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DNA MARKERS - A PREDICTION CRITERION
FOR YIELD AND QUALITY OF RAW MILK

Abstract. The aim of the study is to assess productive qualities of animals with different milk protein genes
genotypes by origin, that is, by pedigree, taking into account the closest ancestors in female line phenotype. The stu-
dies were carried out in JSC “Head Breeding Enterprise “Elita” conditions of Vysokogorsky District of the Republic
of Tatarstan on bull’s purebred and crossbred Holstein breeds sample. As a result of molecular genetic studies (AS-
PCR and PCR-RFLP analysis), animals were divided into groups taking into account genotypes for alpha S1-casein
(CSN1S1), beta-casein (CSN2), kappa-casein (CSN3), beta-lactoglobulin (BLG) and alpha-lactalbumin (LALBA)
genes. In studied bulls’ samples, two genotypes BB, BC were identified by CSNISI-gene; A4, AB for CSN2-gene and
three genotypes 44, AB, BB for CSN3, BLG, LALBA-genes, respectively. Milk productivity signs (milk yield and fat
mass fraction in milk) of the nearest female servicing bulls” ancestors with different milk protein genes genotypes
were studied. Studies have shown that bulls with BC genotypes of CSNISI-gene (10494 kg and 4.05 %), A4 of
CSN2-gene (8846 kg and 3.92 %), AB (8940 kg) and BB (3.95 %) of CSN3-gene, A4 and AB of BLG-gene (9379-
9382 kg and 3.95 %), A4 of LALBA-gene (9405 kg and 3.93 %) compared to other genotypes analogues. It should be
noted that servicing bull’s origin information is of exceptional importance, since it cannot be assessed for milk
production, and the only criterion for its preliminary breeding qualities assessment is data on nearest female
ancestors’ productivity of analyzed bull.
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Introduction. Genetic animals’ pedigree assessment is fundamental to predicting their breeding
value. Incorrect animals” pedigree assessment can lead to significant errors in prediction. At present, with
DNA analysis advent, errors in determination of animal’s paternity and genotype are practically excluded,
data obtained are used to breeding animals’ assessment by origin [1].

Genetic progress in animal husbandry can only be achieved as a result of combined use of traditional
breeding methods and modern DNA technologies. At the same time, assessment of agricultural animals’
productivity genetic potential by molecular genetic markers is a modern, sought-after and rapidly
developing direction in breeding [2].

Markers use of milk production quantitative and qualitative indicators in cattle breeding provide more
rapid and preferable increase in cattle productivity [3-9].

Presented numerous evidence that presence of certain alleles and milk protein genes genotypes in
cows genome, namely alpha Sl-casein (CSNI/SI), beta-casein (CSN2), kappa-casein (CSN3), beta-
lactoglobulin (BL(G) and alpha-lactalbumin (L.AL.BA) genes affect milk yield, mass fraction in milk, milk
protein amount, quality and technological properties of their milk [4, 10-19].
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Full provision of high-quality and safe dairy raw materials to processing industry enterprises is
guarantee of stable dairy products production, such as fermented milk, cheese, canned, functional, gero-
dietic, etc. [20-23].

In this regard, the purpose of research was to conduct comparative study of Holstein breeding
servicing bulls with different milk protein genes genotypes (CSNISI, CSN2, CSN3, BLG, LALBA) by
origin under Republic of Tatarstan conditions.

Material and research methods. The studies were conducted in JSC "Head Breeding Enterprise
"Elita" of Vysokogorsky District of the Republic of Tatarstan. For PCR analysis, 70 blood samples were
taken from 70 purebred and crossbred Holstein breeds of servicing bulls with different milk protein genes
genotypes. The blood obtained from the jugular vein of animals was added to test tubes with 100 mM
EDTA to a final concentration of 10 mM.

DNA was isolated from blood by combined alkaline method: 100 ml of blood was mixed with 1 ml of
distilled water and centrifuged at 10 000 rpm for 10 minutes. Supernatant was discarded, and 50 ml of
0.2 M NaOH was added to precipitate and mixture was vortexed thoroughly at room temperature until
suspension cleared. The obtained homogenate was kept in a thermostat at 60 °C for 10 min. An equal
volume (50 ml) of 1M Tris-HCI (pH 8.0) was added to lysate and mixture was vortexed thoroughly at
room temperature. 500 Ml of 96 % ethanol was added to obtained homogenate and mixture was kept at
-20 °C for 30 minutes. Nucleoprotein complex was precipitated by centrifugation at 12000 rpm for
10 minutes. Supernatant was discarded, and the precipitate was dried at 60 °C for 12 min with an open
tube. 100 Ml of 10 % ammonia was added to dried precipitate, mixture was vortexed thoroughly at room
temperature and kept in a thermostat at 60 °C for 10 minutes, then re-vortexed and incubated in thermostat
at 60 °C for 10 minutes. Obtained homogenate was kept in thermostat at 95 °C for 15 min with an open tube.

Animals genotyping by milk protein genes (CSNIS1, CSN2 [24], CSN3 [25], BLG [26], LALBA [27])
was performed by PCR-RFLP and AS-PCR methods. In the work, along with experimental materials, data
from zootechnical and pedigree registration of this economy, as well as catalogs and pedigree certificates
of servicing bulls were used.

Calculated parental index for each bull (PBI) by yield and milk content of their female ancestors
according to the formula:

PIB = (2M + MM + MF) / 4,

where M — mothers, MM — mothers of mothers, MF — mothers of fathers.

Results obtained in course of scientific research are processed by biometric method.

Results and discussion. Studies have been carried out and an assessment has been made of purebred
and crossbred Holstein breeds of servicing bulls with different genotypes for milk protein genes CSNIS/,
CSN2, CSN3, BLG, LALBA by origin.

Characteristics of purebred and crossbreeds based on Holstein breed of servicing bulls with different
CSN1S1-gene genotypes by origin are presented in table 1.

Table 1 — Characteristics of servicing bulls with different CSN1S1-gene genotypes for milk female ancestors productivity

. Bulls genotype at locus CSNIS1-gene
Indicator
BB BC cC

Number of bulls 64 6 -
milk yield, kg 85744+219.7 10281+360,1 -

Mother
fat, % 3,88+0.,03 3,88+0,06 -
milk yield, kg 7074+265.4 9708+517.6 -
fat, % 3,87+0,04 3,92+0,14 -
ME milk yield, kg 10538+381,7 11704+734,1 -
fat, % 4,01+0,04 4,53+0,28 -
Parental bull index milk yield, kg 8690+217,3 10494+192,2 -
(PBD) fat, % 3,91£0,02 4,05£0,10 -

***P<(,001.
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Analysis of table 1 shows that bulls mothers with BB genotype of CSN1S7-gene (10281 kg) had the
highest milk yield, which is higher than that of bulls with BC genotype of 1707 kg (P<0.001). At the same
time, bulls” mothers with BB and BC genotypes did not differ in fat mass fraction in milk.

Higher milk yield and fat content in milk were higher for mothers of mothers (MM) and mothers of
fathers (MF) of bulls with CSNIS/7-gene BC genotype (9708 kg and 11704 kg; 3.92 % and 4.53 %), which
is higher than for analogues with BB genotype, respectively, by 2634 kg (P<0.001) and 1166 kg; 0.05 %
and 0.52 %.

Characteristics of purebred and crossbred according to Holstein breed of servicing bulls with diffe-
rent CSN2-gene genotypes by origin are presented in table 2.

Table 2 — Characteristics of servicing bulls with different CSN2-gene genotypes for milk female ancestors productivity

. Bulls genotype at locus CSN2-gene
Indicator
AA AB BB

Number of bulls 61 9 -
milk yield, kg 875242255 8363+654,2 -

Mother
fat, % 3,89+0,03 3,80+0,04 -
milk yield, kg 7201+£262,5 8104+1226,4 -
fat, % 3,89+0,05 3,74+0,04 -
MF milk yield, kg 10678+394,9 102304227,8 -
fat, % 4,04+0,05 4,13+0,18 -
Parental bull index milk yleld, kg 8846+225.8 8765+£570,6 -
(PBI) fat, % 3,92+0,03 3,87+0,05 -

*P<0,05.

Analysis of table 2 shows that mothers of bulls with CSN2-gene of A4 genotype (8752 kg and 3.89 %)
had the highest indicators for milk yield and fat content in milk, which were higher than for bulls” mothers
with AB genotype by 389 kg and 0.09 %, respectively.

Higher milk yield was characteristic for mothers of mothers (MM) of bulls with 4B genotype
(8104 kg), whereas mothers of bulls with 44 genotype (3.89 %) were allocated for fat mass fraction in
milk. At the same time, difference between mothers of mothers with 44 and AB genotypes of CSN2-gene
in terms of fat mass fraction was 0.15% (P<0.05).

Higher milk yield is characteristic for mothers of fathers (MF) of bulls with 44 genotype (10678 kg),
and higher fat content in milk differed in analogues with AB genotype (4.13 %). At the same time,
difference in these indicators was 448 kg and 0.09 %.

Characteristics of purebred and crossbred according to Holstein breed of servicing bulls with diffe-

rent genotypes of C.SN3-gene by origin are presented in table 3.

Table 3 — Characteristics of servicing bulls with different CSN3-gene genotypes for milk female ancestors productivity

. Bulls genotype at locus CSN3-gene
Indicator
AA AB BB
Number of bulls 48 18 4

Mother milk yield, kg 8715+263.8 86654132 8919+541,0

fat, % 3,89+0,03 3.81+0,03 3,9240,17
MM milk yield, kg 7170+£306,3*** 79644592 0% ** 5906+126,2

fat, % 3.88+0,05 3.83+0,08 4034018
MF milk yield, kg 10718+426,7 10464+812,0 10191+73,3

fat, % 4,07+0,06* 4,01£0,09 3.93+0,01
Parental bull index milk yield, kg 8830+252.8 8940+464 4 8484+296.,6
(PBD) fat, % 3,93+0,03 3,87+0,04 3,95+0,11

*P<0,05, ***P<0,001.
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Analysis of table 3 shows that mothers of bulls with BB genotype of CSN3-gene (8919 kg and 3.92 %)
had the highest rates of milk yield and fat content in milk, which were higher than those of bulls with 44
and AB genotypes by 204 -254 kg and 0.03-0.11 %, respectively.

Higher milk vield was typical for mothers of mothers (MM) of bulls with 44 and 4B genotypes
(7170 kg and 7964 kg), whercas mothers of bulls with BB genotype (4.03%) were allocated by fat mass
fraction in milk. At the same time, superiority of bulls” mothers with A4 and AB genotypes of CSN3-gene
over their analogues with BB genotype yields amounted to 1264-2058 kg (P <0.001).

A higher yield is characteristic for mothers of fathers (MF) of bulls with BB genotype (10191 kg),
and higher fat fractions in milk differed in analogues with 44 genotype (4.07 %). At the same time,
difference in these indicators with peers with other genotypes was 273-527 kg and 0.06-0.14 %
(differences between A4 and BB genotypes in terms of fat mass fraction were significant, with P<0.05).

Characteristics of purebred and crossbred according to Holstein breed of servicing bulls with dif-
ferent genotypes of BLG-gene by origin are presented in table 4.

Table 4 — Characteristics of servicing bulls with different BLG-gene genotypes for milk female ancestors productivity

. Bulls genotype at locus BLG-gene
Indicator
AA AB BB
Number of bulls 9 26 35
Mother milk yield, kg 89564497 9402+373,2%* 8163+£271,9
fat, % 3,92+0,06 3,89+0,04 3,86+0,04
MM milk yield, kg 8279+889.3 7466+435,1 6910+343,0
fat, % 3,90+0,06 3,90+0,08 3,85+0,06
ME milk yield, kg 11338+1080,5 11247+737,1 10017+367.1
fat, % 4,07+0,14 4,110,09 4,00£0,06
Parental bull index milk yield, kg 9382+606,1 9379+403,9* 8313+£226,9
(PBD) fat, % 3,95+0,06 3,950,053 3,89+0,03
*P<0,05, **P<0,01.

Analysis of table 4 shows that bulls mothers with 4B genotype of BLG-gene (9402 kg) had the
highest milk yield indicators, while bulls mother with 44 genotype (3.92 %) differed in fat mass fraction
in milk, which was higher than in bulls mothers with other genotypes by 446 kg and 1239 kg (P<0.05) and
0.03-0.06 %, respectively.

Higher milk yield was characteristic for mothers of mothers (MM) of bulls with 44 genotype
(8279 kg), whereas mothers of bulls with A4 and AB genotypes (3.90 %) were distinguished by fat mass
fraction in milk. Difference between mothers of mothers with other genotypes of BLG-gene was 813-

1369 kg and 0.05 %, respectively.

Table 5 — Characteristics of servicing bulls with different 1.4L.BA-gene genotypes for milk female ancestors productivity

. Bulls genotype at locus L.ALBA-gene
Indicator
AA AB BB
Number of bulls 23 35 12
Mother milk yield, kg 8875+407.5 8605+308,1 8776+430,5
fat, % 3.87+0,05 3.88+0,04 3,88+0,05
MM milk yield, kg 8208+515,7 72194353,7 6179+464,0**
fat, % 3.87+0,09 3.860,06 3,9120,05
ME milk yield, kg 11660+803,4 104834+496,8 9583+319,0*
fat, % 4,10£0.10 4,03£0,07 4,03£0.,09
Parental bull index milk yield, kg 9405+459,3 8728+291,5 8328+£282 3*
(PBD) fat, % 3,93+0,04 3,91:£0,04 3,93+0,03
*P<0,05, **P<0,01.
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Higher milk yield is characteristic for mothers of fathers (MF) of bulls with 44 genotype (10338 kg),
and higher fat content in milk differed in analogues with AB genotype (4.11 %). At the same time, the
difference in these indicators was 91-1321 kg and 0.04-0.11 %, respectively.

Characteristics of purebred and crossbreeds according to Holstein breed of servicing bulls with
different genotypes of LALBA-gene by origin are presented in table 5.

Analysis of table 5 shows that mothers of bulls with 44 genotype of LALBA-gene (8875 kg) had the
highest indicators of milk vield, which is higher than that of bulls’ mothers with 4B and BB genotypes of
99-270 kg. At the same time, bulls” mothers with different genotypes of LALBA-gene did not differ much
in fat mass fraction in milk.

Mothers of mothers (MM) and mothers of fathers (MF) bulls with A4 genotype of LALBA-gene 8208
kg and 11660 kg had higher rates for milk vield, which is higher than for analogues with AB and BB
genotypes by 989-1177 kg and 2029-2077 kg, respectively (P<0.05-0.01). In terms of fat mass fraction in
milk, the matter of mothers of bull mothers and mothers of bull fathers with ZALBA-gene genotypes,
respectively BB and A4, was superior. At the same time, the superiority in this indicator over animals with
other genotypes was 0.04-0.05 % (for mothers of bull mothers) and 0.07 % (for mothers of bull fathers).

Conclusion. Bulls assessment on parent index revealed that bulls used with different genotypes of
milk protein genes are not equivalent in origin. For example, an assessment of servicing bulls with
different milk protein genes genotypes by origin showed that greatest data on PBI (parent bull index) were
in milk vield and fat in bulls with BC genotypes of CSN1S7-gene (10494 kg and 4.05 %), A4 of CSN2-
gene (8846 kg and 3.92 %), AB (8940 kg) and BB (3.95 %) of the CSN3-gene, AA and AB of the BLG-
gene (9379-9382 kg and 3.95 %), A4 of the LALBA-gene (9405 kg and 3,93 %) compared with analogues
of other genotypes.
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JTHK-MAPKEPEI —
CYT IIAKI3ATBIHBIH IILIFBIMBI MEH CATIACBIHBIH BOJIKAM/IBI OJIIIEMI

AnHOTanmms1. 3ePTTEYAIH MAKCAThl — SPTYPJIi TEHOTHITI CYT aKyhI3 TEHEpi Oap *KaHyapiapablH IIBIFY TETiHE,
SIFHU aCBLT TYKBIMIBI, AHAJIBIK YPIAKTAPFa JKAKbIH ata-0a0amapbiHbIH ()CHOTHITIH CCKSPES OTHIPHIN OaFanmay. 3epTIey
Tarapcran PecryOmmkacet BrICOKOTOPCKHI ay TaHBIHBIH « DIUTA» achLT TYKBIMIBI Man ecipy kacimopusl AK jkar-
JAWBIHAA, KEPT1ITIKT] TOMIITHH YK9HE TAHJAFAH aChII TYKbIM/IBI OyKamapra >Kyprizindi. MoIeKyIanbIK-TeHETHKAIBIK
seprreynep voTmxecinae (AC-TILP xone TILP-IT/JP® Tanmaysr) aHyapiapasl TEHACPIHIH TCHOTHITEPIH €CKEpe
OTHIPHIN MBIHATAM TomTapra Oemai: ams(a Sl-kazemn (CSN1S1), Oera-kazenn (CSN2), xanma-kaszeun (CSN3), Oerta
nakrornooynuH (BLG) skone anpda-makrandymun (LALBA). Bykamapasy seprrenren yaricinae CSN1S1 renine
aprHasrad BB, BC eki reHotunrepi; CSN2 renine apraxan AA, AB sxone CSN3, BLG, LALBA reszaepi yomH yim
AA, AB, BB renotunrepi anbikranasl. CyT aKybl3 TCHIHIH OPTYPIi TCHOTHIITEPi O0ap oHAIpymi OYKaIapabIH CH JKa-
KBIH aHAJBIK aTa-0a0aTapbsIHBIH CYT OHIMILTITIHIH Oenrimepi (CYT OHIMILTITI KOHE CYTTETi MAMIBIH YJICC CATMAFHI)
seprrenai. 3eprreyiacp kepcerkenacit, CSN1S1 reninig BC renorumrepi Oap Oykamap (10494 xr sxome 4,05%),
CSN2 reni AA (8846 kr xoue 3,92%), AB (8940 kr),) CSN3 reninin BB (3,95%), BLG reninig AA xone AB
(9379-9382 kr xoue 3,95%), LALBA rcuiniH AA (9405 xr xone 3,93%) OYKaHBIH achUT TYKBIMIBIK HHICKCI
OolibIHIma 0aCKa TCHOTHITEPAIH AHATOTTAPHIMEH CANBICTBIPFAHNA JKOFaphl OaramaHapl. Afita KETy Kepek, OHmIpyIi
OYKAHBIH IIBIFY TCT1 TYpalbl aKmapaT 6T¢ MAHBI3NBI, OHTKCHI OHBI CYT OHIMALUTITIMCH OaFaiay MYMKIH eMEC JKOHC
OHBIH aCBUT TYKBIMBUIBIFBIH AJIbIH-a71a OaFanay IbIH XKaJIFbI3 KPUTCPHHI - TAITAHATEIH OYKAHBIH CH YKAKbIH AHAJBIK
ara-0abanapbIHBIH 6HIMILIIT] TYPAIbl MAJIIMETTED.

Tyiiin ce3aep: Oyka- enaipymmi, rew, reHorun, CSNIS1, CSN2, CSN3, BLG, LALBA.
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JTHK-MAPKEPBI — IPOTHO3HBIA KPUTEPHUI BBIXOJA H KAUECTBA MOJOYHOI'O CHIPbA

Annortamust. Llenp wWccrneOBaHWH 3aKIFOYACTCS B OLICHKE NMPOJYKTHBHBIX KAYECTB JKUBOTHBIX C PA3HBIMH
TCHOTHUIIAMH I'€HOB OCIIKOB MOJIOKA MO MPOUCXOKACHHIO, TO €CTh 10 POJOCIOBHOM, C yuéToM (peHOoTHIA OMrKaHImimX
MPEKOB MO KEHCKOH ymHuH. Mccmenopanus mpoBoiich B yCI0BIAX AO «['0OBHOE IIEMEHHOE HMPEATIPUATHE
«3mura» Bricokoropckoro pationa PecnyOmukm TarapcraH Ha BBIOOPKE UMCTONOPOJHBIX M MOMECHBIX IIO TOJII-
THHCKOHM TOpOJE IJIEMEHHBIX OBIKOB. B pesymbrate MoneKyJsipHO-reHeTmuecknx wuccneaoaHuil (AC-IILP wu
[MLP-I1/IP®-ananm3) >KABOTHBIX PA3ACIMIM HA TPYNIBI C YYETOM TCHOTHIOB N0 TeHaM ambda Sl-kazenna
(CSN1S1), 6era-xasenna (CSN2), xamma-ka3emHa (CSN3), Oera-makrornobymmHa (BLG) u amb(a-rmakrars0yMuHA
(LALBA). B nccnexyemolt BbIOOpPKE OBIKOB BBIIBICHBI ABa reHoTHna BB, BC mo reny CSNISI; AA, AB no reny
CSN2 n tpu renotuna A4, AB, BB o reHam CSN3, BLG, LALBA, cOOTBETCTBCHHO. M3yUCHBI IPH3HAKH MOJIOYHOH
MPOAYKTUBHOCTH (YAOH W MAaCCOBAsA A0 )KHPA B MOJIOKS) OMMKAHIINX KCHCKHX MPESAKOB OBIKOB-TIPOU3BOIUTEIICH C
Pa3HBIMH T'CHOTHIIAMH TCHOB OCIIKOB MOJIOKA. McciemoBanus mokasamu, 4to 00Jee BBICOKYIO OIICHKY ITO TIPOUCXOXK-
JICHHUFO, Cy4 TI0 POJOCIOBHOMY HHACKCY OBIKA, mMeTH ObIkd ¢ TeHoTHIAMH BC reHAa CSNIST (10494 kT 1 4,05 %),
AA rena CSN2 (8846 kr u 3,92 %), AB (8940 xr) u BB (3,95 %) rena CSN3, AA u AB rena BLG (9379-9382 kr n
3,95%), A4 rena LALBA (9405 xr u 3,93 %) 10 CpaBHEHHIO C aHAJIOTAMH APYTHUX T€HOTHIOB. CIIEIyeT OTMETHTS,
410 MHOOPMAII O MPOUCXOKACHUN OBIKA-IIPOM3BOIUTEIL HMEET MCKIFOUMTEIPHOES 3HAYUCHUE, TaK KAk OH CaM HE
MOET OBITh OIICHEH MO MOJIOYHOH NMPOJYKTHBHOCTH, M CIMHCTBCHHBIM KPUTCPHEM €0 IPEABAPUTCIFHON OLICHKA
IUIEMECHHBIX KQ4ECTB SABJLIFOTCS JAHHbIC MPOAYKTHBHOCTH OMKANINNX YKCHCKUX IPEIKOB AaHATH3HPYEMOTO OBIKA.

KmoueBnie ci1oBa: OBIK-IPOU3BOANTEND, TeH, TeHOoTHIL, CSNISI, CSN2, CSN3, BLG, LALBA.
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