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WE. XMW 7 MU R AR RRS, S AMKEHE (Syrnaticus ellioti) 4 AMHLBELRHRE 105 MMAREST T Fo
BERAL 0T o WFFORTN 4 A IRFPREL i 25 Hardy-Weinberg P, LR IIE] 62 MR, P26 KL% H
9 8.86; KZ M RN RS AA FEMHEBAR, P10 0504, B BARTHHEEGE. T M A2 S ELE
B 0.549~0.860, 344 0.712, FTCBR A7 FEIRIY | 75 25 S AR R FRUAH S AR Xof 4 A Hi B ol 88 (1 o 88
KNI, R A R P A4 DT I SN R R . BRI [ Fst {EZRRE, SN -5 R st B FRe ()
M AIE 2] TR 7K T (P<0.001);  H Nei [GIIC st AL PE 2 BTA @ AT Eem o, S M B 5 3] w1t 2 A
BB R REBOE . RN A R R 5 2 502 7 A (SN BRI A b R ) I >k
ol R [0 R L AR 1) P38 AR S i AR B /N s 1T ) — MO B 0 P AR 2 T (2 S 2 K (92.84%),  FLIAHI 357K T

KR AMKREHE; LR BEZREM; Bk FOERRSAY
FESES: Q959.725; Q347; Q31; Ql6 XERFRERS: A XEHRS: 0254-5853-(2010)05-0461-08

Genetic analysis of microsatellite polymorphism in the Elliot’s
Pheasant (Syrmaticus ellioti) in China
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Zhejiang University, Hangzhou 310058, China)

Abstract: In this study, we reported the population genetic analyses in the Elliot’s Pheasant (Syrnaticus ellioti)
using seven polymorphism microsatellite loci based on 105 individuals from 4 geographical populations. Departures from
Hardy-Weinberg equilibrium were found in four geographical populations. The average number of alleles was 8.86, with
a total of 62 alleles across 7 loci; observed heterozygosity (Hp) was generally low and the average number was 0.504. For
the seven microsatellite loci, the polymorphism information content ranged from 0.549 to 0.860, with an average number
0.712. Population bottlenecks of the four geographical populations were tested by infinite allele mutation model,
step-wise mutation model and two-phase mutation model, which found that each population had experienced bottleneck
effect during the recent period. Fy analysis across all geographical populations indicated that the genetic differentiaton
between the Guizhou geographical population and the Hunan geographical population was highly significant (P<0.001), a
finding supported by the far genetic relationship showed by the neighbor-joining tree of four geographical populations
based on Nei’s unbiased genetic distances. Using hierarchical analysis of molecular variance (Guizhou geographical
population relative to all others pooled), we found a low level of the genetic variation among geographical populations
and that between groups. However, differences among populations relative to the total sample explained most of the
genetic variance (92.84%), which was significant.
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Ding & Zhuge, 1989; Li, 1996; Ding, 1998; Birdlife
International, 2009), A #2844 v S4B P X 2R 56
B P U X FF2K (Zhang, 1979). iZHER 2 MR T
WE4K 300~ 1000 m (14 Ll B LU A5 (8] 1R AR, i i
ARIVET - i VR AT MR I HEE B RS 4 T (Ding
& Zhuge, 1989). HTKIHMIARMIAR . Bl BIH
gl 5 45 NG, DL H A S5 7 (1
18, SR A I A T T A Bk k.
Bk A iB 1k (Ding et al, 2000; Birdlife International,
2009),

20 22 80 AEARLISK, [ A2 F AU HEIC
RHEITRE TADW RITEA . A WWshigE. &
WEIPEL BRI ME . R MR IR S A LR A T 1
[R5 A A2 25 24107 9T (Ding & Zhuge, 1988, 1989; Ding,
1998; Ding et al, 1990, 1996, 1998, 2000, 2001, 2002;
Shi & Zheng, 1995, 1997; Peng & Ding, 2005; Cai et
al, 2007; Xu et al, 2007); 1 HiE/EZ K14 DNA /K
Vb, WA R HER AL Z R PR 0 15 A
SERFNBE DR A S AT INE , 20 AR S TR K
Ko FBAG N THRFEAL AR 0 3K R A
FOEER M, BET SN ARGt T i 1 300K R HERP
AR (Jiang et al, 2005a, 2005b, 2007) .

f8 T2 DNA JZ BA 1~6 bp FIRZ% 0P 41 R B
oA TSR A P s R LR, Tz oA
TERAEW . 20 92k, T BERAS
TN SN 0 NNIE 273 GNP S T R (1= Vo
e ZAEAHED . PG R I ARE vl R
SEAR AT (Estoup & Angers, 1998), #7IA A A& 43
TEBE g5k B i FH I o3 1A, T2 N T4 i)
PREDE 225 H (Nesje et al, 2000; Burns et al,
2004; Beacham et al, 2006; Wang et al, 2009). fHLt

x1

T-RERBAL R A DNA, i TR R XEER AL 1),
R T 0 4 1 Hh S R R i st AL 454 .t T DA
(1) 3E Ak 38 % L 26 R & DNA b ( Balloux &
Lugon-Moulin, 2002), Ak DR 3241 3224
Pl Dy A J PR 45 0, T2 R A4 DNA
W sz e 3zt 39 <A 5 3850 ) 35 A% AR S R DR AR D
(Wan et al, 2004),

ZAMM P A DNA 4 £ 5 BHkE e,
FEFRRREE I g kiik DNA AEf% o 1 Hh g v
WAL LR (Goudet et al, 1996). K, EAHT
o, AR TR AR d T B 30K R Rl
FEM B ZFE M SR g5, 2Rtk DNA £l
g — e L, DA A TR AN M T il A S
FRHEM IR, iR A S A B R LR
HOEGEEE =Y

1 #MR575%

1.1 SRIEH
AR 105 385 2k A T2 8
W, YOvh. AR, IR, RSN 6 M4 (Jiang
etal, 2007), i 53 MG O T B 3K R HERL 1L
G2 ASPERIFRI (Jiang et al, 2006) . HF#I{L
LRORNT I =B P R E =B AR
FH L S AR X I P, DRI IX = AN IR RE S A A
—ANHERRRE, JERR A E R AR . ELARRE A
FENE 1.
1.2 KEAHE
1.2.1 DNA#E L4 DNA R BCR H brifk
I K ANy-5 05 47k (Sambrook et al, 1989).
122 PCR ¥4 K AR MR NI BB vk 7 A
ZAMM 2514 (SE02. SE03. SE04. SEO5.

BIKEHENIEMRERRLC

Tab.1 Summary information on the samples of Elliot’s Pheasant used in the microsatellite analysis

KAfH Site #H No. i Resource 517 Sampling time
Wi (HN) 20 A 1998—2002
dHl (GT) =B 2 bR 2002—2007
AN} 8 MAE. AN RIE 2004—2005
WL 6 FrAL ke WA 2000—2003
wwEE (FD 27 Bk 2004—2005
S (G2 42 MAe LA 2002—2007

STt Total 4 105
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SE06. SE07 FISE08) i HIRIEAT S IR AL x4
(Jiang et al, 2006), PCRZNAKFR N 10 uL, FL4 1
pmol 5¥ikric (IM13+5]4) (IRD700, Infrared Dye
Primer). 1 pmolffJ5[4#). 10 mmol/L Tris-HCIl. 50
mmol/L KCI. 2.0 mmol/L MgCl,. 150 pmol/L dNTP
A 1U Tag DNAXR A1 (TaKaRa)., PCR XM {E
PTC-200 B4 [FIDNAY 14 _EEAT: e WAk FRAE 95°C
TAZYE 5 min; BEA 30 ME] 94CTEANE 50, 1
Z51r R kIR ¥ (Jiang et al, 2006) IEK 1
min 20's, 72°C#EH§ 1 min 20 s; $ 575 72°C L 10
min. PCR™#JLL 50 ~350 bplHIRD700 A brifi4,
28 6.5%IM) AR SR NI L NG Bt e vk 70 15 o JONAE
LI-COR 4200 FH #hilll 74 _E3E4T, BRI BR M
SAGA-GTH AT o BEXS 5 W HIL 6 K, LU
PREE B AT S

1.3 HEHKITH R

ol TR R DRI (P 5 Jd -V A 4% (Hardy-Weinbe-
rg) Pk #E GENEPOP 3.4 (Raymond & Rousset,
1995) E5Ef%. FHCervus2.0 (Marshall et al, 1998)
THE S BRSO R I H (N B G
FE (Hp) FUERARA R (Ho) IR Z[EES &

(polymorphism information content, PIC). HR#fE#%
A7 R3S A7 3 A2, 3K 1 Bottleneck1.2.02
(Cornuet & Luikart, 1996; Piry et al, 1999) 45l
PEFRREM RN, « Bottleneck 4412 I T 41 K &t
P A —NIRARRIEE NS, R rh P R A R 4
LI IR 22 R (BRMEZ A D) Bk D43 iR, Bk,
X T AN AER sk R B RS2k R (R A U, 4%
O A% A Rk R L% (Maruyama & Fuerst,
1985). A4 T &5 SR SEPE, 78R i 20 24 S A4S I
th, ds FNZ A PRI 3 Mo AR . TG RS
FEPIREY (infinite allele model, TAMD. &P RAR
FiH (stepwise mutation model, SMM) FlXUFSEAR
Fi# (two-phased mutation model, TPM). Z4+& /%
o2 A R R H Wilcoxon £5F 5 Bk k&S
(Wilcoxon sign-rank test) HJXE (two-tailed) i
MyE (Cornuet & Luikart, 1996).

b e £ TN T LT O o T | I 7 = A
Arlequin3.11 (Excoffier et al, 2005) _[5¢kk, &5
B HES L (Permutation test) Fill],
5210 100 X JHPOPGENE3.2 # {f:(Yeh et al, 2000)
T Nei [C I TE st A% B B (Nei, 1972), E5 1000
o R 2 M BEFp R 2 1) 1) a5t A% R B, fdF

MEGA4.0 >k 1 & & 48 K & W &5 4 B

(neighbor-joining tree). H T AL 4 A4S HbFHFl
eI or kg 2 ANHE, RIS RA R (GZ) h—A>
AU HEL (GT). iR (HND Figsd (FID 3
AU IR RELE & 0 ) — 41 B (Jiang et al, 2007), #iFk,
IR 5 128 543 M7 J7 7% (analysis of molecular
variance, AMOVA) 73Jj%f 2 NHREZ (0], 4 MHb
FERPHEZ 8], LRI AR )[R 1A% 2 e AT 4y
25 HT - AMOVATE 44 Arlequin3. 11 (Excoffier et al,
2005) 58

2 4 R

2.1 Hardy-Weinberg 18 & %1% % #£ 14

M2 K R HE A5 Hb BE RO i 2 Hh R B T
Hardy-Weinberg V-7, 28 {XHardy-Weinberg > ffif5;
W7 Ak DEAL R AE 4 ANSHBERRREE BT 53
B KRB HAT 32.1% (9/28) Mk kG 2,
BRItz 4h 28.6%(8/28) 1 i %% (P<0.05),39.3(11/28)
MR (P<0.01). 488 4 NHBEERRIEAE ) — AN B
FHEEREAT AL BRI, KLU EISE06 FISE07 1X AN 1
WF (P<0.05) (e, 1Al 5 AR AT K
e % 2 W 2 Hardy-Weinberg V- (P<0.01). 7
A, RO R 62 ANEEATIEIN, S I R
HM 64> (SE03) #| 114> (SE05 FISE06) "%,
SRR RE B H b 8.86 (K 2). 7 4 AN MBI R
o, LA S P S SR S DR B H () B
T s 17 vl T R R ) - 38 A6 A DT I A /D
(5.00). FIHKRHEM M EE ARG FEAM AL, A
SE02 117 £ 1#) 0.261 FISE06 17 5.1 0.782. M 3 1
i, K HC R SIS A S AR T
WIsEJ AT, o, o st R AN R TR N A
AR = (HE=0.764) ;T8 B A0 D M Hh 8 R 1)
PR A4 A BEAHIE, 738 0.685 F1 0.686, 7 AN A
M2 &EEERERWR 3 ion.  PICH = [1/2SE06,
4 0.860; TMSE02 [PICHAK, A5 0.549,
2.2 FREFHRIRA N 4G

HF TAM. TPM Fil SMM = FhAS[A] R ¥, 15
R~ DO ol FE L DA 4 A MR R R SR
MNAIE 4 . 46 IAM BRI, Wi
by 3 o A R Ay b P R AT SR AL S TR e
L (P<0.05), 1y B LU b B BRI B4R 5 2 /K7
(P<0.01); 7 TPM BAUE R K, HAT H L e
FhREIE BIM b 2 7K (P<0.01); 7£ SMM R R 5
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AN AR I s & ), 25 R 5), HAAMEAST M AR T BT I B4
B <P<0.05>° E= PR 5 R, IR Sl 1 (P<0.001).  FEFHEAA] Nei [ TG st A4 1 2 (R

o FH L PUR AR EE 4 A ERRERA A FIRERE 12 5
JERL RIS, a0, 4 AR A AR

5) TR R A AR R (B 1) W] R dt s A
B3 AR (] 1B B B s D B

28 31 UK ) 5208 ﬁ%EEMﬂ@ﬁﬁzﬁm BALIR B RN, AR
23 BfELEEM MRS RAERR; WR B S ST, A
‘,Ell —
FHERAPRE RO B AR MG (Fo Wox (R BB R RSt A% 2R S AH T
* 2 BIKEHSHEWNE. SUSNENERLE
Tab. 2 Allele diversity for 7 microsatellite loci in the four geographical populations of Elliot’s Pheasant
b R P R A5 A7 BRI HRE
il H e B sy oy L | ol AT foe Kb EL
Bl AL SRR Bk e Na within each geographical population SRE e
Loci Range of allele sizes Na
HN GZ GT FJ
SE02 202~230 2 6 3 4 7
SE03 266~276 6 5 4 6 6
SE04 168~185 6 9 4 7 9
SEO05 263~287 7 7 8 8 11
SE06 299~327 5 10 8 8 11
SE07 196~225 5 7 5 3 8
SEO8 300~345 4 7 7 8 10
FHI{H Mean 5.00 7.29 5.57 6.29 8.86
*® 3 BIKEEREE (H) fMEZSEREE (PIO)
Tab.3 Heterozygosity and polymorphism information content in Elliot’s Pheasant
ZAEREE AR
(;IC)H " H tT e . S W H BN 19245 . Heterozygosity within each geographical population
N eterozygosit
TR AR _ YEOSTY
. Polymorphism HN GZ GT FJ
Loci
information Ho Hg
Ho Hg Ho He Ho He Ho He
content
SE02 0.549 0.261 0.618 0.222 0.457 0.286 0.551 0.429 0.638 0.111 0.770
SEO03 0.584 0.269 0.641 0.250 0.576 0.214 0.572 0.455 0.654 0.300 0.780
SE04 0.833 0.411 0.856 0.583 0.790 0.350 0.823 0.500 0.750 0.385 0.754
SEO05 0.740 0.461 0.767 0.434 0.813 0.415 0.592 0.667 0.862 0.412 0.820
SE06 0.860 0.782 0.878 0.800 0.730 0.810 0.876 0.938 0.887 0.609 0.812
SE07 0.680 0.607 0.719 0.579 0.698 0.610 0.652 0.727 0.758 0.556 0.567
SEO08 0.735 0.737 0.767 0.850 0.730 0.786 0.738 0.923 0.800 0.458 0.767
-3 {H Mean 0.712 0.504 0.749 0.531 0.685 0.496 0.686 0.663 0.764 0.404 0.753

* 4 BIKEHE 4 NHEMEERI AN St

Tab.4 Population bottleneck analyses in four geographical populations of Elliot’s Pheasant

AP RE ey BT AL r AL P1{H
Geographical " . Loci with an excess P-value
. Sample size

population IAM TPM SMM IAM TPM SMM
HN 20 6 6 5 0.016" 0.297 0.375
GZ 42 5 3 1 0.078 0.813 0.039"
GUTIAN 16 7 7 5 0.008" 0.008" 0.054
FJ 27 6 5 3 0.016" 0.078 0.813

"P<0.05; "'P<0.01.
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Fig. 1 Neighbor-joining tree of 4 geographical

populations based on Nei’s unbiased
genetic distances

Hby R 1K) 20 2 20 BT BE L FRATT B 3 B b T
il AL AR e R A I BRI (R 6). AMOVA 73 #fr
iR AUBEZ R s AR N, AR 1.56%,
e RN ABE N A b FR R (R 35 AR S K
B, Ny 5.60%, ZESHAEE HZ, MBI
AR Z TR RIS AR S T ik 3] 92.84%, 2257 3

3 % i

3.1 Hardy-Weinberg F# & HHKEHEMIRFIAT
BE A
APk T Hardy-Weinberg “F-HPIR A5,

FLREDRIA AR R L DR A A 2 R AR T . B
fii 25 Hardy-Weinberg i ¥) 5 222 PRI A4/
RACHC S A FE R 58 . TR I R BT
#E45 (Hartl & Clark, 1997). AWML RE R, 4
- L < S E NI 7 VAR = ol < 1 i [
Hardy-Weinberg ~V-fif, fA7ERE MK FENSR. &
JUAER, T Beth, 3R R S 1 A A4
HAE . fE - SE A R X BT IR A PP R 1l
K R HE R R AE X % AR AR (Ding &
Zhuge, 1989). [k, (180K R HEMA P EE R
FHXT LGRS, RS B0 (] 1] B H B — s (135
B, A FECT R Hardy-Weinberg “F-17 .
I, SRR S R HEA A e
HOS: (Li, 1985; Shi & Zheng, 1995; Peng & Ding,
20050, ZNPIRIE A HOR (L E H BER R ) (17 5 A
AU, AT RE R BOT AT I B I SR 2

TERT MR G AL AR S0 KNI, 4G 2% 5 B (HD
MEZEHERETE (PIC) 2 FEMIR . A5 R
BRI Z 251, E R T BHATE &AM B s AL
25 (Niu et al, 2002). EAMFFCH, FAERA
K R HEM I WA N 0.722, A

x5 BWEELNERESME (Fst, ZT7F) MEMEEE Nei KERBEEESR (ALA)
Tab.5 Estimates of pairwise Fst values (lower-left matrix) and Nei’s unbiased genetic distance (upper-right matrix)
HN GZ GT FJ
HN 0.240 0.224 0.311
GZ 0.135™" 0.153 0.286
GT 0.051 0.070 0.247
FJ 0.084 0.004 0.053

""P<0.001 (permutations=10 100).

* 6 ATKEENSTTROM
Tab. 6 AMOVA analyses for Elliot’s Pheasnat

AR 53K 5 Source of variation

A5 51 Variability (%)

ZH#f1H]) Among groups

FE A HuBEFP B Among geographical populations within groups
Hi P AR Z [B) Among individuals within geographical populations

FCT
FSC
FST

1.56
5.60
92.84
0.016
0.057

0.070°

For: ZBFMIEAL MU S Foc: AUREA S U BRRPE ) AR S it For: SBIURIRE Py /e i )22

i, TP<0.001 (10, 100 RHEFIES),

Fcr: amount of genetic variation attributable to genetic differentiation among groups; Fgsc: that among

geographical populations within groups; Fsr: that among geographical populations relative to the total

sample. " indicate significance at P<0.001(10,100 permutations).
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IR 52 B ot 11 ek K JF2 A Syrmaticus reevesii [~ 1453
P (H=0.390-0.776, Wang et al, 2009); [&]#f
& T AR WIS & 2%, Wniif £ Falco peregrinus
(HE=0.51, Nesje et al, 2000). wJ UL, [1#0K FEHE
(R AL Z AV BAAKF B R . 4 RS S R
LRI ADNARI 2 &M (Jiang et al, 2007) 2T
G —MONA, fE—ANEEART, YA RURPIC
KT 05 I, ZALUREEZSAA, PICLE 0.25
5 0.5 208 b EEL A AL T/ANT 0.25 MK
AL (Niu et al, 2001). I ZAsE, AIKE
HEI A0 TR i (0 2 50 B B m iR s, R
0.5 UL L, AmEZEN LA, FIPICH 0.712, HAI
PICr AR S 7 I 30K R e — AN st AR Z R iR =
B A
3.2 B MR IR RN R AR AN

M APRER AR RO R S AEE
AL S FE R BRI JE R 2 R (R )
S o AHSE, SRR B (D R LG R
ZAEMEN . BRIk, RN I D s B K
I () o B ok Uk, o IR % A R R B B
(Maruyama & Fuerst, 1985). fEAWIITH, FATF
1 3 ARAFFR (IAM. TPM Al SMM) KA 4
A HOEFP RO RN . IR, TPM 2T 1AM
HTSMM (1) [ 3o PSR o 33EA T4 T2 22 Bl AL BRI
TPM Ko — PR %, Hd/bEs (5%~
10%) 125844 il (Luikart et al, 1998). #H Lt
T SMM il IAM, TPM #7655 B L His A B K5 73
2 (Di Rienzo et al, 1994) ., WY H TPM
BERRAT RN FDRBE Y, I ALEARRTH, A
A P L b e R LR A L A 1 2k S R
(heterozygosity excess) W%, fEITHANZ it
HUK N s Al 3 AN HUERRR AT B
PIRHSIRN. . MOXAN AR, SR R 25 b o
T S B 52 (RN TR A R AR oA, X n] g
S LR Z R I — AR, RO — AR 35
i 22 FEPE IR 3= T P 52 0 P AR O 390 R0 Y. 1) 5 )
(Frankham et al, 2002),

S K

Balloux F, Lugon-Moulin N. 2002. The estimation of population
differentiation with microsatellite markers [J]. Mol Ecol, 11: 155-165.
Beacham TD, Jonsen KL, Supernault J, Wetklo M, Deng L. 2006. Pacific

3.3 HEMKEHEHIEMEREENREEDS L

FE 3845 70 A0 R B (Fst) 2 S e 4% b T 3t
FE o AL S (W T B bR o ARSI 4% HE Fisher s U1 P
0L 56 T 15 LA B M R I g e 3 AR 2 TR 1R 4 0
B TR Ko 1X 5 i Nei [ S s £ B 25 BT A4
FRETRINTB A3 21 (1 25 SR AR5 1) o NIB 27 52 M H
FRFRE 5575 g M BN ) B SR . W A
(K153 )20 FAR ST Rl A, 8K 2 LI P ANl
FEM A 22 S AH ZEAN R, #N,  FLARAN 3%
(RS ERSYE=D i Bt b R N Nl ST B L X
FHRTECR (92.84%), HIAF|EEKF, XE5LH0
ADNAKIZ5 B (Jiang et al, 2007) JEAH— 201 .
SRIM, Sk T2 ) (19748 S 5 2R RLAR DN A 237 e
359 (Jiang et al, 2007) HIILIrE . ZERi/ADNA
AT R BN Sk BT AR AR AR
(33.7%) IR S K T4 A 25 3 o i) 11 2 S
H (4.42%) (Jiang et al, 2007), B P4 (1) 45 F 4L
NG o TR R RDNA A P s A4 152 2
A FFRid, EAIT BA 58 R A
FERAN AT, X0 RE R T B A s AR id 1)
A3 8 F I 2 S AR DG R R o B B A TR i 2
ROEBAEbR L, KEZEAL paERe Ik, JLAFAMY o4
BRI A E A 5%10° (Goldstein et al, 1995);
M RAADNAJE RERBL K1 5> FFRid, 2B ADNA
P2 A XA AN 814 — AR 1 58 AR R AT 3%107
(Milot et al, 20000, F1 T4 T2 (1) 58 AR i Fe B Lh £k
FIAADNAR, 38T R W Fhai 5 S0 i fk
AR e MHEDARUIR DL s T 2RI AADNAFR I, 7R
FE I HURE S e RE Rt AL BS54, 38 TRz 3
4 (Wan et al, 2004) . 5Z:kiADNAZ T-hric HLL,
% Ve T DNABRE T 04 11 1F) 73 B P 1) dit
FLEEF) ) RETHEE )T 2 (Wan et al, 2004). £ AT}
GO, Ak TR RS 38 1) 1 SR R AR (1] 11 A
BN (1.56%), 326/ T 2RI AARDN ARSI 3] () 45 5
(33.7%), IXULIAAEDT S b, SR R A o M B
ol [7) 2 At by oo 3 2 ] 9 56 DR A2 9 7K P SR A
(Jiang et al, 2007); TELTI, Bt M BRFPHE 5
by B (14 5 DRI AZ 7K ST B 2 38

rim population structure of Chinook salmon as determined from
microsatellite analysis [J]. Trans Am Fish Soc, 135: 1604-1621.
BirdLife International. 2009. Species factsheet: Syrmaticus elliotiifM/OL].
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