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Variation of FGF18 Gene in Goats and Its Effect on Cashmere Traits

ZHANG Ruiguo, LI Shaobin, WANG Jiqing, LIU Xiu, LUO Yuzhu
(College of Animal Science and Technology ,Gansu Agricultural University, Gansu Key Laboratory
of Herbivorous Animal Biotechnology, Lanzhou 730070, China)

Abstract; In order to study the polymorphism of FGFI8 gene in goats and its effect on some cashmere traits,
PCR-SSCP combined sequencing method were used to analyze three regions ( Exon 3, Exon 4 and Exon 5) of
FGF18 gene in three goat breeds( Longdong cashmere goat, Chaidamu cashmere goat, and Zhongwei goat) , then
the association between gene polymorphism and variation of Longdong cashmere goat traits was analyzed. The re-
sults showed that FGFI8 gene was conserved among the three goat breeds, and only one synonymous mutation was
found in Exon 5(c.498T >C). Three genotypes EE, EF and FF caused by c.498T > C locus were detected in all
three goat breeds, and the distribution in the three goat breeds was at Hardy-Weinberg equilibrium with respect to
this SNP. Allele E was the dominant allele in all three goat breeds; the dominant genotypes of Longdong cashmere
goats, Chaidamu cashmere goats and Zhongwei goats were EF, EE and EF, respectively. The cashmere yield and
height of Longdong cashmere goats with FF genotype goats were significantly higher than those goats with EE geno-
type and EF genotype(P <0.05). The results showed that the FGFI8 gene was moderately polymorphic in the three
goat populations and the c.498T > C site was significantly associated with the cashmere yield and the height of down
layer of the Longdong cashmere goats. It was suggested that FGFI8 gene can be used as a candidate gene for mo-
lecular improvement when these two traits are used as the breeding targets.
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Tab.1 Primer sequence of each exon of FGFI8 gene

Elk7 P34 R B B2 /bp IS5 -3") B JOREE/C I
Primer Amplified fragment length Primer sequence Tm Application range
PI 267 Up: CTCTGCTGTGAACGTGGCTC 62 Exon 3
Dn: CACCTACCATACTTGTCCCCG
P2 177 Up: GCCACTGCCCCTGGTAAAA 57 Exon 4
Dn: TCCCAGACCACCACTTACCT
P3 345 Up: TCTCTCTCTTCCTGCAGCCT 62 Exon 5

Dn: GCAGTTCTCCGTGAGTGTGA

1.5 PCR ¥ B&GMEL

PCR & B SRR 20 pL, b F#F514 (0. 25
pumol/L) % 0.8 L, Tag DNA TR mE srifmEse 1)
ARG T)10 pL,dNTP 0.8 pL,ddH,0 7.6 pL,

PCR ¥ 25 .94 C WAL 5 min;94 °C AR
30 s, 4% 455 iR KR AR K 30 5,72 CHEAf 30 s,
35 MG ;72 CHEf 10 min,4 C{R:4F, PCR ¥4
FEYIFH 1% BT M B J5G R TR ARG TN

1.6 SSCP &l 5 F

B2 pL 9 PCR 774, A 8 pL Z&ME EAEGE o
W (98% <85 1 LM, 10 mmol/L EDTA 0. 025%
TRER WA 0. 025% —HRE) ,105 CAEM: 5 min J7,
SERVEFUOKIR G, ERETF 14% AERHER N
I IERZ BRI ( Acr: Bis =37.5:1),7£ 230 V,15 C,
0.5 x TBE MU 4F F K 18 h, HLIKGS ), B ARAs
PR A B R B EATAR e B (01 SRR BT A4



A B T A
AGRICULTURAE 204 ok R F R 35 %
BOREALI-SINICA

a6 AL, KWIEHE N A AR PCR 9788 PRIRA W (P <0.05) M 7ERZ W (P <0.20) , i

PP T BRI RSN GE B B A TAEMA IR DR EDE R PR, ST .

WNETERL, Yy=pu+G +F +5, +ey

1.7 HERSITS S0 Y, AR HOIR R HUE , w N R IIME, G,
F MEGA 5 HEA7 ¥ 51 HxF, R FH Popgen 32.0  IEBEIRIZLN , F, Ry A8 SR BAMLALN , S, >t 5 2800

AT A S5 6L FE TR ) ( Effective number of al- eykﬁﬁﬁmi%%% , A i, Ak AARFS

leles, Ne) i 1& 4% & & ( Heterozygosity, He) | igtf%

4li 5 B ( Homozygosity, Ho) A4 3 RR . R H 2 %% Ej éj\ﬁﬁ

PIC 0.6 B ERIAZE %‘,%\/E\%(Polymorphism 2.1 PCR ¥~ Hy58iE

information content, PIC) , L SPSS 19. 0 — £k WIZE FGFI18 FEPR 454 15 DX A% Tt s i e Jie FiL Kk

PEIR G B 3 AT L R U B AR oL L E R R 52 RSS2SR LI 1, 514 PI P2 R P3 0 H W v By

Wi, BIFFE A B, A F R I A S G IR B4 A SR (P < Wk 267,177,345 bp, 748”15 B B 7 B/ —

0.05) , U IME R BEHLIR R ALY P Fo0 3%, AR, v US 22047

M 1 2 3 4 5 6 7 8 9 10 11 12

600 bp

500 bp
400 bp —
300 bp

200 bp

100 bp

M. Marker;1 —4. 519 P3 BIY™ 3915 - 8. 519 P2 9P S99 - 12. 519 PI B99 54774,
M. Marker;1 —4. Amplification products of primer P3;5 — 8. Amplification products of primer P2;9 —12. Amplification products of primer PI.

1 L3514 P1.P2 70 P3 § ISR IEARTER
Fig.1 Agarose test results of primers P1, P2 and P3 in goats
2.2 SSCP #&ill 5 F ] Exon 3 il Exon 4 XIEZ M, 1EILFE FGFIS |)
W3 FGFI8 S AR RSN FH HIX A SSCP 4% Exon 5 XAGMIFIAY 3 Fhafy B %R 3 FL A EE |
MEER 7R, HAE Exon 5 XA F] 3 i 80 MAE  FF M EF, l1 E 1 F 2 DA AL,
H Exon 3 fl Exon 4 X 2 ME] 1 ﬁl‘%’:ﬂ( K 2) ,%:2
PI X P23 X P3H X

P1 region P2 region P3 region |
S— 2 3 | 5
(rEn H 28 ]4t Ton's oV j—i—’é&%

B2 L FGFI8 SSCP #il)
Fig.2 SSCP test results of FGF18 in goats
1% FGFI8 JEIH 1 Exon 5 XA KK AN IE 2.3 BERESH
IR A7 HE DRI 3 91 L Xk 25 B L IRT 3,4, 255 LI FGFI8 HE Exon 5 Bk PRI BT AR IS5/ Hk
RS FGFIS FENE B mi X 1 498 bk PARILER 2, 78 3 ILAERHA SRR E 4010
K T—C RIRAE (¢ 498T > C) . RWIEMIFHI 0T SRR BRI 3 DM i fils A 2 5%,

KR RGN A 5 SRR AR R, JE T YA ESE Sy NS AITE SV L SR ENITE N b v B =S Eit
[F] X545 SR EF (46.42% ) EE(54.50% ) 1 EF(48.00% ) .

FF EE EE FF



6 KBS . LF FCFIS AW T F A K 3T F MKk Hh

A C T A
205 AGRICULTURAE
BOREALI-SINICA

. /\/\ Z

EE EF FF
A T G DX AR A% R P 81 AR A X I8

The regions marked with boxes represent regions with nucleotide sequence mutations.

3 WIZE FGF18 E[&E Exon 5 18X 3 #hE EE g F1EE

Fig. 3

E  TCICICICTICCIGCAGCCIGATGECACCAGCARAGAGTGIGIGITCATTGACARGGTCCTGEAAAACAA 70

—— 70

g CTACACAGCCCTGATGTCAGCTARGTACTCCGGCTGGTACGTGGGCTTCACCAAGARGGGECEECCELEE 140

Sequencing peaks of 3 genotypes in Exon 5 amplification region of goat FGFI8 gene

P 140
c498T>C 210

E  ARNGGGCCCCAAGACCCAIGAGAACCAGCAGGATGTGCACTTCATGAAGCGCTACCCCAGGGGACAGGLLG

F - _ 210

E  ANCTGCAGAAGCCCTTCAAGTACACCACCGTGACCAAGCGGTCCCGGCGEATCCGCCCCACGCACCCCEG 280

Foaa - - 280
E  CTAGGCGRECCCCECCETGCCCCCCCAGRCCRCCCCAGCCCACACTCACACTCACGRAGAACTGE 345
P - --- 345

A T RILAE R RTIHIF

The underlined areas indicate the design area of primers.
B4 L FGFI8 £ & Exon 5 # 18X /7 5 Lk Xt
Fig.4 Sequence alignment of Exon 5 amplification region of FGF18 gene in goats

%2 FGFI8 EE Exon 5 £ 3 MIERMPHERBSFRFNEMER R

Tab.2 Genotype frequency and allele frequency of Exon 5 of FGF18 gene in three goat breeds

. e SN IR % LRI BT/ %
HEIA B :
. Allelic frequency Genotype frequency
Population Number
E F EE EF FF
Bz 4451112 Longdong Cashmere goat 293 68. 60 31.40 45.39 46. 42 8.19
SRR GE I Chaidamu Cashmere goat 110 70.91 29.09 54.50 32.70 12.70
Hr 11 2E Zhongwei goat 50 60. 00 40.00 36.00 48.00 16.00

B 7 g% Ll 2 S5 3k R g5 L 2 e Tl R
FGFI8 JEH 45 B (Ho) ARG T (He) A AL
LB (Ne) FIZ A5 B & i (PIC) it ie S UL 3=
3, B ZR gl 2 ek A gl E R Bl A
FGF18 #:[H Exon 5 X 1) PIC {H#54L T 0.25 ~0.50,

WRM AT LA, 4 Hardy-Weinberg -7 15 5,
FGF18 A Exon 5 X 7E 3 A~ £ BEAR b #f 4L F
Hardy-Weinberg “F1fif (P > 0.05) , i8] FGFI18 3£ [H

3 FGFI8 EATE 3 1 WWFE R REE SA5SEH Hardy-Weinberg &1 il
Tab.3 Genetic parameters and Hardy-Weinberg balance of FGF18 gene in three goat breeds

BIEZEBH o
BEIR Genetic polymorphism parameters ChisS
] g [ % — — i-Square
Population ARAEAIER . AR WETE ZHEHEEEE "
Ne Ho He PIC

B 7 2% 1L =F Longdong Cashmere goat 1.76 0.54 0.46 0.34 1.68(P=0.194)
SEIEARGRINAE Chaidamu Cashmere goat 1.70 0.67 0.33 0.33 2.58(P=0.108)
HF TI=E Zhongwei goat 1.92 0.52 0.48 0.36 0.01(P=0.943)
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2.4 LI FGF18 ARIEEBIITBEZR gk ILFEFEHMHE
KBS
MG 4 A1 FF BUE ) P gl FN o2 e 1

=T EE BUH1 EF #4175 (P <0.05) ,EE BUA1 EF &Il
R R SR B 2E R (P >0.05), 4%
FEIHY L SR A 4 HAR I 257 (P >0.05)

®4 WFE FGFI8 EEBIA £ E BB 7R 45 1L 3 F 5 IR B9 220
Tab.4 Effects of different FGFI8 genotypes on cashmere traits of Longdong cashmere goats

FE 7Y Hrm/ R PR g LY ER/ pm YR/ em
Genotype Number Cashmere yield Cashmere diameter Height of down layer
EE 133 415.634 £4.207b 13.629 +£0.039a 4.229 +0.047b
EF 136 409.886 +4.172b 13.571 £0.039a 4.209 +0.046b
FF 24 437.880 +8.484a 13.710 £0.079a 4.414 £0.09%a

HFFIARNE FRRR 227 BE (P <0.05),

Note: Different lowercase letters in the same column indicate significant differences( P <0.05).
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