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Table 1 Sequence of used primer, annealing temperature and predicted length of
amplified DNA fragments

Length of
Primers amplified Position Anncaling The sequence of primers
fragment temperature/ ‘C
P1 289 Exonl 61.0 F 5’ cacgacctgctgaatgtatg 3’
R 5’ gaggcagcttcaccactatt 3’
P2 296 Exon2 60.0 F 5’ tgectetgacagctatttee 3’
R 5’ ttgcatgttctcactcecag 3’
P3 170 Exon3 61.5 F 5’ tacctctecttgetgatetg 3
R 5’ ctetatctcacagteattgg 3’
P4 282 Exon4 61.5 F 5’ tgectectaatgetgecaac 3
R 5’ caataggctggaaggactgt 3’
PS5 277 Exon5 60.0 F 5’ ctacacccagacagattgac 3’

R 5’ ggtttcagtgagtaatgcag 3’

F: Forward primer, R:Reverse primer.
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Table 2 The SNPs of CDS fragmants of chicken prolatin

gene
Primers Prosition Mutation sites
P2 Exon2 C1607T
P5 Exon5 C5749T, T5821C
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Fig. 1 SSCP results of exon 2 fragment
1: C1607; 2:N1607; 3: T1607.
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Fig. 2 SSCP results of exon 5 fragment

1: C5749, T5821; 2: C5749, N5821; 3: T5749, C5821; 4: C5749,
C5821.
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Table 3 The number of chicken and individual average eggs of each haplotypes in five populations

Roman-fatty cross

Roman-fatty cross

Haplotypes Roman chicken Fatty chicken Fl 0 Sanhuang
N P A N P A N P A N P A N P A

CCT 22044 148 0 0 0 2 0.02 134 14 018 126 3 0.06 121
CTC 0 0 0 0 0 0 0 0 0 0 3 0.06 117
NCN 0 0 0 10 0.1 100 4 0.04 130 7 0.09 124 20 043 115
TCC 0 0 0 0 0 0 0 0 0 0 0 0 7 0.15 116
TCN 0 0 0 3 0.03 8 0 0 0 22028 108 5 0.11 108
NCT 16 032 142 6  0.06 87 49 053 128 37 045 122 3 0.06 111
TCT 12 024 132 81 081 82 38 041 124 0 0 0 6 0.13 101
> 50 1 142 100 1 84 93 1 126 80 1 119 47 1 113

“N” represents the number of different haplotypes in chicken groups. “P” symbolizes the percentage of haplotype in the group.

“A” represents individual average eggs.

Table 4 The haplotypes and their corresponding amino acids, codon usage and frequency

in the five populations

Frequency 1 607nt 5 749nt 5821nt
Haplotypes Thr Leu Ile
value
Codon Frequency Codon  Frequency  Codon Frequency

CCT 2 acC* 16.3 cuC* 16.6 atT 16.9
CTC 2 acC* 16.3 cuT 12.5 atC* 22.0
NCN 2 Can 14.8 cuC* 16.6 atN 19.5
TCC 2 AcT 13.3 cuC* 16.6 atC* 22.0
TCN 1.5 AcT 13.3 cuC* 16.6 atN 19.5
NCT 1.5 Can 14.8 cuC* 16.6 atT 16.9
TCT 1 AcT 13.3 cuC* 16.6 atT 16.9

* Represents the high frequency codon. Frequency value represents the numbers of the high frequency codons,

one high frequency codon is 1 in frequency value, and the N (with half high and half low frequency codons)

is 0.5.
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Table 5 The results of ELISA

pg/L
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Average
Haplotypes

oD M oD M OD M OD M OD M OD M
CCT 0.863 99 0.480 180 0.666 30 0.681 130 0.590 160 0.656 140
NCN 0.512 170 0.693 128 0.736 120 0.805 110 0.654 138 0.680 135
NCT 1.025 71 1.112 60 0.560 155 0.620 140 0.983 75 0.860 100
TCN 1.102 65 0.845 105 0.937 85 0.815 105 0.876 95 0915 90

M represents the concentration of PRL.

3 it 1

3.1 EWEFERMERMEYEESENXER
AWFFEHAE PRL JEH ) CDS Jr B BRI 3 A
SNP(C1607T, T5821C, C5749T), 3 NRALHL) A [H
N5AR, X W] PRL K& D5 1) 2 Bt 7 B0 AH AR 57
JL4E DNA IR EA FEAE SR SR, HEA
v [ 25 Bt 1A A3 O AN ] 1) RN = FE AR 43 5w

160
150
140
130
120

110

Individual average eggs

100

90

1
1.0 1.5 2.0
The number of high frequency codon

80

Fig. 3 The relationship between the number of high
frequency codon and individual average eggs in the five
chicken populations
The result indicates that the individual average eggs would increase as the

increase of high frequency codon numbers in the five populations. A — A :
Roman; l—M: F1; ¢ —@: Sanhuang; ® — @: Fatty chicken; x—x: F2.
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Fig. 4 The ratios of different haplotypes in the five chicken populations

Different colors represent the different high frequency codon numbers: red represents 2 high frequency condons, pink represents 1.5 high

frequency condons and blue represents 1 high frequency condon. (a) Roman. (b) Fatty. (¢) F1.(d) F2. (¢) Sanhuang.

PRL K& DA 6F %6 58 B I A2 00 75 (1), 76 XS 1
NN e b e op 7 e 3 S B O R =P IBON L
XTI R B AR . ERE P E R R
P S LTY - ISR LRV TR e SOP T s
AR, ARV S DMEHA T BRA KIL TTT A
CCC 2 P 8. JU R ] B A2 TTT A% 8L 5 A A
F A 4 1 3 SO FL R K TRE, CCC Hifis
BT 3 A w7 S B0 L Z AR
IX 2 AN T B R RS R = B AN A, DL R
PERE AR AEIR 1L B I 2 B v k.

2 £ X W

1 Niall H D, Hogan M L, Sauer R, et al. Sequences of pituitary and
placental lactogenic and growth hormones: evolution from a
primordial peptide by gene reduplication. Proc Natl Acad Sci USA,
1971, 68 (4): 866~870

2 Vincent A L, Evans T H, Short T H, et al. The Prolactin Receptor
Gene is Associated with Increased litter size in Pigs. The 6th World

Congress on Genetics Applied to Livestock Production, Armidale

Australia, 1998

3 Wong E A, Silsby J L, Ishii S, et al. Pituitary luteinizing hormone

and prolactin messenger ribonucleic acid levels are inversely related
in laying and incubating turkey hens. Biology of Reproduction, 1992,
47 (4): 598~602

4 Proudman J A, Wentworth B C. Pulsatile secretion of prolactin in

laying and incubating turkey hens. Domest Anim Endocrinol, 1996,
13 (3): 277~282

5 JiangR S, Xu G Y, Zhang X Q, et al. Association of polymorphisms

for prolactin and prolactin receptor genes with broody traits in
chickens. Poult Sci, 2005, 84 (6): 839~845

6 CuilJ X,DuHL, Liang Y, et al. Association of polymorphisms in

the promoter region of chicken prolactin with egg production. Poult
Sci, 2006, 85 (1): 26~31

7 Orita M, Suzuki Y, Sekiya T, et al. Rapid and sensitive detection of

point mutations and genetic polymorphism using polymerase chain
reaction. Genomics, 1989, 5 (4): 874~879

8 Henry I, Sharp P M. Predicting gene expression level from codon

usage bias. Mol Biol Evol, 2007, 24 (1): 10~12

9 Charles H, Calevro F, Vinuelas J, et al. Codon usage bias and

tRNA over-expression in Buchnera aphidicola after aromatic amino

acid nutritional stress on its host Acyrthosiphon pisum. Nucleic



+ 1106 EMUFEEYYIETHR

Prog. Biochem. Biophys. 2007; 34 (10)

AcidsRes, 20006, 34 (16): 4583~4592

10 Barrett J W, Sun Y, Nazarian S H, et al. Optimization of codon usage
o f poxvirus genes allows for improved transient expression in
mammalian cells. Virus Genes, 2006, 33 (1): 15~26

11 Stoletzki N, Eyre-Walker A. Synonymous codon usage in
Escherichia coli: Selection for translational accuracy. Mol Biol Evol,
2006, 24 (2): 374~381

12 Kanda Y, Jikihara H, Markoff E, et al. Interleukin-2 inhibits the
synthesis and release of prolactin from human decidual cells. J Clin
Endocrinol Metab, 1999, 84 (2): 677~681

13 Nemansky M E, Moy C D, Lyons I Y U, et a/. Human endometrial

581

14 Escalada J, Cacicdo L, Ortego J, et al. Prolactin gene expression and
secretion during pregnancy and lactation in the rat: role of dopamine
and vasoactive intestinal peptide. Endocrinology, 1996, 137 (2):
631~637

15 Fortune J E, Wisser R N, Vincent S E. Prolactin modulates
steroidogenesis by rat granulosa cells: Il . Effects on estradiol. Biol
Reprod, 1986, 35 (1): 92~99

16 Yoshimura Y, Jinno M, Oda T, et al. Prolactin inhibits ovulation by
reducing ovarian plasmin generation. Biol Reprod, 1994, 50 (6):
1223~1230

stromal cells generate uncombined alpha-subunit from human 17 Ramesh R, Proudman J A, Kuenzel W J. Changes in pituitary
somatotroph and lactotroph distribution in laying and incubating

turkey hens. Gen Comp Endocrinol, 1996, 104 (1): 67~75

chorionic gonadotropin, which can synergize with progesterone to
induce decidualization. J Clin Endocrio 1 Metab, 1998, 83 (2): 575~

Analysis of The Relationship Between Codon Frequency of Prolactin Gene
and Laying Performance in Five Chicken Breeds"
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Abstract After analyzing the coding sequence (CDS) of chicken prolactin gene by DNA sequencing, one point
mutation of C1607T in exon2 and two mutations of C5749T and T5821C in exon5 were discovered. Although
none of the mutations changes amino acid encoded, they have different codon frequencies in the five populations.
The three mutations in 370 individuals of the five populations by single-strand conformation polymorphism
(SSCP) were screened, and seven haplotypes in the CDS of prolactin were discovered. Moreover, the seven
haplotypes show different high frequency value, which was defined by the number of high frequency codon of the
haplotype. Analyzing the laying performance of the five breeds, the positive correlation between the laying
performance and high frequencies value wea found. After detecting the expression of the prolactin by enzyme
linked immunosorbent assay (ELISA), it was found that the higher number of high frequency condon will lead to
the more quantity of prolactin. The results demonstrate that the codon frequency is a factor which influence the

laying performance, and synonymous mutation might influence phenotype by changing codon frequency.

Key words chicken, prolactin gene, codon usage frequency, ELISA, laying performance
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