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ZINƖTNISKƖ DARBA APROBƖCIJA/ 

APPROVAL OF THE WORK 
 
Par rezultƗtiem ziƼots 13 starptautiskƗs zinƗtniskƗs konferencƝs, kongresos un 

zinƗtniskajos seminƗros LatvijƗ un SlovƗkijƗ. 
1. Annual XVI International Scientific Conference „Research for Rural Development 

2010” ar publikƗcijas prezentƗciju „Analysis of Kappa - Casein (CSN3) Alleles in 
Latvian Brown and Latvian Blue Breed Cows Populations”, 19. - 21.05.2010. LLU, 
Jelgava, Latvija. 

2. Baltijas dzƯvnieku audzƝšanas XV konferencƝ ar publikƗcijas prezentƗciju „Incidence 
of β - Casein Alleles A1 and A2 in Latvian Dairy Cattle Populations”, 31.05. - 
01.06.2010. RƯga, Latvija.  

3. StarptautiskajƗ zinƗtniskajƗ konferencƝ „Dzīvnieki. Veselība. Pārtikas higiēna.” ar 
publikƗcijas prezentƗciju „Study of the Milk Protein Genetic Characterization in 
Latvian Dairy Cattle BreedsĶ Populations”, 29.10.2010. LLU VMF, Jelgava, Latvija.  

4. Daugavpils UniversitƗtes 53. starptautiskajƗ zinƗtniskajƗ konferencƝ ar publikƗcijas 
prezentƗciju „Polimorphism of αs1 - Casein (CSN1S1) in the Latvian Brown (LB) 
Dairy Cattle Breeds”, 13.15.04.2011. DU, Daugavpils, Latvija. 

5. Annual XVII International Scientific Conference ”Research for Rural Development 

2011ĶĶ ar publikƗcijas prezentƗciju „Polymorphism of αs1 - Casein (CSN1S1) in the 
Latvian Dairy Cattle BreedsĶ Populations”, 18. - 20.05.2011. LLU, Jelgava, Latvija. 

6. 12. StarptautiskajƗ zinƗtniskajƗ konferencƝ „New Researchers 2011’’ ar publikƗcijas 
prezentƗciju „Prospects of the β - Casein (CSN2) Alleles A1 and A2 in the Dairy 
Cattle Population of Latvia”, 21. - 22.09.2011. Nitras UniversitƗte, Nitra, SlovƗkija. 

7. Daugavpils UniversitƗtes 54. starptautiskajƗ zinƗtniskajƗ konferencƝ ar publikƗcijas 
prezentƗciju ”Polymorphism of the β - Lactoglobulin (LGB) Alleles A and B in the 
Dairy Cattle Population of Latvia”, 18. - 20.04.2012. DU, Daugavpils, Latvija. 

8. ZinƗtniskajƗ seminƗrƗ „Ražas svētki Vecauce – 2012” ar publikƗcijas prezentƗciju 
„β - laktoglobulƯna (LGB) alƝļu A un B polimorfisms Latvijas govju ganƗmpulkƗ”. 
MPS Vecauce, 01.11.2012. Vecauce, Latvija. 

9. LLU VeterinƗrmedicƯnas fakultƗtes konference „Veterinārmedicīnas zinātnes un 
prakses aktualitātes” ar publikƗcijas prezentƗciju „Alfa - laktalbumƯna (α - LA) gƝna 
variƗciju identificƝšana un tƗ analƯze Latvijas govju populƗcijƗ”, 22. – 23.11.2012., 
LLU VMF, Jelgava, Latvija.  

10. Daugavpils UniversitƗtes 55. starptautiskajƗ zinƗtniskajƗ konferencƝ ar publikƗcijas 
prezentƗciju „Effects of Beta - Lactoglobulin (LGB) Genetic Variants on Milk 
Productivity”, 10. – 12.04.2013. DU, Daugavpils, Latvija. 

11. Daugavpils UniversitƗtes 56. starptautiskajƗ zinƗtniskajƗ konferencƝ ar publikƗcijas 
prezentƗciju „Effects of Alfa - Lactalbumin (LAA) Genetic Variants on Milk 
Productivity”, 09.04. – 11.04.2014. DU, Daugavpils, Latvija. 

12. Daugavpils UniversitƗtes 8. starptautiskajƗ bioloģiskƗs daudzveidƯbas pƝtƯjumu 
konferencƝ ar publikƗcijas prezentƗciju „A review of Latvian Blue (LZ) Cows from 
the List of Animal Genetic Resources in Latvia”, 28.04. – 30.04.2015. Daugavpils, 
Latvija. 

13. Lietuvas VeselƯbas ZinƗtƼu universitƗtes (LUHS) DzƯvnieku zinƗtnes institǌta (IAS) 
rƯkotajƗ StarptautiskƗ konference „Biodiversity of farm animal genetic resources and 
its significance on ecosystem balance” ar mutisku prezentƗciju „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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SAƮSINƖJUMI 
 

CSN1S1 Alfa s1 - kazeƯna gƝns 
CSN1S2 Alfa s2 - kazeƯna gƝns 
CSN2 Beta - kazeƯna gƝns 
CSN3 Kappa - kazeƯna gƝns 
DS DƗnijas sarkanƗ govju šƷirne 
HM Holšteinas melnraibƗ govju šƷirne 
Hol Holšteinas govju šƷirƼu grupa 
HS Holšteinas sarkanraibƗ govju šƷirne 
LAA Alfa - laktalbumƯna gƝns (zinƗms arƯ kƗ LALBA) 
LB  Latvijas brǌnƗ govju šƷirne 
LDC LauksaimniecƯbas datu centrs 
LGB Beta – laktoglobulƯna gƝns (zinƗms arƯ kƗ PAEP) 

LF LauksaimniecƯbas fakultƗte 
LLU Latvijas LauksaimniecƯbas universitƗte 
LZ Latvijas zilƗ govju šƷirne 
NC NovƝrtƝtƗ ciltsvƝrtƯba (saƯsinƗjums attƝlos) 
Olbv. Olbaltumvielas (saƯsinƗjums attƝlos) 
p StatistiskƗ ticamƯba jeb nozƯmƯgums: 

px  hƯ kvadrƗtƗ (χ2) kritƝrija metodes;  
pF  ANOVA vai PostHoc rezultƗtam; 
pρ korelƗcijas jeb saistƯbas rƗdƯtƗja SpƯrmaƼa rho (ρ);  
pV  KrƗmera V saistƯbu analƯze; 
pr  regresijas modeļa ticamƯba jeb ietekmes esamƯba. 

PCR PolimerƗzes ƷƝdes reakcija (Polimerase Chain Reaction)  
RFLP Restrikcijas enzƯma saita polimorfisma jeb restrikcijas enzƯma 

alƝlspecifiskƗ saita metode (restriction fragment lenght 
polymorphism) 

RI  RažƯbas indekss 
SNP  Viena nukleotƯda polimorfisms (Single Nucleotide Polymorphism) 
Sr Sarkano govju šƷirƼu grupa 
XX Citas, neprecizƝtas govju šƷirnes 
VS VƗcijas sarkanƗ govju šƷirne 
Zl Zilo govju šƷirƼu grupa 
ZS Zviedrijas sarkanraibƗ govju šƷirne 
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IEVADS 
 
Piens ir parastƗkais proteƯna un mikroelementu avots cilvƝkiem. Kopš 

vƝsturiskiem laikiem piens ir kalpojis arƯ par cilvƝku pƗrtikas produktu. Sugas 
pƝc to iekļaušanas secƯbas piena ieguves procesƗ var sarindot šƗdƗ secƯbƗ: 
cilvƝks, kaza, bifelis, aita, jaks un Ưpaši piemƝrota izkopšanai un specializƝšanai 
piena ieguvei izrƗdƯjusies govju suga (Bos taurus).  

Piena proteƯns ir diƝtiski vƝrtƯgƗkais piena komponents, no kura daudzuma 
un kvalitƗtes ir atkarƯga arƯ piena un tƗ pƗrstrƗdes produktu (biezpiena, sieru 
u. c.) kvalitƗte un produkcija. 

VairƗk nekƗ 95 % no atgremotƗju piena proteƯniem kodƝ 6 struktǌrgƝni: 
divi galvenie piena sǌkalu proteƯni (α - laktalbumƯns un β - laktoglobulƯns) un 4 
kazeƯni (αS1 - un αS2 - kazeƯni, β - kazeƯns un κ - kazeƯns). 

Uz gƝniem balstƯtƗs govju selekcijas pieredzes LatvijƗ lƯdz šim vƝl nav, jo 
molekulƗri ģenƝtiskie pƝtƯjumi dzƯvnieku audzƝšanƗ aizsƗkƗs tikai pƝdƝjos 
gados, lƯdz ar Latvijas LauksaimniecƯbas universitƗtes (LLU) LauksaimniecƯbas 
fakultƗtes (LF) MolekulƗrƗs ģenƝtikas pƝtƯjumu laboratorijas izveidošanos 
2006. gada decembrƯ. 

GƝnu balstƯtas selekcijas iespƝjamƗ efektivitƗte Latvijas piena lopkopƯbƗ ir 
šƯs selekcijas lietojums, noskaidrojot piena proteƯnu vƝlamos genotipus, tƗ 
palƯdzƝs analizƝt un ieviest jaunus selekcijas standartus piena lopkopƯbƗ, lai 
uzlabotu govju produktivitƗti: vidƝjo izslaukumu, proteƯnu daudzumu un to 
kvalitƗti, piemƝram, ƯsƗks recƝšanas ilgums, biezpiena masas veidošanƗs laiks 
un noturƯgums, kƗ arƯ tauku saturs.  

SalƯdzinot ar tradicionƗlo selekciju, gƝnu tieša vai marƷieru bƗzƝta selekcija 
var bǌt ievƝrojami efektƯvƗka. Spriežot pƝc dažƗdu valstu zinƗtniskajƗ literatǌrƗ 
publicƝtajiem datiem, tƗ var bǌt ļoti nozƯmƯga dzƯvnieku produktivitƗtes celšanƗ, 
piena produkcijas kvalitƗtes un drošuma uzlabošanƗ, samazinot ar piena un/vai 
piena produktu saistƯtu slimƯbu risku, veicinot bioloģisko un pƗrtikas drošumu.  

CilvƝks ir viens no lielƗkajiem piena un tƗ pƗrstrƗdes produktu patƝrƝtƗjiem. 
ArƯ siera ražošanai tiek izvƝlƝts piens pƝc piena kvalitƗtes rƗdƯtƗjiem, bet ražotƗji 
vƝl nav apzinƗjušies, ka bǌtu jƗizvƝrtƝ piena proteƯnu molekulƗri ģenƝtiskie 
varianti katram ganƗmpulka dzƯvniekam, lai uzlabotu siera kvalitƗti, kƗ arƯ lai 
nodrošinƗtu veselƯbai nekaitƯgu piena produkciju. GandrƯz visi piena proteƯni ir 
aktƯvu peptƯdu – opioƯdu avots. PiemƝram, tiek veikti pasƗkumi β - kazeƯna A1 
alƝles izslƝgšanƗ no piena govju populƗcijƗm, lai nepieļautu β - kazomorfƯna 7 
iespƝjamƗs negatƯvƗs izpausmes. Polija ir viena no pirmajƗm ES valstƯm, kas 
plaši izvƝrsusi vaislas buļļu pƗrbaudi pƝc β - kazeƯna alƝļu sastƗva. TƗpƝc 
nepieciešams pƝtƯt vairƗk piena proteƯnu genotipu un to ietekmi arƯ LatvijƗ.  

JaunƗko genoma un proteoma pƝtƯjumu metožu izmantošanai 
lauksaimniecƯbas dzƯvnieku šƷirƼu pilnveidošanƗ ģenƝtisko resursu 
daudzveidƯbas saglabƗšanai ir jƗkļǌst par vienu no lauksaimniecƯbas zinƗtnes 
prioritƗtƝm LatvijƗ. 

MolekulƗri ģenƝtisko metožu optimizƗcija un aktualizƗcija nepieciešama 
LLU LF laboratorijas vajadzƯbƗm, lai ieviestu metodes, kuras varƝtu lietot 
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ilgstošƗ laika periodƗ Latvijas govju populƗcijas izpƝtƝ, ganƗmpulku izkopšanƗ 
un iegǌto datu apkopošanƗ. 

 

PƜTƮJUMA MƜRƶIS UN UZDEVUMI 
 
IzvirzƯtais mƝrƷis ir sekmƝt govju selekciju LatvijƗ, izstrƗdƗjot un pƗrbaudot 

molekulƗri ģenƝtisko analƯžu nodrošinƗjumu kvalitƗtes un kvantitƗtes analƯzei 
LatvijƗ audzƝto slaucamo govju populƗcijƗ, balstoties uz piena proteƯna gƝnu 
polimorfismu pƝtniecƯbu. 

Lai realizƝtu mƝrƷi, tika izvirzƯta darba hipotƝze: LatvijƗ audzƝto slaucamo 
govju piena proteƯnu molekulƗri ģenƝtiskƗs variƗcijas ir saistƯtas ar piena ražƯbas 
un kvalitƗtes rƗdƯtƗjiem. 

Lai pƗrbaudƯtu izvirzƯto hipotƝzi un realizƝtu darba mƝrƷi, izvirzƯti 
uzdevumi. 

1. AtlasƯt molekulƗros marƷierus, kuri bǌtu piemƝroti piena proteƯna gƝnu 
(alfaS1 - kazeƯna, alfaS2 - kazeƯna, beta - kazeƯna, kappa - kazeƯna, 
alfa laktalbumƯna un beta - laktoglobulƯna) polimorfismu raksturošanai LatvijƗ 
audzƝto slaucamo govju populƗcijƗ. 

2. Veikt atlasƯto govju piena proteƯna gƝnu polimorfismu pirmƝjo 
raksturošanu LatvijƗ audzƝto slaucamo govju populƗcijƗ. 

3. IzpƝtƯt LatvijƗ audzƝto slaucamo govju piena produktivitƗtes rƗdƯtƗju 
saistƯbu ar izvƝlƝtajiem piena proteƯna gƝnu molekulƗrajiem marƷieriem. 

4. PƝtƯt LatvijƗ audzƝto un vaislai izmantoto buļļu ciltsvƝrtƯbas rƗdƯtƗju 
saistƯbu ar izvƝlƝtajiem piena proteƯna gƝnu molekulƗrajiem marƷieriem. 

 

DARBA NOVITƖTE 
 
LatvijƗ pirmo reizi: 

1) veikti laboratoriski pƝtƯjumi par αS1 -, β - un κ - kazeƯnu, α - laktalbumƯna,  
β - laktoglobulƯna gƝnu polimorfismu LatvijƗ audzƝto slaucamo šƷirƼu govju 
populƗcijƗs LLU laboratorijƗ, aprobƝjot jaunapgǌtƗs molekulƗrƗs ģenƝtikas 
pƝtƯjumu metodes; 

2) veikta DNS amplifikƗcija un piena proteƯnus determinƝjošo gƝnu alƝlo 
variantu noteikšana no LatvijƗ audzƝto slaucamo govju bioloģiskƗ materiƗla 
kolekcijas LLU LF laboratorijƗ, lietojot PCR - RFLP metodi; 

3) noteikta αS1 -, β - un κ - kazeƯnu, α - laktalbumƯna, β - laktoglobulƯna 
gƝnu ietekme uz piena produktivitƗtes rƗdƯtƗjiem LatvijƗ audzƝtajƗm 
slaucamajƗm govƯm. 
 

DARBA TAUTSAIMNIECISKƖ NOZƮME 
 

1. Iegǌtie S1 -, β - un κ - kazeƯnu, α - laktalbumƯna, β - laktoglobulƯna gƝnu 
uzbǌves un polimorfismu dati papildina LR ZM LauksaimniecƯbas datu centra 
(LDC) datubƗzi. 

2. IzpƝtƯti citu valstu ieteikumi ražotƗjiem un patƝrƝtƗjiem par izpƝtƯto αS1 -, 
β - un κ - kazeƯnu, α - laktalbumƯna, β - laktoglobulƯna gƝnu uzbǌves un 
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polimorfismu datu piemƝrotƯbu dažƗdƗm produktivitƗtes pazƯmƝm, kurus var 
lietot arƯ LatvijƗ dažƗdu šƷirƼu selekcionƝtajƗm un audzƝtajƗm slaucamajƗm 
govƯm un vaislai izmantojamiem buļļiem. 

3. PƝtƯto un izvƝrtƝto αS1 -, β - un κ - kazeƯnu, α - laktalbumƯna, β -
 laktoglobulƯna gƝnu molekulƗro marƷieru datus var izmantot LR ZM 
LauksaimniecƯbas datu centra ciltslietu speciƗlisti un ŠƷirnes dzƯvnieku 
audzƝtƗju biedrƯbas slaucamo govju šƷirƼu selekcijas uzlabošanai, pamatojoties 
uz piena proteƯnu gƝnu alƝlo formu rƗdƯtƗjiem un to saistƯbu ar piena 
produktivitƗtes rƗdƯtƗjiem. 

 

DARBA STRUKTǋRA UN APJOMS 
 
Promocijas darbs uzrakstƯts latviešu valodƗ, tƗ apjoms ir 143 lappuses. Darbs 

sastƗv no deviƼƗm nodaļƗm: anotƗcija, zinƗtniskƗ darba aprobƗcija, ievads, 
literatǌras apskats, materiƗli un metodes, rezultƗti un diskusija, secinƗjumi, 
ieteikumi, literatǌras atsauces. Nodaļas sadalƯtas kopsummƗ 17 apakšnodaļƗs. 
Darbs satur 33 tabulas, 55 attƝlus un papildus 52 pielikumus. Literatǌras 
sarakstƗ ir apkopotas 356 atsauces. 

 

1. MATERIƖLI UN METODES 
 
PƝtƯjumi veikti laika posmƗ no 2009. gada aprƯļa lƯdz 2014. gada jǌnijam. 
 

1.1. PƝtƯjuma objektu raksturojums 

 
LatvijƗ audzƝto slaucamo govju šƷirƼu pƝtƯjumu grupu veidojƗm no 

septiƼƗm LatvijƗ audzƝto piena šƷirƼu (Latvijas brǌnƗ (LB) un Latvijas zilƗ 
(LZ), Holšteinas melnraibƗ (HM), Holšteinas sarkanraibƗ (HS), Zviedrijas 
sarkanraibƗ (ZS), DƗnijas sarkanƗ (DS) un VƗcijas sarkanƗ (VS)) 719 liellopu 
bioloģiskajiem materiƗliem, t. sk. 625 govju asins un 94 Ciltslietu un mƗkslƯgƗs 
apsƝklošanas stacijas vaislas buļļu spermas šǌnu paraugiem. 

LatvijƗ audzƝto slaucamo govju šƷirƼu piena produktivitƗtes rƗdƯtƗju saistƯbu 
ar govju piena proteƯnu gƝnu (alfas1 - kazeƯna, alfas2 - kazeƯna, beta - kazeƯna, 
kappa - kazeƯna, alfa - laktalbumƯna un beta - laktoglobulƯna) genotipiem ne 
visƗm genotipƝtajƗm govƯm varƝja iegǌt piena pƗrraudzƯbas datus, un tƗpƝc 
analizƝto govju skaits samazinƗjƗs lƯdz 545 govƯm, par kurƗm ZemkopƯbas 
ministrijas LauksaimniecƯbas datu centƗ ieguvƗm piena produktivitƗtes datus. 

LatvijƗ audzƝto slaucamo govju šƷirƼu vaislas buļļu novƝrtƝtƗs ciltsvƝrtƯbas 
rƗdƯtƗju saistƯbu ar piena proteƯnu gƝnu genotipiem analizƝjƗm 73 paraugos, par 
kuriem LDC datubƗzƝ ieguvƗm ciltsvƝrtƯbu novƝrtƝjums uz 2012. gada pirmo 
ceturksni. 

KopumƗ bioloģisko materiƗlu ieguvƗm no 81 slaucamo govju ganƗmpulka 
dažƗdos Latvijas reģionos. PƝtƯjumƗ izmantoti arƯ Latvijas brǌnƗs (LB) un 
Latvijas zilƗs (LZ) šƷirnes govju paraugi no dzƯvniekiem, kuri ir iekļauti 
Latvijas dzƯvnieku ģenƝtisko resursu sarakstƗ, kas atrodas LLU LF MGPL 
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DepozitƗrijƗ, kƗ arƯ citu šƷirƼu govju bioloģiskie paraugi no Latvijas 
saimniecƯbƗm. 

 
1.2. DNS izdalƯšana 

 
Genomisko DNS izdalƯjƗm no 625 govju asinƯm un 94 buļļu spermas šǌnƗm. 

DarbƗ tika izmantots firmas Fermentas (Lietuva) genomiskƗs DNS izdalƯšanas 
komplekts (Genomic DNA Purification Kit #K512, Fermentas, Lietuva) un 
firmas QIAgene (ASV) PUREGENE® DNS izdalƯšanas komplekts 
(PUREGENE

® 
DNA Isolation Kit). Abu komplektu metodika tika pielƗgota 

darbam ar konkrƝtu daudzumu asiƼu vai spermas šǌnu.  
 

1.3. Govju piena proteƯnu polimorfisma analƯzes 

 
PƝtƯjumu veicƗm, izstrƗdƗjot, optimizƝjot un aprobƝjot kompleksas metodes 

lietošanai LLU LF MGP laboratorijƗ sešu piena proteƯna gƝnu – alfas1 – kazeƯna 
(CSN1S1), alfas2 – kazeƯna (CSN1S2), beta – kazeƯna (CSN2), kappa – kazeƯna 
(CSN3) un alfa – laktalbumƯna (LAA), beta – laktoglobulƯna (LGB) – alƝlo formu 
molekulƗri ģenƝtiskai izpƝtei. 

IzanalizƝjot MGPL pieejamo aparatǌru, tika nolemts ar restrikcijas enzƯma 
saita polimorfisma (RFLP; restriction fragment lenght polymorphism) metodi 
analizƝt LatvijƗ audzƝjamƗm govƯm pasaulƝ biežƗk pƝtƯtƗs piena proteƯnus 
determinƝjošo gƝnu alƝles. AttiecƯgi CSN1S1 pƝtƯjƗm B un C alƝli, CSN2 – A1 
un A2, CSN3, LAA un LGB A un B alƝli. 

 
1.4. Datu analƯze 

 
Izmantojot 719 LatvijƗ audzƝto govju DNS paraugu datus, tika veikta 

Latvijas govju populƗcijas analƯze pƝc pieciem piena proteƯna gƝniem. No 
iegǌtajiem molekulƗrƗs ģenƝtikas analƯzes datiem katra gƝna polimorfismam 
tika aprƝƷinƗti alƝļu un genotipu sastopamƯbas biežumi visai analizƝtajai grupai 
kopumƗ un izdalot govju šƷirnes. Izmantojot datorprogrammu DNASP 5.10.01 
(Librado, Rozas, 2009; Rozas et al., 2003), izveidojƗm visu piecu piena proteƯna 
gƝnu sešu SNP (katrƗ gƝnƗ viens, izƼemot CSN3) haplotipu kombinƗcijas un 
noteicƗm to frekvences. No turpmƗkƗ darba tika izslƝgti retie haplotipi, kuri 
kopƝjƗ grupƗ bija retƗk nekƗ piecos (5) paraugos. 

Katram gƝna lokusam jeb polimorfismam tika noteikts HƗrdija–Veinberga 
ģenƝtiskais lƯdzsvars jeb sagaidƗmais heterozigotƗtes indekss visai analizƝtajai 
grupai un katrai šƷirnei atsevišƷi. Iegǌtais heterozigotƗtes indekss tika 
salƯdzinƗts ar iegǌto heterozigotƗtes biežumu, izmantojot hƯ kvadrƗta (χ2) 
kritƝrija metodi. 

Veicot saistƯbu jeb asociƗciju analƯzi (no angļu valodas “association 

analyze”), tiek noteikts (1) statistiski nozƯmƯgas atšƷirƯbas esamƯba starp 
analizƝjamajƗm grupƗm un (2) statistiski nozƯmƯgas korelƗcijas esamƯba starp 
analizƝjamajiem lielumiem.  
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VisƗ grupƗ tika pƗrbaudƯta statistiski nozƯmƯgas atšƷirƯbas esamƯba starp 
neparametriskajƗm pazƯmƝm (alƝļu un genotipu skaits, govju dzimums, šƷirne 
un to skaits), tika izmantota crosstab (krustu rƝƷins) analƯze ar hƯ kvadrƗta (χ2) 
kritƝrija jeb PƯrsona χ2 metodi pie ticamƯbu pχ<0,05 (Arhipova, BƗliƼa, 2006).  

Pirms saistƯbas analƯzes veikšanas gan govju, gan vaislas buļļu paraugi tika 
iedalƯti trƯs grupƗs: (1) Sr jeb sarkano govju šƷirƼu grupa, (2) Hol jeb Holšteinas 
govju šƷirƼu grupa un (3) Zl jeb zilo govju šƷirƼu grupa. 

Pirms parametrisko pazƯmju saistƯbas analƯzes ar genotipu un/vai šƷirni tika 
veikta šƷirƼu grupu un piena proteƯna gƝnu genotipu savstarpƝjƗ saistƯbu analƯze, 
izmantojot PƯrsona χ2 metodi, lai noteiktu atšƷirƯbu starp grupƗm, un, otrkƗrt, 
KrƗmera V metode, lai noteiktu korelƗciju starp konkrƝtiem rƗdƯtƗjiem. 
KorelƗcijas lƯmenis tika noteikts pƝc V koeficienta vƝrtƯbas: lƯdz 0,20 korelƗcija 
ir ļoti vƗja, no 0,20 lƯdz 0,40 korelƗcija ir vƗja, no 0,40 lƯdz 0,60 korelƗcija ir 
vidƝji cieša, no 0,60 lƯdz 0,80 korelƗcija ir cieša, virs 0,80 korelƗcija ir ļoti cieša. 

Statistiski ticamu saistƯbu jeb asociƗciju katram piena proteƯna variantam 
noteicƗm, analizƝjot: (1) atšƷirƯbu starp neparametrisko pazƯmju (genotipu 
un/vai šƷirnes grupu vai haplotipu) grupu parametrisko rƗdƯtƗju vidƝjiem 
lielumiem, izmantojot viena vai divu faktoru dispersiju jeb vienu vai divu 
virzienu (one or two way) ANOVA testu pie ticamƯbas (pF), kas mazƗka par 
0,05 (Arhipova, BƗliƼa, 2006); (2) korelƗciju starp grupu rƗdƯtƗjiem, izmantojot 
eta (η) koeficientu. KorelƗcijas lƯmenis tika noteikts pƝc η koeficienta vƝrtƯbas: 
lƯdz 0,20 korelƗcija ir ļoti vƗja, no 0,20 lƯdz 0,40 korelƗcija ir vƗja, no 0,40 lƯdz 
0,60 korelƗcija ir vidƝji cieša, no 0,70 lƯdz 0,90 korelƗcija ir cieša, virs 0,90 
korelƗcija ir ļoti cieša. 

Lai noteiktu atšƷirƯbu starp katru divu genotipu grupƗm vai šƷirƼu grupƗm, 
tiek izmantots PostHoc tests. Statistiski ticamu atšƷirƯbu gadƯjumi grafiskajos 
attƝlos tiek norƗdƯti ar bultiƼƗm un ticamƯbas lƯmeni.  

Lai veiktu LatvijƗ audzƝto govju piena produktivitƗtes rƗdƯtƗju saistƯbu 
analƯzi ar piecu piena proteƯna gƝnu genotipiem, tika iegǌti slaucamo govju 
305 dienu (standartlaktƗcijas) pirmo trƯs laktƗciju produktivitƗtes rƗdƯtƗji. 
LaktƗcijas datos tika iekļauti tƗdi parametriskie rƗdƯtƗji kƗ izslaukums 
kilogramos, tauku un olbaltumvielu daudzums kilogramos un tauku un 
olbaltumvielu saturs procentuƗli. Par svarƯgƗku rƗdƯtƗju tika uzskatƯts 
izslaukuma daudzums, no kura ir atkarƯgs olbaltumvielu un tauku daudzums 
kilogramos. PƝc tam pƝc svarƯguma ir olbaltumvielu un tauku saturs procentos, 
no kura varƝtu bǌt atkarƯgs olbaltumvielu un tauku daudzums kilogramos 
attiecƯgi. 

Lai veiktu LatvijƗ audzƝto un izmantojamo vaislas buļļu ciltsvƝrtƯbas 
rƗdƯtƗju saistƯbas analƯzi ar piecu piena proteƯnu gƝnu genotipiem, tika izmantoti 
parametriskie rƗdƯtƗji, kƗ novƝrtƝtƗ ciltsvƝrtƯba izslaukumam, kg, olbaltumvielu 
un tauku daudzums, kg, un tauku un olbaltumvielu saturs procentuƗli, kƗ arƯ 
ražƯbas indekss (RI). NovƝrtƝtƗs ciltsvƝrtƯbas rƗdƯtƗji katra buļļa gadƯjumƗ var 
bǌt gan ar pozitƯvu, gan ar negatƯvu vƝrtƯbu, jo tiek aprƝƷinƗta pƝc formulas, 
kurƗ tiek Ƽemts vƝrƗ konkrƝtas šƷirnes rƗdƯtƗja vƝlamais vidƝjais lielums 
konkrƝtƗ datumƗ. RI tiek aprƝƷinƗts pƝc formulas LauksaimniecƯbas datu centa 
datubƗzƝ. 
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Abu saistƯbu analƯzƝs par svarƯgƗku rƗdƯtƗju tika uzskatƯts izslaukuma 
daudzums kilogramos vai tƗ novƝrtƝtƗ ciltsvƝrtƯba, no kƗ ir atkarƯgs 
olbaltumvielu un tauku daudzums kilogramos vai to novƝrtƝtƗs ciltsvƝrtƯbas. PƝc 
tam pƝc svarƯguma ir olbaltumvielu un tauku saturs procentos vai to novƝrtƝtƗs 
ciltsvƝrtƯbas, no kuriem varƝtu bǌt atkarƯgs olbaltumvielu un tauku daudzums 
kilogramos attiecƯgi. 

Visas statistiskƗs analƯzes 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. REZULTƖTI UN DISKUSIJA 
 

2.1.  Piena proteƯnu gƝnu polimorfismu analƯzes metodes 

 
Polimorfismu analƯze. Apskatot literatǌru par izvƝlƝtajiem pieciem piena 

proteƯniem, konstatƝjƗm, ka pƝtƯjumƗ gala rezultƗtƗ tiek analizƝtas proteƯna 
variƗcijas, bet metodikƗ tiek izmantota viena nukleotƯda nomaiƼa.  

Apkopojot vairƗkus literatǌras 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 atlasƯti seši viena nukleotƯda polimorfisma jeb SNP piecos 
piena proteƯna gƝnos (1. tabula).  

AttiecƯgi kazeƯna proteƯnu gƝnos CSN1S1 c.-175A>G, kura rezultƗtƗ notiek 
B un C varianti, CSN2 – c.4451A>C (Pro67(82)His; A1 un A2 varianti), CSN3 

gadƯjumƗ tika atlasƯti divi SNP – c.11625C>T un c.11661A>C –, kuri nodrošina 
Thr136(157)Ile un Asp148(169)Ala jeb A varianta nomaiƼu uz B variantu. Sǌkalu 
proteƯniem, attiecƯgi, LAA tika izvƝlƝts SNP lokalizƝts netranslƝjamƗ rajonƗ jeb 
c.15A>G, kura gadƯjumƗ tiek uzskatƯts, ka mainƗs proteƯna A variants uz B, bet 
LGB c.3106T>C, kas izraisa Val118(134)Ala jeb A varianta nomaiƼu uz B variantu 
(1. tabula). 

Visu polimorfismu gadƯjumƗ tika izvƝlƝta restrikcijas enzƯma saita 
polimorfisma metodika, kuras pamatƗ ir konkrƝta restrikcijas enzƯma jeb 
fermenta endonukleƗzes spƝja šƷelt DNS sekvenci konkrƝtƗ vietƗ, atpazƯstot 
nukleotƯdu secƯbu. Ja sekvencƝ ir notikusi nukleotƯda nomaiƼa, tad šƷelšana 
nenotiek (Botstein et al., 1980; Dowling et al., 1996). 

Izmantojot izstrƗdƗtƗs metodes, tika izanalizƝta LatvijƗ audzƝto slaucamo 
šƷirƼu govju DNS paraugu kolekcija, precƯzƗk, CSN1S1 polimorfisms tika 
izanalizƝts 675 paraugiem no 719, kas veido pozitƯvu rezultƗtu 93,88 %, CSN2 – 
716 paraugiem ar pozitƯvu rezultƗtu, kas ir 99,58 %, CSN3 – 487 paraugiem ar 
pozitƯvu rezultƗtu, kas ir 67,73 %. Sǌkalu proteƯniem: LAA polimorfisma 
gadƯjumƗ 603 paraugiem ieguvƗm pozitƯvu rezultƗtu, kas ir 83,87 %, bet LGB 
gadƯjumƗ – 649 pozitƯvus rezultƗtus, kas ir 90,26 %. 

 
 



 

 

1
2
 

1. tabula  
LatvijƗ audzƝto govju populƗcijas piena proteƯnu gƝnu polimorfismu pƝtƯjumos izmantoto PCR/RFLP apraksts 
 

Gēns Polimorfisms# 

PCR RFLP 

Amplifikācijas nosacījumi$ 

Praimeru sekvence 
Produkts, 
bp 

Enzīms 
Sekvence 

Fragmenti, 
bp, un 
proteīna 
variācija 

Denatu-
rizācija 

Hibridizācija* 
Elon-
gācija 

CSN1S1 
c.-175A>G 
B>C 

94 ºC / 
3 min 

30 
94 ºC / 30 s 
59 ºC / 30 s 
72 ºC / 30 s 

72 ºC / 
10 min 

F 5Ķ – TGC ATG TTC TCA TAA 
TAA CC – 3Ķ 
R 5Ķ – GAA GAA GCA GCA AGC 
TGG – 3Ķ 

310 
MaeIII 
↓GTNAC 

310 – C 
214/96 – B 

CSN2 

c.4451A>C 
Pro67(82)His 
A1>A2 

94 ºC / 
4 min 

35 
94 ºC / 30 s 
60 ºC / 40 s 
72 ºC / 30 s 

72 ºC / 
4 min 

F 5Ķ – CCT TCT TTC CAG GAT 
GAA CTC CAG – 3Ķ 
R 5Ķ – GAG TAA GAG GAG GGA 
TGT TTT GTG GGA GGC TCT – 3Ķ 

121 
DdeI 
C↓TNAG 

121 – A1 
86/35 – A2 

CSN3 

c.11625C>T un 
c.11661A>C 
Thr136(157)Ile 
Asp148(169)Ala 
A>B 

95 ºC / 
2 min 

35 
95 ºC / 30 s 
55 ºC / 40 s 
72 ºC / 30 s 

72 ºC / 
7 min 

F 5Ķ– TAT CAT TTA TGG CCA 
TTG GAC CA – 3Ķ 
R 5Ķ– CTT CTT TGA TGT CTC 
CTT AGA GTT – 3Ķ 

228 

HinfI 
G↓ANTC 

HindIII 
A↓AGCTT 

133/93 – A 
135/95 – B 

LAA 
(LALBA) 

c.15A>G 
- 
A>B 

94 ºC / 
10 min 

45 
95 ºC / 30 s 
58 ºC / 30 s 
72 ºC / 60 s 

72 ºC / 
0.5 min 

F 5Ķ – CTC TTC CTG GAT GTA 
AGG CTT– 3Ķ 
R 5Ķ – AGC CTG GGT GGC ATG 
GAA TA– 3Ķ 

166 
MnlI 
CCTCN7↓ 

78/52/36 – A 
114/52 – B 

LGB 
(PAEP) 

c.3106T>C 
Val118(134)Ala 
A>B 

94 ºC / 
3 min 

34 
94 ºC / 30 s 
48 ºC / 30 s 
72 ºC / 30 s 

72 ºC / 
5 min 

F 5Ķ – TGT GCT GGA CAC CGA 
CTA CAA AAA G – 3Ķ 
R 5Ķ – GCT CCC GGT ATA TGA 
CCA CCC TCT – 3Ķ 

247 
HaeIII 
GG↓CC 

148/99 – A 
74(x2)/99 – B 

# – nukleotƯda nomaiƼa un, ja ir, aminoskƗbes nomaiƼa aktivizƝtƗ proteƯnƗ (neaktivizƝtƗ proteƯnƗ) un proteƯna variƗcijas. 
$ – pie katra SNP norƗdƯts: konkrƝtƗ etapa temperatǌra/laiks. 

* – pie katra SNP norƗdƯts: cikla skaits un trƯs etapu – denaturizƗcijas, anilƝšanas un sintƝzes – temperatǌra/laiks. 
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Gala rezultƗtƗ, apvienojot tehniskos aprakstus no vairƗku literatǌras avotu 
metodikas, eksperimentƝjot, aprobƝjot, verificƝjot un validƝjot tƗs MGPL, 
secinƗjƗm, ka jaunapgǌtƗ metode nodrošina kvalitatƯvus rezultƗtus, lai analizƝtu 
piecu piena proteƯna gƝnu – CSN1S1, CSN2, CSN3, LAA un LGB – 
polimorfismus. 

Veicot pƝtƯjumus par metodikas precizitƗti, paralƝli mǌsu pƝtƯjumiem par κ -
 kazeƯna gƝnu polimorfismu tika veikta StarptautiskƗ testƝšana IgaunijƗ, Tartu 
DzƯvƯbas zinƗtƼu universitƗtes ģenƝtikas laboratorijƗ. Iegǌtie rezultƗti sakrƯt 
pilnƯbƗ. 

 
2.2. Piena proteƯnu gƝnu polimorfismu analƯze 

 
Ir izanalizƝti 719 LatvijƗ audzƝto slaucamo šƷirƼu govju, t. sk. 94 vaislas 

buļļu, DNS paraugi piecu piena proteƯnu gƝnu polimorfismiem, analizƝjot katra 
SNP alƝles, genotipus un visu SNP haplotipus. TƗdƝjƗdi ir iegǌts priekšstats par 
Latvijas govju populƗciju, jo grupƗ tika ietvertas septiƼas LatvijƗ biežƗk 
audzƝtƗs govju šƷirnes.  

VislielƗko kopu piena proteƯna ģenƝtiskƗ polimorfisma analƯzƝm veidoja 367 
Latvijas brǌnƗs šƷirnes liellopi, kas LatvijƗ ir visizplatƯtƗkƗ piena govju šƷirne, 
179 Latvijas zilƗs šƷirnes liellopi, 79 Holšteinas melnraibƗs šƷirnes liellopi un 
55 DƗnijas sarkanƗs šƷirnes liellopi. PƗrƝjo šƷirƼu ƯpatƼi veido mazƗku skaitu, 
bet arƯ to analizƝšana deva bǌtiskus rezultƗtus ģenƝtiskƗ polimorfisma analƯzƝ. 

KazeƯna proteƯnu analƯzƝ CSN1S1 gadƯjumƗ LatvijƗ biežƗk sastopamƗ alƝle 
ir B (0,96) un genotips BB (0,93). IzvƝrtƝjot alƝļu biežumus starp dzimumiem, 
konstatƝjƗm, ka 86 CMAS buļļiem alƝles B biežums ir par 0,07 mazƗks (0,90) 
nekƗ govƯm (0,97; p = 2,07 x10-7). Apskatot genotipu frekvences, varam secinƗt, 
ka heterozigoti pƗrstƗvji ir izteikti vairƗk starp buļļiem (20,93 % buļļiem un 
5,43 % govƯm; visiem genotipiem p = 4,99 x10-7), kas varƝtu nozƯmƝt, ka tieši 
buļļu DNS nodrošina C alƝles esamƯbu dažƗdajos ganƗmpulkos, jo nevienam no 
paraugkopas 675 ƯpatƼiem nekonstatƝjƗm genotipu CC. 

IzpƝtot veikto pƝtƯjumu datus IgaunijƗ (EE) par audzƝto govju šƷirƼu piena 
proteƯna alƝļu frekvencƝm, konstatƝjƗm, ka vidƝjie rƗdƯtƗji ir lƯdzƯgi mǌsu 
iegǌtajiem datiem. EE vietƝjai govju (n = 118) šƷirnei αs1 - CN alƝles B 
frekvence ir 0,92, bet alƝles C frekvence ir 0,08 (Lien et al., 1999). ArƯ Lietuvas 
(LT) zinƗtnieku pƝtƯjumi uzrƗda lƯdzƯgƗkus rezultƗtus salƯdzinƗjumƗ ar mǌsu 
veiktajiem pƝtƯjumiem nekƗ Igaunijas pƝtƯjumi. LT slaucamo govju populƗcijas 
(n = 427) B alƝles frekvence ir 0,95 (Pečiulaitiene, 2005). Apskatot citu Eiropas 
valstu pƝtnieku darbus, varam konstatƝt, ka BulgƗrijas zinƗtnieku pƝtƯjumu 
rezultƗti par BulgƗru pelƝkƗs šƷirnes govƯm ir uzrƗdƯjuši, ka alƝles B frekvence 
ir 0,43 un alƝles C – 0,57, un pretƝji mǌsu rezultƗtiem zinƗtnieki ir konstatƝjuši 
visus trƯs genotipus ar novƝroto genotipu frekvencƝm, attiecƯgi BB = 0,18,  
BC = 0,79, CC = 0,03, ko varƝtu izskaidrot arƯ ar šƯs šƷirnes vƝsturisko rašanos 
(Bos taurus brachiceros x Bos taurus Primigenius; Neov et al., 2013). TurpretƯ 
Čehijas zinƗtnieku rezultƗti ir lƯdzƯgƗki mǌsu pƝtƯjumu rezultƗtiem nekƗ 
BulgƗrijas, jo 440 Čehijas vietƝjƗs govju šƷirnes (Czech Fleckvieh) dzƯvniekiem 
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αs1 - kazeƯna genotipu frekvences attiecƯgi ir BB = 0,80, BC = 0,18, CC = 0,16, 
bet alƝļu frekvences attiecƯgi ir B = 0,89 un C = 0,11 (Kučerova et al., 2006). 

CSN2 gadƯjumƗ biežƗkƗ alƝle ir A1 (0,67) un genotipi A1A1 (0,42) un 
A1A2 (0,49), neƼemot vƝrƗ to, ka literatǌrƗ kƗ vƝlamƗkƗ alƝle govju populƗcijƗ 
aprakstƯta A2 alƝle (Reichelt et al., 1991; Cade et al., 2000; McLachlan, 2001; 
Cardak, 2005; A2 Corporation, 2006; Cieslinska et al., 2007; Pečiulaitiene et al., 
2007). Apskatot populƗcijas lƯdzsvaru pƝc konkrƝtƗ lokusa, ir redzams, ka 
novƝrojamas statistiski ticamas atšƷirƯbas (pχ = 2,72 x10-3) starp sagaidƗmo un 
reƗlo heterozigoto ƯpatƼu biežumu. Apskatot katru šƷirnes grupu atsevišƷi, ir 
novƝrojama lƯdzƯga situƗcija pusƝ no šƷirnƝm (LB, LZ, HS un VS). Visos 
gadƯjumos ir ļoti zems A2A2 genotipa biežums. TurklƗt ir redzams, ka šƷirnei 
HM, kurai ir raksturƯgs lielƗks izslaukuma daudzums, ir novƝrojams augstƗks 
A2A2 genotipa lƯmenis un lƯdzsvars pƝc HƗrdija–Veinberga vienƗdojuma. 

VƝlamƗs CSN2 A2 alƝles biežums Igaunijas vietƝjo govju šƷirnei (Värv et 
al., 2009) ir ievƝrojami augstƗks (0,60) nekƗ mǌsu Latvijas zilajai šƷirnei (0,24). 
SecinƗm, ka Igaunijas vietƝjai šƷirnei β – CN labvƝlƯgƗs alƝles A2 frekvence ir 
vidƝji divreiz augstƗka nekƗ LatvijƗ audzƝtajƗm vietƝjƗm govju šƷirnƝm: 
Latvijas brǌnajai un Latvijas zilajai. 

Mǌsu pƝtƯjumƗ iekļautajiem 94 vaislas buļļiem piena proteƯna gƝna alƝļu 
frekvences ir ar nelielu tendenci A1 alƝles pƗrsvaram (0,54) pƗr alƝli A2 (0,46), 
bet 622 kopas govƯm A1 alƝles frekvence ir 0,69, B alƝles frekvence – 0,31. 
TurklƗt ir arƯ jƗsecina, ka vairƗk nekƗ puse no vaislas buļļiem ir heterozigoti 
pƗrstƗvji. TƗtad, pieƼemot, ka pƝc genotipa katra alƝle iedzimst ar vienƗdu 
varbǌtƯbu, varam pieļaut, ka bullis labvƝlƯgo alƝli nodod katram savam otrajam 
pƝcnƗcƝjam. SalƯdzinot alƝļu un genotipu frekvenču biežumu starp govƯm un 
buļļiem, ir redzama statistiski ticama atšƷirƯba. Vaislas buļļiem ir augstƗks A2 
alƝles biežums (pχ = 4,22 x10-5), kƗ arƯ heterozigotƗ un A2 alƝles homozigotƗ 
genotipa lƯmenis (pχ = 3,75 x10-3). TƗtad ir labƗks fons A2A2 genotipa 
veidošanai. 

Čehijas zinƗtnieki (Kučerova et al., 2006), pƝtot CSN2 alƝles A1, A2, A3 un 
B, konstatƝja, ka A1 frekvence ir 0,18, A2 – 0,80, A3 – 0,01 un B – 0,01. Tas 
norada uz labƗku A2 alƝles selekciju nekƗ LatvijƗ. 

TrešƗ analizƝtƗ kazeƯna gƝna CSN3 analƯzƝ konstatƝjƗm, ka populƗcijƗ 
biežƗka ir alƝle A (0,92) un tƗ homozigotais (AA = 0,86) genotips. No 
literatǌras avotiem zinƗm, ka κ – kazeƯna genotipa BB dzƯvnieki izceļas ar 
labƗkƗm piena pƗrstrƗdes tehnoloģiskajƗm ƯpašƯbƗm, augstƗku siera iznƗkumu 
(Martin et al., 2002), bet mǌsu populƗcijƗ šis genotips (BB = 0,03) un, attiecƯgi, 
alƝle B (0,08) ir ļoti reti. Ir izteikts A alƝles pƗrsvars, ko pierƗda arƯ  
HƗrdija–Veinberga vienƗdojuma analƯze, kurƗ tika konstatƝtas sagaidƗmƗ un 
iegǌtƗ heterozigotƗ genotipa statistiskƗs atšƷirƯbas (pχ = 1,19 x10-3). Ir arƯ jƗmin, 
ka tikai Latvijas vƝsturiskajƗs šƷirnƝs (LB un LZ) ir sastopami visi trƯs genotipi, 
pƗrƝjƗs šƷirnƝs ir tikai genotips AA. 

Mǌsu dati par κ - kazeƯna A alƝles lielo sastopamƯbu piena ražošanas 
virziena govju populƗcijƗs LatvijƗ saskan ar izpƝtes datiem LietuvƗ un IgaunijƗ 
(Pečiulaitiene, 2005; Pečiulaitiene et al., 2007; Värv et al., 2009). IgaunijƗ 
lielƗks alƝles B biežums konstatƝts Igaunijas vietƝjiem lopiem – Igaunijas 
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vietƝjo govju šƷirnei (0,24) un Igaunijas sarkano govju šƷirnei (0,37). TomƝr arƯ 
Igaunijas pƝtnieki κ - kazeƯna pƝtƯjumos pƗrliecinƗjƗs, ka visi piena recƝšanas 
parametri bija labƗki κ - kazeƯna BB genotipa dzƯvniekiem (Kübarsepp et al., 
2005). LT slaucamo govju populƗcijas A alƝles frekvence ir 0,74, un  
alƝlei B – 0,22 (Pečiulaitiene et al., 2007). 

Otra piena proteƯnu grupa ir sǌkalu proteƯni, kur LAA un LGB biežƗkƗ alƝle 
ir B (attiecƯgi, 0,94 un 0,78) un genotips BB (attiecƯgi, 0,88 un 0,60) abos 
gadƯjumos.  

LAA gadƯjumƗ analizƝtais lokuss pƝc HƗrdija–Veinberga vienƗdojuma ir 
lƯdzsvarƗ visƗs šƷirnes grupas, izƼemot Latvijas brǌnƗs šƷirnes grupƗ. Sešu 
šƷirƼu grupƗs ir novƝrojams alƝles B (no 0,82 lƯdz 1,00) biežuma pƗrsvars, lƯdz 
ar ko var atzƯt, ka, domƗjams, gƝnu dreifa rezultƗtƗ alƝle A tiek izspiesta no 
populƗcijas un alƝles B biežums pieaug. TurklƗt A alƝle ir sastopama 
heterozigotƗ formƗ, izƼemot Holšteinas melnraibƗs govju šƷirnes gadƯjumƗ, kad 
vienam bullim tika konstatƝta arƯ homozigota forma pƝc A alƝles. ŠƯs šƷirnes 
gadƯjumƗ A alƝles Ưpatsvars ir visaugstƗkais, kas, salƯdzinot ar Latvijas brǌno 
govju šƷirni, ir pat sešas reizes lielƗks (0,18 pret 0,03). Apskatot retƗs A alƝles 
sadalƯjumu govju un vaislas buļļu starpƗ, ir redzams, ka vaislas buļļiem šƯ alƝle 
ir vairƗk nekƗs divas reizes biežƗk sastopama (0,12 pret 0,05; pχ = 5,38 x10-4). 
Genotipu gadƯjumƗ alƝles A pƗrsvars ietekmƝ heterozigotƗs formas divkƗršo 
pƗrsvaru (0,21 pret 0,10; pχ = 6,00 x10-4). 

No Ɨrzemju zinƗtnieku (Bell et al., 1981; Formaggini et al., 1999) pƝtƯjumu 
datiem varam secinƗt, ka B varianta izplatƯba ir Bos taurus, Bos Indicus, Bos 

(Poephagus) Grunniens tipiskƗ (ancestral) forma, bet A varianta izplatƯba nav 
Bos Taurus raksturƯga forma. HipotƝtiski varam secinƗt, ka arƯ mǌsu dati 
apstiprina zinƗtnieku norƗdƯtos rezultƗtus par A varianta zemo frekvenci dažƗdƗs 
šƷirnƝs un tƗs izcelsmi. PƝc mǌsu iegǌtajiem datiem visaugstƗkƗ A alƝles 
frekvence LatvijƗ ir HM šƷirnes dzƯvniekiem (0,18) un, salƯdzinot ar Ɨrzemju 
zinƗtnieku publicƝtajiem datiem, secinƗm, ka daudzƗs valstƯs (Voelker et al., 
1998; Bojarojc - Nosowicz et al., 2005) A alƝles frekvence ir daudz augstƗka 
(lƯdz pat 0,77 jeb 76,60 %) nekƗ mǌsu pƝtƯtajƗs slaucamo govju šƷirnƝs LatvijƗ. 

Otra sǌkalu proteƯna jeb LGB gadƯjumƗ LatvijƗ izaudzƝtajƗs slaucamo govju 
šƷirnƝs ir relatƯvi augstƗks alƝles B biežums: Latvijas brǌnajai 0,83, Latvijas 
zilajai 0,80, bet Holšteinas melnraibajai tikai 0,58. Ja apskatƗm genotipus, tad ir 
redzams, ka HS, ZS un VS šƷirnƝs homozigota forma pƝc retƗs A alƝles ir 
izteikti augstƗka nekƗ pƗrƝjƗs Latvijas populƗcijas slaucamo govju šƷirnƝs un arƯ 
nekƗ vidƝji (0,03) Latvijas slaucamo govju populƗcijƗ. Ja apskatƗm genotipus, 
tad ir redzams, ka HS, ZS un VS šƷirnƝs homozigota forma pƝc retƗs A alƝles ir 
izteikti augstƗka nekƗ pƗrƝjƗs Latvijas populƗcijas šƷirnƝs un arƯ nekƗ vidƝji 
(0,03) Latvijas govju populƗcijƗ. SalƯdzinot alƝļu frekvenču sadalƯjumu pa 
šƷirnƝm, ir novƝrojama statistiski ticama (pχ = 7,16 x10-11) atšƷirƯba. TƗda ir 
vƝrojama arƯ genotipu biežumu sadalƯjumƗ (pχ = 3,25 x10-5). 

SalƯdzinot mǌsu pƝtƯjuma datus ar Ɨrzemju zinƗtnieku (Ikonen et al., 1996; 
Erhardt et al, 1997; Pečiulaitiene, 2005; Kübarsepp et al., 2005; Zaton–
Dobrowolska et al., 2006) publicƝtajiem datiem, secinƗm, ka tie uzrƗda nedaudz 
zemƗku alƝles B biežumu, pƝtot piena vƗjpiena proteƯna LGB polimorfismu 
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dažƗdƗm govju šƷirnƝm nacionƗlajos un speciƗlajos ganƗmpulkos. VienƯgƗ 
šƷirne, kurai ir augstƗka biežƗk sastopamƗs alƝles frekvence, ir Lietuvas sarkanƗ 
ar B alƝles biežumu 0,92 (Pečiulaitiene, 2005). 

AnalizƝjot visus piecus gƝnus kopƗ, tika izveidoti 15 haplotipi, no kuriem 11 
tika konstatƝti vismaz piecos paraugos jeb kurus varƝja uzskatƯt par biežu 
haplotipu kopƝjƗ populƗcijas grupƗ. Starp visu piecu proteƯnu haplotipiem 
biežƗk sastopamƗ kombinƗcija bija no visu proteƯnu variƗciju biežƗkajƗm alƝlƝm 
(haplotips H2: DNS sekvence ir AACAGT (1. pozƯcijƗ CSN1S1, 2. pozƯcijƗ 
CSN2, 3. un 4. – CSN3 abi SNP, 5. – LAA un 6. – LGB), bet proteƯnu sekvence ir 
BA1ABB. KonkrƝtais haplotips tika konstatƝts vairƗk nekƗ pusei no paraugiem 
(51,81 %). BiežƗk sastopamais H2 haplotips nemainƗs, sadalot paraugus pa 
govju šƷirnƝm.  

Iegǌtie rezultƗti sniedz iespƝju analizƝt piecu proteƯnu gƝnu divu alƝļu 
genotipu saistƯbu ar piena produktivitƗtes rƗdƯtƗjiem un ar vaislas buļļu 
ciltsvƝrtƯbas indeksiem. 

 
2.3. Piena proteƯnu gƝnu polimorfismu saistƯba ar piena produktivitƗti 

 
Piena produktivitƗtes rƗdƯtƗji ir statistiski nozƯmƯgi atšƷirƯgi starp Latvijas 

slaucamo govju šƷirnƝm, uzrƗdot augstƗkus rƗdƯjumus Holšteinas (Holšteinas 
melnraibƗ un Holšteinas sarkanraibƗ) šƷirƼu grupƗ, bet zemƗkus Zl jeb Latvijas 
zilƗs šƷirnes grupƗ visƗs laktƗcijƗs. 

Četru no piecu (izƼemot CSN1S1) analizƝto piena proteƯnu gƝnu genotipi ir 
statistiski nozƯmƯgi saistƯti ar Latvijas slaucamo govju šƷirnƝm, turklƗt divi gƝni 
(CSN3 un LAA) varƝtu ietekmƝt šƷirƼu veidošanos. 

Par piena produktivitƗtes raksturojošajiem lielumiem izvƝlƝti govju pirmo 
trƯs laktƗciju izslaukums kilogramos, piena tauku un olbaltumvielu daudzums 
kilogramos un to procentuƗlƗ daļa. 

CSN1S1 saistƯbas analƯzƝ ar piena produktivitƗti tika izmantoti 519 paraugi, 
CSN2 gadƯjumƗ – 541 DNS paraugi, bet trešƗ kazeƯna proteƯna gƝna jeb CSN3 
saistƯba ar piena produktivitƗti tika noteikta, izmantojot 389 govs paraugu. Piena 
sǌkalu proteƯnu LAA un LGB analƯzes gadƯjumƗ tika izmantoti 434 un 505 govju 
DNS dati, attiecƯgi. 

AlfaS1 - kazeƯna gƝna BB genotips statistiski ticami veicina tauku 
procentuƗlƗ satura pieaugumu LatvijƗ audzƝto govju pienƗ pirmajƗs divas 
laktƗcijƗs (1. att.). PirmajƗ laktƗcijƗ govƯm ar BB genotipu vidƝji ir par 0,26 % 
augstƗks tauku saturs nekƗ BC genotipa pƝtƗmajiem ƯpatƼiem (pF = 1,27 x10-2;  
η = 0,11), bet otrajƗ laktƗcijƗ – palielinƗjums ir par 0,21 % (pF = 4,23 x10-2;  
η = 0,10). 

BB genotips arƯ palielina izslaukuma daudzumu pirmajƗs trƯs laktƗcijƗs, bet 
atšƷirƯbas nav statistiski nozƯmƯgas. TƗtad varam secinƗt, ka C alƝles selekcija 
nav nepieciešama piena produktivitƗtes uzlabošanƗ, jo B alƝles homozigotƗs 
formas govƯm saistƯtie rƗdƯtƗji ir augstƗki.  

CSN1S1 genotipi un govju šƷirƼu grupas statistiski ticami ir saistƯti ar 
olbaltumvielu daudzumu procentos govju pienƗ 2. laktƗcijƗ (pF = 4,72 x10-2). Sr 
un Zl grupƗs BC genotipa govju rƗdƯtƗji ir nedaudz augstƗki (~0,10 %) nekƗ  
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BB genotipa, bet Hol grupas gadƯjumƗ ir pretƝji (-0,44 %). TƗtad C alƝles 
nozƯmƯgums ir atkarƯgs no šƷirnes. 

 
1. att. αs1 - kazeƯna gƝna B un C alƝļu genotipu saistƯbas analƯze ar tauku saturu 

procentos pirmajƗs trijƗs laktƗcijƗs 
StabiƼš ar nogriezni norƗda uz pazƯmes vidƝjo grupas lielumu ar standartnovirzi; * – norƗda uz 
saistƯbu ar rƗdƯtƗju konkrƝtƗ laktƗcijƗ; F – dispersijas analƯzes rƗdƯtƗjs; pF – ticamƯbas jeb 
nozƯmƯguma lƯmenis; η – korelƗcijas analƯzes rƗdƯtƗjs. 

Fig. 1. Association analysis between genotypes of B and C alleles of αs1 – 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; pF – 

statistical signification; η – index of correlation analyses. 

 
Apskatot katru šƷirnes grupu atsevišƷi, varam konstatƝt, ka Holšteinas šƷirƼu 

grupƗ ir statistiski nozƯmƯga atšƷirƯba starp genotipu grupu rƗdƯtƗjiem 2. laktƗcijƗ 
tauku un olbaltumvielu satura gadƯjumƗ. Tauku satura gadƯjumƗ ticamƯba ir 2,78 
x10-2, bet olbaltumvielu – 1,86 x10-2. Abu pazƯmju gadƯjumos govƯm ar BB 
genotipu ir augstƗks rƗdƯtƗjs, attiecƯgi, +1,06 un +0,44. 

 Beta - kazeƯna gƝna genotipu pozitƯvo ietekmi varƝjƗm izteikt attiecƯbƗ 
A2A2 > A1A2 > A1A1. Tas nozƯmƝ, ka A2A2 genotips veicina statistiski 
nozƯmƯgu izslaukuma pieaugumu pirmajƗs trƯs laktƗcijƗs (2. att.). Visu laktƗciju 
gadƯjumƗ korelƗcija (η) starp genotipu sadalƯjumu un izslaukuma daudzumu ir 
robežƗs no 0,24 pirmajƗ laktƗcijƗ lƯdz 0,22 pƗrƝjas divƗs laktƗcijƗs. A2A2 
genotipa pƗrsvars pƗr A1A2 genotipu ir +920,98 kg jeb 16,38 % pirmajƗ 
laktƗcijƗ (pF = 1,76 x10-3), +1313,42 kg jeb 20,33% 2. laktƗcijƗ (pF = 1,38 x10-3) 
un +1597,65 kg jeb 25,10 % 3. laktƗcijƗ (pF = 1,77 x10-3). KƗ redzams 2.attƝlƗ, 
ar katru laktƗciju A2A2 alƝles pozitƯvais pƗrsvars palielinƗs. 
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2. att. β - kazeƯna gƝna A1 un A2 alƝļu genotipu saistƯbas analƯze ar piena izslaukumu 

kilogramos pirmajƗs trijƗs laktƗcijƗs 
StabiƼš ar nogriezni norƗda uz pazƯmes vidƝjo grupas lielumu ar standartnovirzi; * – norƗda uz 
saistƯbu ar rƗdƯtƗju konkrƝtƗ laktƗcijƗ; F – dispersijas analƯzes rƗdƯtƗjs; pF – ticamƯbas jeb 
nozƯmƯguma lƯmenis; η – korelƗcijas analƯzes rƗdƯtƗjs. 

Fig. 2. Association analyse between genotypes of A1 and A2 alleles of β - 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; pF – 
statistical signification; η – index of correlation analyses. 

 
Izslaukuma palielinƗšanƗs rezultƗtƗ 3. laktƗcijƗ A2 alƝles homozigotƗ forma 

tauku daudzumu pienƗ palielina par gandrƯz 1/5 daļu attiecƯbƗ pret heterozigoto 
formu (+54,09 kg jeb 19,52 %; pF = 2,59 x10-2) un 2. laktƗcijƗ A2 alƝles 
homozigotƗ forma olbaltumvielu daudzumu pienƗ palielina par gandrƯz 1/5 daļu 
attiecƯbƗ pret heterozigoto formu (+44,67 kg jeb 19,95 %; pF = 2,25 x10-3), bet 
3. laktƗcijƗ – jau vairƗk nekƗ 1/4 daļu (+57,30 kg jeb 26,06 %; pF = 1,74 x10-3). 
Ir jƗmin, ka 1. un 3. laktƗcijas gadƯjumƗ β - kazeƯna gƝna A1 un A2 alƝļu 
genotipiem ir statistiski ticama saistƯba arƯ ar olbaltumvielu saturu procentos 
(3. att.). TƗtad varam secinƗt, ka saistƯba ar olbaltumvielu daudzumu ir 
pastƗvƯga, nevis tikai izslaukuma saistƯbas radƯta. 

PƝc mǌsu iegǌtajiem datiem β - CN gƝna A2 alƝles homozigotajai formai 
pozitƯvƗ ietekme palielinƗs, govƯm novecojot jeb ar vƝlƗku laktƗciju. KopumƗ 
varam secinƗt, ka mǌsu iegǌtie rezultƗti ir lƯdzƯgi citu valstu zinƗtnieku 
iegǌtajiem datiem (Ehrmann et al. 1997; Winkelman, Wickham, 1997, 
Kaminski et al. 2006), ka govƯm piena produktivitƗtes palielinƗšanai CSN2 gƝna 
gadƯjumƗ tieši A2A2 genotips ir jƗpakļauj selekcijai jeb jƗpalielina tƗ biežums 
populƗcijƗ. TƗtad ir jƗsamazina A1A2 genotipa izplatƯba starp buļļiem.  
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3. att. β - kazeƯna gƝna A1 un A2 alƝļu genotipu saistƯbas analƯze ar olbaltumvielu 

(olbv.) saturu procentos pirmajƗs trijƗs laktƗcijƗs 
StabiƼš ar nogriezni norƗda uz pazƯmes vidƝjo grupas lielumu ar standartnovirzi; * – norƗda uz 
saistƯbu ar rƗdƯtƗju konkrƝtƗ laktƗcijƗ; F – dispersijas analƯzes rƗdƯtƗjs; pF – ticamƯbas jeb 
nozƯmƯguma lƯmenis; η – korelƗcijas analƯzes rƗdƯtƗjs. 

Fig. 3. Association analysis between genotypes of A1 and A2 alleles of β - 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; pF – 

statistical signification; η – index of correlation analyses. 

 
Sadalot analizƝtos paraugus pa Latvijas govju šƷirƼu grupƗm, vienƯgƗ 

statistiski nozƯmƯgƗ saistƯba ir ar tauku satura daudzumu procentos pirmajƗ 
laktƗcijƗ (pF = 3,49 x10-3).  

AnalizƝjot katras šƷirnes grupas datus atsevišƷi, statistiski nozƯmƯgu 
atšƷirƯbu sarkano (Sr) šƷirƼu grupƗ konstatƝjƗm saistƯbƗ ar visu laktƗciju 
izslaukuma daudzumu, neƼemot vƝrƗ to, ka visƗm šƷirnƝm kopƗ nevienƗ 
gadƯjumƗ netika iegǌts statistiski nozƯmƯgs rezultƗts. TƗtad varam domƗt, ka 
iegǌtƗ saistƯba starp CSN2 genotipiem un izslaukuma daudzumu, analizƝjot tikai 
genotipus, ir attiecinƗma uz vairƗk uz Latvijas sarkano šƷirƼu grupu, nevis uz 
visu pƝtƗmo populƗciju. 

CSN2 A1 un A2 alƝle ietekmƝ ne tikai piena produktivitƗti (izslaukuma 
daudzumu un olbaltumvielu daudzumu procentos), bet ir saistƯtas (V = 0,21) ar 
Latvijas govju šƷirnes grupƗm, bet neietekmƝ (lineƗrƗs regresijas pr > 0,05) 
govju šƷirni. 

Kappa - kazeƯna gƝna genotipu pozitƯvo ietekmi varƝjƗm izteikt attiecƯbƗ 
AA > BB > AB visu daudzuma (kg) rƗdƯtƗju gadƯjumos. TomƝr ne vienmƝr  
BB > AB rƗdƯtƗju atšƷirƯba bija statistiski nozƯmƯga (pF > 0,05). 

CSN3 genotips AA statistiski nozƯmƯgi veicina izslaukuma pieaugumu 
pirmajƗs divƗs laktƗcijƗs (4. att.). AA genotipa pƗrsvars pƗr BB genotipu ir 
+933,83 kg jeb 19,19 % pirmajƗ laktƗcijƗ (pF = 3,43 x10-2), +1377,78 kg jeb 
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25,58 % 2. laktƗcijƗ (pF = 1,47 x10-2) un +1219,48 kg jeb 22,31 % 3. laktƗcijƗ 
 (pF > 0,05 jeb = 0,06). TurklƗt ir jƗmin, ka starp genotipu sadalƯjumu un 
izslaukumu daudzumu kilogramos ir statistiski ticama saistƯba: 1. laktƗcijƗ η = 
0,45, 2. laktƗcijƗ η = 0,43, bet trešajƗ – η = 0,39. SaistƯba ar katru nƗkamo 
laktƗciju samazinƗs no vidƝji ciešas lƯdz vƗjai. 

PretƝji iepriekš analizƝtajai asociƗcijai ar beta - kazeƯna gƝna genotipiem 
kappa - kazeƯna gadƯjumƗ lielƗks izslaukuma pƗrsvars AA genotipam pƗr BB 
genotipu ir tieši pirmƗs laktƗcijas laikƗ. Starp pirmo un otro laktƗciju AA alƝles 
pƗrsvars palielinƗs, bet uz trešo laktƗciju – samazinƗs. TƗtad iespƝjams, ka  
κ - CN gƝna A alƝles homozigotajai formai pozitƯvƗ ietekme ir tieši uz jaunƗkƗm 
govƯm. 

 
4. att. κ - kazeƯna gƝna A un B alƝļu genotipu saistƯbas analƯze ar piena izslaukumu 

kilogramos pirmajƗs trijƗs laktƗcijƗs 
StabiƼš ar nogriezni norƗda uz pazƯmes vidƝjo grupas lielumu ar standartnovirzi; * – norƗda uz 
saistƯbu ar rƗdƯtƗju konkrƝtƗ laktƗcijƗ; F – dispersijas analƯzes rƗdƯtƗjs; pF – ticamƯbas jeb 
nozƯmƯguma lƯmenis; η – korelƗcijas analƯzes rƗdƯtƗjs. 

Fig. 4. Association analysis between genotypes of A and B alleles of κ - 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; pF – 

statistical signification; η – index of correlation analyses. 

 

Tauku daudzuma gadƯjumƗ: AA genotipa pƗrsvars pƗr BB genotipu ir 
+62,12 kg jeb 32,06% pirmajƗ laktƗcijƗ (p = 8,32 x10-4), +72,08 kg jeb 32,01% 
2. laktƗcijƗ (pF = 2,68 x10-3) un +64,07 kg jeb 27,90 % 3. laktƗcijƗ  
(pF = 2,15 x10-2).  

Olbaltumvielu daudzuma situƗcija: AA genotipa pƗrsvars pƗr BB genotipu ir 
+38,67 kg jeb 24,19 % pirmajƗ laktƗcijƗ (pF = 1,10 x10-2), + 51,21 kg jeb 
27,78% 2. laktƗcijƗ (pF = 9,58 x10-3) un +48,03 kg jeb 26,33% 3. laktƗcijƗ  
(pF = 3,35 x10-2). 
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Gan olbaltumvielu, gan tauku saturam procentos pirmajƗ laktƗcijƗ 
konstatƝjƗm statistiski ticamu saistƯbu, tad arƯ olbaltumvielu un tauku daudzums 
kilogramos ir saistƯts ar CSN3 genotipiem neatkarƯgi no izslaukuma daudzuma 
saistƯbas. PirmƗs laktƗcijas gadƯjumƗ rƗdƯtƗjiem tauku un olbaltumvielu 
daudzumam procentos ir atšƷirƯgs genotipu grupu nozƯmƯguma sadalƯjums – 
AA > AB > BB –, kas ir atšƷirƯgs no piena izslaukuma daudzuma analƯzes. 

No literatǌras datu analƯzes tika konstatƝts, ka κ - kazeƯna genotipa BB 
dzƯvnieki izceļas ar labƗkƗm piena pƗrstrƗdes tehnoloģiskajƗm ƯpašƯbƗm, 
augstƗku siera iznƗkumu (Martin et al., 2002), ko vajadzƝtu pƗrbaudƯt arƯ 
Latvijas apstƗkļos. ƻemot vƝrƗ, ka BB genotipa govƯm izslaukuma daudzums 
nav zemƗkais, bet tauku saturs procentos pirmajƗ laktƗcijƗ ir zemƗks jeb piens ir 
liesƗks, varam domƗt, ka LatvijƗ ir ieteicams palielinƗt BB genotipa Ưpatsvaru. 
TomƝr nedrƯkst izslƝgt A alƝles homozigoto genotipu, kura govƯm tika novƝrots 
augstƗkais izslaukums un augstƗkais tauku saturs 1. laktƗcijƗ. KopumƗ varam 
domƗt, ka CSN3 varƝtu izmantot selekcijƗ, lai iegǌtu govis ar pienu ar dažƗdu 
treknuma lƯmeni. 

SagrupƝjot visus govju paraugus atkarƯbƗ no to piederƯbas Latvijas govju 
šƷirƼu grupƗm, konstatƝjƗm statistiski nozƯmƯgu saistƯbu ar izslaukumu (kg) un 
olbaltumvielu satura daudzumu procentos (paralƝli arƯ olbaltumvielu daudzums 
kilogramos) visƗs trƯs laktƗcijas. Izslaukuma daudzuma gadƯjumƗ sarkano šƷirƼu 
grupƗ saglabƗjas attiecƯba AA > BB > AB, kƗ tas tika novƝrots, analizƝjot tikai 
genotipus, bet Zl grupƗ BB genotipa rƗdƯtƗjs ir augstƗks nekƗ AA genotipam. 

Olbaltumvielu satura daudzumam procentos sarkano šƷirƼu grupƗ attiecƯba ir 
AA > AB > BB pirmajƗs divƗs laktƗcijƗs, bet pƝdƝjƗ – AB un BB grupas rƗdƯtƗji 
pƝc lieluma apmainƗs vietƗm jeb ir BB > AB. Bet Latvijas zilo govju šƷirƼu 
grupƗ attiecƯba ir BB > AB > AA pirmajƗs divƗs laktƗcijƗs un atkal trešajƗ 
laktƗcijƗ AB un BB grupas rƗdƯtƗji pƝc lieluma apmainƗs vietƗm jeb ir attiecƯba 
AB > BB > AA.  

Holšteinas šƷirƼu grupƗ tika konstatƝta homozigotƗ forma pƝc biežƗk 
sastopamƗs alƝles. 

AnalizƝjot tikai šƷirƼu grupu datus, iegǌstam rezultƗtus, kas liecina par to, ka 
statistiski nozƯmƯga atšƷirƯba starp genotipiem un piena produktivitƗtes rƗdƯtƗju 
ir tieši sarkano šƷirƼu grupƗ, kurƗ statistiski nozƯmƯgas atšƷirƯbas ir saistƯbƗ ar 
tiem pašiem rƗdƯtƗjiem, kƗ analizƝjot visas šƷirnes grupas kopƗ. 

TƗtad, apkopojot informƗciju par κ - kazeƯna proteƯna analƯzi, varam secinƗt, 
ka piena produktivitƗtes rƗdƯtƗjus ietekmƝ gan gƝna genotips, gan govju šƷirne. 
TomƝr ir jƗmin, ka gƝna genotips korelƝ ar (V = 0,32) un ietekmƝ  
(lineƗrƗs regresijas pr = 6,04 x10-4) Latvijas slaucamo govju šƷirnes, bet ne 
100 %. 

Alfa - laktalbumƯna genotips BB veicina pieaugumu tauku saturam 
procentos 1. laktƗcijƗ. ŠajƗ gadƯjumƗ BB genotipa govƯm tika konstatƝts 
augstƗks (+0,22) tauku saturs nekƗ AB genotipa govƯm (pF = 1,47 x10-2). 
KorelƗcijas analƯzƝ tika konstatƝta ļoti vƗja korelƗcija starp LAA genotipiem un 
tauku saturu procentos. 

PƗrƝjo analizƝto pienu produktivitƗtes rƗdƯtƗju gadƯjumƗ statistiski ticama 
atšƷirƯba netika konstatƝta, neƼemot vƝrƗ to, ka visu rƗdƯtƗju gadƯjumƗ BB 
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genotipu paraugiem vidƝjƗs vƝrtƯbas ir augstƗkas nekƗ heterozigotai formai. 
IespƝjams, ka saistƯba netika konstatƝta, jo populƗcijƗ netika konstatƝta A alƝles 
homozigotƗ forma. 

PƝc rezultƗtiem varam domƗt, ka alƝles A izspiešana no populƗcijas gƝnu 
dreifa rezultƗtƗ un alƝles B biežuma pieaugums ir saistƯts ar B alƝles pozitƯvo 
ietekmi uz govju organismu, tai skaitƗ piena kvalitƗtes un kvantitƗtes pazƯmƝm.  

Sadalot visus paraugus atkarƯbƗ no to piederƯbas Latvijas govju šƷirnes 
grupƗm, statistiski nozƯmƯga atšƷirƯba ir saistƯbƗ ar olbaltumvielu daudzumu 
kilogramos pirmajƗs divƗs laktƗcijƗs un tauku saturu procentos trešajƗ laktƗcijƗ. 

Holšteinas un sarkano šƷirƼu grupƗs olbaltumvielu daudzums pienƗ atkarƯbƗ 
no genotipa sadalƗs lƯdzƯgi kƗ analizƝjot tikai gƝna genotipu, tas ir, BB > AB. 
Bet Latvijas zilo govju grupƗ sadalƯjums ir pretƝjs: govƯm ar AB genotipu 
olbaltumvielu pirmajƗ un otrajƗ laktƗcijƗ ir vidƝji par 24,58 un  
21,51 kilogramiem attiecƯgi vairƗk nekƗ govƯm ar BB genotipu. 

Apskatot saistƯbu analƯzi ar tauku saturu procentos 3. laktƗcijƗ, ir redzams, 
ka atšƷirƯgs daudzuma sadalƯjums atkarƯbƗ no genotipiem ir Holšteinas šƷirƼu 
grupƗ. ŠajƗ grupƗ heterozigotƗ genotipa pƗrstƗvƝm ir par 0,86 % vairƗk tauku 
nekƗ B alƝles homozigotas nesƝjƗm. 

TurklƗt Hol grupai atsevišƷi ir saistƯba ar 3. laktƗcijas izslaukumu un tauku 
saturu procentos: izslaukuma daudzums kilogramos lielƗks ir BB genotipa 
govƯm, bet tauku saturs procentos – AB genotipa govƯm. TƗtad varam secinƗt, 
ka α – laktalbumƯna gƝna gadƯjumƗ 3. laktƗcijƗ Hol grupas govis ar BB genotipu 
dod vairƗk piena, bet liesƗku, bet ar AB genotipu otrƗdi: mazƗk piena, bet 
treknƗku. 

TƗtad, apkopojot rezultƗtus par α - laktalbumƯna ģenƝtisko saistƯbu ar piena 
produktivitƗtes rƗdƯtƗjiem, varam secinƗt, ka A un B alƝļu genotipi ietekmƝ 
piena tauku saturu procentos 1. laktƗcijƗ un daļƝji ietekmƝ (lineƗrƗs regresijas 
pr <0,05) Latvijas slaucamo govju šƷirni. KƗ arƯ ir jƗmin, ka LAA ģenƝtiskƗ 
variƗcija ir nozƯmƯga Holšteinas šƷirƼu grupas govƯm. 

Beta - laktoglobulƯna genotipu pozitƯvo ietekmi varƝjƗm izteikt attiecƯbƗ 
AA > AB > BB, analizƝjot izslaukumu, tauku un olbaltumvielu daudzumu 
rƗdƯtƗjus, bet BB > AB > AA – tauku un olbaltumvielu saturam procentos.  

AA genotips statistiski ticami palielina izslaukuma pieaugumu pirmajƗs trƯs 
laktƗcijƗs (5. att). Apskatot izslaukuma datus pa AA un AB genotipu, ir 
redzams, ka 1. laktƗcijas gadƯjumƗ homozigoto genotipu govju vidƝjais rƗdƯtƗjs 
ir par +974,27 kg jeb 16,73 % (pF = 1,26 x10-3) lielƗks, 2. laktƗcijƗ –  
+1235,69 kg jeb 18,84 % (pF = 1,39 x10-2), bet 3. laktƗcijƗ – par +1840,31 kg 
jeb 27,77 % (pF = 2,96 x10-3). PƝc datiem ir redzams, ka ar katru laktƗciju 
izslaukuma pƗrsvars AA genotipam palielinƗs un 3. laktƗcijas laikƗ A alƝles 
homozigotajƗm govƯm vidƝji izslaukums ir par vairƗk nekƗ 1/4 lielƗks nekƗ 
heterozigotƗm govƯm.  
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5. att. β - laktoglobulƯna gƝna A un B alƝļu genotipu saistƯbas analƯze ar piena 

izslaukumu kilogramos pirmajƗs trijƗs laktƗcijƗs 
StabiƼš ar nogriezni norƗda uz pazƯmes vidƝjo grupas lielumu ar standartnovirzi; * – norƗda uz 
saistƯbu ar rƗdƯtƗju konkrƝtƗ laktƗcijƗ; F – dispersijas analƯzes rƗdƯtƗjs; pF – ticamƯbas jeb 
nozƯmƯguma lƯmenis; η – korelƗcijas analƯzes rƗdƯtƗjs. 

Fig. 5. Association analysis between genotypes of A and B alleles of β - 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; pF – 

statistical signification; η – index of correlation analyses. 

 
Olbaltumvielu saturs ir statistiski ticami saistƯts ar analizƝtajiem genotipiem 

1. laktƗcijƗ, kad BB genotipa pƗrsvars pƗr AB ir par 0,05 procentu daļƗm (pF = 
2,40 x10-2). Paskatoties pƗrƝjo laktƗciju abu genotipu attiecƯbas, ir redzams, ka 
BB genotipa pƗrsvars samazinƗs. KƗ interesantu faktu var minƝt, ka, skatoties 
pƝc genotipu grupƗm, vidƝji palielinoties olbaltumvielu daudzumam izslaukumƗ 
1. laktƗcijƗ, samazinƗs olbaltumvielu saturs procentuƗli. 

Tauku satura gadƯjumƗ (6. att.) BB genotipa pƗrsvars pret AB 1. laktƗcijƗ ir 
0,26 procentu daļas (pF = 8,37 x10-8), 2. laktƗcijas gadƯjumƗ ir 0,23 procentu 
daļas (pF = 5,21 x10-6), bet 3. laktƗcijƗ – par 0,15 procentu daļƗm  
(pF = 3,40 x10-2). PƝc datiem ir redzams, ka B alƝles homozigotƗs formas 
pƗrsvars jeb pozitƯvƗ ietekme samazinƗs ar katru laktƗciju. 
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6. att. β - laktoglobulƯna gƝna A un B alƝļu genotipu saistƯbas analƯze ar tauku saturu 

procentos pirmajƗs trijƗs laktƗcijƗs 
StabiƼš ar nogriezni norƗda uz pazƯmes vidƝjo grupas lielumu ar standartnovirzi; * – norƗda uz 
saistƯbu ar rƗdƯtƗju konkrƝtƗ laktƗcijƗ; F – dispersijas analƯzes rƗdƯtƗjs; pF – ticamƯbas jeb 
nozƯmƯguma lƯmenis; η – korelƗcijas analƯzes rƗdƯtƗjs. 

Fig. 6 Association analysis between genotypes of A and B alleles of β - 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; pF – 

statistical signification; η – index of correlation analyses. 

 
Apvienojot izslaukuma un tauku satura rezultƗtus, varam konstatƝt, ka AA 

genotips LatvijƗ audzƝto govju populƗcijƗ nodrošina lielƗku piena daudzumu 
nekƗ AB genotips, bet liesƗku jeb ar mazƗku tauku saturu. TƗtad bǌtu ieteicams 
palielinƗt A alƝles un attiecƯgi AA genotipa Ưpatsvaru Latvijas govju populƗcijƗ, 
tƗdƝjƗdi nodrošinot liesƗku pienu, ko mǌsdienƗs vairƗk pieprasa patƝrƝtƗji. 
ŠobrƯd ir novƝrojama pretƝja aina, jo starp analizƝtajiem piena govju paraugiem 
61,81 % ir ar genotipu BB, kas nodrošina maz piena ar augstu tauku saturu. 

Apskatot, kƗ LGB genotipi un Latvijas govju šƷirƼu grupas kopƗ ietekmƝ 
piena produktivitƗtes rƗdƯtƗjus, var konstatƝt, ka saglabƗjas statistiski nozƯmƯga 
atšƷirƯba starp grupƗm saistƯbƗ ar izslaukuma daudzumu pirmajƗs divƗs 
laktƗcijƗs, kƗ arƯ saistƯbƗ ar olbaltumvielu saturu procentos 1. laktƗcijƗ. 
Izslaukumam sarkano šƷirƼu gadƯjumƗ ir AB > AA > BB, Hol grupƗ – AA > AB 
> BB, kas sakrƯt ar attiecƯbu, analizƝjot tikai genotipu, bet Latvijas zilo šƷirƼu 
grupƗ: AB > BB > AA. TƗtad varam secinƗt, ka divu šƷirƼu grupu gadƯjumƗ 
izslaukuma daudzuma palielinƗšanai vislabƗkais genotips ir heterozigota.  

Olbaltumvielu saturam procentos 1. laktƗcijƗ Sr un Hol grupu gadƯjumƗ 
saglabƗjas genotipu pozitƯvƗ attiecƯba, kƗda tika novƝrota, analizƝjot 
 β – laktoglobulƯna gƝna genotipus atsevišƷi – BB > AB >AA –, bet Zl grupƗ 
attiecƯba ir mainƯta – AA > BB > AB.  
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KopumƗ pirmajƗ laktƗcijƗ Sr un Hol šƷirƼu grupƗs biežƗk sastopamƗ LGB 
genotipa (BB) govƯm ir maz piena, bet ar augstu olbaltumvielu saturu, bet 
Latvijas zilo govju šƷirƼu grupƗ biežƗk sastopamƗ genotipa govƯm ir vidƝji 
daudz piena ar vidƝju olbaltumvielu saturu. 

Visu piecu piena proteƯnu gƝnu analizƝto alƝļu haplotipi ir saistƯti ar šƷirƼu 
grupƗm: dažƗdƗs grupƗs biežƗkie haplotipi ir dažƗdi. 

Haplotipi statistiski ticami ir saistƯti ar izslaukumu (7. att.) un tauku saturu 
procentos visƗs trƯs laktƗcijƗs.  

 
7. att. Piecu piena proteƯnu gƝnu haplotipu saistƯbas analƯze ar izslaukuma 

daudzumu pirmajƗs trƯs laktƗcijƗs 
StabiƼš norƗda uz pazƯmes vidƝjo grupas lielumu; * – norƗda uz saistƯbu ar rƗdƯtƗju konkrƝtƗ 
laktƗcijƗ; F – dispersijas analƯzes rƗdƯtƗjs; pF – ticamƯbas jeb nozƯmƯguma lƯmenis; η – korelƗcijas 
analƯzes rƗdƯtƗjs. 

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; pF – statistical signification; η – index of correlation 

analyse. 

 
VislielƗkais izslaukums kilogramos ir govƯm ar H8 haplotipu, bet 

vismazƗkais starp laktƗcijƗm atšƷiras: pirmajƗ un otrajƗ tas ir haplotips H6, bet 
trešajƗ – H5. PirmajƗ laktƗcijƗ izslaukuma atšƷirƯba starp H8 un H6 haplotipu 
govƯm ir 2701,75 kg, bet otrajƗ laktƗcijƗ – 2560,27 kg. TrešajƗ laktƗcijƗ starp 
lielƗkƗ un mazƗkƗ izslaukuma haplotipiem (H8 un H6) atšƷirƯba ir 2409,00 kg. 
Ir redzams, ka ar katru nƗkamo laktƗciju atšƷirƯba samazinƗs. 

Apskatot rezultƗtus par tauku saturu procentos, konstatƝjƗm, ka starp 
laktƗcijƗm atšƷiras haplotips ar lielƗko vai mazƗko tauku saturu pienƗ. PirmajƗ 
laktƗcijƗ lielƗkais rƗdƯtƗjs ir H4 haplotipa grupai, bet mazƗkais – H10. AtšƷirƯba 
starp grupƗm ir 0,59 %. OtrajƗ laktƗcijƗ lielƗkais rƗdƯtƗjs ir H9 haplotipa govƯm, 
bet mazƗkais H10 (atšƷirƯba 0,70 %). TrešajƗ laktƗcijƗ, attiecƯgi, H11 un H3 
(0,59 %). Apskatot pirmƗs laktƗcijas augstƗkƗ tauku satura rƗdƯjuma haplotipa 
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H4 rƗdƯjumus pƗrƝjƗs laktƗcijƗs, ir redzams izteikts kritums jeb tauku satura 
samazinƗšanƗs no 4,53 lƯdz 3,96. TƗtad varam secinƗt, ka govƯm ar šƗdu H4 
haplotipu samazinƗs tauku saturs ar katru nƗkošo laktƗciju. LƯdzƯga situƗcija ir 
novƝrojama H1, H2 un H3 haplotipam. 

Sadalot paraugus pa šƷirƼu grupƗm, statistiski ticamu atšƷirƯbu konstatƝjƗm 
saistƯbƗ ar 2. laktƗcijas tauku saturu procentos (pF = 2,85 x10-2). KonkrƝtajƗ 
gadƯjumƗ, pirmkƗrt, Hol grupƗ atšƷiras haplotips ar augstƗko rƗdƯtƗju: Sr un Zl 
grupƗ tas ir H9, bet Hol grupƗ – H11.  

Sr un Zl gadƯjumƗ ir novƝrotas statistiski nozƯmƯgas atšƷirƯbas saistƯbƗ ar 
2. laktƗcijas izslaukumu (attiecƯgi, pF = 1,89 x10-2 un 3,04 x10-2). 

 
2.4. Piena proteƯnu gƝnu polimorfismu saistƯba ar vaislas buļļu 

ciltsvƝrtƯbas rƗdƯtƗjiem 

 
Ir zinƗms, ka piena proteƯni var stimulƝt spermas kapacitƗti, tƗdƝjƗdi 

palielinot spermas daudzumu, kas saistƗs pie olšǌnas apvalka (plural zonae 

pellucidae), kurš palielina apaugļošanƗs iespƝju (Coutinho da Silva et al., 2014). 
TƗtad varam secinƗt, ka piena proteƯna koncentrƗcija ir svarƯga apaugļošanƗs 
intensitƗtei un spermas kvalitƗtei, t. sk. iedzimstošajam materiƗlam. No tƗ izriet, 
ka piena proteƯna polimorfisms ir nozƯmƯgs arƯ vaislas buļļiem. 

AnalizƝjot CSN1S1 saistƯbu ar vaislo buļļu ciltsvƝrtƯbas rƗdƯtƗjiem, tika 
izmantoti 72 paraugi, CSN2 gadƯjumƗ – 73 DNS paraugi, bet trešƗ kazeƯna gƝna 
jeb CSN3 saistƯba ar rƗdƯtƗjiem tika noteikta, izmantojot 63 vaislas buļļu 
paraugus. Piena sǌkalu proteƯnu LAA un LGB analƯzes gadƯjumƗ tika izmantoti 
73 vaislas buļļu DNS dati. SaistƯbu analƯzƝ netika ietverti Zl grupas vaislas buļļi, 
jo netika iegǌti novƝrtƝtƗs ciltsvƝrtƯbas dati. 

TrƯs novƝrtƝto ciltsvƝrtƯbu rƗdƯtƗju (izslaukuma daudzums, olbaltumvielu 
daudzums un tauku saturs) gadƯjumƗ atšƷirƯbas starp šƷirƼu grupƗm ir statistiski 
nozƯmƯgas, bet viena rƗdƯtƗja (tauku daudzums) gadƯjumƗ nozƯmƯgums ir uz 
ticamƯbas robežas. TurklƗt novƝrtƝtƗ ciltsvƝrtƯba pƝc izslaukuma daudzuma 
vidƝji korelƝ ar šƷirƼu grupƗm. AnalizƝjot ražƯbas indeksa atšƷirƯbu starp abƗm 
(Sr un Hol) grupƗm, redzam, ka tas ir augstƗks tieši sarkano šƷirƼu grupas 
buļļiem. 

PƝc datiem konstatƝjƗm, ka kazeƯnu proteƯnu gƝni nav saistƯti ar šƷirƼu 
grupƗm vaislas buļļiem, bet abu sǌkalu proteƯnu gƝnu gadƯjumos ir statistiski 
nozƯmƯgas atšƷirƯbas starp genotipu sadalƯjumu Sr un Hol šƷirƼu grupƗs  
(pχ = 2,65 x10-5 un 2,77 x10-3). TurklƗt šiem sadalƯjumiem ir novƝrojama vidƝji 
cieša korelƗcija pƝc KrƗmera V rƗdƯtƗja (attiecƯgi, 0,49 un 0,40), un varam teikt, 
ka sǌkalu gƝnu genotips ietekmƝ daļƝji (ap 41,0 %; dati nav parƗdƯti) šƷirnes 
grupu vaislas buļļiem. 

AlfaS1 - kazeƯna gƝna genotips BB vaislas buļļiem statistiski nozƯmƯgi 
palielina to meitu pirmƗs laktƗcijas piena tauku (8. att.) un olbaltumvielu (9. att.) 
daudzumu kilogramos, salƯdzinot ar heterozigoto genotipu. KƗ arƯ B alƝles 
homozigotais genotips vaislas buļļiem palielina novƝrtƝtƗs ciltsvƝrtƯbas pƝc 
izslaukuma daudzumu vƝrtƯbu, bet ne statistiski ticami.  
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8. att. αs1 - kazeƯna gƝna A un B alƝļu genotipu saistƯbas analƯze ar novƝrtƝto 

ciltsvƝrtƯbu (NC) pƝc olbaltumvielu daudzumu kilogramos 
StabiƼš ar nogriezni norƗda uz pazƯmes vidƝjo grupas lielumu; F – dispersijas analƯzes rƗdƯtƗjs; pF –
 ticamƯbas jeb nozƯmƯguma lƯmenis; η – korelƗcijas analƯzes rƗdƯtƗjs. 

Fig. 8. Association analysis between genotypes of A and B alleles of αs1 - casein gene 
and estimated breeding values (EBV) 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; pF – statistical signification; η – 

index of correlation analyses. 

Apskatot novertƝtƗs ciltsvƝrtƯbas pƝc tauku daudzuma sadalƯjumu atkarƯbƗ no 
CSN1S1 genotipiem (8. att.), ir redzams, ka vaisla buļļa ar homozigotu genotipu 
pƝc biežƗs alƝles jeb ar genotipu BB meitu pirmƗs laktƗcijas pienƗ ir vidƝji par 
14,78 kilogramiem vairƗk tauku nekƗ heterozigota genotipa gadƯjumƗ  
(pF = 3,64 x10-3). KonkrƝtƗ korelƗcija pƝc statistiskas ir ar 0,34 lielu biežumu 
jeb vƗja korelƗcija. 

Apskatot novertƝtƗs ciltsvƝrtƯbas pƝc olbaltumvielu daudzuma sadalƯjumu 
atkarƯbƗ no CSN1S1 genotipiem (9. att.), ir redzams, ka vaisla buļļu ar genotipu 
BB meitu pirmƗs laktƗcijas pienƗ ir vidƝji par 9,36 kilogramiem vairƗk 
olbaltumvielu nekƗ heterozigota genotipa gadƯjumƗ (pF = 2,16 x10-2). KonkrƝtƗ 
korelƗcija pƝc statistikas ir vƝl vƗjƗka (η = 0,27).  

Varam secinƗt, ka vaislas buļļu ar CSN1S1 BB genotipu meitƗm pirmajƗ 
laktƗcijƗ ir vairƗk piena kilogramos, attiecƯgi arƯ vairƗk tauku un olbaltumvielu 
pret ciltsvƝrtƯbas vƝlamo lielumu. 

Sadalot paraugus atkarƯbƗ no to piederƯbas šƷirƼu grupƗm, konstatƝjƗm, ka, 
analizƝjot abas šƷirƼu grupas kopƗ, statistiski ticama atšƷirƯba ir novƝrtƝtajai 
ciltsvƝrtƯbai pƝc izslaukumam (pF = 2,50 x10-5) un tauku saturam procentos (pF 
= 3,48 x10-2).  
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9. att. αs1 - kazeƯna gƝna A un B alƝļu genotipu saistƯbas analƯze ar novƝrtƝto 

ciltsvƝrtƯbu (NC) pƝc tauku daudzumu kilogramos vaislas buļļiem 
StabiƼš ar nogriezni norƗda uz pazƯmes vidƝjo grupas lielumu; F – dispersijas analƯzes rƗdƯtƗjs; pF –
 ticamƯbas jeb nozƯmƯguma lƯmenis; η – korelƗcijas analƯzes rƗdƯtƗjs. 

Fig. 9 Association analysis between genotypes of A and B alleles of αs1 - 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; pF – statistical signification; η – 

index of correlation analyses. 

 
Sarkano šƷirƼu gadƯjumƗ BB genotips vaislas buļļiem palielina novƝrtƝto 

ciltsvƝrtƯbu pƝc izslaukuma daudzuma (+376,14 kg; pF = 4,73 x10-2), bet 
Holšteinas šƷirƼu grupƗ palielinƗjums ir BC genotipa gadƯjumƗ (+247,92 kg; pF 
> 0,05). TomƝr ir arƯ jƗmin, ka Hol grupƗ abu genotipu gadƯjumƗ vidƝjie rƗdƯtƗji 
ir lielƗki par ciltsvƝrtƯbas vƝlamo, bet Sr grupƗ BC genotipa grupas rƗdƯtƗjs ir 
negatƯvs pret ciltsvƝrtƯbas vƝlamo. 

NovƝrtƝtƗs ciltsvƝrtƯbas pƝc tauku satura (pF = 3,48 x10-2) gadƯjumƗ dati ir 
pretƝji: Sr grupƗ pozitƯvƗks rezultƗts ir vaislas buļļiem ar BC genotipu (+0,04 %; 
pF > 0,05), bet Hol grupƗ – ar BB genotipu (+ 0,30 %; pF = 4,37 x10-2). 
Holšteinas šƷirnƝm, neatkarƯgi no genotipa, tauku saturs procentos ir mazƗks 
nekƗ ciltsvƝrtƯbas vƝlamais, bet sarkanajƗm šƷirnƝm vaislas buļļiem ar BC 
genotipu tauku saturs ir pozitƯvs pret ciltsvƝrtƯbas vƝlamo, bet nedaudz. 

KƗ arƯ BB genotips statistiski nozƯmƯgi (pF = 3,89 x10-2) palielina (+8,45 
punkti) ražƯbas indeksu Latvijas sarkano šƷirƼu grupƗ.  

Apkopojot visus datus par αs1 – kazeƯna saistƯbu analƯzi vaislas buļļu 
gadƯjumƗ, varam secinƗt, ka pozitƯvais genotips jeb genotips, kas nodrošina 
labƗkus novƝrtƝtƗs ciltsvƝrtƯbas rƗdƯtƗjus, ir biežƗs alƝles B homozigotais 
genotips. 

Beta - kazeƯna gƝna genotipiem, gan Ƽemot, gan neƼemot vƝrƗ šƷirnes 
grupas, nekonstatƝjƗm statistiski nozƯmƯgu ietekmi uz vaislas buļļu novƝrtƝtƗs 
ciltsvƝrtƯbas rƗdƯtƗjiem. Genotipu pozitivitƗtes attiecƯbu Latvijas populƗcijƗs var 
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pierakstƯt A2A2 > A1A1 > A1A2, kas atšƷiras no govju laktƗcijas datiem. Ir 
jƗmin, ka A2A2 genotipu vaislas buļļa meitu pirmƗs laktƗcijas izslaukuma 
daudzums kilogramos vidƝji ir par +280,44 kg (jeb 2,15 reizes) un +353,69 kg 
(jeb 3,06 reizes) lielƗks nekƗ, attiecƯgi A1A1 un A1A2 genotipu vaislas buļļu 
meitu pirmƗs laktƗcijas izslaukuma daudzums. 

Sadalot paraugus pƝc šƷirƼu grupƗm, ir atšƷirƯga pozitƯvo genotipu attiecƯba: 
Sr grupƗ attiecƯba ir A1A1 > A2A2 > A1A2, bet Hol grupƗ – A2A2 > A1A1 > 
A1A2.  

Apkopojot iegǌtos rezultƗtus, secinƗm, ka β - kazeƯna A1 un A2 alƝļu 
genotipu nozƯmƯgums novƝrtƝtƗs ciltsvƝrtƯbas rƗdƯtƗju sakarƗ ir statistiski 
nenozƯmƯgs. 

Kappa - kazeƯna gƝna genotipiem, gan Ƽemot, gan neƼemot vƝrƗ šƷirnes 
grupas, nekonstatƝjƗm statistiski nozƯmƯgu ietekmi uz vaislas buļļu novƝrtƝtƗs 
ciltsvƝrtƯbas rƗdƯtƗjiem, ko varam izskaidrot ar faktu, ka visi Latvijas govju 
populƗcijas vaislas buļļi ir homozigoti pƝc biežƗkƗs A alƝles. 

Alfa - laktalbumƯna genotips BB statistiski ticami palielina vaislas buļļu 
novƝrtƝtƗs ciltsvƝrtƯbas pƝc olbaltumvielu saturu procentos (pF = 3,57 x10-2) un 
ražƯbas indeksa (pF = 2,23 x10-2) vƝrtƯbas. 

NovƝrtƝtƗs ciltsvƝrtƯbas pƝc olbaltumvielu satura gadƯjumƗ augstƗks rƗdƯtƗjs 
ir lielƗkajai genotipu grupai jeb vaislas buļļiem ar BB genotipu (+0,09 %), kƗ arƯ 
ražƯbas indekss augstƗks ir vaislas buļļiem ar BB genotipu (6,52 punkti).  

Ir jƗmin, ka novƝrtƝtƗs ciltsvƝrtƯbas pƝc izslaukuma daudzuma atšƷirƯbas 
starp genotipa grupƗm ir statistiski nenozƯmƯga, bet lielƗks rƗdƯtƗjs ir tieši LAA 
heterozigotu vaislu buļļu grupƗ (+158,46 kg).  

Sadalot paraugus pƝc šƷirƼu grupƗm, nekonstatƝjƗm statistiski nozƯmƯgas 
saistƯbas. Apskatot novƝrtƝto ciltsvƝrtƯbu pƝc izslaukuma daudzuma, varam 
redzƝt, ka abu šƷirƼu grupu gadƯjumƗ lielƗks piena izslaukums ir buļļu meitƗm, 
kuru vaislu buļļu genotips LAA ir BB. TurklƗt sarkano šƷirƼu grupƗ AB genotipa 
vaislu buļļu meitƗm vidƝjais izslaukuma daudzums ir 117,00 kg zem vƝlamƗs 
normas.  

Ir jƗmin, ja analizƝta tikai Holšteinas šƷirƼu grupu, saglabƗjas statistiski 
nozƯmƯgais rezultƗts kƗ analizƝjot visu populƗciju kopƗ. Hol šƷirƼu grupƗ LAA 
gƝna genotipiem ir saistƯba ar novƝrtƝto ciltsvƝrtƯbu pƝc olbaltumvielu satura 
procentos (pF = 3,32 x10-2) un ražƯbas indeksu (pF = 3,48 x10-2). Abu rƗdƯtƗju 
gadƯjumƗ BB genotipu grupƗ ir augstƗks rƗdƯjums nekƗ AB genotipu grupƗm. 

Apkopojot iepriekš minƝto α - laktalbumƯna gƝna A un B alƝļu genotipu 
ietekmi uz vaislas buļļu novƝrtƝtƗs ciltsvƝrtƯbas rƗdƯtƗju lielumiem, varam 
secinƗt, ka pozitƯva ietekme ir BB genotipam, Ưpaši Holšteinas šƷirƼu grupƗ. 

Beta - laktoglobulƯna genotipu pozitƯvo ietekmi novƝrtƝtƗs ciltsvƝrtƯbas pƝc 
izslaukuma daudzuma gadƯjumƗ var izteikt AB > AA > BB un starp genotipiem ir 
novƝrota statistiski ticama atšƷirƯba (pF = 9,07 x10-3; 10. att.). TƗtad varam secinƗt, 
ka populƗcijƗ biežƗk sastopamais genotips nav vƝlams vaislu buļļiem, ja 
ganƗmpulks tiek veidots piena izslaukuma palielinƗšanai. TurklƗt ir jƗmin, ka biežƗk 
sastopamajam genotipam (BB) ir izteikti, lƯdz pat septiƼƗm reizƝm, mazƗks piena 
daudzums nekƗ pƗrƝjos genotipos (AB > BB ir ar pF = 8,82 x10-3). 
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10. att. β- laktoglobulƯna gƝna A un B alƝļu genotipu saistƯbas analƯze ar novƝrtƝtƗs 

ciltsvƝrtƯbas (NC) pƝc izslaukumu kilogramos vaislas buļļiem 
StabiƼš ar nogriezni norƗda uz pazƯmes vidƝjo grupas lielumu; F – dispersijas analƯzes rƗdƯtƗjs; pF –
 ticamƯbas jeb nozƯmƯguma lƯmenis; η – korelƗcijas analƯzes rƗdƯtƗjs. 

Fig.10. Association analysis between genotypes of A and B alleles of αs1 - 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; pF – statistical signification; η – 

index of correlation analyses. 

 
Vaislas buļļu novƝrtƝtƗs ciltsvƝrtƯbas pƝc tauku daudzuma kilogramos 

vƝrtƯbƗm starp genotipiem netika konstatƝta statistiski nozƯmƯga atšƷirƯba, 
neƼemot vƝrƗ to, ka vidƝjo rƗdƯtƗju atšƷirƯba starp AA genotipu vaislas buļļiem 
un BB genotipa vaislas buļļiem ir lielƗka nekƗ 100 reizes. Olbaltumvielu 
daudzumam atšƷirƯba starp vidƝjiem rƗdƯtƗjiem ir mazƗka (47,45 reizes), bet 
atšƷirƯba ir statistiski nozƯmƯga (pF = 5,95 x10-3). 

NovƝrtƝtƗs ciltsvƝrtƯbas pƝc tauku un pƝc olbaltumvielu daudzuma pienƗ ir 
statistiski ticami (attiecƯgi, pF =2,42 x10-2 un 4,03 x10-4; 11. att.) saistƯts ar LGB 
genotipiem, un to pozitƯvais iedalƯjums ir atšƷirƯgs no izslaukuma daudzuma 
rƗdƯtƗja: AA > AB > BB. TƗ kƗ ir vƝrojama atšƷirƯba genotipa pozitƯvajƗ 
ietekmƝ, salƯdzinot ar novƝrtƝtƗs ciltsvƝrtƯbas pƝc izslaukuma daudzuma 
radƯtƗjiem, tas liek domƗt, ka, saistƯba ar genotipiem ir daļƝji individuƗla 
konkrƝtajiem rƗdƯtƗjiem.  

ƻemot vƝrƗ paraugu piederƯbu šƷirƼu grupƗm, statistiski ticama atšƷirƯba tika 
konstatƝta novƝrtƝtƗs ciltsvƝrtƯbas pƝc olbaltumvielu satura procentos gadƯjumƗ  
(pF = 3,74 x10-2). SarkanajƗm šƷirnƝm pozitƯvs vidƝjais rƗdƯtƗjs ir tikai vaislas 
buļļiem ar BB genotipu, bet Holšteinas šƷirƼu grupƗ – ar AA genotipu. TƗtad 
varam domƗt, ka pozitƯvais genotips ir atšƷirƯgs dažƗdƗm šƷirnƝm. Tas 
apstiprina iepriekš iegǌtos rezultƗtus par korelƗciju starp LGB un šƷirƼu grupƗm 
(V = 0,40). TurklƗt Hol grupƗ atšƷirƯbas starp genotipiem ir statistiski 
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nozƯmƯgas: pF visiem genotipiem ir 9,24 x10-3, bet starp AA un BB genotipu 
grupƗm – 6,94 x10-3.  

 

 
11. att. β- laktoglobulƯna gƝna A un B alƝļu genotipu saistƯbas analƯze novƝrtƝto 

ciltsvƝrtƯbu (NC) pƝc tauku un pƝc olbaltumvielu daudzumu kilogramos vaislas 

buļļiem 
StabiƼš ar nogriezni norƗda uz pazƯmes vidƝjo grupas lielumu; F – dispersijas analƯzes rƗdƯtƗjs; pF –
 ticamƯbas jeb nozƯmƯguma lƯmenis; η – korelƗcijas analƯzes rƗdƯtƗjs. 

Fig.11 Association analysis between genotypes of A and B alleles of αs1 - 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; pF – statistical signification; η – 

index of correlation analyses. 

 
Apkopojot sniegto informƗciju par β - laktoglobulƯna gƝna A un B alƝļu 

genotipu nozƯmƯgumu vaislas buļļu novƝrtƝtƗs ciltsvƝrtƯbas sakarƗ, varam 
secinƗt, ka izslaukuma palielinƗšanu telƝm veicina AB genotips, ja netiek Ƽemta 
vƝrƗ šƷirƼu piederƯba, un tauku un olbaltumvielu daudzumu – AA genotips. 
ƻemot vƝrƗ paraugu šƷirƼu piederƯbu, sarkano šƷirƼu grupƗ nozƯme parƗdƗs arƯ 
BB genotipam, bet minimƗla. Bet Holšteinas šƷirƼu grupƗ saglabƗjas AA un AB 
genotipu pozitƯvƗ ietekme. 

Latvijas govju populƗcijƗ vaislas buļļu šƷirƼu grupƗs ir atšƷirƯgs piecu piena 

proteƯnu gƝnu haplotipu sadalƯjums jeb novƝrojama statistiski ticama atšƷirƯba 
(pχ = 2,00 x10-4; V = 0,40), bet biežƗk sastopamais ir haplotips H15.  

Statistiski nozƯmƯga atšƷirƯba starp piecu piena proteƯnu gƝnu haplotipu 
grupƗm, neƼemot vƝrƗ šƷirƼu grupu piederƯbu, ir vaislas buļļu novƝrtƝtai 
ciltsvƝrtƯbai pƝc tauku un pƝc olbaltumvielu daudzumam kilogramos (attiecƯgi, 
pF = 8,01 x10-3 un 9,56 x10-3).  

Abu novƝrtƝto ciltsvƝrtƯbu gadƯjumos augstƗkais rƗdƯtƗjs ir, ja vaislas bullis 
ir ar H1 haplotipu, bet zemƗkais rƗdƯtƗjs – H15 haplotips, kas ir biežƗkais 
haplotips. AtšƷirƯba starp H1 un H15 haplotipiem ir CSN1S1, CSN2 un LGB 
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lokusos. KazeƯnu proteƯnu lokusos ir populƗcijƗ biežƗk sastopamƗ alƝle, bet 
laktoglobulƯna proteƯna lokusos – retƗk sastopamƗ alƝle. 

 Meitu pirmƗs laktƗcijas 
NovƝrtƝtƗs ciltsvertƯbas pƝc tauku daudzuma gadƯjumƗ vaislas buļļu meitƗm 

pirmajƗ laktƗcijƗ tauku daudzuma atšƷirƯba starp augstƗko un zemƗko vidƝjo 
rƗdƯjumu ir 25,18 kg (pF = 5,60 x10-3), bet olbaltumvielu daudzuma gadƯjumƗ –
 17,40 kg (pF = 1,70 x10-2). TurklƗt ir jƗmin, ka abu radƯtƗju gadƯjumƗ H15 
haplotipa grupas vidƝjais lielums ir negatƯvs, kas nozƯmƝ, ka šƯs grupas vaislas 
buļļu meitƗm tauku un olbaltumvielu daudzums pirmƗs laktƗcijas pienƗ ir zem 
vƝlamƗ.  

Sadalot vaislas buļļu paraugus pƝc šƷirƼu grupƗm, statistiski nozƯmƯgu 
atšƷirƯbu starp haplotipu/šƷirƼu grupƗm konstatƝjƗm saistƯbƗ ar novƝrtƝto 
ciltvƝrtƯbu pƝc olbaltumvielu saturu procentos (pF = 2,17 x10-2). KatrƗ no šƷirƼu 
grupƗm ir cits haplotips ar augstƗko un zemƗko rƗdƯjumu: Sr grupƗ attiecƯgi H3 
un H9, bet Hol grupƗ – H1 un H9 vai H11.  

Bez statistiskƗ nozƯmƯguma ir interesanti dati par vaislas buļļu novƝrtƝto 
ciltsvƝrtƯbu pƝc izslaukuma kilogramos, kur Sr grupƗ mazƗkƗ vidƝjƗ vƝrtƯba bija 
H15 haplotipa grupas vaislas buļļiem, bet Hol grupƗ konkrƝtƗ haplotipa grupƗ 
vidƝjais rƗdƯjumu bija par 917,10 kilogramiem vairƗk. TƗtad varam secinƗt, ka 
H15 haplotips nav vƝlams sarkano šƷirƼu vaislas buļļiem, bet ir vƝlams 
Holšteinas šƷirƼu vaislas buļļiem. 

 
 

SECINƖJUMI 
 

1. CSN1S1 B un C alƝļu, CSN2 A1 un A2 alƝļu, CSN3, LAA un LGB A un B 
alƝļu polimorfismi ir piemƝroti LatvijƗ audzƝto govju pƝtƯjumiem, 
nodrošinot kvalitatƯvu analƯzi. Apvienojot tehniskos aprakstus no vairƗku 
literatǌras avotu metodikas, eksperimentƝjot, aprobƝjot, verificƝjot un 
validƝjot tƗs LLU LF MGPL, jaunapgǌtƗs metodes nodrošina kvalitatƯvus 
rezultƗtus, lai analizƝtu piecu piena proteƯnu gƝnu – CSN1S1, CSN2, CSN3, 
LAA un LGB – polimorfismus. 

2. Ir veikta CSN1S1 B un C alƝļu, CSN2 A1 un A2 alƝļu, CSN3, LAA un LGB 
A un B alƝļu polimorfismu izpƝte vidƝji 626 LatvijƗ audzƝtajƗm govƯm. 
Iegǌtie rezultƗti sniedz iespƝju analizƝt piecu proteƯnu gƝnu divu alƝļu 
genotipu un visu gƝnu haplotipu saistƯbu ar piena produktivitƗtes rƗdƯtƗjiem 
un ar vaislas buļļu novƝrtƝtƗs ciltsvƝrtƯbas rƗdƯtƗjiem un ražƯbas indeksu. 

3. Iegǌtie rezultƗti pierƗda, ka Latvijas populƗcijƗ, neƼemot vƝrƗ šƷirnes 
iedalƯjumu, izslaukuma palielinƗšanos veicina β - kazeƯna A2A2 genotips, 
κ - kazeƯna AA genotips un beta - laktoglobulƯna AA genotips.  
IndividuƗli olbaltumvielu satura procentos palielinƗšanos statistiski nozƯmƯgi 
veicina CSN2 A2A2 genotips 3. laktƗcijƗ, CSN3 AA genotips un LGB BB 
genotips 1. laktƗcijƗ.  
IndividuƗli tauku satura procentos pieaugumu statistiski nozƯmƯgi ietekmƝ 
alfaS1 – kazeƯna BB genotips 1. un 2. laktƗcijƗ, kappa - kazeƯna AA un beta -
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 laktoglobulƯna BB genotips visƗs laktƗcijƗs un alfa - laktalbumƯna BB 
genotips 1. laktƗcijƗ.  
Visu piecu piena proteƯnu gƝnu haplotipi statistiski ticami ir saistƯti ar 
izslaukuma un tauku saturu procentos rƗdƯjumiem visƗs trƯs laktƗcijƗs ar 
dažƗdiem pazƯmes veicinošajiem haplotipiem. 

4. Iegǌtie rezultƗti pierƗda, ka, neƼemot vƝrƗ šƷirnes iedalƯjumu, Latvijas 
audzƝto un vaislai izmantoto buļļu novƝrtƝto ciltsvƝrtƯbu pƝc izslaukuma 
daudzuma palielinƗšanos veicina beta - laktoglobulƯna AB genotips. 
IndividuƗli novƝrtƝto ciltsvƝrtƯbu pƝc olbaltumvielu un pƝc tauku daudzumu 
kilogramos palielina alfaS1 - kazeƯna BB genotips un beta - laktoglobulƯna 
AA genotips. 
NovƝrtƝtƗš ciltsvƝrtƯbas pƝc olbaltumvielu saturu procentos, kƗ arƯ ražƯbas 
indeksa pieaugumu statistiski nozƯmƯgi ietekmƝ alfa - laktalbumƯna BB 
genotips.  
Piecu piena proteƯnu gƝnu haplotipi, neƼemot vƝrƗ šƷirƼu grupu piederƯbu, ir 
saistƯti ar novƝrtƝto ciltsvƝrtƯbu pƝc tauku un pƝc olbaltumvielu daudzuma 
kilogramos, kur lielƗkais rƗdƯjums ir buļļiem ar H1 haplotipu. 
 
 

IETEIKUMI 
 
lopkopƯbas zinƗtniekiem un speciƗlistiem, mƗkslƯgƗs apsƝklošanas 

speciƗlistiem, dzƯvnieku audzƝtƗjiem un produkcijas ražotƗjiem 

 

IesakƗm LatvijƗ sƗkt veikt piena šƷirƼu govju un vaislas buļļu ģenƝtisko 
skrƯnƯngu pƝc pieciem piena proteƯna gƝniem – CSN1S1, CSN2, CSN3, LAA un 

LGB –, lai varƝtu nodrošinƗt vƝlamo genotipu pƗrmantojamƯbu un uzkrƗšanos 
ganƗmpulkos LatvijƗ, kuri ļautu efektƯvi paaugstinƗt piena lopu produktivitƗti 
pƝc kvalitatƯvajƗm un kvantitatƯvajƗm pazƯmƝm. 

IegǌtƗ pieredze ļauj secinƗt, ka ir iespƝjams lietot genotipƝšanu praktiskajƗ 
slaucamo govju selekcionƝšanƗ un lƯdz ar to samazinƗt genotipƝšanas izdevumus 
ar minimƗliem zaudƝjumiem, salƯdzinot ar potenciƗlo kandidƗtu pilnƯgu 
genotipƝšanu. Vaislas buļļu un govju genotipƝšanu ir vƝlams veikt praktiskajƗ 
slaucamo govju selekcionƝšanƗ LatvijƗ, nodrošinot tikai vƝlamo alƝļu 
iedzimstƯbu. 

IesakƗm turpinƗt veidot Latvijas govju genofondu jeb DNS kolekciju, 
bioloģisko materiƗlu Ƽemot, govij piedzimstot vai to marƷƝjot. TƗdƝjƗdi tiktu 
nodrošinƗta pilnƯga informƗcija par LatvijƗ audzƝto govju populƗcijas 
genotipiem un veicinƗta molekulƗrƗ selekcija ar visvairƗk vƝlamajƗm alƝlƝm. 

PƝc pƝtƯjumƗ iegǌtajiem datiem iesakƗm veikt LatvijƗ audzƝto dažƗdu piena 
govju šƷirƼu detalizƝtƗku ģenƝtisko analƯzi pƝc pieciem piena proteƯna gƝniem – 
CSN1S1, CSN2, CSN3, LAA un LGB –, veidojot DNS paraugu kolekciju pƝc 
šƷirnƝm. 

PƝc iegǌtajiem datiem, kƗ arƯ pƝc informƗcijas literatǌrƗ un datubƗzƝ 
iesakƗm veikt Latvijas brǌnƗs un Latvijas zilƗs šƷirnes padziļinƗtu piecu piena 
proteƯna gƝnu – CSN1S1, CSN2, CSN3, LAA un LGB – DNS variƗciju jeb 
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nesinonƯmo polimorfismu analƯzi, lai noskaidrotu un saglabƗtu Latvijas 
vƝsturisko šƷirƼu genofondu. 

PƝc informƗcijas literatǌras avotos iesakƗm veikt ģenƝtisko saistƯbu analƯzi 
LatvijƗ audzƝto piena govju populƗcijƗ starp pieciem piena proteƯna gƝniem – 
CSN1S1, CSN2, CSN3, LAA un LGB – un vƝlamajƗm pienu nozares tehnoloģijas 
pazƯmƝm, tƗdƝjƗdi papildinot informƗciju par vƝlamajiem genotipiem. KƗ arƯ 
tƗdƝjƗdi iegǌstot kvalitatƯvi un kvantitatƯvi ekonomiskƗkus piena produktus. 
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TƜMU / PUBLICATIONS 
 
PƝtƯjumu rezultƗti apkopoti astoƼos zinƗtniskos rakstos un publicƝti 
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Starptautiski citējamos žurnālos / International cited journals: 

1. SmiltiƼa, D., GrƯslis, Z. (2010) Analysis of kappa - casein (CSN3) alleles in 
Latvian Brown and Latvian Blue breed cowsĶ populations. Annual 16th 

International Scientific Conference Proceedings ’’Research for Rural 
Development 2010, ISSN 1691–4031, Volume 1, pp.71 - 74 (Indeksēts 
datubāzēs: SCOPUS, EBSCO Academic Search Complete, CAB Abstracts, 
CABI electronic resource). 

2. SmiltiƼa, D., BƗliƼš, A., GrƯslis, Z. (2010) Study of the milk protein genetic 
characterization in Latvian dairy cattle breedsĶ populations. International 
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 1754, p.125 - 129 (Indeksēts datubāzēs: EBSCO Central & Eastern 
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ISSN 1407 – 1754, pp.143 - 147 (Indeksēts datubāzēs: CAB Abstracts, 
CABI electronic resource). 

4. SmiltiƼa, D., BƗliƼš, A., GrƯslis, 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: 
AkadƝmiskais apgƗds SAULE. p. 165-177. ISBN 978–9984–14 (Indeksēts 
datubāzēs: Web of Science). 
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1. Dace SmiltiƼa, Andris BƗliƼš, Ziedonis GrƯslis (2011) Prospects of the β –
 casein (CSN2) alleles A1 and A2 in the dairy cattle population of Latvia. 
PhD Students, Young Scientists and Pedagogues Conference Proceedings ‘’ 
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of alfa – lactalbumin (LAA) genetic variants on milk productivity. 
Proceedings of the 56rd International Scientific Conference of Daugavpils 

University 2014. DU AkadƝmiskais apgƗds SAULE, ISBN 978 – 9984. 
2. 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. 
3. Dace SmiltiƼa, Andris BƗliƼš, Ziedonis GrƯslis (2013) Polymorphism of the 

β – 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. 
4. Dace SmiltiƼa, Andris BƗliƼš, Ziedonis GrƯslis (2012) Polimorphism of 
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PATEICƮBAS 
 

 Es pateicos visiem, ar ko es tieši sadarbojos pƝtƯjuma laikƗ. 
 Pateicos bijušajai LLU MPS Vecauce direktorei Ivetai Grudovskas kundzei, 

direktora vietniecei Indrai Eihvaldei un LopkopƯbas speciƗlistu kolektƯvam 
par bioloģisko paraugu ieguves organizatoriskajiem pasƗkumiem mǌsu 
pƝtƯjumam 2010. gada decembrƯ. 

 Pateicos par veiksmƯgu sadarbƯbu un ilgstošu pretimnƗkšanu Siguldas 
CMAS valdes priekšsƝdƝtƗjam Nilam Ivaram Feodorova kungam, 
Kurzemes CMAS valdes priekšsƝdƝtƗjam Gatim KaƷa kungam, Vidzemes 
VeterinƗrƗ servisa biroja vadƯtƗjai ValentƯnai Stjades kundzei un viƼu 
vadƯtajiem kolektƯviem par pƝtƯjumam atvƝlƝtajiem vaislas buļļu bioloģiskƗ 
materiƗla paraugiem un to uzglabƗšanai nepieciešamo aukstumaģentu. 

 Ʈpaši es pateicos saviem vecƗkiem un meitai par katru atbalsta brƯdi, ko viƼi 
ir veltƯjuši man personƯgi ar visu savu mƯlestƯbu, lai es varƝtu šo darbu 
paveikt. 
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ABBREVIATIONS 
 

ADC State Agency ”Agricultural Data Centre” 
AF Faculty of Agriculture 
AN Angeln 
BAIS Breeding and artificial insemination station 
Blue group of blue colour cow breeds  
CSN1S1 alphaS1 - casein gene 
CSN1S2 alphaS2 - casein gene 
CSN2 beta - casein gene 
CSN3 kappa - casein gene 
DR Danish Red cow breed 
EBV Estimated breeding value 
HB Holstein Black and White cow breed 
Hol group of Holstein cow breeds  
HR Holstein Red and White cow breed 
LAA alpha - lactalbumin gene (also LALBA) 
LAU Latvia University of Agriculture 
LB Latvian Brown cow breed 
LGB beta - lactoglobulin gene (also PAEP) 
LZ Latvian Blue (Latvijas zilā) cow breed 
MGRL Molecular Genetics Research Laboratory  
PCR Polymerase Chain Reaction  
p statistical significance or importance to: 

pF  results of ANOVA or PostHoc  
pV  Cramer's V association analysis 
px  Chi-squared (χ2) test  
pρ Spearman's rank correlation coefficient ρ (rho)  

Red group of red colour cow breeds  
RFLP Restriction fragment lenght polymorphism 
SNP  Single Nucleotide Polymorphism 
SR Swedish Red and White  

YI  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 ruminantsĶ milk proteins are coded by 6 structural 

genes: two main whey proteins (α - lactalbumin and β - lactoglobulin) and 4 
caseins (αS1- and αS2 - caseins, β - casein and κ - 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 β - casein A1 allele from dairy 
cow populations, not to allow the potential negative effects of β - casomorphine 
7. Poland is one of the first EU countries, which has widely deployed testing of 
breeding bulls for checking the composition of β – 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 (alphaS1 - casein, alfphaS2 - 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 αS1 - casein, β - casein, κ - casein,  

α - lactalbumin and β - 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 αS1 - casein, β - casein, κ - casein,  
α - lactalbumin and β – 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 αS1 -
 casein, β - casein, κ - casein, α - lactalbumin and β – 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 αS1 - , β - and 
κ - casein, α - lactalbumin and β – 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 αS1 - , β - and κ - casein, α - lactalbumin and β –
 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 zilā), 
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 (αS1 - casein, β - casein, κ -
 casein, α - lactalbumin and β – 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 bullsĶ 
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 cowsĶ blood and bullsĶ 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: αS1 –
 casein (CSN1S1), αS2 – casein (CSN1S2), β – casein (CSN2), κ – casein (CSN3), 
α - lactalbumin (LAA) and β – 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 – A1 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 cowsĶ 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 (χ2) 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 χ2 test or 
Pirson χ2 test at the confidence pχ<0.05 (Arhipova, BƗliƼa, 2006). 

Before association analysis both cowsĶ and breeding bullsĶ 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 χ2 test to 
determinate the differences between groups and CramerĶs 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 
pχ<0.05 (Arhipova, BƗliƼa, 2006); (2) association or correlation between 
indicators, using eta (η) coefficient test. Association strength was defined by 
value of η 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 milkĶs productivity indicators of dairy cows 
reared in Latvia with the selected molecular markers of milk protein genes data 
were obtained about each cowĶs 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 
bullsĶ 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: CSN1S1 c.-175A>G, 
leading to the protein variation change B to C; CSN2 – c.4451A>C (Pro67(82)His; 
A1 and A2 variations); for CSN3 were selected two SNPs: c.11625C>T and 
c.11661A>C, leading to Thr136(157)Ile and Asp148(169)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 c.3106T>C, leading to the amino acid change 
Val118(134)Ala 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, CSN1S1 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: CSN1S1, 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 cowsĶ population reared in Latvia 

Gene Polymorphism# 

PCR RESP 

Amplification conditions $ 

Sequence of primers 
Product, 
bp 

Enzyme 
Sequence 

Fragments, 
bp, and 
protein 

variations 

Dena-

turation 
Annealing* 

Elon-

gation 

CSN1S1 
c.-175A>G 

B>C 
94 ºC / 
3 min 

30 
94 ºC / 30 s 
59 ºC / 30 s 
72 ºC / 30 s 

72 ºC / 
10 min 

F 5Ķ – TGC ATG TTC TCA TAA 
TAA CC – 3Ķ 
R 5Ķ – GAA GAA GCA GCA AGC 
TGG – 3Ķ 

310 
MaeIII 

↓GTNAC 
310 – C 

214/96 – B 

CSN2 

c.4451A>C 
Pro67(82)His 

A1>A2 

94 ºC / 
4 min 

35 
94 ºC / 30 s 
60 ºC / 40 s 
72 ºC / 30 s 

72 ºC / 
4 min 

F 5Ķ – CCT TCT TTC CAG GAT 
GAA CTC CAG – 3Ķ 
R 5Ķ – GAG TAA GAG GAG GGA 
TGT TTT GTG GGA GGC TCT – 3Ķ 

121 
DdeI 

C↓TNAG 
121 – A1 

86/35 – A2 

CSN3 

c.11625C>T un 
c.11661A>C 
Thr136(157)Ile 

Asp148(169)Ala 
A>B 

95 ºC / 
2 min 

35 
95 ºC / 30 s 
55 ºC / 40 s 
72 ºC / 30 s 

72 ºC / 
7 min 

F 5Ķ– TAT CAT TTA TGG CCA 
TTG GAC CA – 3Ķ 
R 5Ķ– CTT CTT TGA TGT CTC 
CTT AGA GTT – 3Ķ 

228 

HinfI 
G↓ANTC 
HindIII 

A↓AGCTT 

133/93 – A 
135/95 – B 

LAA 
(LALBA) 

c.15A>G 
- 

A>B 

94 ºC / 
10 min 

45 
95 ºC / 30 s 
58 ºC / 30 s 
72 ºC / 60 s 

72 ºC / 
0.5 min 

F 5Ķ – CTC TTC CTG GAT GTA 
AGG CTT– 3Ķ 
R 5Ķ – AGC CTG GGT GGC ATG 
GAA TA– 3Ķ 

166 
MnlI 

CCTCN7↓ 
78/52/36 – A 
114/52 – B 

LGB 
(PAEP) 

c.3106T>C 
Val118(134)Ala 

A>B 

94 ºC / 
3 min 

34 
94 ºC / 30 s 
48 ºC / 30 s 
72 ºC / 30 s 

72 ºC / 
5 min 

F 5Ķ – TGT GCT GGA CAC CGA 
CTA CAA AAA G – 3Ķ 
R 5Ķ – GCT CCC GGT ATA TGA 
CCA CCC TCT – 3Ķ 

247 
HaeIII 
GG↓CC 

148/99 – A 
74(x2)/99 – B 

# - Nucleotide replacement and, if so, the replacement amino acids in activated protein (inactive protein), and protein variations 

$ - 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 
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Conducting studies on methodological accuracy, parallel to our studies on  
κ - 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 cowsĶ 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 bullsĶ is less than  
0.07 cows (0.90 vs. 0.97; p = 2.,07 x10-7). 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 x10-7 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 cowsĶ (n = 118) αs1 - 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 cowsĶ population of LT (n = 427) allele B is with 
frequency 0.95 (Pečiulaitiene, 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 scientistsĶ results for 440 
Czech Fleckvieh breed cowsĶ by alleles are closer to our results (B = 0.89, C = 
0.11), but by genotypes – to BulgarianĶ results with all three genotypes, 
respectively, BB = 0.80, BC = 0.18, CC = 0.16 (Kučerova et al., 2006). 

In case of CSN2 the common allele is A1 with frequency 0.67 and 
genotypes A1A1 (0.42), and A1A2 (0.49), despite the fact that in literature as 
more preferable for cowsĶ 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; Pečiulaitiene et al., 2007). Regarding the 
population balance or deflection from Hardy - Weinberg at a given locus there is 
statistically significant difference (pχ = 2.72 x10-3) 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 (Värv 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 β – 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 A1 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 (pχ = 4.22 x10-5) 
and also the level of heterozygote and homozygote of allele A2 genotypes  
(pχ = 3.75 x10-3). 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 
A1, A2, A3 and B are with frequencies 0.18, 0.80, 0.01 and 0.01, respectively 
(Kučerova 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 cowsĶ with genotype BB of κ –
 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 
(pχ = 1.19 x10-3). 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 κ – casein in dairy cows 
of Latvian population coincide with the research data in Lithuania and Estonia 
(Pečiulaitiene, 2005; Pečiulaitiene et al., 2007; Värv 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 (Kübarsepp et al., 2005). In Lithuanian 
population of dairy cows the frequency of allele A is 0.74 and that of allele B – 
0.22 (Pečiulaitiene 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; pχ= 5.38 x10-4). Prevalence of 
allele A influences the double prevalence of frequency of heterozygote genotype 
(0.21 vs. 0.10; pχ = 6.00 x10-4). 

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 researchersĶ 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 cowsĶ 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 cowsĶ population and average frequency of all population (0.03). 
Difference in distribution of alleles and of genotypes between breeds is 
statistically significant (pχ = 7.16 x10-11 and pχ = 3.25 x10-5, respectively). 

Compering our results with the data from other published researches 
((Ikonen et al., 1996; Erhardt et al, 1997; Pečiulaitiene, 2005; Kübarsepp 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 cowsĶ 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 (Pečiulaitiene, 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 cowsĶ 
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 bullsĶ estimated breeding values and yield index. 

 
2.3. Association analysis of polymorphisms of milk protein genes with 

cowsĶ 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 CSN1S1) are 
statistically significantly associated with dairy cowsĶ 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 cowsĶ first three consecutive 
existing lactations were selected as parameters characterizing milk productivity. 

Genotype BB of alphaS1 - 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 (pF = 1.27 x10-2; η = 0.11), but at the second lactation increase is 
about 0.21 % (pF = 4.23 x10-2; η = 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 CSN1S1 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 cowsĶ group of breed together, 
statistically significant association with protein content as a percentage at 2nd 
lactation (pF = 4.72 x10-2) was found. In Red and Bl 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 2nd lactation in case of 
protein and fat content as a percentage. In the case of fat content the statistical 
signification is 2.78 x10-2, but in case of protein content – 1.86 x10-2. 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 > A1A1. 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 (η) 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 (pF = 1.76 x10-3), + 1313.42 kg or 
20.33 % at the second lactation (pF = 1.38 x10-3) and + 1597.65 kg or 25.10 % at 
the third lactation (pF = 1.77 x10-3). As can be seen in Figure 2, with each 
lactation the positive prevalence of A2A2 increases. 

As a result of the increase of milk yield at the 3rd 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%; pF = 2.59 x10-2) and at the 2nd 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 %; pF = 2.25 x10-3), but at 
the 3rd lactation – already by more than 1/4 (+ 57.30 kg or 26.06%;  
pF = 1.74 x10-3). It should be noted that at the 1st and 3rd lactation, genotypes of 
alleles A1 and A2 of gene β - 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 β - 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 cowsĶ 
breeds, the only statistically significant association is with fat content at the first 
lactation (pF = 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. 



 

49 

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 cowsĶ breeds in Latvia, but do not affect the cowsĶ 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 (pF > 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 1st lactation (pF = 3.43 x10-2), 
+ 1377.78 kg or 25.58 % at the 2nd lactation (pF = 1.47 x10-2) and + 1219.48 kg 
or 22.31 % at the 3rd lactation (pF > 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 1st lactation  
η = 0.45, at the 2nd lactation η = 0.43, but at the 3rd lactation - η = 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 κ - 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 1st lactation (p = 8.32 x10-4), 
+ 72.08 kg or 32.01 % at the 2nd lactation (pF = 2.68 x10-3) and + 64.07 kg or 
27.90 % at the 3rd lactation (pF = 2.15 x10-2).  

In the case of protein amount (kg): the of genotype AA over genotype BB is 
+ 38.67 kg or 24.19 % at the 1st lactation (pF = 1.10 x10-2), + 51.21 kg or 
27.78 % at the 2nd lactation (pF = 9.58 x10-3) and + 48.03 kg or 26.33 % at the 
3rd lactation (pF = 3.35 x10-2). 

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 cowsĶ 
with genotype BB of κ – casein are distinguished by better dairy technological 
features, higher cheese outcome (Martin et al., 2002) and that should be tested 
under LatviaĶ 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 cowsĶ 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 κ - casein protein, it 
can be concluded, that the indicators of milk productivity are affect both by 
genotypes of CSN3 and by cowsĶ 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 (pF = 1.47 x10-2). 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 wasnĶt found because homozygote genotype of allele 
A wasnĶt 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 cowsĶ organisms, including indicators of 
milk quality and quantity. 

Dividing the analyzed samples into groups of Latvian cowsĶ 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 α – 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 α – 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 cowĶs 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 (pF = 1.26 x10-3), + 1235.69 kg or 18.84 % at the 2nd lactation  
(pF = 1.39 x10-2) and + 1840.31 kg or 27.77 % at the third lactation  
(pF = 2.96 x10-3). 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 % (pF = 2.40 x10-2). 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 % (pF = 8.37 x10-8), at the second 
lactation it is 0.23 % (pF = 5.21 x10-6), but at the third lactation – 0.15 %  
(pF = 3.40 x10-2). 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 cowsĶ 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 cowsĶ 
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 β – 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 1st 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 2nd lactation the highest average 
result is for cows with haplotype H9, but the lowest for H10 (difference 
0.70 %), in the 3rd lactation, respectively, haplotype H11 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 (pF = 2.85 x10-2). 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 Bl groups statistically significant difference or association with 
milk yield at the second lactation (pF = 1.89 x10-2 and 3.04 x10-2, 
respectively).was also found.  

 
2.4. Association analysis of polymorphisms of milk protein genes with 

bullsĶ 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 arenĶt 
associated with groups of bullsĶ breed, but in case of both whey protein genes 
there is statistically significant association between distribution of genotype in 
Re or Hol groups (pχ = 2.65 x10-5 and 2.77 x10-3, 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 bullsĶ genotype BB of alphaS1 - casein gene statistically 
significantly increase their heifersĶ 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 bullsĶ 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 CSN1S1, 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 (pF = 3.64 x10-3). 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 CSN1S1, 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 (pF = 2.16 x10-2). Particular relevance by statistic is even 
weaker (η = 0.27) than in case of fat amount. 

We can draw a conclusion, that the daughters of breeding bulls with 
genotype BB of CSN1S1 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 (pF = 2.50 x10-5) and of fat content as a percentage  
(pF = 3.48 x10-2). 

In the case of Red breed, genotype BB for breeding bulls increase estimated 
breeding value of milk yield (+ 376.14 kg; pF = 4.73 x10-2), but in the group of 
Holstein breeds increase is in the case of genotype BC (+ 247.92 kg; pF > 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 (pF = 3.48 x10-2) readings are contrary: in 
Red group more positive result is for breeding bulls with genotype BC (+ 0.04 
%;  
pF > 0.05), but in Hol group – with genotype BB (+ 0.30 %; pF = 4.37 x10-2). 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 (pF = 3.89 x10-2) increase (+ 
8.45 points) yield index of the group of Latvian red breeds. 

Summarizing all data about association analyse of αs1 - 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 bullsĶ 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 A1A1 and A1A2, 
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 A1 and A2 of β - casein on breeding bullsĶ estimated breeding values is 
statistically insignificant. 

For genotypes of kappa - casein gene any statistically significant 
association with breeding bullsĶ 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 bullsĶ estimated breeding values of protein content as 
a percentage  
(pF = 3.57 x10-2) and yield index (pF = 2.23 x10-2). 

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 (pF = 3.32 x10-2) 
and with yield index (pF = 3.48 x10-2). In both cases, the -group of genotype BB 
in average has higher value than the groups of genotype AB. 

Summarizing the above effect of α - 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 (pF = 9.07 x10-3; 
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 pF = 8.82 x10-3). 

EBV of protein and fat amount in kilograms are statistically significant 
(pF =2.42 x10-2 and 4.03 x10-4, 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  
(pF = 5.95 x10-3). 

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 (pF = 3.74 x10-2). 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: pF for all genotypes is 9.24 x10-3, but between genotypes 
AA and BB – 6.94 x10-3. 

To summarize the information about significance of genotypes of allele A 
and B of β - lactoglobulin gene in case of breeding bullsĶ 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 (pχ = 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 (pF = 8.01 
x10-3 and 9.56 x10-3, 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 H15 is in loci of 
CSN1S1, 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 (pF = 5.60 x10-3), but in case of EBV of protein 
amount – 17.40 kg (pF = 1.70 x10-2). 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 (pF = 2.17 x10-2). 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 
EBV 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 A1 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: CSN1S1, CSN2, 

CSN3, LAA and LGB. 

2. Research of polymorphisms of B and C alleles of CSN1S1, of A1 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 
bullsĶ 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 β - casein, genotype AA of κ - 
casein and genotype AA of beta - lactoglobulin promote increase of milk 
yield. 
Genotype A2A2 of CSN2 at the 3rd lactation, genotype AA of CSN3 and 
genotype BB of LGB at the 1st lactation statistically significantly contribute to 
increase of protein content as a percentage.  
Genotype BB of alphaS1 - casein gene at the 1st and 2nd 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 1st 
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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 alphaS1 - 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: CSN1S1, 

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 cowĶs 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: 
CSN1S1, 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: CSN1S1, 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: CSN1S1, 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.  
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