R AEMEEAEF 5 (FGF5) E[HE SNP
EESFESHHEXSH

FHRE, BEL, RER, BHX
PR KBRS e, % 625014

WE: Wi PCR P EENT L, WREKEBR KA BALULINFIE R R FGFS FEHEAM BT 1
FSNEF 3 AT TRZ ST S EF 11 217 AR08 ARSI E H TCT =h2Ed A\ 51 B
KA, AEAMET 3 1 59 Sr(BL AL BYFI 3 A7 (R Ol KA T 8 XRAZH T—~C Flla] RAZ i T—~C. it
T RIS SN [ ) HE DR BRI A4 SE RV AT 3 AN R P AE R R IN 22 5, 708 A B EKBRAA
FarP AT & H IR AL AR S AT LN . S A7 AR AL S 7= B (05N R TR, 708 A SRR ALY
METE B EERAN B EP>0.05), 75 B &K BAME B 1 22 5 2% (P<0.01), ALsl C &2
R BRI 22 5 3 (P<0.05). WILHEWT FGFS JEN W] g f& 5 ma K B e s B i (0 10 Uk N o 5
FRGEFTER, EN KB BIHRIES ST 1L Al

REEIT: s FGFS N HEHREZAENE: mER

Correlation analysis between single nucleotide

polymorphism of FGF5 gene and wool yield in rabbits

LI Chun-Xiao, JIANG Mei-Shan, CHEN Shi-Yi, LAI Song-Jia

College of Animal Science and Technology, Sichuan Agricultural University, Ya'an 625014, China

Abstract: Single nucleotide polymorphism in exon 1 and 3 of fibroblast growth factor (FGF5) gene was studied
by DNA sequencing in Yingjing angora rabbit, Tianfu black rabbit and California rabbit. A frameshift mutation
(TCT insert) at base position 217 (site 4) of exon 1 and a T/C missense mutation at base position 59 (site B) of
exon 3 were found in Yingjing angora rabbit with a high frequency; a T/C same-sense mutation at base position 3
(site C) of exon 3 were found with similar frequency in three rabbit breeds. Least square analysis showed that
different genotypes had no significant association with wool yield in site 4, and had high significant association
with wool yield in site B (P<<0.01) and significant association with wool yield in site C (P<<0.05). It was
concluded from the results that FGF5 gene could be the potential major gene affecting wool yield or link with the
major gene, and polymorphic loci B and C may be used as molecular markers for improving wool yield in angora
rabbits.

Keywords: rabbit; FGF5 gene; SNP; wool yield
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RERAITIRAREE A AA T R REETERE, 1 H A R4 e SR ROR,
R RO E RN 2 %, M 345, B RARARMREIEH, WP kT8, TR
S, RS RNIRBERIN 52, WMAMBREE. . W 980 B, I R AR R A 5 4 AR 1T
a4z —.

B, —HUCK, SREBLAED FEWE LR, S T R=BHIRAET . B,
WA = B AR AR SCIE R BT 58 B = S R R, REBAK K E RS B/
EALEEHEH RN, B, BB B I LA K R 7 B R ik

AT A1 i ) A= K IRl F (fibroblast growth factor, FGF)) V2 AFAAE T2 2HR, 124 M1kt
%esg Y 23 FFGFs, FGF5 FGFEIRHK— . 1994 4F, Hébert2E R L RHTHIEAR, #
A, B IENE TG0 M I DR s A N BRI FGES R I R AR iy, 153 RAR 4l
BB RS Tef  MBFERIK . b5, THE T —R&VI% TFGFS JEH 5K EBMVI.
Rosenquist25C R BLAEA AN R P 7R INFGFS 25 2 25038 20 S S 4 I HIAT 4y » OtaZ8 gt —
B ULUFGFS 38 3 BT 20 R 7L Sk 40 3 T UM B 1R K, Suzuki6D VR BLFGFS H: A
P B B R A P A% BB AR K R 30, Teo 2415 B e AT AR BT mRNA B 3 (1 %2 IKFGF-5S 7] L
FEHFGFS IE e e St B A K, Herp -+ Ik 5 5/ . KonyukhovZ&BIRE5Y T A
[FFGFS JER BRI B RS, KINGEAFGES Toai A5 M (go 2k R I E 22 WU
B R BN, 1B go PR TG B HE KA P AE T

ASZIG I H B 7, W9 FGES JERAMNE T 1 f1 3 FEREKBR . RIFERL
KOMAHEJE WA BAZ IR 2 0, T e R & KB R AN R SE K Y 5 7= B I AH O, LA
W RS- B m A B bRE, A KBRS BRI 27 B A AR .

1 BETT %
1.1 KBz

Rk AR TR Aa B R RIS TR RIMERE . R EAIL 5 P RE KB R
T8, ARES . ek T 1H~12 A AN~2 A A = BI60 )BT E F(g), 2 Hidh
BIER()MBIERQ). 74b, BEHLERCE A PR K 2 BEERVI 3% K R B A F N
HB AR %530 FAE AR . SRE gt i s, ERFRICR 1.2 mLZe 4y, JAN0.3 mL ACDHL#E
RIS P A IGE I ZADNA, ¥ TTERHT, —20CIRAF.

1.2 3l¥mgit

ZFMulsantP BT 511, § 8 HARFGFS RSN B LB B 7 BEK 231

9350 bpAH290 bpZeti. G R AEHE ARG R AT G . 5IFFIIEL,

&1 PCRYHBTATIWTFE. FHKEURRHRE

Table 1 Primer sequences, PCR product sizes and Tm

A=) 514 K SRR
Number Primer (5°—3) Product size (bp)  Tm (C)

F: CCAGAATCAGCCCTACAAGATGCAC

R: GATGGAAACCGATGACCACTCTGC 350 56

F: CCTATGCCTCAGCAATACATAGAACT
R: ATCCAAAGCGAAACTTGAGTCTG 290 57




1.3 PCR ¥ 1

PCRY™ 14 BAAF N 10 uL, H AP H5 5.0 uL 2xTag MasterMix. 3.6 uLddH,0. _F R3]
#)#% 0.3 pL (10 pmol/pL) + 0.8 uLIARDNA. PCRY HIFE/T: 94°CHALNE 5 min; SAJ5 94°C
45 s, BYERFE 45s, 72°C1 min, 33 MEFR; Hn 72°CARLHEH 8 min. PCRI™YH 1%11)
B IR R VKA, 45 RS U VPTG AR R G/ kil i 8 45 51
L4 YL ENF

K RMERE: (dbs0) HBRA A1) PCR FWglitk ik &, SILUI, *¢
PCR P2 AT 4k, SRIGI%E Ll s E B A B A =T .
1.5 SNP fHERHEEFBAIFIE

X H Chromaslite200, DNAman, DNAstar £ 8- 347 751 450 087, BFU FTHRE: F
S EIAZIE, A L R S8R A 2 T £
1.6 Fito#h
1.6.1 A E A Fo 3k B IR &

MG PCR 7400 e 45 SR T A — AN A4 5% SEARAT iR (R BE A Y, 8l ) B ) o 554 210k
DR A DR A
1.6.2 3&51&4%

2845 o B Botstein ! 1A SUTH ARG SE N 2 AR, PIC>0.5 i
£ 025<PIC<0.5 APEZA: PIC<0.25 HINEZZA.

n n—1 n
PIC =1-(),P*)- (D D 2P*P})
i=1 i=1 j=i+l
b, jor A e, JANSENIIEDR s PANP 3 ) ok S5 iR S AN S R AR s oAy S5 A
FERHL
1.6.3 BAAEAR L= 250948 £ 547
K H SAS 8.1(SAS institute inc, version 8.1)71 ) GLM F2 3% #5457 s i FE R B 94T B35 v
U = ¥ S BN By VA 0 T B 1
Yljkl:ﬂ+Li+Gj+Sk+(L X G)zj+eljk1
Hor s Ve R S SRR SR RIS DR L (R SR P Ik S (R S5 A BN s ok 7= B B R A4
Y Lo RN G SRR R RN s S N BB ARPE N s (LxG) iy iR
i PR SR R IR R R 5 I AR RN s ey M BHATLR 25 3800 o
2 ZR54T

2.1 PCR ¥ 544k

Wik PCR §734, P AR F S TaliAk, B IR RIAE R B SRR I va] 45 38— 43 i 1)
Fra e 1, K 2). #R¥E DNA 27 &bk DL2000, Z5565% 5 af#ER 5149 1 3
189 15 BER/INZ g 350 bp, 514 2 3 BO/ANZ D 290 bp, S S EAN ST
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B 1 4EF 11 PCR ¥ Hr=¥)mikE

1: DL2000 marker; 2~5: PCR /=4,

Fig.1 Agarose gel (1%) image of PCR product of FGF5 exon 1
1: DL2000 marker; 2—5: PCR products of FGF5 gene.

bp

2000
1000
Fal
500

200
100

B2 42T 3 PCR ¥ H=)mik &

1: DL2000 marker; 2~4: PCR /=4,

Fig.2 Agarose gel (1%) image of PCR product of FGF5 exon 3
1: DL2000 marker; 2—4: PCR products of FGF5 gene.

2.2 SNPfImHE

F AL PCR ™ IR T H MY, K43 20 7 5138 48 1 5 43 BT SE X, A 21
LRIAN 1303 53145 B JEZ9300 bpA1240 bpFIKE )T 41 . FI| FHDNAMAN SR 3ET 2 5 L6t 43
M 3RS A, 45 RAEFGFSFE R AN 5T 12174 (1] 5. A) R IRAFAE — /N TCT =B I 14 4
N BN RAFAETCT =4l AN RS R R fr 44 WA TAL, AAFAETCT =B s 4 A ) 25 D5 78 iy
HKA2420 AN BT I3TRI2AN AL IR Z &AL AL Horh, TEAM 87359 (7 siB) R A T
HT—CH M54, HAG3FELNAY, 435 BIBI. BIB2. B2B2. 15U KRINANG F3HI347(hL
ROBRIEAE R AET—~CH R, LA MWAMIER, 2Rl hCICT. CIC2(K3), KREILC2C2
FEDRAY o 4 A s IR 5 I AR T IR P 91 e S s R R P A s, RIS 140 B 7 147 13
AMGEAR G T — N2 R INH N, IO T — A Ear 5o A7 T4 87367 B AL 57
e R R 22 TR, T SUORAR, WA 55 CHIZR S AT 5 R g fid & SE R I i As, R [m] X



Bl 3 C1C1 A7C1C2 ZEF B MNP (i)
[P G N 8 SR I VA S
Fig.3 Chromatograms of C1C1 and C1C2 genotypes (reverse)

Arrow denotes base mutation.

2.3 FEmMEERZMERFRSE T

PR AR BR . RN B LSRR JE gt AT SE R ARSI, SN [R] PP FGFS5EA
ANEF LS AN T3MSE R R AR . vt g R AR 2~4, TEREK B R AIAIFER A
AT BE R I8 5 T A2A2FE IR RN A 255 TR, ATATFE DRI S A 1554 FE AL 45
P, TERIN B INFIAE JE A A24 255 I BTN A 256 (0 FE Ry a3 A2 7314 B
RGBT BB LD BFNB 1S5 JE R R M 26 W A T~ B2B2IE R N B2AE A K5 M, 70K
WFRE AR INAIAE JE NV A B2B 2SR R RN B2 v B DR R i 22 Bl S AIG T~ B 1 BIRE R R R B 146 A7 2%
Hls AME T30 SC, AXAFAECICIFICI C2PFRIFERI AL, 3AN SR C 1 C23E (R Y AR 1) ] {5k

T CICIFERARY, 1 CIEA FE IR RS T C295 A FE K o

22 AL AR R BN R S A7 N IR it ol ) A7

Table 2 Genotypic and allelic frequencies among different breeds for locus A

wn FEASL FEFTATZ Genotype LN Allele
Breed N AlAl AlA2 A242 Al A2
KEKEBR
o ] 78 0.885(69) 0.000(0) 0.115(9) 0.385 0.115
Yingjing angora rabbit
RIF AR
30 0.100(3) 0.000(0) 0.900(27) 0.100  0.900
Tianfu black rabbit
InFAE e b4
30 0.067(2) 0.000(0) 0.933(28) 0.067  0.933
California rabbit

A0S WECT A RS

Note: Figures in the parentheses indicate the number of rabbits.

R3S B R BN R AR AE AN IR o ol ) 20 A

Table 3 Genotypic and allelic frequencies among different breeds for locus B

o FEASL FEK Genotype S IER Allele

Breed N BIBI BIB2 B2B2 BI B2

REKFR
78 0.090(7) 0.179(14) 0.730(57) 0.179 0.821
Yingjing angora rabbit
R EAR
30 0.733(22) 0.200(6) 0.067(2) 0.833 0.167
Tianfu black rabbit

IR Je A 30 0.800(24) 0.133(4) 0.067(2) 0.867 0.133




California rabbit

e 5T R A RS

Note: Figures in the parentheses indicate the number of rabbits.

24 LR CHE R BN R S5 70 S /] it ol 1) 20 A7

Table 4 Genotypic and allelic frequencies among different breeds for locus C

wn AL F Y Genotype L HE R Allele
Breed N CICl cic2 c2C2 Cl C2
REK TR
o ] 78 0.179(14) 0.821(64) 0.000(0) 0.590 0.410
Yingjing angora rabbit
PN
30 0.167(5) 0.833(25) 0.000(0) 0.583 0.417
Tianfu black rabbit
InFAE e v A
30 0.300(9) 0.700(21) 0.000(0) 0.650 0.350
California rabbit

e A0S WECT A RS

Note: Figures in the parentheses indicate the number of rabbits.

24 BUAUAEZHEREE (PIO)

R 4 35V 5 AN () S5 A7 3 IR 1 6 DR 6 v A3 B 256 s T34 PIC {E LR 5, AL TAMNE T
1 BT 5 A FAN 1 3 A7 A B IS4 PIC (85050 0.155. 0.231, J@ TAREZ AN, mir
FAHNB T 375 C KISFE) PIC 1 K 0362, @ T2 &,

R5 FURAZHEREETFHE

Table 5 Average polymorphism information content of each locus

A REK BN PN/ T AR Je 25 ZAMRGRE
Locus Yingjing angora rabbit  Tianfu black rabbit California rabbit PIC

A 0.183 0.164 0.117 0.155

B 0.250 0.239 0.204 0.231

C 0.367 0.368 0.351 0.362

25 BERBSFEEMMEXSH

251 rEFULEASKRAR 5 = L F 8940 KoM

KHISAS 8145 T84t SR &K BRI G T 147 AR P Fh 3L R BIANA = B 8 7 T 5/
T HT RIS, SR W K6. FGFSFER NG F 17 AR P FR 36 R R G B B (1) FI Q) 52
Wi SBJAN 5 2 (P>0.05)

#6 fLRAZERZX=REEMW
Table 6 Effect of different genotypes in FGF5 locus A on wool yield

LR HEHE(E SWY()
Genotype BER() Y ER(Q2)
SWY(1) SWY(2)

AIAl 195.37+£5.29 228.49+4.37




A242 196.46+7.42 228.08+7.59

252 4hRF 3455 B CEHEARAL L3094 K 0

KHISAS 81401 At SR AR B ARM AN G F 3L 2 R FE R B B B AT ey
TR Z H IR, SR NAKT. FGFSIEPIAMG 1347 mi BV EE R A6 BY £ & (1) A BY £ &
QAW E W, BI1B2FIB2B2KEE K RANMA Y B 5 (1) M B B 1 (2) I W& = T BIBI AL
(P<0.01), B1B2YjB2B2EEIRIIANAZ M) (18 (1) A BY B 5. (2) 0 1B 5 1K 22 7:(P>0.05); 4b
B30 SCH B R C1C2 /M MR BY B & () M BY B 5 ()3 B 3% & T CI1CT 3 R A 44
(P<0.05).

KT ALRBRICEEFEN=EEKEM
Table 7 Effect of different genotypes in FGF5 loci B, C on wool yield

BER (g =K Genotype
SWY(g) BIBI BIB2 B2B2 CciCl cic2

HERE (D s N N .

167.61+£7.62 189.76+6.45 204.49+3.91 179.83+7.13 200.43+3.76*
SWY (1)
BIEE (2) . N N .

+ + + + + 2

SWY (2) 206.49+6.37 223.79+5.79 235.28+3.38 213.05+6.91 232.16+3.48

o bREAFKE FREE Z R E (P<0.01), A LMFREAR/NG FRES ZER B (P<0.05),
Note: Different large letters mean significant difference at 0.01 level, different lower case letters mean significant

difference at 0.05 level.
3 W W
3.1 B(ImRYiFk

VI ARUESE, FGF5 JERE 20 B2 MG 2 Myt B A K E AR K 7. H
SNP 5572 B AR A M G Rk T BRI S 5 1) 22— o i 92 S IR [ 4 2 AL 2 R )
FGF5 JERIAMNE 1 1 F1 3 2 MEHEAT THFIE, KB AIL SEFGFS BER AN 1 1 947 AE
2 AbBAREILAR S, MANE T 3 HFERAKRILEZ A . MulsantZPWI58 T 9 K B 5 FGF5 FE
Z I ES, RIAESNE 7 1 R DTCT(L RGN, X AR AN LT 1 R
SR, WA T — A Ear WAL, (EAME T 3 HHOLEEE] 58 AL HT—~C, 1X—28 mpAfi 5
MR 22 Z IR . Housley 5 P I FGEFS SENBHAT TIE5I 00T, KRBT Wkbgeds, it
ST R IRIL P ) — Kb M 528 5 B e K E AT M1 o Drogemiiller s W T M FGFS JEIA
2N, FRILT 4 LbSNPs, Ay 3 AbSNPsAEK B T B LA S A48 A 1K 47 S A
STERAT W Bk 11 2 5 o Kehler®5 U6t 26 AN SRR IS A A I 2 AR ARSI FGFS 3741
BT/ MT I T 4 AEWRIETEAR , L DR e 41 e il 28 SRR I R I Ak Ak S AR R 25 T 4R FGF5 iR
H DS E, AR T RINFGFS LR RARMAFE A B LAY, JF DL RO AR
75 kA% o

AR, Wi PCR I EBN T, fEREKBR R EARLLAINAHEF
WA FGF5 JERISME 7 1 K1 3 thk B T 3 AAE 4148 5, P g4 e 1 1 iIAZ A A F
AT 3 (AL B 5 Mulsant Z54RGE K30, AME1 3 AL C O E IR, h T—C IIF
XRAR RGN A SR IR RIS, AER AT AT R 2 B B s 2R A i R D) g
PRGN, T EAE R R IURIER R



3.2 FGRSERABNMEEREMNSH

XA ARIB, 75758 28K 6 i SR (10 35 DRI 28 R A6 DR A e Bl Al v M 2R 28, 1A
RIRF BB AR RN JE V3K P 30 B S b P b HG AP AR 5 145 SRR T TCT =W 14
N5 T— CHRA 5 [ 1R 2 SR R SRR A o] RENCR T 8 B 2 Ik DhRg, sem T %
BRI EA G LA B, AR REBRKMEL; XFAac, R T CICIFCIC?
PIRNERI Y, HAE3AS A b CT1C2FE R R A Ze 341 B W i - CICIIE R Y, 1 CTA5A FE PRI R
2SR BRI A, XU WA S e K BIF R EEN R, (AEA Ry KEA
e e REVE T, B H A A = MR A 1
3.3 BURMSSEREE (PIOSHR

ZAEEERPIOLMEFA IR 7 B2 A ER FALRR, SR 5L N AR AR e
JERACHITRRR o ASLIGAT BIFFA I3 20140 e AW 1AL AT A 27310 A7 55 B
IPIC{E /3 90.155. 0231, J&TAREZ A5, X5 IR B AL AR, 34 A
Bk Aand m A E T E Y, BEAE R AR MWK, SbE 30O SE PICTHE
490362, BT HHEZEN, BEERRA, BHA—EmMEEEI.

3.4 FmE5FEEMHEXSH

HAT, W90 FGFS FEH 2 250 AR/ 4026 12E, &Y LIEIT, (HIEXT FGFS
LR 57 B (A S I R WARE - ASZI0 Il X FGFS R85 7= B (A St o i R 0
fiF FGFS BERMANET 1 PO A SRFBMRAE K EBR " BRERALE, i FGFS
FERAMNET 3 A7 A0 B AL AL C 1A 5 R i) 78 22K B A 1K BY B 20 A7 AE AR B 35 (P<0.01)
R (P<0.05) 225, LA KR FGFS SERAN G 1 3 XA S0 R S KB 5B
A MR VS HEWT FGFS JERJE MK B B i e 1) B0 R sl 5 3 R3E R
B, BAE KB BRI AT % L B A A d (6 ] B, P R AR
AT SRUE. 348, BT FGFS BERAMNET 2 98 MM, ARS8 FOn 4 e 10 3
WEAT PCR ™84 R AISRAE G #T, A IS WA FGFS ZERSMNE T 20 A3 7 LU A & Tl —

56)}%0
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