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Genetic polymorphism in 5’ -flanking region of the lactoferrin
gene and its associations with mastitis in Chinese Holstein cows

WANG Hong-Mei, KONG Zhen-Xing, WANG Chang-Fa, HUANG Jin-Ming, LI Qiu-Ling,
HOU Ming-Hai, LI Jian-Bin, ZHONG Ji-Feng

Dairy Cattle Center of Shandong Academy of Agricultural Sciences, Jinan 250100, China

Abstract: Bovine lactoferrin (LF) is a multifunctional glycoprotein found in milk, which acts mainly as a defense factor
in the mammary gland. Polymorphism has been found in the bovine LF gene. However, there is no report on genetic poly-
morphism of LF gene and its associations with mastitis in dairy cattle. In this study, the promoter fragment of LF gene con-
taining —926(G/A), -915(T/G), —478(/G), and +72(T/C) mutations were genotyped by the PCR-RFLP and CRS-PCR
method. Two hundred and sixty-eight Chinese Holstein cows were screened. Least square linear model (LSM) analysis was
applied to evaluate the associations of LF gene with somatic cell score (SCS). The results indicated that the SCS was sig-
nificantly affected by —478(/G) and +72(T/C), but not by the other two loci (P >0.05). The SCS of cow with genotype AB in
+72(T/C) position was significantly lower than that of genotype AA (P<0.01) or AB (P<0.05). In position —478(/G), the cow
with genotype CC showed significantly lower SCS in contrast to cow with genotype CD and DD (P < 0.01). In conclusion,
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genotype AB in position +72(T/C) and genotype CC in position —478(/G) of LF gene were advantageous genotype, which

can be used as candidate markers for mastitis resistance selection in dairy cattle.

Keywords: LF gene 5 “flanking region; genetic polymorphism; mastitis; SCS; Chinese Holstein cattle
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5537 () (bp)
P3: GATAAAGGGACGCAGAACGAGC
+72(TIC) P4: ATACCTGCACTCACCAACGGCTCC 8 125
P1: CCTGCGTGGGAGTTGTTGTGC
—78(G) P2: GGAGACCGAGGGAGCGAGAAA 9 712
P7: AACCTACACATGCTGCAATGGAAG
915(T/G) P8: TGCTTATCGTTCACTGATTGCAGG 38 922
P5: GAAGTCCTCCCCCACCCCTTGTCG
—926(G/A) P6: AGGACACTCCCTTGAAGCACAACA 36 13
Taq DNA 1.0U DNA 50 ng, ddH,O 18.0 : Vijkim - ;U ; Ci-
uL  PCR 194 5 min; 94 ;Ti- G-k
20 s, 30 S( 1), 72 40 s, 35 TR 5 Cijkl -
; 7min 1%
123 PCR 7= 4 84 By ot SAS(Statistical Analysis System)8.0
10 uL: 10> H Buffer 1.0 uL PCR (SCS)
4L 6U( 2),37 L 12%
b 9 2
Fz2 PEGGHIES LF EE 50NE X R %R IR 2.1 LF PCR-RFLP
Z E 4 EY
, 1%
(bp)
AA:99 17 9 ’
+72(T/C) EcoT14 AB: 108 99 17 9 125bp 712bp 92bp 115 bp,
CC:325 311 72 4
—478(/G) HpyF10V CD:387 325 311 72 4 ( 2
DD: 325 387 , 4 3 ,
EE: 68 24
—915(T/G) Hae EF:92 68 24 ’ 2 2 4
FF: 92 bp 9bp 17bp 24 bp , , 12%
GG:91 24 (3
~926(G/A) Taq GH: 115 91 24
HH: 115 R AY319306 3429 (-926)
1.2.4 PCR /=4 &) & n) 5 3440 (-915) 3879 (-478) 4432 (+72)
G/A T/G G /G) T/C
RFLP s PCR (G)
, 2.2 LF
DNA
LF
1.2.5 Sita#ra ik EcoT14 HpyF10V Hae Taq
s 4
, Hardy-Weinberg 1 , FT2T/C)  -478(/G)

SCS ,

Yijm=u+Ci+Tj+G+S+ej

—926(G/A) -915(T/G)
B C E H ,
0.8133 0.5474 0.5506 0.6024
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2.3 v (P<0.05) 4
(0.25<P1C<0.5)
4 3 X i 2.4 LF
X
, +72(T/C)  —926(G/A) > SCS
Hardy-Weinberg (P>0.05), —915(T/G) , 5 ;

—478(/G) Hardy-Weinberg SCS (P<0.001), +72
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478 SCS (SP1/GC , TATA
(P<0.05) CAAT ), ( ,
, SCS ), (STATS)
( o) s (NF-xB, AP1 STAT3)“, 5
+72(T/C) AB SCS AA NP, 7 Li U2 PCR-SSCP 100
(P<0.01), BB (P<0.05), LF ,—926(G/A) —915(T/G)
BB AA (P>0.05), ~478(/G) —28(C/A) +32(G/C)
AB —478(/G)
cC SCS CD DD PCR-RFLP DNA ,
(P<0.01), cc —-926(G/A) -915(T/G) —478(/G)
» € —913(T/G) , —926(G/A) -915(T/G) -478(/G)
-926(G/A SCS
(G/A) 3 , +72(T/C)
3 SNP, +72(T/C) —926(G/A)
Hardy-Weinberg (P 0.05),
3.1 LF 5% SNPs .
5~ -915(T/G) —-478(/G) Hardy-Weinberg
, (P<0.05),
b b 4
5 (0.25<P1C<0.5),
#3 HEGTHENS LF EEMEEBNEMEMEFNE
AA 11 0.0632
+72(T/C) AB 43 0.2471 g 8@?;’;
BB 120 0.6897 :
CcC 60 0.2586
-478(/G) CD 134 0.5776 g gig;g
DD 38 0.1638 :
EE 68 0.3617
-915(T/G) EF 71 0.3777 E g'iigg
FF 49 0.2606 :
GG 30 0.1463
-926(G/A) GH 103 0.5024 ﬁ 8'2(9);6;
HH 72 0.3512 :
x4 EBEEAERATHRE. SEEESE. FAEREUEMERY
o) (PIC) (H) (Ne)
+72(T/C) 4.4317* 0.2520 0.3036 1.4023
—478(/G) 6.3599 0.3729 0.4956 1.9826
-915(T/G) 10.572 0.3723 0.4948 1.9113
-926(G/A) 0.4874* 0.3707 0.4854 1.9194

*P 0.05
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x5 SWMEAZEMLEE SCS MM
+72(T/C) —-478(/G) —-915(T/G) -926(G/A)
F 0.57 10.44%* 3.42% 38.03%* 4.24% 1.38 1.28
* P<0.05, ** P<0.001
Fz6 HLFEFETREREB AT SCS Mm/NZFHERIREIR
(SCS) (LSM==SE)
AA 5.40+0.28 *
+72(T/C) AB 4.70+0.25%
BB 5.16+£0.26 ™
o]} 4.62+0.29 B
—478(/G) CcD 5.34+0.26°
DD 5.87+0.44 °
EE 5.2240.27
—915(T/G) EF 4.91+0.20
FF 4.87+0.27
GG 3.05+0.05
—-926(G/A) GH 3.03+0.04
HH 3.05+0.04
(P > 0.05), (P < 0.05),
(P <0.01)
Fz7 THHES LF EE S MEX SNPs B9 &
-945  —926  -915 838 810 —610 -478  -156 131 -28 +33
Syfert Kiihn [ G - - G C A C
i G/A T/G -/ G A T A/C C/G
Li M G/A T/G -/ G A/C C/G
1o T/C G/A A/C C/G
Daly [ G/A T/G G/T -/G A/G T/C A/C
Kaminski 1! C/G
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BB 021 b2 s LF -1029
, SCS R -2462/-1879 -1029/-75
Kaminski ! , +33(G/C) . —478(/G)
cc scC , LF ,
GG , )
+72(T/C) AB , ) LF
SCS BB AA (P<0.01,
P<0.05) —478(/G) C , , SCS



399

LF

SCS ,

, LF
SNPs,

5 % 3k (References):

(1]

(2]

(3]

(4]

(3]

Bellamy W, Takase M, Yamauchi K, Wakabayashi H, Ka-
wase K, Tomita M. Identification of the bactericidal do-
main of lactoferrin. Biochim Biophys Acta, 1992, 1121
(1-2): 130-136.

Nibbering PH, Ravensbergen E, Welling MM, van Berkel
LA, van Berkel PH, Pauwels EK, Nuijens JH. Human lac-
toferrin and peptides derived from its N terminus are
highly effective against infections with antibiotic-resistant
bacteria. Infect Immun, 2001, 69(3): 1469—-1476.[DOI]
Sordillo LM, Streicher KL. Mammary gland immunity and
mastitis susceptibility. J Mammary Gland Biol Neoplasia,
2002, 7(2): 135—-146. [DOI]

Hirvonen J, Eklund K, Teppo AM, Huszenicza G, Kulcsar
M, Saloniemi H, Pyordld S. Acute phase response in dairy
cows with experimentally induced Escherichia coli masti-
tis. Acta Vet Scand, 1999, 40(1): 35-46.

Molenaar AJ, Kuys YM, Davis SR, Wilkins RJ, Mead PE,

(6]

(7]

[8]

(9]

[10]

(1]

[12]

[13]

Tweedie JW. Elevation of lactoferrin gene expression in
developing, ductal, resting, and regressing parenchymal
epithelium of the ruminant mammary gland. J Dairy Sci,
1996, 79(7): 1198-1208.
Zheng J, Ather JL, Sonstegard TS, Kerr DE. Characteriza-
tion of the infection-responsive bovine lactoferrin pro-
moter. Gene, 2005, 353(1): 107-117. [DOI]
Seyfert HM, Kithn C. Characterization of a first bovine
lactoferrin gene variant, based on an ECOR | polymorphism.
Anim Genet, 1994, 25(1): 541.
Kaminski S, Olenski K, Brym P, Malewsk T, Sazanov AA.
Single nucleotide polymorphism in the promoter region of
the lactoferrin gene and its associations with milk per-
formance traits in polish Holstein-friesian cows. Genetika,
2006, 42(8): 1117-1120.[DOI]
Daly M, Ross P, Giblin L, Buckley F. Polymorphisms
within the lactoferrin gene promoter in various cattle
breeds. Anim Biotechnol, 2006, 17(1): 33-42.
. bLF PCR-SSCP
[ 1
, 2006.
PCR-RFLP
. , 2005, 34(1): 84-91.

Li GH, Zhang Y, Sun DX, Li N. Study on the polymor-
phism of bovine lactoferrin gene and its relationship with
mastitis. Animal Biotechnol, 2004, 15(1): 67-76.[DOI]
, . 57

, 2004, 26(6):

s s

PCR-SSCP
827-830.

oik 4 0.
TR TR K T A R 13 A2 15 2

Bl A K KRR, T4 6L )UEA b RS £ BiAs, 5 19 XA R A4S 7D R A5 4 5 B A

0.2%, >

(Congenital Dysplasia of the Hip, CDH)
s 1: 4~6

70%

R 20%

4%, 1%


javascript:AL_get(this,%20'jour',%20'Theor%20Appl%20Genet.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ravensbergen%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Welling%20MM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22van%20Berkel%20LA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22van%20Berkel%20LA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22van%20Berkel%20PH%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Pauwels%20EK%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Nuijens%20JH%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://dx.doi.org/10.1128/IAI.69.3.1469-1476.2001
http://www.ncbi.nlm.nih.gov/pubmed/12463736?ordinalpos=4&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://dx.doi.org/10.1023/A:1020347818725
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Molenaar%20AJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kuys%20YM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Davis%20SR%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wilkins%20RJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Mead%20PE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://dx.doi.org/10.1016/j.gene.2005.04.016
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Seyfert%20HM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22K%C3%BChn%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://dx.doi.org/10.1080/10495390500460965
http://www.ncbi.nlm.nih.gov/pubmed/16621758?ordinalpos=18&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Li%20GH%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Zhang%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Sun%20DX%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Li%20N%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://dx.doi.org/10.1081/ABIO-120037899

	奶牛乳铁蛋白基因5′侧翼区遗传多态性及其与乳腺炎关联性分析
	王洪梅, 孔振兴, 王长法, 黄金明, 李秋玲, 侯明海, 李建斌, 仲跻峰
	关键词: 乳铁蛋白基因5′侧翼区; 遗传多态性; 乳腺炎; 体细胞评分; 中国荷斯坦牛
	Genetic polymorphism in 5′-flanking region of the lactoferrin gene and its associations with mastitis in Chinese Holstein cows
	WANG Hong-Mei, KONG Zhen-Xing, WANG Chang-Fa, HUANG Jin-Ming, LI Qiu-Ling, HOU Ming-Hai, LI Jian-Bin, ZHONG Ji-Feng
	Keywords: LF gene 5′-flanking region; genetic polymorphism; mastitis; SCS; Chinese Holstein cattle
	 
	1　 材料和方法
	1.1  材料
	1.2  方法

	2  结果与分析
	2.1  牛LF基因的PCR-RFLP分析及测序分析
	2.2  荷斯坦奶牛LF基因的基因型频率、基因频率分析
	2.3  群体的χ2检验、多态信息含量、杂合度及有效等位基因数
	2.4   牛LF基因多态性与乳腺炎的关联性分析

	3 讨 论
	3.1  牛LF基因5′侧翼区SNPs的研究
	3.2  牛LF基因多态性与乳腺炎相关性的研究
	参考文献(References): 









