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　　 [Abstract ]　PCR 2single2strand confo rm ation po lymo rph ism (PCR 2SSCP ) assay w as used to diagno se the

K232A substitu t ion in the D GA T 1 exon 8. A nim als from th ree dairy catt le popu lat ions (212 Sanhe catt le, 234 Ch i2
nese Ho lsteins and 200 Ch inese Simm entals) w ere used to est im ate allele frequencies and gene substitu t ion effects

on m ilk p roduction tra its. A no ther four popu lat ions (47 L uxi, 23 J innan, 37 Q inchuan and 39 N anyang catt le) w ith2
out p roduction reco rds w ere used to est im ate allele frequencies on ly. T he allele frequencies fo r the lysine2encoding

varian t (a llele K) w ere 0. 17, 0. 33 and 0. 04 in Sanhe, Ho lstein, Simm ental cow s respectively; and 0. 72, 0. 39, 0. 46

and 0. 83 respectively in the o ther four popu lat ions. T he average m ilk fat percen tage in Sanhe catt le w as associa ted

(P = 0. 017) w ith the K232A substitu t ion in D GA T 1 gene, individuals w ith geno types KK and KA had 0. 80% and

0. 41% h igher average m ilk fat percen tage than tho se w ith geno type AA.
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　　A cyl CoA : diacylg lycero l acylt ran sferase 1

(D GA T 1, EC 2. 3. 1. 20 ) , a m icro som al enzym e

that ca ta lyzes the final step of t rig lyceride syn the2
sis, is a funct ional gene fo r m ilk p roduct ion tra its,

especia lly fo r m ilk fa t. R esearcher repo rted m ice

lack ing bo th cop ies of D GA T 1 w ere comp letely de2
vo id of m ilk secret ion [1 ].

Studies on dairy cat t le show ed that a quan t ita2
t ive tra it loci (Q TL ) w ith m ajo r influence on m ilk

p roduct ion w as located in the cen trom eric end of

ch romo som e 14 [224 ] , w here the D GA T 1 gene w as

m apped [5 ]. Grisart et a l[6 ]and W in ter et a l[5 ] repo rt2
ed a GC2TO 2AA exchange in D GA T 1 gene resu lt2
ed in a lysine2to2alan ine exchange at po sit ion 232

of D GA T 1 (K232A ) , and th is exchange had associ2
at ion w ith varia t ion at a quan t ita t ive tra it locu s on

BTA 14 fo r m ilk fa t percen tage, ind ividuals w ith al2
lele K had h igher m ilk fa t percen tage, and the fren2

quency of a llele K w ere low er than allele A in mo st

experim en ta l popu la t ion s.

T he p resen t study w as aim ed at detect ing the

frequencies d ist ribu t ion of th is tw o alleles and their

effect on m ilk p roduct ion tra its in th ree Ch ien se

dairy cat t le.

1　M ateria ls and m ethods

1. 1　An ima ls

　 　 Experim en ta l an im als w ere th ree Ch inese

dairy cat t le (212 Sanhe cat t le from X ie2er T a LA

Sanhe b reeding farm in M ongo lia, 117 Ch inese Ho l2
stein s from Cao T an dairy farm in Shaanx i and 100

Ch inese Simm en ta ls from Gao L in T un Simm en ta l

b reeding farm in M ongo lia).

M ilk samp les w ere co llected fo r m easu ring

m ilk fa t, m ilk p ro tein, m ilk sugar and som atic cell

coun t in 2th, 5th and 8th mon th of a lacta t ion peri2
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od from X ie2er T a LA Sanhe b reeding farm and

Gao L in T un Simm en ta l b reeding farm. T he data

fo r m ilk p roduct t ra its in Ch inese Ho lstein s w ere

offered by Cao T an dairy farm. SCC (Som atic cell

coun t) w as converted to SCS ( som atic cell sco re)

befo re Sta t ist ic analysis, SCS = lb (SCCö100 000)

+ 3.

B lood from each cat t le w as samp led by ven i2
punctu re, and genom ic DNA w as ex tracted fo r la ter

geno typ ing. B lood samp les from ano ther fou r popu2
la t ion s ( 47 L ux i cat t le from Juancheng in Shan2
dong p rovince, 23 J innan cat t le from Shanx i

p rovince, 37 Q inchuan cat t le from Shaanx i p rovince

and 39 N anyang cat t le from H enan p rovince) w ere

co llected by m y co lleagues.

1. 2　Pr im er design

P rim ers w ere designed u sing PR IM ER 3 p ro2
gram to amp lify the 201 bp fragm en t frank ing

10 412 bp to 10 612 bp of bovine D GA T 1 gene (g i:

21425304 ) , lef t p rim er: 5′2CTC GTA GCT T T G

GCA GGT AA G23′, r igh t p rim er: 5′2AA G T T G

A GC TCG TA G CA C A GG23′.

1. 3　Genotyp ing and haplotype iden tif ica tion and

sequenc ing

T he PCR 2SSCP assay w as carried ou t w ith a

vert ica l gel to geno type all the individuals. Tw o m i2
cro liters of the PCR p roduct w as dilu ted w ith 8 m i2
cro liters of a so lu t ion con ta in ing 95∶100 (V ∶V )

fo rm am ide, 20 mmo löL ED TA , 0. 5 göL b romophe2
no l b lue and 0. 5 göL xylene cyano l. T he m ix tu re

w as then denatu red at 98 ℃ fo r 5 m in, coo led in ice

fo r 5 m in and loaded on a nondenatu ring 120 göL
acry1am ide: b is2acrylam ide = 29∶1 (m ∶m ) gel.

E lectropho resis w as perfo rm ed in 1×T ris bo ra te

(pH 8. 3) 2ED TA buffer a t 8 vo ltsöcm fo r 10 h at

4 ℃. DNA w as detected by silver sta in ing.

DNA fragm en ts that d isp layed a modif ied elec2
t ropho ret ic pat tern w ere selected fo r sequencing.

T he amp lif ied PCR p roducts w ere concen tra ted and

pu rif ied by N ucleo trap○R Gel Ex tract ion K it, and

w ere liga ted in to pGEM ○R 2T easy vecto rs by T 4

DNA ligase. DNA sequences w ere determ ined in

Shanghai Sangon B io logica l Engineering T echno lo2
gy & Service Co L td.

1. 4　Sta tist ica l Ana lysis

T he differences of the geno types w ere evaluat2
ed by the genera l linear model of SA S (SA S In st.

Inc. , Cary, N C2001) w ith adju stm en t fo r the num 2
ber of lacta t ion s, the linear model w as Y ij = Λ+ G i+

L j + E ij , w here Y ij , Λ, G i, L j and E ij w ere the reco rd

value, average value, geno typ ic effect, num ber of

lacta t ion s effect and random residual effect respec2
t ively. Fo r 3052d m atu re equ ivalen t m ilk yield, the

model w as Y i = Λ+ G i + E i, w here G i w as of geno2
typ ic effect.

T he ob served num bers of each geno type w ere

compared w ith the expected frequencies (H ardy2
W einberg equ ilib rium ) by the 2 test.

2　R esu lt and ana lysis

2. 1　PCR product and polym orph ism detection

　　A 201 bp PCR p roduct (F igu re 1) w as ob2
ta ined w ith the designed p rim ers and th ree geno2
types (F igu re 2)w ere detected u sing SSCP assay,

the th ree geno types w ere dest ined KK, KA and

AA. A lign ing (F igu re 3) the sequences of a lleles K

and A show ed there w as an A pA to GpC dinu2
cleo t ide sub st itu t ion at po sit ion s 22 and 23 bp of

the PCR p roduct,w h ich had been detected by W in2
ter [5 ] w ith PCR 2R FL P assay. In 120 göL
acry1am ide: b is2acrylam ide = 29∶1 (m ∶m ) gel,

geno types KK and AA had th ree bands and geno2
type KA had fou r bands. O ne strand of the PCR

p roduct m u st have tw o confo rm at ion s, show ing no

confo rm at ion po lymo rph ism s betw een geno types

KK and AA , the o ther st rand had one confo rm a2
t ion, bu t show ing po lymo rph ism s betw een the tw o

homozygo tes.

F ig. 1　D etection of PCR p roduct of the designed

p rim ers using A garo se gel electropho resis

1- 5. T he sam e PCR p roducts;M. T he 100 bp m arker
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F ig. 2　D etection of SSCP using acrylam ide gel electropho resis

F ig. 3　Sequence alignm ent of allele K and A at D GA T 1 gene exon 8

T he sequences w ith underline w ere the left p rim er and the comp lem entary sequence of righ t p rim er respectively;

the cap italized bases w ere the m utation site

　 　 T he allele and geno type frequencies w ere

show n in tab le 1, the th ree geno types dist ribu ted in

the experim en ta l popu la t ion s excep t fo r the Sim 2
m en tal dairy cat t le, in w h ich no individual w ith

geno type KK w as found. O n ly in the tw o L ux i and

N anyang cat t le popu la t ion s,w ere the frequencies of

geno type KK h igher than geno types AA and KA.

T he dist ribu t ion frequencies of a lleles K and A

w ere differen t in a ll the popu la t ion s. A llele K w as

mo st frequen t in L ux i and N anyang cat t le, w ith

frequencies being 0. 75, and 0. 83 respect ively,

w hereas the frequencies of a llele A w ere h igher o r

m uch h igher than allele K in the o ther popu la2
t ion s. A llele K w as very rare in Simm en ta l dairy

cat t le w ith frequency being 0. 04, and w as mo re

frequen t in Ch inese b reeds than in impo rted

b reeds. O n ly Simm en ta l dairy cat t le w as in H ardy2
W einberg equ ilib ra t ion (P > 0. 05) a t th is locu s.

Table 1　A llele and genotype frequenc ies in the three da iry cattle population s and

another four population s without production records

Index Sanhe
catt le

Ho lstein
catt le

Simm ental
catt le

L ux i
catt le

J innan
catt le

Q inchuan
catt le

N anyang
catt le

A F

　

K

A

0. 17

0. 83

0. 33

0. 67

0. 04

0. 96

0. 72

0. 28

0. 39

0. 61

0. 46

0. 54

0. 83

0. 17

GF

　

　

ς22test

KK

KA

AA

　

0. 04

0. 27

0. 69

6. 843

0. 09

0. 48

0. 43

27. 553 3

0

0. 08

0. 92

0. 15

0. 57

0. 30

0. 13

30. 553 3

0. 04

0. 70

0. 26

38. 553 3

0. 24

0. 44

0. 32

8. 513

0. 64

0. 28

0. 08

6. 993

　　N o te: A F. A llele frequency; GF. Geno type frequency; 3 . m eans the popu lation w as no t in H ardy2W einberg equ ilib ration m arkedly (P <

0. 05) ; 3 3 . m eans the popu lation w as no t in H ardy2W einberg equ ilib ration sigin ifican tly (P < 0. 01).
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2. 2　A ssocia t ion s betw een the K232A sub st itu t ion

in the D GA T 1 gene exon 8 w ith som e eco2
nom ic tra its

Fo r a ll the analyzed tra its, on ly average m ilk

fa t con ten t had associa t ion (P = 0. 017) w ith the

K232A sub st itu t ion in Sanhe cat t le (T ab le 2) , ind i2
viduals bearing geno types KK and KA had 0. 80%

and 0. 41% h igher average m ilk fa t con ten t than

tho se bearing geno type AA , bu t th is resu lt d id no t

em erge in Ho lstein dairy cat t le (T ab le 3). T here

w ere no sign if ican t associa t ion s (P > 0. 05) betw een

m ilk p roduct ion tra its w ith geno type KA and AA

in Simm en ta l cow s (T ab le 4).

Table 2　Effect of the K232A substitution in the D GAT1 exon 8 on some m ilk tra its in Sanhe cows

Index M ilk
yieldökg

M ilk fat
con ten tö

(g·kg- 1)

M ilk p ro tein
con ten tö

(g·kg- 1)

M ilk sugar
con ten tö

(g·kg- 1)

D ry m atter
con ten tö

(g·kg- 1)
SCS

KK
KA
AA

P value

3 096. 00±210. 24
3 106. 39±124. 84
3 205. 53±103. 25

0. 89

42. 8±2. 7 a
38. 9±1. 0 a
34. 8±0. 7 b

0. 017

34. 7±1. 2
33. 5±0. 6
34. 4±0. 4

0. 70

43. 8±1. 7
44. 5±0. 6
43. 6±0. 4

0. 70

118. 9±5. 2
121. 2±2. 0
119. 2±1. 3

0. 76

4. 38±0. 67
3. 60±0. 25
4. 05±0. 17

0. 44

　　N o te: T he differen t superscrip ts in a sam e line m ean sign ifican t difference (P < 0. 05). SCS is Som atic cell sco re.

Table 3　Effect of the K232A substitution in the D GAT1 exon 8 on m ilk tra its in Ch inese Holste in

Index M ilk yieldökg M ilk fat con ten tö
(g·kg- 1)

M ilk p ro tein con ten tö
(g·kg- 1) SCS

KK
KA
AA

P value

6 829. 83±724. 75
8 051. 56±452. 52
8 586. 09±513. 01

0. 30

37. 5±3. 0
37. 1±1. 5
37. 1±1. 7

0. 746

30. 8±1. 9
29. 6±0. 8
29. 0±0. 9

0. 173

5. 62±0. 62
5. 57±0. 29
5. 18±0. 34

0. 85

Table 4　Effect of the K232A substitution in the D GAT1 exon 8 on m ilk tra its in Ch inese Simmen ta l

Index
M ilk fat
con ten tö

(g·kg- 1)

M ilk p ro tein
con ten tö

(g·kg- 1)

M ilk sugar
con ten tö

(g·kg- 1)

D ry m atter
con ten tö

(g·kg- 1)
SCS

AA
KA

P value

43. 0±3. 9
45. 7±7. 2

0. 27

37. 1±0. 4
38. 9±0. 9

0. 119

45. 4±0. 2
44. 9±0. 4

0. 437

132. 7±1. 2
136. 7±1. 6

0. 178

3. 88±0. 19
4. 34±0. 39

0. 57

3　D iscu ssion s

3. 1　The m ethod of detecting the AA→GC substi-

tution a t 10 433- 10 434 bp of D GAT1 gene

T he SSCP s detected in the p resen t study re2
su lted from the AA → GC sub st itu t ion s at nu2
cleo t ide po sit ion s 10 433- 104 34 bp of the D GA T 1

gene, w h ich cou ld also be detected by PCR 2R FL P

assay w ith Cfr I[5 ] , C leavage by Cfr I w as diagno st ic

fo r the allele encoding alan ine (GC) , bu t to detect

the 10 433- 10 434 bp sub st itu t ion s in a large pop2
u la t ion, PCR 2PFL P assay w ou ld be m uch mo re ex2
pen sive than PCR 2SSCP assay.

3. 2　A llele frequenc ies in d ifferen t popula tion s

and the ir a ssoc ia tion s with selection

W eller et a l[7 ] found the dist ribu t ion frequen2
cies of the allele K (sub st itu t ion of a lysine residue

w ith alan ine) had decreased from 15% to 5% from

1981 un t il 1990, and since had increased to 10% in

Israeli Ho lstein popu la t ion. Grisart et a l[8 ] con2
f irm ed the allele K had undergone a select ive

sw eep. Becau se the allele K had associa t ion w ith

low m ilk p roduct ion, the long2term select ion aim ed

at h igh m ilk vo lum e resu lted in the decline of d is2
t ribu t ion of a llele K, and th is cou ld exp la in w hy al2
lele K w as m uch mo re frequen t in Ch inese local

b reeds, bu t select ion m ay no t be the on ly reason fo r

the decline, becau se the frequencies of a llele K

w ere as h igh as 54. 8% ; 35% and 69% respect ively

in Germ an Ho lstein [9 ] , Ho land Ho lstein and N ew

Zealand Ho lstein, and 33% in Ch inese Ho lstein.

Fu rthermo re, a llele K w as mo re frequen t in Ch i2
nese Ho lstein than in Ch inese Simm en ta l, bu t the

m ilk fa t percen tage w as low er in the fo rm er b reed

in p resen t study.

3. 3　The K232A substitution and its a ssoc ia tion

with som e econom ic tra its in da iry ca ttle

Since Grisart f irst repo rted the noncon serva2
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t ive K232A sub st itu t ion in the D GA T 1 gene had

m ajo r effect on m ilk fa t con ten t and o ther m ilk

characterist ics, w ith the lysine2encoding allele be2
ing associa ted w ith h igher m ilk fa t con ten t, severa l

studies have repo rted the sim ilar resu lt [5, 7, 9 ]. In

p resen t study, a llele K did have favo rab le effect on

the m ilk fa t percen tage in Sanhe cat t le, bu t no sig2
n if ican t associa t ion w ith m ilk yield and m ilk p ro2
tein percen tage, and the favo rab le effect on m ilk fa t

percen tage didnπt em erge in Ch inese Ho lstein. O u r

study didnπt test the associa t ion of a llele K and

m ilk tra its in the Ch inese Simm en ta l becau se of

lack ing individuals w ith geno type KK.

Spelm an et a l[10 ] invest iga ted the effect of the

repo rted K232A sub st itu t ion in th ree dairy b reeds

in N ew Zealand, and found sta t ist ica lly sign if ican t

resu lts fo r m ilk fa t, m ilk p ro tein, and vo lum e fo r

Jersey and Ho lstein2F riesian b reeds, bu t on ly m ilk

vo lum e fo r A yrsh ires, and the size of the fa t re2
spon se w ere nearly doub le fo r Ho lstein2F riesian s

comparing to Jerseys. T he reason fo r the uncon sis2
ten t effect of the K232A sub st itu t ion in the differ2
en t b reeds w as unclear, Bennew itz et a l[11 ] app lied

th ree differen t sta t ist ica l models to invest iga te

w hether the dia llelic D GA T 1 po lymo rph ism w as

respon sib le fo r a ll the genet ic varia t ion at the cen2
t rom eric reg ion of th is ch romo som e fo r m ilk, fa t,

and p ro tein yield and fa t and p ro tein percen tage,

and confirm ed there m u st be an addit ional sou rce

of genet ic variance on th is ch romo som e fo r these

tra its and that w as one of the reason s fo r the un2
con sisten t effect of the K232A sub st itu t ion.

4　Conclu sion s

T he K232A sub st itu t ion w as popu lar in a ll the

th ree Ch inese dairy cat t le, bu t the allele frequencies

w ere differen t. T he favo rab le effect of lysine2en2
coding allele on m ilk fa t w as on ly found in Sanhe

cow s.
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Stud ies on op t im izing the signa l pep t ide of Am yX p ro te in from B . subtil is

ZHU Fa-m ing1, 2,L IU Hui1, 2, CAO Yao- l ing1, 2,YANGM ing-m ing1, 2, CAO B in -yun 1

(1 Colleg e of A n im al S ciences, N orthw est A & F U niversity , S haanX i, Y ang ling 712100, Ch ina;

2 H ubei2Guang j i M ed ica l R & D Co. L t. ,W uhan, H ubei 430068, Ch ina)

Abstract: T he gene sequence of the signal pep t ide Am yX w as cloned from B . subtilis 1A 747, and the

pYGAm yX exp ression system w as con structed w ith the signal pep t ide Am yX, then it w as tran sfo rm ed in to

W B 700 (W B 700 (pYGAm yX) ). T he o ther exp ression system pYGM U T 2, w h ich w as app lied to the Am yX

m u tat ion gained by overlap PCR ,w as tran sfo rm ed in to W B 700 (W B 700 (pYGM U T ) ) in o rder to study the

effect of T at pathw ay in B acillus subtilis by the direct2m u tat ion of the signal pep t ide Am yX. T he resu lt

show ed the Β2galacto sidase w as secreted in to perip lasm ic successfu lly, the h ighest act ivity level of W B 700 (

pYGAm yX ) reached 2 300 U , and that of W B 700 (pYGM U T ) reached 5 200 U. T h is test if ied the exp res2
sion system u sing the rebu ild ing signal pep t ide secreted Β2galacto sidase by T at pathw ay.

Key words: B . subtilis; T at pathw ay; Β2galacto sidase; gene of the signal pep t ide
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牛D GAT1基因K232A 取代对3个品种奶牛
群体部分经济性状的影响

徐秀容1,高　雪2,许尚忠2,张英汉1,李俊雅2,任红艳2

(1 西北农林科技大学 动物科技学院,陕西 杨凌 712100;

2 中国农业科学院 畜牧研究所,北京 100094)

　　[摘　要 ]　利用单链构向多态性方法检测了牛D GA T 1基因第 8外元AA→GC 碱基突变,分析了该突变在三

河牛、中国荷斯坦奶牛和中国西门塔尔奶牛中等位基因的分布频率,以及该突变对这 3个品种奶牛群体产奶量、乳

脂和乳蛋白含量的影响,并分析了该突变在鲁西牛、晋南牛、秦川牛和南阳牛中等位基因分布频率。结果表明,编码

赖氨酸的等位基因K 在三河牛、中国荷斯坦牛和中国西门塔尔牛中的分布频率分别为 0. 17, 0. 33和 0. 04,在鲁西

牛、晋南牛、秦川牛和南阳牛4个中国地方品种中的分布频率分别为0. 72, 0. 39, 0. 46和0. 83; K232A 取代与三河牛

的平均乳脂率相关 (P = 0. 017) , KK 和KA 基因型个体的平均乳脂率分别较AA 基因型个体高 0. 80%和0. 41%。

[关键词 ]　D GA T 1基因;奶牛; K232A 取代
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