CSN1S2), B — casein (CSN2), k — casein (CSN3),
a - lactalbumin (LAA) and B — lactoglobulin (LGB), to be used in laboratory of
MGR of AF of LAU.

After analysing the available equipment of MGRL, as a genetic method was
chosen the restriction enzyme site polymorphisms (RESP) method and most
often analysed alleles of milk proteins, respectively, for CSN1S1 allele B and C,
for CSN2 — Al and A2, but for CSN3, LAA and LGB A un B alleles.

1.4. Data analysis

Using data of 719 DNA samples of cows raised in Latvia the analysis of
Latvian cows’ population was carried out through five milk protein genes.
Numbers and frequencies of alleles and genotypes for entire population were
estimated by direct counting from the results of molecular genetic analyses, but
for group of each breed were calculated by dividing samples. By using DNASP
5.10013 (Librado, Rozas, 2009; Rozas et al., 2003) haplotypes combinations of
six SNP (one for each gene except CSN3) were defined and frequencies
calculated. Rare haplotypes (number less than five (5) in whole group) were not
taken into account for association analysis.

Expected heterozygote indexes were estimated for both allele at the locus or
polymorphism. Population heterozygote was calculated as the ratio of the
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number of heterozygous individuals vs. the total number of subjects. Deviations
from the Hardy - Weinberg equilibrium were tested by the chi square (x°) test.

Also for the entire population the association between non-parametrical
indicators (number of alleles and genotypes for different sex or breeds of cows)
was analyzed. For that calculation was used crosstab method with * test or
Pirson i’ test at the confidence p,<0.05 (Arhipova, Balina, 2006).

Before association analysis both cows’ and breeding bulls’ samples were
divided into 3 groups: (1) Red or group of cows of breeds with red color, (2)
Hol or group of cows of Holstein breeds, (3) Bl or cows of breeds with blue
color.

Before parametrical indicator (for example, yield of milk) association
analysis with genotypes and/or breeds, the connection between group of breed
and genotype of milk protein gene was tested by using Pirson y° test to
determinate the differences between groups and Cramer’s V test to determinate
association or correlation between indicators. Association strength was defined
by value of V coefficient: till 0.20 association is very week, from 0.20 till 0.40
association is weak, from 0.40 till 0.60 association is medium strong, from 0.60
till 0.80 association is strong, more than 0.80 association is very strong.

Statistically significant/credible association for each milk protein variation
was assessed by analyzing: (1) difference between average value of parametric
indicators in each group of non-parametric indicators (genotype and/or group of
breed and haplotype), using one or two-way ANOVA test at the confidence
p,<0.05 (Arhipova, Balina, 2006); (2) association or correlation between
indicators, using eta () coefficient test. Association strength was defined by
value of n coefficient similar to V coefficient.

To determine difference between each two groups of genotypes or groups of
breeds the PostHoc test was used. If the result was statistically significant, the
comparison values in tables of results were indicated with the same alphabet
letter in superscript.

For study of association of milk’s productivity indicators of dairy cows
reared in Latvia with the selected molecular markers of milk protein genes data
were obtained about each cow’s 305 days (standard lactation) first three
lactations. Lactation data contained parametrical data about milk amount or
yield in kilograms, protein and fat amount in kg, and percentage of proteins and
fat. Yield was considered the most important parameter, as amount of proteins
and fats in kilograms depends on the milk yield. The next important indicator is
percentage of proteins and fats of which the amount of proteins and fats in
kilograms might be depending respectively.

For study of association of estimated breeding values (EBV) of the breeding
bulls’ reared in Latvia with the selected molecular markers of milk protein
genes parametrical data as EBV of milk amount in kg, protein and fat amount in
kg, their percentage and yield index (YI). were used. Estimated breeding values
for each breeding bull can have both positive and negative value, because it is
calculated according to a formula that takes into account preferred average value
of the indicator of the particular breed in a specific date. YI also is calculated
using a formula of the database of ”Agricultural Data Centre”.
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In both studies, as a more important indicator was considered yield quantity
of which protein and fat quantities in kilograms are depending. The next in
order of importance is percentage of proteins and fats of which the amount of
proteins and fats in kilograms might be depending respectively.

For all analysis statistical software IBM SPSS Statistics version 21.0 (IBM
Corp. Released 2012) and PAST (PAlaentological Statistics, ver. 1.63; Hammer
et al., 2001) was used.

2. RESULTS AND DISCUSSION

2.1. Methods for the analysis of polymorphism of milk protein genes

Analysis of polymorphisms. Analysing the literature about the selected five
milk proteins, we found that by conducting research, as a result the protein
variations are analysed, but in the methodology single nucleotide
polymorphisms (SNP) is used.

Summarizing several sources of scientific literature (Medrano, Aguilar —
Cordova, 1990; Medrano, Sharrow, 1991; Koczan et al., 1993; Mao et al.,
1994; Voelker et al.,, 1998; Strzalkowska et al., 2002; McLachlan, 2006;
Sulimova et al., 2007 Martins, 2008) six SNPs of five milk protein genes (Table
1) were chosen. Respectively, in casein protein genes: CSNISI c.-175A>G,
leading to the protein variation change B to C; CSN2 — ¢.4451A>C (Progy sy His;
Al and A2 variations); for CSN3 were selected two SNPs: ¢.11625C>T and
¢.11661A>C, leading to Thrse(is57)Ile and Aspjase9)Ala or A variation change to
B variation (Table 1).

For whey proteins, respectively, for LAA was selected SNP located in no-
translated region or c.15A>G, in which case it is considered that changes A
variations of the B, but for LGB ¢.3106T>C, leading to the amino acid change
Valy5034Ala or protein variation change A to B (Table 1).

The restriction enzyme site polymorphism (RESP) method was selected as a
research method for all SNPs based on the ability of specific restriction enzyme
or enzyme endonuclease to digested DNA sequence of a particular place,
recognizing the nucleotide sequence. If in this sequence of particular place there
is polymorphisms or change of nucleotide, then digesting does not occur.

Using the selected methods the collection of DNA samples of dairy cows
reared in Latvia were analyzed more precisely, CSNISI polymorphism was
analyzed in 675 samples from 719, which is a positive result for 93.88 %, CSN2
— 716 samples with positive results (99.58%), CSN3 — 487 samples with positive
results, which make 67.73%. For whey proteins: LAA SNP was positive in the
analysed 603 samples, which is 83.87 %, but for LGB — 649 positive samples or
90.26 %. At the end, summarizing technical descriptions of methods described
in several sources literature, making experiments, approbating, verifying and
validating in MGRL, thes conclusion was made, that the newly acquired method
ensures quality results for the analysis of polymorphisms of five milk protein
genes: CSNI1S1, CSN2, CSN3, LAA and LGB.
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Table 1

Description of PCR/RESP used for study of polymorphisms of milk protein genes at cows’ population reared in Latvia

PCR RESP
P Amplification conditions 5 Fragments,
Gene Polymorphism Dena- . Elon-  Sequence of primers Product, Enzyme bp, ) and
. Annealing* . bp Sequence  protein
turation gation ..
variations
904°C /30 s F 5 — TGC ATG TTC TCA TAA
CSNISI c.-175A>G 94°C/ 4 sgoc /30 72°C/ TAACC-3’ 310 Maelll 310-C
B>C 3 min o 10min R 5’ — GAA GAA GCA GCA AGC IGTNAC  214/96 - B
72°C/30s )
TGG -3
o F 5° — CCT TCT TTC CAG GAT
CSN2 ;':‘0451A;§ 94°C/ . zg 03282 72°C/ GAACTC CAG-3’ 11 Ddel 121 - Al
A617S,221 4 min 720 30 4min RS’ — GAG TAA GAG GAG GGA CITNAG  86/35- A2
TGT TTT GTG GGA GGC TCT — 3’
C'Cl 11?%56(1:2(‘;“ 05°C /30 s F 5°~ TAT CAT TTA TGG CCA Hinfl
CSN3 Thr e 95°C/ 45 ssoc/a0s 12°C/ TTGGACCA -3 998 GJANTC  133/93—-A
A '36<'57>A1 2 min Troc 30 /min R 5= CTT CTT TGA TGT CTC HindIII 135/95 -B
Splﬁggf’) a s CTT AGA GTT-3’ A|AGCTT
o F 5° - CTC TTC CTG GAT GTA
LAA CISAZG ggec 45 22 g f ;8 . 72°C/ AGGCTT-3’ 166 Mnll  78/52/36— A
(LALBA) 10 min o 0.5min R 5° — AGC CTG GGT GGC ATG CCTCN,|  114/52-B
A>B 72°C/60s ;
GAA TA-3
o F 5> — TGT GCT GGA CAC CGA
LGB \faf 106T>Acla 94°C/ 4, Zg g j gg z 72°C/ CTACAA AAAG-3 47 Haelll 148/99 — A
(PAEP) ‘/‘fgg’ 3 min 720 30 Omin R 5 — GCT CCC GGT ATA TGA GG|CC  74(x2)/99 -B

CCACCCTCT-3

*_ Nucleotide replacement and, if so, the replacement amino acids in activated protein (inactive protein), and protein variations
S_ for each SNP temperature and time for each step are indicated
* - for each SNP number of cycles and three steps: denaturation, annealing and synthesis, temperature/time are indicated



Conducting studies on methodological accuracy, parallel to our studies on
K - casein gene polymorphism International testing at the genetics laboratory of
University of Life Sciences of Tartu was performed. The results coincided
completely.

2.2.  The analysis of polymorphism of milk protein genes

DNA samples of 719 dairy cows raised in Latvia, including 94 breeding
bulls, have been analyzed on polymorphisms of five milk proteins, by studying
alleles and genotypes of each SNPs of each gene and haplotypes of all SNPs.
Thus, the idea of the Latvian cows’ population was obtained, since seven more
common grown breeds of Latvia were included in the collection.

The biggest part of the collection is represented by 367 samples of Latvian
brown breed, which is the most common breed in Latvia. Anoher big part of the
collection isrepresented by 179 samples of Latvian blue breed, 79 samples of
Holstein Black and White (HB) and 55 samples of Danish Red breed. Samples
of other breeds are with smaller number of samples, but analyzing them
significant results were obtained in the analysis of genetic polymorphisms.

For CSN1S1 gene the most frequently occurring allele is B (0.96) and
genotype — BB (0.93) in Latvia. Analyzing frequencies of alleles depending on
the sex, we found, that frequency of allele B of 86 breeds bulls’ is less than
0.07 cows (0.90 vs. 0.97; p = 2.07 x107). Analyzing the frequencies of
genotypes, we can make the conclusion, that samples with heterozygote are
more common between breeding bulls than cows (20.93 % for bulls and 5.43 %
for cows; p = 4.99 x107 for all genotypes). So, it might imply, that these are
breeding bulls that are responsible for C allele in different stoking, because
among 675 samples we did not find any with homozygote genotype CC.

Investigating the results of other research of different countries, we found
out that results of research of Estonia (EE) are similar to ours. For Estonian
Native breed cows’ (n = 118) oy, - CN allele B is with the frequency of 0.92, but
that of allele C — 0.08 (Lien et al., 1999). Also Lithuanian (LT) researchers have
more similar results: for dairy cows’ population of LT (n = 427) allele B is with
frequency 0.95 (Peciulaitiene, 2005). In other countries of Europe, the results of
similar studies are a little different. For example, for Bulgarian Grey (Neov et
al., 2013) allele B is with frequency 0.0.43, but allele C — 0.57. As well as in
this research, contrary to ours, all three genotypes were found with frequencies:
BB = 0.18, BC = 0.79, CC = 0.03, respectively. These results can be explained
with the historical occurrence of the breed (Bos taurus brachiceros x Bos taurus
Primigenius; Neov et al., 2013). In contrast, the Czech scientists’ results for 440
Czech Fleckvieh breed cows’ by alleles are closer to our results (B = 0.89, C =
0.11), but by genotypes — to Bulgarian’ results with all three genotypes,
respectively, BB = 0.80, BC =0.18, CC = 0.16 (Kucerova et al., 20006).

In case of CSN2 the common allele is Al with frequency 0.67 and
genotypes A1A1 (0.42), and A1A2 (0.49), despite the fact that in literature as
more preferable for cows’ populations allele A2 is mentioned (Reichelt et al.,
1991; Cade et al., 2000; McLachlan, 2001; Cardak, 2005; A2 Corporation,
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2006; Cieslinska et al., 2007; Peciulaitiene et al., 2007). Regarding the
population balance or deflection from Hardy - Weinberg at a given locus there is
statistically significant difference (p, = 2.72 x107) between the expected and
obtained heterozygote frequencies. Similar results are for half of breeds (LB,
LZ, HR and AN). For all breeds the frequency of genotype A2A2 is very low.
Furthermore, it appears that for HB breed, which has higher milk amount than
other breeds, higher frequency of A2A2 and equilibrium by Hardy - Weinberg
equation are observed.

The frequency of preferable allele A2 of CNS2 in Estonian Native breed
cows (Virv et al., 2009) is significantly higher (0.60) than in Latvian brown
breed cows (0.31) or Latvian blue breed cows (0.24). We can conclude, that in
Estonian Native breed the frequency of benevolent allele A2 of B — CN is two
times higher.

In 94 breeding bulls included in our study there was a small tendency of
allele A1 dominance (0.54) over the allele A2 (0.46), but 622 dairy cows are
with bigger tendency to allele Al dominance (0.69 vs. 0.31). Besides, it should
be also concluded that more than half of breeding bulls are with heterozygote
genotype. So, assuming that by the genotype each allele is inherited with equal
probability, we can assume that the bull transfers the beneficial allele to every
second of his offspring. When comparing allele or genotype frequencies
between cows and breeding bulls, a statistically significant/ difference is
observed. Breeding bulls have higher frequency of allele A2 (p, = 4.22 x107)
and also the level of heterozygote and homozygote of allele A2 genotypes
(p,=3.75 x107). So there is a better background for A2A2 genotype formation.

Czech researchers found that there is better situation for selection of allele
A2 in their country than in Latvia. In their study it was found that CSN2 alleles
Al, A2, A3 and B are with frequencies 0.18, 0.80, 0.01 and 0.01, respectively
(Kucerova et al., 2006).

In the study of the third casein protein CSN3 it was found, that in population
common allele is A with frequency 0.92 and common homozygote genotype
AA — 0.86. From literature it is known that cows’ with genotype BB of « —
casein are distinguished by better dairy technological features, higher cheese
outcome (Martin et al., 2002), but in our population this genotype and,
respectively, allele B are very rear (BB = 0.03 and B = 0.08). There is a
pronounced predominance of allele A, as demonstrated by the analysis of
Hardy - Weinberg equation, in which statistically significant differences
between the expected and observed heterozygote genotypes were recognized
(p,=1.19 x107). It should be noted that only in historical breeds of Latvia (LB
and LZ) all three genotypes were found, but in other breeds — only genotype
AA.

Our data about very high occurrence of allele A of k — casein in dairy cows
of Latvian population coincide with the research data in Lithuania and Estonia
(Peciulaitiene, 2005; Peciulaitiene et al., 2007; Viarv et al., 2009). Estonian
researchers found higher frequency of allele B in Estonian Native breed cows
(0.24) and in Estonian Red breed cows (0.37). Despite the low level of allele B,
Estonian scientists found that all parameters of milk coagulation were better in
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cows with genotype BB of CSN3 (Kiibarsepp et al., 2005). In Lithuanian
population of dairy cows the frequency of allele A is 0.74 and that of allele B —
0.22 (Pediulaitiene et al., 2007).

The second group is whey proteins, where for both LAA and LGB common
allele is B (0.94 and 0.78, respectively) and common genotype is BB (0.88 and
0.60, respectively).

In the LAA case the analyzed locus is in balance according to Hardi -
Weinberg equation across the population, regardless of division in breeds. In all
six breeds the predominance of allele B (from 0.82 till 1.00) is observed. Thus it
can be recognized, that as a result of genetic drift allele A is forced out of the
population and the B allele frequency increases. Furthermore, allele A is only in
heterozygote genotypes, except in HB breed, where one breeding bull with
homozygote genotype after allele A was found. In this breed also the frequency
of allele A is the highest, which, compared to Latvian Brown breed, is six times
higher (0.18 vs. 0.03). Analyzing the the distribution of rear allele A in cows
and breeding bulls,it can be observed that for breeding bulls this allele is two
times more common than for cows (0.12 vs. 0.05; px=5.38 x10*). Prevalence of
allele A influences the double prevalence of frequency of heterozygote genotype
(0.21 vs. 0.10; p, = 6.00 x10™*).

From the data of different researches (Bell et al., 1981; Formaggini et al.,
1999) we can conclude that variation B is typical or ancestral for Bos Taurus,
Bos Indicus, Bos (Poephagus) Grunniens, therefore variation A is not
widespread in Bos Taurus. Hypothetically, it can be concluded that our data also
confirm the researchers’ indicated results with regard to low frequency of
variation A in different breeds and origins.

According to our data, the highest frequency of allele A in Latvia is for dairy
cows of HB breed (0.18). Compering these data to those of other researches, it
can be concluded, that in other countries (Voelker et al., 1998;
Bojarojc — Nosowicz et al., 2005) the frequency of allele A is higher (up to 0.77
or 76.60 %) than in our studied breeds in Latvia.

In the case of second protein of whey proteins or LGB in historical Latvian
dairy cows’ breeds the frequency of allele B is relative higher: in Latvian Brown
0.83, in Latvian Blue 0.80, but in Holstein Black and White only 0.58.
Analyzing the genotypes itcan be seen that in HR, SR and AN breeds
homozygote form of rear allele A is markedly higher than in other breeds of
Latvian cows’ population and average frequency of all population (0.03).
Difference in distribution of alleles and of genotypes between breeds is
statistically significant (p, = 7.16 x10™"" and p,=3.25 x107, respectively).

Compering our results with the data from other published researches
((Tkonen et al., 1996; Erhardt et al, 1997; Peciulaitiene, 2005; Kiibarsepp et al.,
2005; Zaton - Dobrowolska et al., 2006), we conclude that they show a slightly
lower frequency of allele B, researching polymorphisms of whey milk protein
LGB in different cows’ breeds in national and/or special herds. The only breed
with higher frequency of allele B compering to Latvian population is Lithuanian
Red with frequency 0.92 (Peciulaitiene, 2005).
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With all five protein genes or six SNPs 15 haplotypes were made, from
which 11 were found in at least five samples or could be regarded as frequent
haplotypes in the total population group. As most common haplotype was found
the haplotype with common allele in all five proteins or six SNPs positions
(haplotype H2: DNS sequence is AACAGT (1. position CSN1S1, 2. position
CSN2, 3. and 4. — CSN3 both SNPs, 5. — LAA and 6. — LGB). Protein sequence
of H2 is BA1ABB. This haplotype was found in more than half of the samples
(51.81 %). Common haplotype does not change by dividing samples in cows’
breeds.

The obtained results provide an opportunity to analyze the association of two
allele genotypes of five protein genes with milk productivity indicators and with
breeding bulls’ estimated breeding values and yield index.

2.3.  Association analysis of polymorphisms of milk protein genes with
cows’ milk productivity

Division of breeds of Latvian cows is statistically significantly associated
with all the analyzed milk productivity indicators. Higher indicators are
observed in-group of Holstein breeds (Holstein Black and White and Holstein
Red and White), but lower in Bl group or in Latvian blue breed within the
framework of all lactation.

Genotypes of four from five analyzed milk proteins (except CSNISI) are
statistically significantly associated with dairy cows’ breeds of Latvia, moreover
two genes (CSN3 and LAA) could affect the formation of breeds.

The yield of milk in kilograms, fat and protein quantity in kilograms and fat
as well as protein contents as a percentage of cows’ first three consecutive
existing lactations were selected as parameters characterizing milk productivity.

Genotype BB of alphag; - casein gene statistically significantly promotes
the increase of fat content (percentage) in the milk of cows raised in Latvia at
the first two lactations (Fig.1., page 20). At the first lactation cows with
genotype BB have on average 0.26 % higher fat content than cows with
genotype BC (pr = 1.27 x10% 1 = 0.11), but at the second lactation increase is
about 0.21 % (pr = 4.23 x107%; = 0.10).

Genotype BB increases also milk yield at first three lactations, but the
differences between groups of genotypes are not statistically significant.
Therefore, it can be concluded that selection of allele C of CSNISI is not
necessary in connection with improvement of milk productivity, because
associated indicators are in cows with homozygote of allele B.

Analyzing the influence of genotypes and cows’ group of breed together,
statistically significant association with protein content as a percentage at 2"
lactation (pr = 4.72 x10™%) was found. In Red and BI groups the indicator for
cows with genotypes BC is a little higher (~ 0.10 %) than for cows with
genotype BB, but in Hol group the results are opposite (~ 0.44 %). The
importance of allele C depends on the breed of cows.

Analyzing each group of breeds separately, it can be concluded that in the
group of Holstein breeds there is a statistically significant difference between
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average values of indicators of groups of genotype at 2™ lactation in case of
protein and fat content as a percentage. In the case of fat content the statistical
signification is 2.78 x107, but in case of protein content — 1.86 x107 In both
cases indicators for cows with genotype BB values are higher: + 1.06 and
+ 0.44, respectively.

It was possible to express the positive impact of genotypes of beta - casein
gene in relation/proportion: A2A2 > A1A2 > AlAl. It means that genotype
A2A2 statistically significantly contributes to the increase of milk yield at the
first three lactations (Fig.2., page 21). At all lactations, correlation (1) between
genotypes and yield amount is within the range 0.24 in the first till 0.22 in the
last two lactations. Predominance of genotype A2A2 over genotype A1A2 is
+920.98 kg or 16.38 % at the first lactation (pg=1.76 x10'3), +1313.42 kg or
20.33 % at the second lactation (pg = 1.38 x10’3) and + 1597.65 kg or 25.10 % at
the third lactation (pg = 1.77 x107). As can be seen in Figure 2, with each
lactation the positive prevalence of A2A?2 increases.

As a result of the increase of milk yield at the 3" lactation homozygote form
of allele A2 increases fat amount in milk by nearly 1/5 against the heterozygous
form (+54.09 kg or 19.52%; pr = 2.59 x10?%) and at the 2" lactation
homozygote form of allele A2 increases protein amount in milk by nearly 1/5
against the heterozygous form (+ 44.67 kg or 19.95 %:; pg = 2.25 x10™), but at
the 3" lactation — already by more than 1/4 (+57.30 kg or 26.06%;
pr = 1.74 x107). It should be noted that at the 1** and 3™ lactation, genotypes of
alleles A1 and A2 of gene B -casein gene are statistically significantly
associated with the protein content as a percentage (Fig. 3. on page 22).
Therefore it can be concluded, that the association with protein amount is
independent, not only created by association with yield.

Analyzing our results, we saw that positive impact of homozygote form of
allele A2 of B - CN increases with age, or with subsequent lactations. Overall, it
can be concluded that our results are similar to the data obtained by scientists in
other countries (Ehrmann et al. 1997; Winkelman, Wickham, 1997, Kaminski et
al. 2006), that to increase the productivity of dairy cows it is necessaryto subject
to selection or increase the frequency in population exactly genotype A2A2 of
CSN2 gene. Consequently, the prevalence of genotype A1A2 between the bulls
should be reduced.

Dividing/distributing the analyzed samples into/by groups of Latvian cows’
breeds, the only statistically significant association is with fat content at the first
lactation (pg = 3.49 x10'3).

Analyzing the data of each group of breeds separately, statistically
significant difference was found at Red group regarding the milk yield amount
at all three lactations, despite the fact that no statistically significant results were
obtained when all breeds were analyzed together. Thus the author considers that
the obtained association between genotypes of CSN2 and milk yield, by
analyzing only genotypes, more accurately is attributable to the group of red
breeds of Latvian rather than to all population.
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In addition alleles A1 and A2 of CSN2 effect not only the milk productivity
(yield amount and protein content), but they are associated (V = 0.21) with
groups of cows’ breeds in Latvia, but do not affect the cows’ breeds.

It was possible to express the positive impact of genotypes of
kappa - casein gene in relation: AA > BB > AB for all indicators of amount in
kilograms. However, not always the difference between BB > AB was
statistically significant (pg > 0.05).

Genotype AA statistically significantly promotes the increase of milk yield
at the first two lactations (Fig. 4, page 23). Prevalence of genotype AA to
genotype BB is +933.83 kg or 19.19 % at the 1* lactation (pp = 3.43 x107),
+1377.78 kg or 25.58 % at the 2™ lactation (pr = 1.47 x10™) and + 1219.48 kg
or 22.31 % at the 3™ lactation (pr > 0.05 or = 0.06). In addition, it should be
noted, that between apportionment of genotypes and yield amount in kilograms
there is statistically significant association or correlation: at the 1% lactation
n = 0.45, at the 2™ lactation n = 0.43, but at the 3" lactation - 1 = 0.39. The
association with each subsequent lactation decreases from an average close to
weak.

Contrary to the previously analyzed association of genotypes of beta - casein
gene, in the case of kappa - casein the highest predominance of genotype AA
over genotype BB regarding the yield of milk is at the first lactation.
Predominance from the first lactation to the second lactation increases, but to
the third lactation — decreases. Thus, possibly, the positive effect of homozygote
form of allele A of k - CN gene is on the younger cows.

In the case of fat amount (kg): the preponderance/ of genotype AA over
genotype BB is +62.12 kg or 32.06 % at the 1% lactation (p = 8.32 x10™),
+72.08 kg or 32.01 % at the 2™ lactation (pr = 2.68 x10”) and + 64.07 kg or
27.90 % at the 3™ lactation (pr=2.15 xlO'z).

In the case of protein amount (kg): the of genotype AA over genotype BB is
+38.67 kg or 24.19 % at the 1" lactation (pr = 1.10 x107?), +51.21 kg or
27.78 % at the 2" lactation (pr = 9.58 x10”) and + 48.03 kg or 26.33 % at the
3" lactation (pg = 3.35 x107).

In the case of both protein and fat content percentage at the first lactation
statistically significant association was found, therefore we can say that amount
of proteins and and fat in kg is associated with CSN3 genotypes irrespective of
the milk yield associatione . In the case of the first lactation for indicators of
protein and fat content there is different relation of positive impact of
genotypes: AA > AB > BB.

From the analysis of the data from literature it was found that that cows’
with genotype BB of « — casein are distinguished by better dairy technological
features, higher cheese outcome (Martin et al., 2002) and that should be tested
under Latvia’ s conditions. Taking into account the fact that for cows with
genotype BB the amount of milk yield is not the lowest and fat content at the
first lactation is lower or milk is leaner,we can think that it is advisable to
increase the frequency/ of genotype BB of CSN3 in Latvia. However,
homozygote genotype of allele A should not be excluded because for cows with
this genotype higher amount of milk and higher fat content at the first lactation
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were observed. Overall, we can think that CSN3 gene can be used in selection to
form cows with different levels of fat in milk.

Dividing the analyzed samples into groups of Latvian cows’ breeds,
statistically significant association was defined with milk yield and protein
content in percentage (parallel to that also protein amount in kg) at all three
analyzed lactations. In the case of milk yield in the group of red breeds the
relation of positive impact of genotypes: AA > BB > AB persists as it was
observed when analyzing only the genotypes, but in the group of blue breeds,
the positive impact of genotype BB is higher than of genotype AA.

In the case of protein content in percentage the relation of positive impact of
genotypes of group of red breeds is AA > AB > BB at the first two lactations,
but at the last lactation it is AA > BB > AB; the relation of positive impact of
genotypes of the group of blue breeds is BB > AB > AA at the first two
lactations, but at the last lactation it is BB > AA > AB.

In the group of Holstein breeds there were samples only with homozygote
genotype of common allele.

Analyzing the data of each group of breeds separately, we found out that it
was in the group of red breeds where statistically significant difference between
genotypes and indicators of milk productivity was observed and where
statistically significant associations are with the same indicators as analyzing all
breeds together.

Thus, summarizing the information on the analysis of k - casein protein, it
can be concluded, that the indicators of milk productivity are affect both by
genotypes of CSN3 and by cows’ breed.

Genotype BB of alpha- lactalbumin gene statistically significantly
promotes the increase of fat content (percentage) in the milk of cows raised in
Latvia at the first lactation. The cows with genotype BB showed higher
(+ 0.22 %) fat content than cows with genotype AB (pr = 1.47 xlO'z). The
correlation analysis revealed very weak association between genotypes of LAA
and fat content.

In the case of other indicators no statistically significant difference was
found, despite of the fact that in all cases the average value of the group of
genotype BB was higher than in the group of heterozygote genotype. Possibly,
the significant difference wasn’t found because homozygote genotype of allele
A wasn’t found in the population.

Judging from the results, we can think that forcing out allele A from
population in the result of genetic drift and increasing frequency of allele B are
due to positive effect of allele B on cows’ organisms, including indicators of
milk quality and quantity.

Dividing the analyzed samples into groups of Latvian cows’ breeds,
statistically significant association was defined with protein amount in
kilograms at the first two lactations and with fat content in percentage at the
third lactation.

In the group of Holstein breeds and red breeds the amount of protein in milk
depending on genotypes is distributed similarly as analyzing only genotypes, it
is BB > AB. Nevertheless, in the third group of Latvian blue breed the
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apportionment is opposite: for cows with genotype AB at the first and the
second lactation protein amount is on average by 24.58 and 21.51 kg, higher
than that for cows with genotype BB.

In the case of fat content in percentage at the third lactation, there is a
different apportionment in the group of Holstein breeds. In this group the
subjects with heterozygote genotype on average have 0.86 % higher fat content
than those with homozygote of allele B.

Furthermore, separately in Hol group there is is the association with milk
yield and fat contents at the third lactation. The milk yield on average in kg is
higher for cows with genotype BB, but fat content in percentage— for cows with
genotype AB. Thus, it can be concluded that in the case of a — lactalbumin gene
at the third lactation cows of Holstein breeds and with genotype BB give more
milk, but with less fat or leaner, but with genotype AB it is vice versa: less milk,
but with higher fat content.

Thus, summarizing the results of genetic association of the a — lactalbumin
with milk productivity indicators, it can be concluded that genotypes of alleles
A and B have an effect on fat content at the first lactation and also partly affect
the breeds of Latvian cows. Along side with the cow’s breed the protein amount
in different lactations is also effected. . It should also be mentioned that genetic
variations of LAA are significant for Holstein breeds.

The positive impact of genotypes of beta - lactoglobulin gene can be
expressed in AA > AB > BB when analyzing the amount indicators, or BB >
AB > AA when analyzing fat and protein contents.

Genotype AA statistically significantly promotes the increase of milk yield
at the first three lactations (Fig. 5 on page 26). Predominance of genotype AA
over genotype AB in the case of milk amount is + 974.27 kg or 16.73 % at the
first lactation (pr = 1.26 x107), + 1235.69 kg or 18.84 % at the 2nd lactation
(pr = 1.39 x10%) and + 1840.31 kg or 27.77 % at the third lactation
(pr = 2.96 x107). From the data it is seen that with each next lactation the
predominance of genotype AA increases and at the third lactation for cows with
homozygote genotype of allele A on average the anount of milk is by 1/4 higher
than that for cows with heterozygote genotype.

In the case of protein content/ is statistically significantly association with
genotypes at the first lactation, when prevalence of genotype BB over genotype
AB is 0.05 % (pr = 2.40 x107). Regardingt the other two lactations the
prevalence of genotype BB decreases. An interesting fact worth mentioning that
at the first lactation in groups of genotype by smaller average of protein amount
in milk is higher protein amount or on average increasing in protein amount,
decreases protein content as a percentage.

In the case of fat content (Fig. 6, page 27) the prevalence of genotype BB on
genotype AB at the first lactation is 0.26 % (pr = 8.37 x10™), at the second
lactation it is 0.23 % (pr = 5.21 xlO'(’), but at the third lactation — 0.15 %
(pr = 3.40 x10%). From the data we can see that the prevalence of genotype BB
decreases with each next lactation.

Summarizing the results of milk yield and fat content, it can be concluded
that genotype AA in cows’ population raised in Latvia provides more milk than
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genotype AB, but with less fat content or leaner. Therefore, it would be
advisable to increase the frequency of allele A and of genotype AA in cows’
population raised in Latvia, thus providing leaner milk, which is demanded by
consumers nowadays. Currently there is evidence of the opposite nature / scene,
because in the analyzed samples of dairy cows 61.81 % are with genotype BB,
which provides less milk with high fat content.

Analyzing how genotypes of LGB and groups of breeds of Latvian cows
together effect milk productivity indicators, the conclusion is that there remains
statistically significant difference between the groups associated with/ milk
yield amount at the first two lactations and /with protein content as a percentage
at the first lactation. In the case of yield for red breeds the relation of positive
impact of genotypes is AB > AA > BB, for Hol group - AA > AB > BB, which
match with relation analyzing only association of genotypes, but for Latvian
blue breed: AB > BB > AA. Therefore, we can conclude that in case of two
groups the best genotype to increase the amount of milk yield is heterozygous or
AB.

In the case of protein content as a percentage in the first lactation the relation
of positive impact of genotypes for Red and Hol groups remains as it was
observed when analyzing separately genotypes of B — lactoglobulin gene: BB >
AB >AA, but for Bl group the relation is different: AA > BB > AB.

Overall, in the first lactation in Re and Hol group cows with common
genotype BB are with less milk, but with higher protein content, but in Latvian
Blue breed cows with common genotype are with medium milk amount and
with medium protein content.

Haplotypes of alleles of all five analyzed milk protein genes are associated
with groups of breeds: different haplotypes are the most common in different
groups.

Haplotypes are statistically significantly associated with milk yield (Fig. 7
on page 29) and fat content in percentage at all three lactations. The highest
milk yield in kilograms is of cows with haplotype H8, but the average lowest are
different between lactations.: in the first two lactations it is group of haplotype
H6, but in the third — haplotype H5. In the first lactation difference of yield
amount between cows with haplotype H8 and H6 is 2701.75 kg in average, but
in the second lactation — 2560.27 kg. In the third lactation difference between
haplotypes with the highest and the lowest yield amount is 2409.00 kg. It is
evident that with each following lactation difference decreases.

Examining the results of fat content, we found that haplotypes with highest
and lowest value differ at all three lactations. At the 1* lactation the highest
average result is for cows with haplotype H4, but the lowest — with H10. The
difference between groups is 0.59 %. In the 2" lactation the highest average
result is for cows with haplotype H9, but the lowest for H10 (difference
0.70 %), in the 3" lactation, respectively, haplotype HI1 and H3 (0.59 %).
Analyzing the haplotype with the highest value in the first lactation or haplotype
H4 in the next lactations, decrease or fat content reduction from 4.53 till 3.96 %
is observed. Thus we can conclude that fat content decreases with each
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following lactation for cows with such haplotype. A similar situation was found
also for haplotypes H1, H2 and H3.

Dividing analyzed samples into groups of Latvian cows breeds, statistically
significant association was identified relating to fat content as a percentage in
the second lactation (pr = 2.85 x107). In this case, haplotypes with the highest
value differ in Hol group: in Red and Bl group it is haplotype H9, but in Hol
group — H11.

In Red and BI groups statistically significant difference or association with
milk yield at the second lactation (pr = 1.89 x107 and 3.04 x102
respectively).was also found.

2.4. Association analysis of polymorphisms of milk protein genes with
bulls’ breeding values

It is known that milk proteins can stimulate sperm capacity, thereby
increasing the amount of sperm that bind to the egg shell (plural zonae
pellucidae), thus increasing the possibility of fertilization (Coutinho da Silva et
al., 2014). So we can conclude that milk protein concentration is important to
fertilization intensity and quality of sperm, including inherited material.
Therefore milk protein polymorphisms are also important for breeding bulls.

Association between CSN1S1 and estimated breeding values of breeding
bulls 72 samples were analysed, in case of CSN2 — 73 DNA samples, but
association of the third casein protein gene or CSN3 was determined, using 63
samples of breeding bulls. In case of analyses of whey proteins LAA and LGB
73 samples of breeding bulls were used. In association analysis the group of
breeding bulls of Latvian blue breed, were not included because EBV data for
this group for were not in the data base.

In the case of three estimated breeding values (milk yield amount, protein
and fat content) differences between breeding groups are statistically significant,
but in case of one EBV (fat amount) statistical significance is on the boarder.
Analyzing yield index between both groups (Re and Hol), we could see that in
average the highest value is for the group of bulls of red breeds.

According to the data we concluded, that casein protein genes aren’t
associated with groups of bulls’ breed, but in case of both whey protein genes
there is statistically significant association between distribution of genotype in
Re or Hol groups (p, =2.65 x107 and 2.77 x107, respectively). In addition,
these divisions has an average close correlation according to Cramer's V value
(0.49 and 0.40, respectively) and we can say, that genotypes of whey protein
genes partly affect (around 41.0 %; data not shown) the breed group of breeding
bulls.

Breeding bulls’ genotype BB of alphag; - casein gene statistically
significantly increase their heifers’ milk fat (Fig. 8 on page 31) and protein (Fig.
9 on page 32) amount in kilograms at the first lactation compering to
heterozygote genotype. Also breeding bulls’ heterozygote genotype of allele B
increase estimated breeding value of milk yield, but not statistically
significantly.
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Analyzing distribution of EBV of fat amount (Fig. 8 on page 31) depending
of genotypes of CSNISI, we can see, that for daughters of breeding bulls with
homozygote genotype of common allele (or genotype BB) fat amount in average
is 14.78 kilograms higher that for daughter of breeding bulls with heterozygote
genotype (pr = 3.64 x107). Particular relevance by statistic is with frequency
0.34 or weak correlation.

Analyzing distribution of EBV of protein amount (Fig. 9 on page 32)
depending of genotypes of CSNI1SI, we can see, that for daughters of breeding
bulls with homozygote genotype of common allele (or genotype BB) fat amount
in average is 9.36 kilograms higher that for daughter of breeding bulls with
heterozygote genotype (pg = 2.16 x107). Particular relevance by statistic is even
weaker (n = 0.27) than in case of fat amount.

We can draw a conclusion, that the daughters of breeding bulls with
genotype BB of CSNISI has more milk in kilograms, respectively, more fat and
protein amount compared to breeding preferred value.

Dividing the samples according to breed groups , we concluded, that,
analyzing both groups together, statistically significant differences are in case of
EBV of milk yield (pr = 2.50 x107) and of fat content as a percentage
(pr=3.48 x107).

In the case of Red breed, genotype BB for breeding bulls increase estimated
breeding value of milk yield (+ 376.14 kg; pr = 4.73 x107), but in the group of
Holstein breeds increase is in the case of genotype BC (+ 247.92 kg; pr > 0.05).
However, it should be noted that in Hol group average value of groups of both
genotypes are higher than breeding preferred value, but in Red group average
value is positive only for genotype BB.

In the case of EBV of fat content (pp = 3.48 x107%) readings are contrary: in
Red group more positive result is for breeding bulls with genotype BC (+ 0.04
0/0;
pr > 0.05), but in Hol group — with genotype BB (+ 0.30 %; pr = 4.37 x10). In
the group of Holstein breeds regardless of genotype the average fat content (in
percent) value of group is less than breeding preferred value, but in group of red
breeds for breeding bulls with genotype BC average value is positive, but only
slightly.

Genotype BB also statistically significantly (pg = 3.89 x10?) increase (+
8.45 points) yield index of the group of Latvian red breeds.

Summarizing all data about association analyse of oy - casein in case of
breeding bulls, we can conclude, that positive genotype or genotype, which
provides better estimated breeding values, is homozygote of common allele B.

For genotypes of beta - casein gene any statistical significant association
with breeding bulls’ EBV or YI, was not found by analysing genotypes
separately or together with groups of breeds. However, the positive impact of
genotypes can be expressed in the following relation: A2A2 > A1A1 > A1A2,
which differs from cow lactation data. It should be noted, that for the daughters
of breeding bulls with genotype A2A2 milk yield amount in the first lactation in
average is + 280.44 kg or 2.15 times and + 353.69 kg or 3,06 times higher than
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for the daughters of breeding bulls with genotype AlAl and AlA2,
respectively.

Dividing samples according to groups of breeds, we get different relation of
positive impact of genotypes: in Red group relation is A1A1 > A2A2 > A1A2,
but in Hol group — A2A2 > A1A1 > A1A2.

Summarizing the results, we can conclude, that influence of genotypes of
alleles Al and A2 of B - casein on breeding bulls’ estimated breeding values is
statistically insignificant.

For genotypes of kappa -casein gene any statistically significant
association with breeding bulls’ EBV or YI was not found, by analysing
genotypes separately or together with groups of breeds. This result can be
explained by the fact that all breeding bulls of Lavian cow population are with
homozygote genotype of common allele A.

Genotype BB of alpha - lactalbumin gene statistically significantly
contributes to the breeding bulls’ estimated breeding values of protein content as
a percentage
(pr = 3.57 x10%) and yield index (pr = 2.23 x107%).

In the case of EBV of protein content the highest value is for larger genotype
group or for breeding bulls with genotype BB (+ 0.09%), also yield index is
higher for the breeding bulls with genotype BB (6.52 points).

However, it should be mentioned, that higher estimated breeding value of
milk yield in average is for breeding bulls with heterozygote genotype of LAA
(+ 158.46 kg),nevertheless the results are statistically insignificant.

Dividing the samples according to groups of breeds, the association, that was
observed in the analysis of genotypes only, did not persist, neither were new
associations found. In the case of EBV of milk yield in both groups of breeds, a
higher milk value in average is registered for daughters of father - bulls with
genotype BB. Besides in the group of red breeds for breeding bulls with the
genotype AB an average estimated breeding value of milk yield is 117.00 kg
less than breeding preferred value.

Statistically significant difference was found when analyzing separately
group of Holstein breeds. In Hol group genotypes of LAA gene are statistically
significantly associated with protein content as a percentage (pr = 3.32 x107)
and with yield index (pr = 3.48 x107). In both cases, the -group of genotype BB
in average has higher value than the groups of genotype AB.

Summarizing the above effect of a - lactalbumin gene of allele A and B
genotypes of
on values of EBV indicators, we can conclude, that genotype BB has at positive
effect , especially in the group of Holstein breeds.

In the case of estimated breeding value of milk yield, the positive impact of
genotypes of beta - lactoglobulin gene can be expressed in relation:
AB > AA > BB and there is statistically significant difference (pr=9.07 x107;
Fig.10 on page 34) between genotypes. So we can conclude, that the common
genotype of population is not recommended for breeding bulls, if the purpose of
cow herd is to increase milk yield. In addition, it should be noted that the common
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genotype BB has in average up to seven times less amount of milk than the other
genotypes (AB > BB with pr = 8.82 x10™).

EBV of protein and fat amount in kilograms are statistically significant
(pr=2.42 x107 and 4.03 x10™, respectively; Fig.11 on page 35) associated with
genotypes of LGB and the positive impact of genotypes is different from milk
yield: AA > AB > BB. Since there is a difference in positive effect of genotypes
compared to the yield indicators, it suggests that possible association for the
milk indicators is partly individual. In the case of EBV of fat amount
statistically significant difference between genotypes was not found, despite the
fact that in average difference between genotype AA and BB is more than 100
times. In the case of EBV of protein amount the average difference between
genotype AA and BB is less (47.45 times), but the difference is statistically
significant
(pr = 5.95 x107).

Taking in account the samples belonging to different groups of breeds,
statistically significant association was found in the case of estimated breeding
value of protein content as a percentage (pr = 3.74 x107). In the case of this
indicator a positive average value in the group of red breeds comperes to
breeding preferred value is only in to the group of breeding bulls with genotype
BB, but in the group of Holstein breeds — with the genotype AA. Which
confirms the above results on the correlation between LGB and group of breeds
(V=0.40). In addition, in Hol group differences between genotypes are
statistically significant: pr for all genotypes is 9.24 x107, but between genotypes
AA and BB - 6.94 x10”.

To summarize the information about significance of genotypes of allele A
and B of P -lactoglobulin gene in case of breeding bulls’ EBV, we can
conclude, that the first heifers milk yield increase is promoted by genotype AB,
if belonging to a groups of breeds is not taken into account, and protein and fat
amount increase by genotype AA. Taken into account belonging to groups of
breeds, in-group of red breeds positive effect is also for genotype BB, but
minimal. Nevertheless, in-group of Holstein breeds the positive effect of
genotypes AA and AB remains.

In groups of the breeding bull breeds of Latvian cow population there is a
difference in distribution of haplotypes of alleles of all five milk protein genes
and it is statistically significant (p, = 2.00 x10'4; V =0.40), but the most
common is haplotype H15.

Statistically significant association, not taking into account belonging to the
groups of breeds, was found between haplotypes of all five milk protein genes
and estimated breeding value of protein and fat amount in kilograms (pg = 8.01
x107 and 9.56 x107, respectively).

In both cases of EBVs a higher value is for the group of breeding bulls with
haplotype H1, but the lowest — for breeding bulls with haplotype H15 (common
haplotype). The difference between haplotypes H1 and HI5 is in loci of
CSNISI, CSN2 and LGB. In loci of caseins genes are common allele, but in
locus of lactoglobulin — rear allele.
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In the case of EBV, the fat amount difference is between the highest and the
lowest reading os 25.18 kg (pr = 5.60 x107), but in case of EBV of protein
amount — 17.40 kg (pr = 1.70 XIO'Z). In addition, it should be noted, that in the
case of both indicators the average value of group of haplotype H15 is negative
compered to breeding preferred value, this means that for heifers of bulls of this
group at the first lactation the milk fat and protein amount will be below the
desired.

Dividing samples according to the groups of breeds, statistically significant
difference between groups of haplotypes and breeds was found in the case of
protein content as a percentage (pr = 2.17 x10™). There are different groups of
haplotypes with highest and lowest value in each group of breeds: in Red group
haplotypes H3 and H9, respectively, but in Hol group — haplotypes H1 and H9
or H11.

Without statistical significance, some interesting data were found in case of
EBYV of milk yield amount in kilograms. In the Red group the lowest value was
in-group of breeding bulls with haplotype H15, but in Hol group this group of
haplotype showed the highest value, more than 917.10 kilograms. Therefore, we
can conclude that haplotype H15 is not recommended for breeding bulls of red
breeds, but is desirable for breeding bulls of Holstein breeds.

CONCLUSIONS

1. Polymorphisms of B and C variations of CSN1S1, of Al and A2 variations
of CNS2 and of A and B variations of CSN3, LAA and LGB are suitable for
studies of cows raised in Latvia, by providing a qualitative analysis.
Summarizing technical description of methods of several written sources,
making experiments, approbating, verifying and validating in MGRL,
conclusion was made, that newly acquired technics ensure quality results for
the analysis of polymorphisms of five milk protein genes: CSNISI, CSN2,
CSN3, LAA and LGB.

2. Research of polymorphisms of B and C alleles of CSN1S1, of Al and A2
alleles of CNS2 and of A and B alleles of CSN3, LAA and LGB was carried
out of 626 dairy cows raised in Latvia. The obtained results analysis provide
an opportunity to analyze association of two allele genotypes and haplotypes
of five protein genes with milk productivity indicators and with breeding
bulls’ estimated breeding values and yield index.

3. The obtained results prove that in the Latvian population, not taking into
account division of breeds, genotype A2A2 of - casein, genotype AA of -
casein and genotype AA of beta - lactoglobulin promote increase of milk
yield.

Genotype A2A2 of CSN2 at the 3" lactation, genotype AA of CSN3 and
genotype BB of LGB at the 1* lactation statistically significantly contribute to
increase of protein content as a percentage.

Genotype BB of alphag; - casein gene at the 1* and 2™ lactations, genotype
AA of kappa - casein gene and genotype BB of beta - lactoglobulin gene at the
first three lactations and genotype BB of alpha — lactalbumin gene at the 1%
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lactation statistically significantly affect increase of fat content as a
percentage.

Haplotypes of alleles of all five milk protein genes are statistically
significantly associated with milk yield and fat content as a percentage at the
first three lactations with a variety of features contributing haplotypes.

4. The obtained results prove, that, not taking into account division of breeds,
genotype AB of beta - lactoglobulin gene contributes to estimated breeding
value of milk yield of breeding bulls raised and used in Latvia.

Genotypes BB of alphag, -casein gene and genotype AA of
beta - lactoglobulin gene promote estimated breeding value of protein and fat
amount in kilograms.

Genotype BB of alpha —laktalbumin gene statistically significantly
contributes to estimated breeding value of protein content as a percentage and
yield index.

RECOMMENDATIONS

to livestock scientists and specialists, specialists of the artificial
insemination, breeders and producers

We recommend to start implementing - genetic screening for cows and
breeding bulls of Latvian dairy breeds by five milk protein genes: CSNISI,
CSN2, CSN3, LAA and LGB, to be able to provide the desired genotype
inheritance and accumulation in Latvian herds, which would allow effectively
increase the productivity of dairy cattle by the qualitative and quantitative
characteristics.

The gained experience suggests that it is possible to use genotyping in
practical breeding of dairy cows and thereby reduce genotyping costs to
minimal losses compering to complete genotyping of potential candidates.
Genotyping of breeding bulls and cows is advisable in practical dairy cow
breeding in Latvia, providing heredity of only the desired alleles or genotypes.

We advise to start creating the gene pool or DNA collection of cows raised
in Latvia, by taking biological material at the moment of cow’s birth or
marking. This would provide complete information on genotypes of cows reared
in Latvia and promote molecular breeding by most desirable alleles.

According to data of the study, we propose to make detailed genetic analysis
for different breeds of dairy cows raised in Latvia by five milk protein genes:
CSNISI, CSN2, CSN3, LAA and LGB, creating DNA sample collection by
different breeds.

Following the findings, as well as existing information in literature and the
database, we propose to make more thorough analysis of DNA variations or
non-synonym polymorphisms of five milk protein genes: CSNISI, CSN2,
CSN3, LAA and LGB for Latvian brown and Latvian blue breeds to establish and
maintain the gene pool of the Latvian historical breeds.

According to the sources of literature, we recommend to carry out analysis
of genetic association between five milk protein genes: CSNISI, CSN2, CSN3,
LAA and LGB, and preferred technology features of milk industry using
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population of dairy cows raised in Latvia, thereby adding information about the
desired genotypes and thus obtaining more economical milk products regarding
their quality and quantity.

ACKNOWLEDGMENTS

» Since the blood samples were obtained from more than 80 cattle herds
throughout the territory of the country, then to some extent, we were also
dependent on the favour of Latvian private cattle breeders who allowed us to
obtain the biological material, for which we are thankful to them.

» Thanks to ex-director of educational research farm of LAU “Vecauce” Iveta
Grudovska, to deputy director Indra Eihvalde and livestock specialist team
for arranging of biological sample extraction for this study in December
2010.

» Thanks for a successful long-term cooperation and responsiveness to
Chairman of the Board of BAIS of Sigulda Nils Ivars Feodorovs, to
Chairman of the Board of BAIS of Kurzeme Gatis Kakis, to Head of Office
of Veterinary Service of Vidzeme Valentina Stjade and her team, by
allowing us to use biological samples of breeding bulls.

» We are grateful to managers, current and former employees of State
agency “Agricultural Data Centre” of the Ministry of Agriculture of the
Republic of Latvia for possibility to get the productivity data and to use
hardware and SAS program/software of ADC to process the data and to
make statistical analysis of results at the pilot-study.

» Tam very thankful to my family — mammy,dad and lovely daughter.

59



	Zinātniskā darba aprobācija/
	Saīsinājumi
	Ievads
	Pētījuma mērķis un uzdevumi
	Darba novitāte
	Darba tautsaimnieciskā nozīme
	Darba struktūra un apjoms
	1. Materiāli un metodes
	1.1. Pētījuma objektu raksturojums
	1.2. DNS izdalīšana
	1.3. Govju piena proteīnu polimorfisma analīzes
	1.4. Datu analīze

	2. Rezultāti un diskusija
	2.1.  Piena proteīnu gēnu polimorfismu analīzes metodes
	2.2. Piena proteīnu gēnu polimorfismu analīze
	2.3. Piena proteīnu gēnu polimorfismu saistība ar piena produktivitāti
	2.4. Piena proteīnu gēnu polimorfismu saistība ar vaislas buļļu ciltsvērtības rādītājiem

	Secinājumi
	Ieteikumi
	Publikāciju un ziņojumu sarakts par darba tēmu / Publications
	Pateicības
	Abbreviations
	Introduction
	The Aim and tasks of the study
	Novelty of the study
	Economic importance of the study
	Structure and volume of the work
	1. Materials and methods
	1.1. Description of the study object
	1.2. DNA extraction
	1.3. Polymorphism analysis of cows' milk proteins
	1.4. Data analysis

	2. Results and Discussion
	2.1. Methods for the analysis of polymorphism of milk protein genes
	2.2. The analysis of polymorphism of milk protein genes
	2.3. Association analysis of polymorphisms of milk protein genes with cows’ milk productivity
	2.4. Association analysis of polymorphisms of milk protein genes with bulls’ breeding values

	Conclusions
	recommendations
	Acknowledgments

