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BEOPI B RE S 2 Y 28. 57 %6 R Ml BE DN 40 R 75 B 45 A 01 5 B0 S 0 FE R T~ 22 A, LR 2 A BE RN ) B Ak A BE 4 0k
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KR R TR AN A 5 3 B 4y
FESES.Q953;Q959.7 X EFRAERD A

S YRR 5 AL S AT Y OB 2 — AR X AR
HEATAS AU S AR bR PR IR TS P E LB
e B AR A5 AR A 0 M SR B A R i R AT R DR 43 AL R (K
UM AR ft 2R 4 3 B R 23 % sl 0y e 1 40 3 i L T
] AR AR A A A T T WA AR B R B A, PR T
B AN Gy A P S Wy R R AL B ST H 25 A2 BT
g FHE

H% (Egretta garzetta) J& T # ¥ H (Ciconi-
iformes) , ¥ Bl (Ardeidae) , ¥ W Bl ( Ardeinae) i H %
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B PERF GRS A — B 2 AT T A 2y
TR FE  WTAZ SRR 5T 1T 47 38 M) D B i 5 26
PRI M kMR B AR Y T LR AR A
[ 6 Fh @ E R SR R ARG HEDY L SR
T RSP R LM A E A 1 (major histo-
compatibility complex, MHC) 3 A #5 &1 . T 4F 3k,
il 1322 (microsatellite) bric i & 9% N FH T & b B 5t
e WF . T TR I 4 5 DR 2 vy A B R PR T (— i)
Hh1~6 A E) A DNA & B 5 &2 5 51 . ol FK fii
PEE & 7 ¥ (simple sequence repeats, SSR)M . # Rl
B R AR IC T S IE W B W 1 (Egretta eu-
lophotes )!'V Ty A7 0 % (Egretta rufescens ) {H
s R T B RO 0 35t 4% “# AT 5 O T AN i TR A
10 MR GRS OC R M E S i Ab T A Y B

TEWF AN, 15 2% M % (Ardeola bacchus) 5415
5 (Bubulcus ibis) JHW % . KA ¥ (Ardea alba) %
RS VR B K SR R Y R 6 B AE S
B EXMELLIX Ak, 55— J7 0, HEFE 1 50 06 55 2 4 b 11
TSN ERIE 25 2 AR 1Y, 3 26 g b AR X 3 5 AP e AE X
SNSRI R A . HA B2 o T AR
FHROR AR R B 2 2 M 3G W B S (pol-
ymerase chain reaction-restriction fragment length
polymorphisme,PCR-RFLP) , £ & PCR %4 T4 Y
R O Wy R S E R R ) M e AR IR T Y R
Ty
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B X SO () R, AS B 58 R T AR B AL B 2R B X
ARSI PR AR AR (P & B 8 F A
SRR X P B AT YR L IR S E )
Tl P B AR 1 — 2D AT M0 S L R L R R I T A
I3 BB AT 1 Wy ) 4 o8 B AR AR AT A R U
FH O ST 1 7 P B R e MR S A AR
TR R O 1R R A 5 R 5 2 Y R gt A% 4
W GEBE X 5P M AERSER P B R
FET.

1 M5 F®

1.1 & #

JULIA A UK i 5 | 4 8 9T I 20 S LI 4 20K
MR HAR A E T (8 R 4 2 (N i (7
HEAMAES) AN TG RSS20 HAEHY
12 20082010 4 [ 5 58 191 [H] (4 BF SR FE T2 A4

PIEHLURE o FhRE A5 0T Y 181 S &
Y 20 ZRE 43 0 R T PG B S A R ) R VL
W 3 AN EHFPRE (R 1. REERTE S 2009—2010 4F
S RIREE A ARRE TRTITELAA
T, A i B R A W g B B, Al IR SR & — 20 CAR
8 .

1.2/ &
1.2.1 DNA £E

JUL PR 2 2R R 20 8 B 2 R R I o 5 A - — S
BEAM LY B 2 p L AE 1% OB 80 R D /Y B g
H B e B KOS £ ND-1000 43 e A 2% 1l =2 H OD
RN, —20 CARAER .

P HRE G R 2 42 B S IR Rudnick 45 () 5 32177
WP 9T L i A LA 92 vh L SDS FIEE H il K 55 °C
ARG, SR B R AR, M- — S Bl 3 . RN
BEPLVE DNA, 75 % (R 53 B0 L B Bk %, TE % i )5
fd ] ND-1000 43 GAX A0 & He OD {E A, — 20 °C

TRAF .
1.2.2 HIES|¥iHiE

EHCH M (o 0T Rk e 2R
19 4~ 4~5 B EE i TR 07 55 /9 51 9 i 47 PCR i 3
PCR A Z A :1 pL PCR Z P, 1. 2 L INTP R
AW (2.5 mmol/1.),0.2 pL IE A 5 ¥ (20 mol/L),
0.2 pL K185 % (20 mol/L),0.1 pL Taq # (5 U/
L).,0.4 pL 224 DNA.15. 9 pL ddH,0 94 °C s
£ 3 min, 30 MEH 94 °C 30 s,3H k 55°C 30 5,72 °C
30 s;H )5 72 CHEf 5 min. 1. 5 %0 A4 356 E BE I HL Uk
L, SR I R /N B B — Al W AT 8%
55 43500, T [R5 DA 0 Tk Jie 56 M Pl Dk, 4R % W %€ 2%
Ao XTI R /N 1 2% 2E AT [0 g 28 Ak R v I ) DA A
IR H AR TR 751, Bt i 45 2 12 % 4
MM B ESYGE 2).

1.2.3 YFMEE

PR AR PG AR Sk b 2000 b 5 R 8 B TR R
LU0 AR R VA 7 R VR R B e I sk
Ly, 7 S R B R LTS P E
WL R T U b S 0 R Pk R R AR E Y
FKHUT 28 PCR % & 5.

YifhdE R £ E PCR %X %2 2 % Huang 17
BRI — 41519 ND6F . GluR 4B )5 5514 EER.
EGR @A il 2 W E . 3k 3 X 4 B0 W V8 /e
B H B (R 3. FIHIZ T B 6l AR Sk Ll 3R B A i
A1 7 558 s Ho AR b 0 T B0 1 5 A W0 DN 5 %, U >R
514 ND6F . .GluR 5 EGR 414, X /3 1% 5 H A % R}
B8 PR TR BN H A IR RS R AN E B LT
2 K.

1.2.4 MHHEE

T R W U Y P2/P8 B E A AR SF IX
B B — Y R HTE S B Wang l Huang ™™ B9 7
5 R FH VW RS S S R W S I AT SR B PS-
n: 5'-ATGAGGAATTGTGCAAAACAG-3', ZW-n:

*1 PEAHRERGFR
Tab.1 Information of feather sampling
KR Hh £ Hi B AR B Bt ] PEAE TR/ K
TV B 3 s AR Sk A (WTC) 21°31'00"N,108°00"30"E 2010 65
A I A 5 (MY 24°31'04"N,118°03"42"E 2009 59
WAL 3k 1L (MTS) 30°13'57"N,121°53'50" E 2009 57
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Tab. 2 Sequences of microsatellite primers for the individual identification of little egret
BB H Y T 19 FA(5'-3") SR S
Ae01 Egretta eulophotes F:CATCTTGCAGCCTCTAGCAACT FJ900138
R:AGTACACTTCTCCACCAGCAGC
Ae05 E. eulophotes F: TGCCTTTCAAATAGAACCCAAC FJ900140
R: TCGTATGCAACTGGGGAGATAG
Ae24 E. eulophotes F: TGCTTTGAGAAGGAGAGTGCTG FJ900143
R: TTACCTGCAAACCAATTAAGCGT
Ae26 E. eulophotes F: TACAGCTGGGTATTGGACCTGA FJ900145
R: AGAGGCCATTTTCAAAGAAGGTG
Ae36 E. eulophotes F.: TCTGAGTAAACAGGCAGTTGGG FJ900150
R:ATGGAACAAGCTGCACAACATC
Ae37 E. eulophotes F: TGAGCAAGCCGTACTACAGCAA FJ900151
R:GGCTACTTTAAAGATGACACGGGA
Aedd E. eulophotes F: TACTGGGCTATGACCTCACTGG FJ900154
R: TGCAGCACTCCTTTCTCATCTT
Aed7 E. eulophotes F:GATCAGGTCAGGCTGCAA FJ900155
R:GCAACCTCTAAGCAAGCAC
Ae51 E. eulophotes F.:GTTATCCCATGTGCAGGACCT JF433926
R:CATCTCACTCAACTTGCGTTATAG
Gatg E. eulophotes F:CCTGTAGGAGCCAAAAGCCTAAT FJ900141
R: TCCCTTACATTAAGGCCAACTCA
Erd4 Egretta. rufescens F:GAGGGCGAGAACTTGAGG HM368086
R:CAAAGCAACAAAACATTCAGC
Erd6 E. rufescens F: AGGGAAAGAAAGAGAGGGAC HM368083
R: TGCTACCACTTTGAAACAGAC
x3 YF T RERGIY
Tab. 3 Primers used for the species molecular identification
IR EZ:S lFH(5'-3"D P31 B/ /bp ElE7/ES s e
ND6F CCATAGTAAGGGGACGGATT Common
GluR AGCCAAGCAGGAACTGCTATG 101 Common
EER AGGGAAGAGCATATGGATGTGTT 278 E. eulophotes
EGR GGTTCATCGGAGAAGGGTATGTAG 302 E. garzetta

5- CACTTCCATTAAAGCTGATCTG-3", CHD-W

HS2IY .5 -TAGGTGGGTGCCAGGTGT -3,
23t N S e o AR S L BEPEE 230 F 136 bp 2 1.2.5 EE4HH

Z A3 IR BT ZW R WG ik T e A — 5%

ARSI RMEAEE \DZII\D\ R\ E ki)

TE 1R BOR/D A8 BT 51 W0 2405 43 5 L ND6F S 1E 16 51 4 B 4 34 11 45

230 bp BY ZW 2577, Wi 4% A 22 4, IR vl A7 B

W B T P K PR M P (D).
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Fig. 1 Agarose gel electrophoresis of sex

molecular identification for E. garzetta

BT RS (T 2 AT 43 8. PCR AR R R
2 u. PCR Z wh i, 1.2 pl. ANTP R & W (% 2.5
mmol/L),0. 2 pL IE M54 (20 mol/L),0. 2 puL X[
5191 (20 mol/1.),0. 1 pL. Taq i (5 U/L),1.5 pL 3
EAREAY RN 4 DNAL14. 8 pL ddH,O. PCR F2JF N .
94 CHUAETE 3 min, 94 C AP 30 s, iRk 40 s(fif s,
Ae24 Fl Aedd 1R K 4350k 56 CFI 55 °C L, A
A7 5 IR KRB 58 °C) L 72 “C FEH 40 5,33 PMEH;
)R 72 CCHE 15 min. 1. 5% 05 W5 I L 9k e 8 %6 BB
R s T 5 L RS U R e R 5%
1.2.6 HEHH

S5 A7 5 PR B A R T X A A R R B R A B
7R IR TC W 22 2 6 B VIO R e 5 8 RO A8 2R 8K FIS ]
GenAlEx6. 41 B {F #1700 #r00), o8 S N L 2 A E
BAREMAH CERVUS 3. 00V 84 9847 40 #r , 1y -3
TFVRS - 70 3% 404 7 5 i GENEPOP 4. 0. 7% 4k
PR3 AT R M, 2% Al R0 AR N B BB R MICRO-
CHECKER 2. 2. 353 5 { gE A7 A 0

AR GME ] CERVUS 3. 051 #4456 PR 780
17— B0 % X 3 PR A8 — A =R A A a5 Y R
i LHT PCR RN 3 PR 43 0, D) HE B 32 PR 43 760 4 02 /s
S B R R T 3 B A 5 W TR BN B R RS A 1R
[H 78— 3 (4% # (probability of identity, PID) Fl— X%}
[5] ffn B AH [A] & K] B 4 A8 >R (probability of identity
for siblings,PID-sibs) , B & BE 8 A5 80 X 73 FE 4 K R K
T A A

2 # B

FE 181 AN HBAE S L 19 ASFE S i T DNA JiT 4
B RBEA L EY RN, 162 455 Fi i DNA B B AE
Al 4 o S R 2 R L 119 SR BRE S N 1R W R
AP B RE AL BEAY 73, 4% (R 4). 119 AP BEE A 2
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op e R 28. 57 %0 MEME B EE 71, 4390 MR % e T
EE ML 94.1%.

4 PBEMOYFG T RE LR
Tab. 4 Species molecular identification results of

feather samples

WA W RESLN F”fﬁ A W“"ﬁnifﬂg
WTC 2010 65 57 38
MY 2009 59 51 43
MTS 2009 57 54 38

iy 1)

i MICRO-CHECKER #6:3, 119 4 (4 % 4 5
F BE DR o R 8 SR AT B I S BAE  FE R & L A
WP RLTE 3 AP BEAR A 2 AP Borh A5 A 3k B 5N
Ae01 B¢ Aed6 KAy 7 3| Erd6 & &) 22 4> Gk
5) - HBE AL 05 S FE AR 11, 564, LR A A
JEVEFEIM Ae51 9 0. 623 F| Ae24 1Y 0. 875, B8 &
JETE I Aed7 1Y 0. 779 B Erd6 i 0. 918. {7 s F 15
a5 4 i BT R N Ae36 A 0.049 4 B Ae05 )
0. 128 4. My JRAAAS AL 50 28 FDR B OE 5 . 78 ) 78 AR 3k
WABEA 2 DAL Ac05 Ml Ae24 B AR (p<
0. 01) s FEJE A5 R HEA 2 A2 s Ae05 Fl Erdd fi
BT (p<<0.05), Ae05 28 A A& FEWT VL2 Sk 1L A
— L A AeO] i B (p<<0.01), F 2 s
Ae0l Fil Ae26 225 AR 3 AFEE 12 M7 i 2 ks
0 35 A A 5 -4 (p=>0. 05).

FE 3 ANFEE 12 AL 80 % BUA P i R b,
17 Xt 51 WA BRI (K 6). 75X B8 F A 7
HA Ae0l~Aed7,Ae24~Ae36,Ae36~Erd6 I T
2 WG AR R 1k BIAE 1 AN sk 2 ASFP e s 30,
PLA] RATA N I B84 5 7 B B RN E BTG, 12 4
7 e 7 18 A B I 5 TR 3 R A A 52 R 2 0. 012 (3
Fil:0~0.02), B4~ 487 3L 0 45 152K 0. 004 3
FBl:0~0.01).

TE R B AR A A PR L & B 1 X 3 R R
584 — B RE f . 3 PR R — B0 BE SR 2k A H] —
AN TR Ry I BEANATE 12 A7 A5, 1 3 R R — 3 UL
RAR (PID = 6. 41 X 1072, B A5 {H 0. 011 1~
0.091 0). 53 4k, 5 A LR 5F 19 R i ¢ & 1155, PID-Sib
=4, 4 X107, 2 BRI [ A 4% 5 R 78— S0 A A
JEARFARAY. W H Lt X 2 A5k R R — 2 P B RE S
SRS T (R — M, T EL P SRR TRD DALk, mT A BT 5
2 AHE R B R AE H R — A AR Y5 AR TR 2 .
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Tab.5 Characterization of 12 microsatellite loci for E. garzetta
(A iRl TERER BER/N/bp  AF {3k (R AL H, He
Ae01 Imperfect! 229 7 0.667 0.793
Ae05 (CCAT) 199 12 0.625 0. 884
Ae24 (GATG); (GATA); 257 9 0. 875 0. 844
Ae26 (GATG) 3 246 11 0.677 0. 839
Ae36 (TGGA) 1 194 10 0.792 0. 852
Ae37 (GTCD); 137 13 0.75 0. 866
Aedd (GATG) 5 228 14 0.627 0. 889
Aed7 (GGAT)y; 171 7 0.667 0.779
Ae51 (TGTO); 275 11 0.623 0. 843
Erd4 (TATC) 1, (CTAC) 380 8 0.75 0. 842
Erd6 Imperfect® 190 22 0. 833 0.918
Gatg (GGAD1, 132 8 0.667 0. 859
T H, WA A Ho B2 5 1. (CTAT) (CTAC); T(TATC); 52, (ATGG)s. . .
(ATGG) ... (GGAT);...(GATG), (GGAT), AGATG(GGAT)s.
F 6 A FNRE 00 B
Tab. 6 Linked alleles in three populations of E. garzetta

44 BB

WTC Ae0l~Aed7" ,Ae24~Ae36" ,Ae36~Ae37,Ae37~Ae51,Ae51~Erd4

MY Ae05~Erd4, Ae24~ Aedd , Ae26~ Aedd, Ae36~Erd6" ,Ae37~Erd4

MTS Ae0l~Aed7" ,Ae05~Erd6,Ae24~Ae36" ,Ae24~ Aedd,Ae26~Ae51,Ae36~Erd6" , Ae37~Er46

TE = o B &Y JE B A

3 i
3.1 ¥MIMEE

AW R P P oRe S 19 2 8 PCR 48 58 ¥ %0 it 7%
PEHATYREE. R R 28 PCR 4w ik B
WP AR S 051, 5 38 B Y R RE R 9 DNA R B,
25 a7 PR RS W R FL UK AR B AT HEAT ) R A e, B
PR R R 2R B A S % A R R T R
B BB BEFE P L Cyt b2, COT™ 1 16 SP°1 48 7
LR AL Y DNA 36 X2 Al 4 A S I, oA A
R AR BN AR ] AR S AR C AT N T
T S 5 00 AR SIS X ARV B R L AT )
WE L, AR TE P B A9 DNA A &5 /0 B R 5
2 IR B N 1 2 B A B VR IS 7E BRBE A2 K IR
FE OGRS, S B8U6 Y5 P B DNA & A g, e

ARSI RMEAEE \DZII\D\ R\ E ki)

AR R R

iy 1)

[ 2 %0 PCR N RUR 25 50 Y 18 2k G 5t
FEHFESFPEY G AT 0L, D P I Y L A K ) R
o T8 WERVE L AR S 00 o R o B i A T R S D
HE DWW IFH# T T EEEE AR EET 2
U T EB X 4 R E RURE G S E T 3 Ik, SEER 45 2R
N AT B T AR GE 89, 500, Wy A M E 45 2R ] A (2
W E S R — 2D ik 93. 8%, R Ik, 46 K3 43 i 7%
P BB A 3 o ) b S T TR R SR
3.2 MRHEE

P 58 2 5 2R R B Y Y Ll T4, Wang 5§
AL T AW T B RS2 10 DY R (B
BV A B IV S JIL TR A SIS AR AT T U P
Y E  Huang 55 i — 5 B0 i% 7 i DO T AE 454
PR AR 1Y A AL S 1 2 S A N , M g 45 R A A R
97. 7% A 918 & B Wang F1 Huang B 7 B % H
BT P B ATV S L Ml M5 g A R AT ARG
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B 94. 1% » Uk W28 3B 43 15 9% P B A i i 4% 18 i 3% 7
2 010 1) T D T O 8 0 S . PR ) A s T R
R B P E DNA & /b B R 2 1 5
M BRI, T4 b 2 R — R, P 3 S e A 2 SR R
AP R DR 0 T AR R S A
U ) 1A A o R D A R R R
A T 7% 3P T A i IR L SR 4 M R P A R4 T L
FrF W], 7 115 07 A0 00 L 9% B by UL 45 4 SE R L L L
W g M 1 b SRR B S 7 E A B O R B A
T,
3.3 AMEFIRA

AR TR AR S T A 28 2 T I AR S0 8
FBr. ACWESE R JH AR 4505 0 BBURE 1) 3845 20 W B AR L
12 AN TR 7 S K 3 A SR APREAY 118 A 1 5 A 1k
HEAT T AR 00 A 7 4 4 L 5 2 25 4k (PIC >
0.5) . B P 4» B A 5 5% 0 1. 290, b A Bl 108 SR AR X 450
290 PR I 3 637 5 AT T F A S SR T 5 0
TESEH P OB L SR g e 45 AT S 3 5 AR B 05
KA HRITE P B E DNA, K 15 Fh 8 44 22 B 5T
(95 e T ] L ER R 2 R T B BT SRR [
— AR B ST SR RIS R 22 ] 5 B
AR — 30, 5 A 3 Bl 0 e o 35 DR R — 307 3P
1 ity T LA P 3 40 AT HL R 4 R ) ) — o i LA HE
. Bl T AL R % SR A B 3% BB R T B s e,
AT A Sfe Tl TR A0 T8 S R SR T R e N 4 T i
Pl Bl AR W58 R B A e i (RS R AR e (8
W)L ARSI BT R B T 0 A B LR AR vk
L3 i vk 2 B T L 3 51 4 He S kR S |
R AT . A S5 5 TR 5 i B A i R
PEAT (o TR 23 ZE0 AR 0 ) 57 SR 5 5 43 250 i LA 5 T
YRR,

B2 AR T — BT A AR
B AR5 P BURE A i 10 0 ol 0 5 0 S A AR
S0 97 8 B A5 A A0 s VR — S T R A R TR
7 e [ G R A AR L O A R T R [
e L 450 B X S R AP st A% 2 i o S It 1 Sl
I HL Sy F A5 B 2 2K Fh i A E TR TR 34 T 2%

S %30k
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Microsatellite Individual Identification for
Moulted Feathers in Egretta garzetta

GUAN Hao',LIN Qing-xian"*,ZHOU Xiao-ping"** ,FANG Wen-zhen'*,CHEN Xiao-lin"*"

(1. School of Life Sciences,Xiamen University,2. Key Laboratory of Ministry of Education

for Coast and Wetland Ecosystems, College of the Environment &. Ecology,Xiamen University, Xiamen 361102, China)

Abstract: Little egret(Egretta garzetta)is a worldwidely distributed waterbird which inhabits fresh or saline wetlands and recently
is threatened by wetland degradation and loss. As egrets and herons mostly nest on canopy trees,and nestlings are often difficult to
access for sampling,noninvasive collection of naturally molted feathers of these ardeid birds can provide an important source of DNA
in conservation genetic analyses. However,the E. garzetta in a heronry were often mixed with cattle egret (Bubulcus ibis) , Chinese
pond-heron (Ardeola bacchus) ,great egret (Ardea alba) and Chinese egret (Egretta eulophotes), and the molted feathers of E.
garzetta were difficult to distinguish from those of other colonial ardeid species due to their same white color,similar feather size and
morphological appearance. Moreover,sex identification and individual identification of adult E. garzetta is difficult because adults are
sexually monomorphic and similar in their exterior characteristics. Therefore, reliable species identification, sex identification and indi-
vidual identification method of the molted feathers of E. garzetta through the molecular markers has become more urgent and valua-
ble. Here, 12 microsatellite loci with high polymorphism were obtained for little egret by cross-species amplification,and microsatellite
genotyping technique for individual identification of little egret molted feathers were established after the species identification and sex
identification of these molted feathers. Among 181 molted feather samples from three breeding populations of E. garzetta along the
coastline of China,19 feather samples could not be identified for species because of their low DNA quality. 119 feather samples were
successfully identified as the species of little egret and the repeat proportion of species identification was 93. 8%. The repeat propor-
tion of sex identification was 94. 1% and 28.57% of 119 feather samples were identified as male. Basing on the genotyping,the num-
ber of alleles ranges from 7 to 22 per locus,and the observed and expected heterozygosity ranged from 0. 623 to 0. 875 and 0. 779 to
0. 918, respectively. No locus deviated significantly from Hardy-Weiberg equilibrium. The error rate of genotyping was 1. 2%. In indi-
vidual identification of molted feather,2 samples shared the same genotypes,indicating that these two feathers were repeatly collected
from one individual. These results will provide a groundwork for further studies on the conservation genetics such as genetic structure
and dispersal pattern of population in little egret,and give a reference for species identification, sex identification and individual identi-

fication of molted feathers in other ardeids.

Key words: Egretta garzetta ; feather;microsatellite; individual identification; genotyping
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