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[Abstract]

PCR-single-strand conformation polymorphisn (PCR-SSCP) assay was used to diagnose the

K232A substitution in theDGA T1 exon 8 A nimalsfrom three dairy cattle populations (212 Sanhe cattle, 234 Chi-
nese Holsteins and 200 Chinese Simmentals) w ere used to estimate allele frequencies and gene substitution effects
onmilk production traits A nother four populations (47L uxi, 23 Jinnan, 37 Q inchuan and 39N anyang cattle) w ith-

out production recordsw ere used to estimate allele frequenciesonly. The allele frequencies for the lysine-encoding
variant (allele K) were Q 17,Q 33 and Q 04 in Sanhe, Holstein, Smmental cow s regectively; and Q 72,Q 39,Q 46
and Q 83 repectively in the other four populations The averagemilk fat percentage in Sanhe cattlew as as®ciated
(P= 0Q 017) with the K232A substitution in D GA T 1 gene, individualsw ith genotypes KK and KA had Q 80% and
Q 41% higher averagemilk fat percentage than thosew ith genotype AA.
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A cyl CoA: diacylglycerol acyltransferase 1
(DGATL EC 2 3 1 20), a microoomal enzyme
that catalyzes the final step of triglyceride synthe-
sis, is a functional gene for milk production traits,
egecially for milk fat Researcher reported mice
lacking both copiesof DGA T 1w ere completely de-
void of milk secretion'"’.

Studies on dairy cattle show ed that a quantita-
tive trait loci (QTL) with major influence on milk
production was located in the centromeric end of
chromosome 14”* where the DGAT1 gene was
mapped™®. Grisart et al'®and W inter et al' report-
ed a GC-TO-AA exchange in DGA T 1 gene result-
ed in a lysine-to-alanine exchange at position 232
of DGAT1 (K232A), and this exchange had associ-
ation w ith variation at a quantitative trait locuson
BTA 14 formilk fat percentage, individualsw ith al-
lele K had higher milk fat percentage, and the fren-
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quency of allele K were low er than allele A inmost
experimental populations

The present study was amed at detecting the
frequencies distribution of this two alleles and their
effect on milk production traits in three Chiense
dairy cattle

1 M aterials and methods

11 Anmals
Experimental animals were three Chinese
dairy cattle (212 Sanhe cattle from Xie-er TaLA
Sanhe breeding fam inM ongolia, 117 ChineseHol-
steins from Cao Tan dairy fam in Shaanxi and 100
Chinese Smmentals from Geao L in Tun Smmental
breeding farm inM ongolia).
M ilk samples were oollected for measuring
milk fat,milk protein,milk sugar and somatic cell
ocount in 2th, 5th and 8th month of a lactation peri-

E-mail: smmenta@vip. com



9 . DGAT1 K232A

3 7

od from Xie-er Ta LA Sanhe breeding fam and
Gao L in Tun Smmental breeding fam. The data
for milk product traits in Chinese Holsteins w ere
offered by Cao Tan dairy fam. SCC (Somatic cell
ocount) was converted to SCS (somatic cell soore)
before Statistic analysis, SCS= Ib (SCC/100 000)
+ 3

Blood from each cattle was sampled by veni-
puncture, and genomicDNA w as extracted for later
genotyping Blood sanples from another four popu-
lations (47 L uxi cattle from Juancheng in Shan-
dong province, 23 Jinnan cattle from Shanxi
province, 37 Q inchuan cattle from Shaanxi province
and 39N anyang cattle from Henan province) w ere
collected by my oolleagues
12 Primer design

Primers w ere designed using PR M ER3 pro-
gran to amplify the 201 bp fragment franking
10 412 bp to 10 612 bp of bovineD GA T 1 gene (gi:
21425304), left primer: 5-CTC GTA GCT TTG
GCA GGT AAG-3, right primer: 5-AAG TTG
AGC TCG TAGCACAGG-3.
1 3 Genotyping and haplotype identif ication and

sequencing

The PCR-SSCP assay was carried out with a
vertical gel to genotype all the individuals Two mi-
croliters of the PCR productw as dilutedw ith 8m i-
crolitersof a lution containing 95 100 (v V)
fomam ide, 20mmolA EDTA,Q 5g/A bromophe-
nol blue and @ 5 gA xylene cyanol The mixture
for 5min, cooled in ice
for 5min and loaded on a nondenaturing 120 g/A
acrylanide bisacrylanide= 29 1 (m m) gel
Electrophoresis was performed in 1x Tris borate
(pH 8 3)-EDTA buffer at 8 volts/an for 10 h at
4 . DNA was detected by silver staining

DNA fragmentsthat digplayed amodified elec-

w as then denatured at 98

trophoretic pattern were selected for sequencing
The anplified PCR productsw ere concentrated and
purified by Nucleotrap® Gel Extraction Kit, and
were ligated into pGEM ®-T easy vectors by Ta
DNA
Shanghai Sangon B iological Engineering T echnolo-
gy & Service ColL td

ligase DNA sequences were detemined in

1 4 Statistical Analysis

T he differencesof the genotypesw ere evaluat-
ed by the general linear model of SAS (A S Inst
Inc , Cary,NC2001) w ith adjustment for the num-
ber of lactations, the linear modelwasYij= u+ Gi+
L i+ Ei,where Yi, u,Gi,Ljand Eijwere the record
value, average value, genotypic effect, number of
lactations effect and random residual effect repec-
tively. For 305-d mature equivalent milk yield, the
modelwas Yi= u+ Gi+ Ei,where Giwas of geno-
typic effect

The observed numbers of each genotypew ere
compared with the expected frequencies (Hardy-
W einberg equilibrium) by the 2 test

2 Result and analysis

2 1 PCR product and polymorphisn detection

A 201 bp PCR product (Figure 1) was ob-
tained w ith the designed primers and three geno-
types (Figure 2)w ere detected using SSCP assay,
the three genotypes were destined KK, KA and
AA. A ligning (Figure 3) the sequencesof alleles K
and A showed there was an ApA to GpC dinu-
cleotide substitution at positions 22 and 23 bp of
the PCR product,w hich had been detected by W in-
ter’® with PCR-RFLP assay In 120 g/
acrylanide bisacrylanide= 29 1 (m m) gel,
genotypes KK and AA had three bands and geno-
type KA had four bands One strand of the PCR
product must have wo conformations, show ing no
conformation polymorphisns between genotypes
KK and AA, the other strand had one conforma-
tion, but show ing polymorphisn s betw een the two
homozygotes

Fig 1 Detection of PCR product of the designed
primers using A garose gel electrophoresis
1- 5 The sane PCR productsM. The 100 bp marker



Fig 2 Detection of SSCP using acrylam ide gel electrophoresis

Fig 3 Sequence alignment of allele K and A atDGA T 1 gene exon 8
The sequencesw ith underlinew ere the left primer and the complementary sequence of right primer regectively;

the capitalized basesw ere the mutation site

The allele and genotype frequencies were
show n in table 1, the three genotypes distributed in
the expermental populations except for the Sim-
mental dairy cattle, in which no individual with
genotype KK was found Only in the two L uxi and
N anyang cattle populations,w ere the frequencies of
genotype KK higher than genotypesAA and KA.
The distribution frequencies of alleles K and A
w ere different in all the populations A llele K w as

most frequent in L uxi and Nanyang cattle, with
frequencies being Q 75, and Q 83 regectively,
w hereas the frequencies of allele A w ere higher or
much higher than allele K in the other popula-
tions A llele K was very rare in Smmental dairy
cattle with frequency being @ 04, and was more
frequent in Chinese breeds than
breeds Only Smmental dairy cattlewas in Hardy-
W einberg equilibration (P> Q 05) at this locus

in mported

Table 1 Allele and genotype frequencies in the three dairy cattle populationsand

another four populationswithout production records

Index Sanhe Holstein Simmental L uxi Jinnan Qinchuan N anyang
cattle cattle cattle cattle cattle cattle cattle
AF K Q 17 Q 33 Q 04 Q72 Q 39 Q 46 Q 83
Q 83 Q 67 Q 96 Q 28 Q 61 Q 54 Q 17
GF KK Q 04 Q 09 0 a 57 Q 04 Q24 Q 64
KA Q27 Q 48 Q 08 Q 30 a 70 Q44 Q 28
AA Q 69 Q 43 Q 92 Q13 Q 26 Q 32 Q 08
X-test 6 84" 27.55" " Q 15 30 55" " 38 55" ° 8 51" 6 99"

Note AF A llele frequency; GF. Genotype frequency; *. means the population was not in Hardy‘W einberg equilibration markedly (P <

Q 05); * *. means the populationwas not in Hardy-W einberg equilibration siginificantly (P< Q 01).
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2 2 A s:ciations betw een the K232A substitution
in the DGA T1 gene exon 8 with some eco-
nomic traits

For all the analyzed traits, only average milk
fat content had association (P= Q 017) with the

K232A substitution in Sanhe cattle (Table 2), indi-

viduals bearing genotypes KK and KA had Q 80%

and Q 41% higher average milk fat content than
those bearing genotype AA , but this result did not
anerge in Holstein dairy cattle (Table 3). There
w ere no significant associations (P> Q 05) betw een
milk production traitsw ith genotype KA and AA
in Smmental cow s (Table 4).

Table 2 Effect of the K232A substitution in theDGAT1 exon 8 on samem ilk traits in Sanhe cows

M ilk M ilk fat M ilk protein M ilk sugar D ry matter
Index ield/k content/ content content content/ xS
ylelo/kg (g- kg ) (g- kg ) (g- kg ) (g kg )
KK 3096 00+ 210 24 42 8+ 2 7a 34 7+ 12 438+ 17 118 9+ 5 2 4 38+ Q 67
KA 3106 39+ 124 84 389+t 10a 33506 44 5+ Q 6 121 2+ 2 0 360+ Q 25
AA 3205 53+ 103 25 348+Q7b 34 4+ Q 4 43 6+ Q 4 119 2+ 1 3 4 05+ Q 17
P value Q 89 Q 017 Q 70 Q 70 Q 76 Q 44
Note The different superscripts in a sane linemean significant difference (P< Q 05). SCS is Somatic cell soore
Table 3 Effect of the K232A substitution in theDGAT1 exon 8 on milk traits in Chinese Holstein
I M ilk fat content/ M ilk protein content/
Index M ilk yield/kg (g kg 1 (g kg * S
KK 6 829 83+ 724 75 37530 308+ 19 5 62+ Q 62
KA 8 051 56+ 452 52 371+t 15 29 6 Q 8 5 57+ Q 29
AA 8586 09+ 513 01 371+ 1 7 290+ Q9 518+ Q 34
P value Q 30 Q 746 Q 173 Q 85
Table 4 Effect of the K232A substitution in theDGATL1 exon 8 on milk traits in Chinese Smmental
M ilk fat M ilk protein M ilk sugar D ry matter
Index content/ content, oontent content, SCS
(@ kg b (@ kg b (@ kg b (0 kg b
AA 43 0+ 39 371+ 0 4 45 4+ Q 2 132 7+ 1 2 388+ Q19
KA 45 7+ 7 2 389+ Q9 44 9+ Q 4 136 7+ 1 6 4 34+ Q 39
P value Q 27 Q 119 Q 437 Q 178 Q 57

3 Discussions

3 1 Themethod of detecting the AA -~ GC substi-
tution at 10 433- 10 434 bp of DGAT1 gene
The SSCPs detected in the present study re-
sulted from the AA - GC substitutions at nu-
cleotide positions 10 433- 104 34 bp of theDGA T1
gene, w hich could al® be detected by PCR-RFL P
assay w ith Cfr1”®, Cleavage by Cfrlw as diagnostic
for the allele encoding alanine (GC), but to detect
the 10 433- 10 434 bp substitutions in a large pop-
ulation, PCR-PFL P assay would bemuch more ex-
pensive than PCR-SSCP assay.
3 2 Allele frequencies in different populations
and their associations with selection
W eller et al'”found the distribution frequen-
ciesof the allele K (substitution of a lysine residue
w ith alanine) had decreased from 15% to 5% from
1981 until 1990, and since had increased to 10% in

Israeli Holstein population Grisart et al'®

oon-
fimed the allele K had undergone a selective
sveep. Because the allele K had association w ith
low milk production, the long-temm selection amed
at high milk volume resulted in the decline of dis-
tribution of allele K, and this could explain w hy al-
lele K was much more frequent in Chinese local
breeds, but selectionmay not be theonly reason for
the decline, because the frequencies of allele K
were as high as 54 8%; 35% and 69% regectively
in Geman Holstein', Holand Holstein and N ew
Zealand Holstein, and 33%
Furthemore, allele K was more frequent in Chi-
nese Holstein than in Chinese Simmental, but the

in Chinese Holstein

milk fat percentagew as low er in the former breed
in present study.
3 3 The K232A aubstitution and its association
with sane econam ic traits in dairy cattle
Since Grisart first reported the nonconserva-
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tive K232A substitution in the DGA T1 gene had
major effect on milk fat content and other milk
characteristics, w ith the lysine-encoding allele be-
ing associated w ith higher milk fat content, several
studies have reported the smilar result™”®. In
present study, allele K did have favorable effect on
themilk fat percentage in Sanhe cattle, but no sig-
nificant asociation with milk yield and milk pro-
tein percentage, and the favorable effect on milk fat
percentage didn't energe in Chinese Holstein Our
study didn't test the asmciation of allele K and
milk traits in the Chinese Smmental because of
lacking individualsw ith genotype KK.

Feman et al™ investigated the effect of the
reported K232A substitution in three dairy breeds
in Nav Zealand, and found statistically significant
results for milk fat, milk protein, and volume for
Jersey and Holstein-Friesian breeds, but only milk

comparing to Jerseys The rean for the unconsis-
tent effect of the K232A substitution in the differ-
ent breedswas unclear, Bennaw itz et al'*" applied
three different statistical investigate
w hether the diallelic DGA T1 polymorphisn was
responsible for all the genetic variation at the cen-
tromeric region of this chromosome for milk, fat,
and protein yield and fat and protein percentage,
and confirmed there must be an additional ource
of genetic variance on this chromosome for these
traits and that was one of the reasons for the un-
oconsistent effect of the K232A substitution

models to

4 Conclusions

The K232A substitutionw aspopular in all the
three Chinese dairy cattle, but the allele frequencies
w ere different The favorable effect of lysine-en-
coding allele on milk fat was only found in Sanhe

volume for Ayrshires, and the size of the fat re- oW S
gonse were nearly double for Holstein-Friesians
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Studies on optim izing the signal peptide of AmyX protein from B. subtilis

ZHU Fa-ming"?,L IU Hui"? CAO Yao-ling"?>,YANGM ing-m ing"? CAO Bin-yun®
(L Colleged Animal Sciences,N orthw est A & F U niversity, ShaanX i, Yangling 712100, China;
2 H ubei-GuangjiM edical R &D Co L t ,W uhan, H ubei 430068, China)

Abstract: The gene sequence of the signal peptide AmyX was cloned from B. subtilis 1A 747, and the
pYGAmMyX expression systam w as constructed w ith the signal peptide AmyX, then itw as transformed into
WB700 WB700(pYGAmMyYX)). Theother expression systan pY GV U T-,w hich was applied to the AmyX
mutation gained by overlap PCR,w as transformed into WB7000WB700(pY@G U T)) in order to study the
effect of Tat pathway in B acillus subtilis by the direct-mutation of the signal peptide AmyX. The result
show ed the fgalactosidasew as secreted into periplasnic successfully, the highest activity level of W B700(
pYGAmyX) reached 2 300U , and that of WB700(pYGMI U T) reached 5 200 U. This testified the expres-
sion system using the rebuilding signal peptide secreted -galactosidase by T at pathw ay.

Key words B. subtilis; Tat pathw ay;, f-galactosidase; gene of the signal peptide
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