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Genetic polymorphism of k-casein gene exon4 and its
correlation with milk production traits in Chinese

Holsteins

JU Zhi-Hua"?, LI Qiu-Ling', WANG Hong-Mei', LI Jian-Bin', AN Li-Guo?,
YANG Gui-Wen®, ZHONG Ji-Feng',WANG Chang-Fa'

1.Dairy Cattle Research Center,Shandong Academy of Agricultural Science, Jinan 250100,China;
2.Life Science College ,Shandong Normal University, Jinan 250014,China

Abstract : Kappa—casein gene was regarded as a candidate gene for milk production traits of cows. In this study, a
779 bp fragment of k—casein gene of Chinese Holstein was amplified by polymerase chain reaction (PCR),the
polymorphisms of three loci of k—casein gene were detected by PCR-RFLP with restriction endonuclease Tagl,
HindIIl, Pstl. After sequencing, T/C single nucleotide polymorphism (SNP) was identified at nucleotide 10 891
and C/A SNP was identified at nucleotide 10 927 and G/A SNP was identified at nucleotide 10 988 in exon4 of
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k—casein gene. Both alleles (A and B) of three loci were found in the population that showed low polymorphism.
The gene frequencies of A and B were 86.03% and 13.97% separately. The genotype frequencies of AA,AB,BB
were 73.71%, 24.63% and 1.66% respectively.Statistical results of > test indicated that three polymorphism sites
in the population fitted with Hardy—Weinberg equilibrium (P > 0.05). Meanwhile, the effect of polymorphism of
k—casein gene on milk production traits was analyzed, the results indicated that in the three loci,the different
genotype of k-casein gene had no significant influence on milk yield and milk protein percent (P > 0.05).The cows
with genotype BB and AB showed higher milk fat percent than those with genotypes AA(P < 0.05); with genotype
AB showed higher fat protein ratio than those with genotypes AA(P < 0.05). The polymorphism of the three loci in
the experimental population is closely linked. The conclusion is that k—casein B allele can be used as the molecular
genetic markers of modifying milk fat percent in Chinese Holsteins.

Keywords : Holstein; k—casein gene; polymorphism; PCR-RFLP; milk production traits
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M I r= RN %€ (Dairy Herd Improvement, DHI) R, BFRT. RB%. RERTAD
MY, BENLIEES44 Skrb B i g2, S ikcR 4 42 1fL(10 mL/ k), ACD i,
20°CIRAE. FHEMDHIC SR A7 I & Fr ORIk .

1.1.2 K7

Taq DNAZ GG, ANTPIRAY). & ABK. PCRIEMGAA £ Maker DL2000J [ -4
TAY T REARIRS AR AT Taql « HindIIT.  PstIFR&IE A VIR B 540 TR O
AR
1.2 XWHE
1.2.1 AR 41DNARIR

FH -G B VR A 1 R 2 B R 41 DNA

1.2.2 5|4kt

50 % & 4 N Fl:  5-CGCTGTGAGAAAGATGAAAGATTC -3/, RI:
5'-AGATTCAAGGAGTATACCAATTGTTG -3'. # ## 510 512 bpF/11 290 bpit [ (d 14
17 % LAGenBank | [1]/74INC_007304 0 Z 1), A6 IZFEH 12440 81 R > W & 140751,
1R BAKEEAT79 bpe SW i B A T AR TREROR RS BR A w G, KB — 257KV i
FRIE 10 umol/L, 4°C 1447
1.2.3 PCR¥ 3%

PCR % NiAK % 2 10xbuffer 2.5 pL, 25 mmol/L Mg* 1.8 pL, 10 mmol/L dNTPs 0.5 pL, 10
pumol/L_E. Filf514140.7 uL, FADNA 1.5 uL, 5 U/uL Tag DNA ZE&H§0.4 uL, In=#K%E
25 uLo PCRJZNZ5M Ky 94°CHASMES min; 94°CAME4S s, 58°CH 145 s, 72°CIEM45 s, 354
PRI, 572 CHEM7 mine PCRy™ 4 FH 1.0% (1) B b Bt e vk sl «

1.2.4 B &k BOLEN A

FPCR™) AR GBI, K P PCR™ ) 5 PMD-18 T Mk £z, W (1 BE O 16 Hh T2 7

B M e B3k B AR R A W o LA IO Sk v [ i T HH 905 44 1) ke -CNBE PR B

1.2.5 PCRZ=#Batn Bk B A

FRAE I 45 5, 2> Ik FETagl « HindIUNIPStIFR I EE N UIRG, BEYIPCR M), N i
65 CL 37°CL 37°Co BEUIMAR UK 17N, BEED) =40 H 2.0% o) S5t IR e e i vk 4G, 120
V30 min, #814, SilIERHTY,

& | PCREMIMEBIAZR
Tablel Restriction enzyme digesting system for PCR products

il 40 Bk Pit e MEvIZert P AEA PCR/“¥) K
Enzyme name Enzyme volume 10xBuffer 0.1%BSA PCR product H,O
Tagl (10U / pl) 0.8 uL 1.0 uL 1.0 uL 5ulL 2.2 uL
HindIIl (10 U / pL) 1.2 uL 1.6 uL — 7 uL 6.2 uL
Pstl (15U / pL) 1.2 uL 1.6 uL — 7 uL 6.2 uL
2 GRE50H

2.1 PCRF=#)M 25 R
AT RAE AL BB TPCRY 18, P& B IR BB H K, S5 B, Ay Bk T-750
bpf 4y, SHESTIE (779 bp) MFF(ED).



El x -CNERY =
MJJDNA Marker DL2000; 1~54PCR*4.

Fig.1 PCR prduct of x -CN gene
M: DNA Marker DL2000; 1—35: PCR products.

22 MEFER

A T W A e-CNSE DR B8 BO R (B2 o 455 EoR, 28R B4 h
Eﬁ3ﬁ\ffiﬁﬁa‘éﬂﬁ£%§i—”ﬁﬁiﬁ’] 10 891 bpb K AET/CE# R, FEHU3AL TR R I
PRI . 5510 927 bpAb K AEC/AE H58AR, FE48M N E IR B R L Z R ITE . 2610 988
bpib K AEG/AB IS, BNHRILNER, & TR XRE,

350 360 370 380 \/ 440 \/
CCACCGALMGCCAGTAGAGAGCACTGTAGC TACTC TAGAAGATTC PR oy Y =T - S = R i
A A | i 50, W [, O lul‘ M
AA (10891bp) AA (10927bp) AA (10988bp)
CCATCGAAGCAGTAGAGAGCACTTAGCTACTCTAGAAGCTTC ACTGC(/g\GTAI(E:DT,
BB (10891bp) BB (10927bp) BB (10988bp)

B 2 x -CNERESNPFFIBHT (i Sk A Rom A BRI (05

Fig.2 Sequence analysis on the isolated genotype of x -CN gene (Arrow denotes substitution)

2.3 ERYIMENLE R

TaqIfifft): A/AFFE]779 bplfl B A/BAEE]779 bp. 399 bp. 380 bplf) i Bt; B/BAF]399
bp. 380 bp Bt (E3). HindIIEGY): A/ATHFEI779 bplt ) Bt A/BFHEI779 bp 413 bp.
366 bpl )7 Br; B/B#3%413 bp. 366 bplt) Bt (Kl4). Pstlfift)]: A/A330306 bp. 302 bp.
171 bplf) B A/B73E]608 bp. 306 bp. 302 bp. 171 bpif F Bt; B/B3%1608 bp. 171 bpff
FB (EIS). 3R 2 S RN BBEB, 1 B3N 2 /A0 RN S R —2.



AA BB _AB _AA AB AA AB _AA BB M

3 x -CNEE B TaqlEg 1 45 R
Fig.3 PCR prduct of k -CN gene digested by Taql

M AA AB BB AA AB

4 x -CNERE RIHindITTEE1 45 R
Fig.4 PCR prduct of x -CN gene digested by HindIII

AA AA ___AB BB AA __AB

5 x -CNEF BIPStIEEI 45 R
Fig.5 PCR prduct of ¥ -CN gene digested by Pstl

2.4 4« -CNEFEEREBNE, EERE

3N IR A T S DR TR A3 R S5 7 s DRI A 6 W3R 2 o RSN () 544 Sk v B i 157 30 473 2=/ 4
W 401 HAA FERTY 1343 HAB FENTY, 93k HBB JENT, A 1B 2540 JE I KA1 % 4 5]
$186.03% F113.97% ,AAABFIBBIE K A4 53 74 73.71% , 24.63%F11.66%.  « -CNIEF7E
PTG AR AR TP AR AL R A 07 LA AA LRI RIS A K, BB LK AT 5 /)N, AB
TEW #2211



* 2 x -CNEREBEFIRE
Table 2 Genotypic and allelic frequencies of & -CN gene

e rSpiE e SSpILPTES ‘s (37 e DR AR
) Genotype distribution Genotypic frequencies Allelic frequencies
Loci Number
AA AB BB AA AB BB A B
Tagl/HindIII
IPstifg V) 2 & 544 401 134 9 0.7371 0.2463 0.0166 0.8603 0.1397

fr s

2.5 TarHTBAN A « -CNEFE B3 BRI R B IE R HR 1L

K -CNZER 3L S AERER T 2 & 15 22805 a3 RS 3 DK B R 6 45 SR
W3, HR3IE M, 16« -CNI3MLE L, f A REAR I 2 806 B8/ 1025, G
(EAR /D, UL AR IX3ANIE IR A7 (1 22 AR, L8 S/ Gl i@ & PER S, i 7
W 2E REARAE IR 3L 1y A 9 03326 (P>0.05), it W 1% BE AR 83X 34N A4 (0 58 48 B34 5
Hardy-Weinberg V- iR 2 .

%3 BEEMERNESRATHESEERE. #EE. BNEMEENR AR

Table3 Data of polymorphism information contents (PIC), heterozygosities (He),effective number of allele(Ne),

X2

[g=y ZAEROE Hetr A RS R 77
Loci PIC He Ne XZ
Taql/HindI1/PstIfig 1))
0.2115 0.2404 13166 0.3326

EZOIVASN

2.6 x -CNEREZ 7SS EHIE 4 =1 R /Y KB 5 4
RALTR T x -CNFE RN HE R RS o [ i 7 0 05 20 = 3 PEAR R e i . AT LU Y, sl
BAIM 5, BBIED BUAMAT FLNG % 35 K TAASE R Mk (P<0.01)  ABJE R AMATH FL I
FRTAAE R A (P<0.05) 5 {HBBEED YA A 55 ABFE DR B4 ] 22 5 AN (.25 (P >0.05).
AR A, ABRERIEAMANR 42 F L W2 TAASE I AMA (P<0.05) , RHIB JEHA
X E AT R YA PR A B o (H BRI A A R] FL R AR R s AN (P
>0.05).

30
3.1 x -CNEREMZ M

SEN I AZ IR 2 A (SNP) 288 3R LbrId, HATIL R ANZIHRERE H M B
MR A, AR PR, B ARTRIR (I PS5 T s T R R i
PCR-RFLP& /- HTSNP# s I B, 56T k -CNJEPKfPCR-RFLP, 763838 4= P AIF 53 B AR %
BZ . WEMRYE « -CNILR A4 L 1P HURR /> & 73514, 51900 B BUE ILIK R 780
bp 1350 bp, [ A Z 5T HIndIILAPStUF AN A7 511 i V) 2 25 1, BAE A & 35 20 12003k 7F
O1014] AR sz iy vp DL AL 2F 37 5445k op [ G AR 0 2R AR R B xt %, [RIINIFSE T Tagl,



R 4 « -CNEETEEREEBD4 =R &/ Z RIS ERIRER

Table4 Least squares means and standard errors for milk production traits in cows with different x -CN

genotypes
[E2IN FHH Genotypes
Traits AA AB BB
SLI /% . .
3.599+0.1020° 3.813+0.1107 4.015+0.2277
Fat percent
FLE /%
3.223+0.05101 3.271£0.05534 3.352+0.1139
Protein percent
R 1 E% ) X
) ) 1.172 £0.03382" 1.228+0.04025 1.244+0.08423"
Fat protein ratio
Wy (kg)
o 5439+271.5 55294296.8 5454+597.4
Milk yield

bR BraflbR IR 2 7 . 34 (P<0.05).

Notes: Different letters(a,b) mean significant difference at 0.05 level.

HindIIl. Pstl 3/ fi D) 2 &5 . « -CNIE R PCR=H &3P RG] 43 3 = AL BB
ANEERTFEN, FERAIE S 5] 86.03% F113.97%, AARY L KL%, BBEIAMAIR /D, X5
FVT AT 4 A — 3. (A 25, BT ST P I AAMA R R A #h it
RIA A5 A i, 3X AT e Mg b (1) 22 55 LS R A 2R AR R DR AT 56

W7 I R L BT A4 k -CNFE [Klexon4 13X 3> SNPAL 14 22 A bric 8 L 5 1)
—8, I HIPZ A LLFEAFAE T —AMLT79 bplf 1 BEA, BRI FRAT TR e 3 R D) 1) 22 A Al
e BRI . B T A A ST A AR B A R R A R R AT A 1, MR O
YN S
32 k -CNEFERESMESERMEIRAXER

HAT, XA « -CN R 2280 5 PPk 2 RO R BB FURIE A 2, (T4,
BAR 3 AT RINAE « -CN JER 3 A7 b, BB A AB JERIFIAMATL % B3 =
T AA ZEIRANMA(P<<0.05) 5 AB ZEPRIZYAMANR R I L2 25 = T AA RPN A (P <0.05),
F A B R0 o [ far BT g A= SR S B R . AT OE K fEFLE AR b,
BB>AB>AA JEAIRUANMA, ZEF- WA |, BB>AASAB FEAIAMA, iR 4 R BoRTETRA
JITAEFCR A fur R A A AR R, B S SERIZE = W . FLER R FUIRR MRS Ay
W E RIS, PIUEHEDN « -CN B 257 JE R N g2 s ma FLS o 1) EROE N, sl 53
Ma LA AR I AR LR B . B B DRI N 50 R 934 P R K 43 T A brad, i Ut
HA B AN FER W 2F b 28 2= 58 v] R B0 AR s FLFLRO T 1 JE AR, P = A 9 B
LIS o K R BATT AT AR AN [R] 1 28 7™ H A PEAR N R S5 R R AL A T h i B &

EFRATTES St s AN [ DR 6] 77 4 B AN L 2 1 R AT W] R0, 5 Tsiaras (1)
R R EA . Tsiaras%F BRI, a4, -CNJEFIABKEE KT AA
FERAMA I FLEE A S R IR L E IR RAFURR KA BEEm. R RIA—
H, BATA R TREAFAELL T — 28 Jg K. —J7 [ KA R P e ik B, A5 A= 4 Al
SRIVE 22 L DA o IR 3 152, 1T 20 K A BT A [ (07 557, Ut 5 7 7 i S e
NI LU, T REAEAEIE R GE VAR R AN R] . AR AR i 2 5 DA S A PR (1 a0 S B AR A
R, MRz, &a, M TAFREFEARSEEA LR, A« -CNJE:Flexond 1)
ZAMES P ERI R RV, T B « -CNJERAE 15 W& 7 2 AL R



TR AT, T R e my 2 9 h FLER BRI R Y, 7 KFEAR B &, J7 R4S Hh B HEmf 1)
i,

ZAE B S EPICN LA [E(He) S RERNBALAR 3 /NS Fabs, BEm, &1k
AR SR . AWFFTRIN, P E AT TG « -ONJE DR SR 440 B R IUAIRE 24, UEIIRHAT
BAEAR AN ol ar I B A AR IX 3N R (1 98 AR b T Hardy-Weinberg FAPIR A, Ui BH
TEALBEAR T O IX 3N SRR R Sy ae AN, DRIGIE G N 90, ] A LA v [ ST 3H 45
AFER TP KBRS L A, 2H A 1 e LT 2 v I ar S 0 2 B2 i A A R 1 ) A
33 x -CNEERBER S

B TR W H A (AR, A RIAMAY B4 I PCR ™= £ Taqi U] Js nl 7= 4234
KA B, BI779 bp CERTFEKTA) ,380 bpFi399 bp (ZE{7IEKTB) o L HindITIE )
Ja AP AEIAN KNSR BE, BI779 bp (A FEIHA) 413 bp 1366 bp (ZEf7IEAIHB) .
ZPstIffEY] i ] P2 A4 KNS G A BE, JTT71 bp. 302 bp #1306 bp (57 KPA) 51608 bp
71 bp CEMIERPB) o St a0, e o HAR DR 25 (0 5% e BRE _1-w] B8l
HfE4ARY, RITAHAPA. TAHAPB. TAHBPA. TAHBPB. TBHAPA. TBHAPB. TBHBPA.
TBHBPB, {HSEFR{EFRATIRE IR A b SR T WP 45 /A R TAHAPAFMITBHBPB .. A {f
oAb R AR T R B, GO, BRVF I 5 48545 A IR T LA BRL s A 28 ) A AR i
BN A1 W TR SN
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