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2y 1,2 1 23 - 1 1,4*
e B OX KREFR BRSO kKIE
1 (LR R ZE WG AR 2 VRS0 %, B S 330045)
2 (Mg B TE A4 e ~4 e, ™5 330000)
3 (P ERFER ORI, P E PR A AR R IR, B 650201)
4 (P ERFE BT R G S AR E K R U E, JEaT 100093)

WE: HARE(Sinomanglietia glauca){X 53 A TYL VG B AR R AN, 2T — g FH S /. 7 AR HIRAPD.
ISSR LA K M4 4ASSCP(single-stranded conformation polymorphism)bRiC X HEATERAT T R AL 240 5%, (H AR
Jo R R R B A R R N B AR R O T AT M AR AR S 15 4 22 KAtk S L2 W) 0 A ey, 40 e 8 AR
PR TT, AFFACE A AR D ARG RACE TG AN BB ILTTAAME AT T R BB L 22 00 . S5 R W, R
YE HA AR I B AL 2R ECE A BE R B4 = 2.604, I HIE 4 8 Hy = 0.423) AL m (R385 24k (Fsr = 0.425).
STRUCTUREFI 3 .43 43 #7 (Principal Coordinated Analysis, PCAYE4AN ERE TS 5640 AL TE IR W4, VLG22
FESEBr _LJE R —A BREE B, IR 24 m B 24N Ak W B AR E e . WF 0 R I o o AT
R G T RIS, TTREAE/INE R BEALR 2218 ) . WF9T 45 R I AR P Re7E I 1A ) s 1 i 52 s 241
TR, FECFPREAT /N 4% 2R R BRI, 752 s Sk vg I I ORG . TR E R A it I,
2 B R I AL 73 AT, R g A% S50 v LUK LRI 23 D 3/ ORGP 58 T, R e S ARV 78 s B 2 i) S 24
AR T, W R — DRI 2N E BRI (9r B A BR 2 B BN FIINE 2 & KA EHRE) .
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Population genetic structure and conservation units of Sinomanglietia
glauca (Magnoliaceae)
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Abstract: Sinomanglietia glauca, a species endemic to Yichun in Jiangxi Province and Yongshun of Hunan
Province in Central China, was listed as Category I of the National Key Protected Wild Plants in 1999 (as a
synonym of Manglietia decidua). Several studies on the population genetics of this endangered species have
been reported. However, these studies either excluded Hunan populations or failed to detect any variation
within populations. In this study, all four known populations of S. glauca found were used to investigate ge-
netic diversity and genetic structure using nuclear microsatellite markers. Our results showed that S. glauca
had relatively low genetic diversity (4 = 2.604, Hg= 0.423) and significant population differentiation (Fsr=
0.425). Assignments analysis by STRUCTURE and Principal Coordinated Analysis indicated that Jiangxi and
Hunan populations formed two independent groups. Only one natural breeding population was identified in
Jiangxi whereas two were revealed in Hunan. We found a striking heterozygosity excess in the Hunan popu-
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lations, a phenomenon that might be caused by allelic frequencies differing between male and female parents
by chance alone within small population. The results of this study suggest that S. glauca could have experi-
enced recent historic bottleneck(s) which resulted in reduction of population size, loss of genetic diversity
and strong population differentiation. The distribution pattern of genetic diversity clearly indicates that S.
glauca should be treated as three conservation units, i.e., two evolutionarily units (Jiangxi unit and Hunan
unit), and Hunan ESU subdivided into two management units (YPC and LJC).

Key words: Sinomanglietia glauca, microsatellite, genetic diversity, genetic structure, conservation unit

— AR AT B R 2 AR e, AT e
I8 I ) 125 4k (K31 85 (Frankel & Soulé, 1981), A,
TEARBRAURAAI T 5T, T3 R R4 0 (1) 2F
T8 T3 Rk N3 [R] G0 1) 1] 7 (Frankham, 1995,
2002; Stockwell ef al., 2003). TS FARICT
B, AP AR T 2 R A 2 R AR
P, I A IR T HE AR 2 35 H U (evolution-
arily significant units, ESUs)H1% P . JC (manage-
ment units, MUs)(Ryder, 1986; Moritz, 1994)., Moritz
(1994) X BEAK i3 35 B oC R B C o 4 1 T B iR
IR 1) 5E o ESUSTRIN 2 AL S 2 b A DNA(FE )
W R H4EADNA, WiCavers et al., 2003)/KF EH.
3 ¥ Z B (monophyletic group), F HAERZIE K /K
AP AR (R PR 2 e () A, MUsHi 1) 22 78
R AR DRI 1 BE R A 22 e B 25 1) JE B o ERARESUSs
FIMUs(Ge 5 A P47 . JGeonservation units, CUs)7E
RS MY ] 52 31— #8552 3% (1) J5UBE (4 Crandall et
al., 2000), {H2EAIRIRIE DRI 4% 25 vh W H 8l
TS .

HKE (Sinomanglietia glauca)t ] T 19945 K
RN R RV (AT HE, 1994), 19955F R
PRAT S A B ¥ K 3% (Manglietia decidua), It
Jii, Kumar(2006) ¥ 1% A AR % J& (Magnolia) . %
T HEAR 2R R T AR B, Kg 5N &
ML i AR (PN DIBFIE 2, 2004; Xia et al.,
2008), {EAYRVEE AT, ASCS ISR 5%
L) 2 FR B AE R 5 (Sinomanglietia glauca). HARE
FRIAE R AL 5 AT AR, AE7% AR MR 0 B R 22
Ja F oy AR R], T AT A SR ST R R B
Je MR RFR IR, LR RRE Tz E R
Gt E R EE NI E L. RIS (2003)
e ChEBEFHEYEHE L) L 13- Az
ARZERL RGBT I E AT . SARVELE KR Z A
IXAEYL VG B4 B o & B, Rl BORE AR w A R,

19994F 4 41) 2y 3 [l — G AR 3 A A7) (1] 2K B S AR 4 B
MY 4 sk o 5 L) (http://www.forestry.gov.cn/
portal/main/s/3094/m inglul.htm). %34k, HEARIER 4L
S AR R, TLE R e, &
XTI B AR IR AR ORGP S, ARV VY H AR IR
FOM IR J AR A R B 2 AR R = S
HRERRKVLG, B RYH N AT 7RI
NIRRT, BFFC N 2500 S 27 2 AR
JEBEBES . MG REFENAR (Y HEME,
1998; ATEHESE, 1999; FRALR4AE, 2003; MBS,
2003; EICT74E, 2004; EAUAE, 2004; HEEAN
BT 51k, 2004; Nie et al., 2008; Zhang et al., 2009). {£
XEEHFGE AR, AROHT ER 45(2003) F1 B SC 55 25(2004) 7
R FIRAPDFIIS SR 173 A i 0] B 47 B H 1L
BT T 8L 220190, (H 220034, FEML TAE
F AR L R LR A I I T 2N AR R
FE(BEAAEE5E, 2006), J3 AL T A MEL 27 /Mg B 5K
P HRORI X & AN FELIE R 2 =488k . ;1T
1 A RIS, b 3R PR SIS AR LS T A I
B T o R T PRIV i B Ll v S et A T 22
Zhang %5 (2009) 3K FH I 25 44 4 14 5t 2 75 (single-
stranded conformation polymorphism, SSCP)Fric %}
P AR R BEEAT TR, BTV J B R P
S B I T AN TR A 22, mT DARIE Ry 2 kAL
FHIC. AHAE, T E0 ARSI 2 b #
FAAE— 25 3, WRAPDHMISSR Ay S EAric HES
AT, 1M 4R 4APCR-SSCPHEAL I R AR, g
s RN IR AL AR . O T P R R R
TEN AL AR S/ REIS AL 2546 R ] BEAFAE 1)
AL RS AE, F R AR e A E L Wk o+
Fric i B A FRid, simple sequence repeats, SSR).
BT UL IR, ARWFTUR AR R 3 A b
AT HER FEAA JR BEEAT 8 A S A E 9T, LA RI %%
PLR3AN )8 (1) A% 58 R 2 b 2 75 R A I 381 5 i
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LEAASSCPARIC — UM A L 45 7 ()R 4L
FEPIASHUIX N I AR AR S A7 22 K7 B)Y BRI Y
REEATAEAN R IR L0 ?

1 #RFITTE

1.1 #HRFEEFZDNARE
AHFFRAE T WG A, Y174 B 7 AN X ()
AINEARET AR TR B, BN R AE 2 R L
THE R /NS5 155 100 45 1423 A AN A4 (1) T o Ak g -
TR N AEREAL RGC SR R R4
FE. SR R (D . SDNASREL % UL Zhang?%
(2009).
1.2 MIESIEPCRY EFA5E
AHIE 53 R A3 AN ok 152 A7 s R AT S st A%

F1l ERENBEEHHIES AR E

3, HoA7AM7 5 (SSR1, SSR65, SSR74, SSR215,
L76, L78, L82)J& i I FH A th ofe 11 (A B 5
2011), 67 mide N H AR JEFN Magnolia obovata
Isagi et al., 199)FIEAEAK = (Magnolia steliata, Se-
tsuko et al., 2005) /A5 P AL 51494 i 2 H (11(2).
PCRX VAR ZR H20 pl, 4510 pL 2xTag PCR Mas-
terMix(Tiangen; Ji&7: 0.1 U/uL Tag28 &1, 0.5 mM
dNTP, 20 mM Tris-HCI (pH = 8.3), 100 mM' KCI./
3 mM MgCl,), 0.5 uM 514, 20-50 ng.z\DNA, il
7K 2220uL . PCRYSEFE 7 2y 94°C 142 13 min; 94°C
A4S s, 50-66.5°C B k45 s(ILF2AIREREE, 2011),
72°CHEAH145 s, 33MEIR; 72°CIEAHS min, 4°C AT
PCRY™ 1 [ N 7= ) R FH 8 %o AR A% 1 58 TR 9 0 e vk fie
FE VKRS I I I, 91 R QIAXcel BN LIk R4t

Table 1 Geographic locations and sample sizes of four wild populations of Sinomanglietia glauca

iy i RAEH AT ERE 4 g3y 7
Population Location Sample size Latitude Longitude Alt. (m)
Pl W AR IR & 2 A 28°57.121'N 110°17.398'E 674
YPC Yunpan Village, Langxi Town, Yongshun
County, Hunan Province
E5M WIEG G KM EL/NE & &5k 19 28°52.051'N 110°15.473'E 660
LIC Lujia Village, Xiaoxi Town, Yongshun
County, Hunan Province
BT TEPR AR T 2 BT A 23 27°35.654'N 114°21.059'E 718
HIC Hongjiang Village, Hongjiang Town, Yi-
chun, Jiangxi Province
£l T EHETH]ILZ £410 14 27°34.367' N 114°19.276'E 720
YIS Mt.Yujin, Hongjiang Town, Yichun, Ji-
angxi Province
F2 MEWA=ZFAAREFMEE59 P iHE L REI6MNMLS
Table 2 The six microsatellite locis screened out from Magnolia steliata and Magnolia obovata
£ g A HIC E1k7| BRI i BUKRE
Locus Repeat motif Primer Sequence (5°-3) Ta (C) Size range (bp)
STM0222° (GA)»6 F: ATGGATGGACAGCGTAAA 60.0 170
R: GGCCCATCTTGTTGTATGTA
STM0246" (GA)s; F: AAGCAAAGCCTCCTAGGTC 58.0 186
R: TCTACGCCTAACAGGTCTGTC
M6D3™ (CT)y, F: ACATGGATAGTCGTTGGATA 50.0 131
R: ACCCCACTGAAGACAAACAT
M6D10™ (GA)14 F: AAATTGTCGTCCAACCAGTT 51.8 161
R: AAAGCAGCAAACAGGAAGAG
MI10D8™ (GAA)s(GA) F: AGCCCTCTATACACGCACACAT 52.6 297
R: CGGAGCTACAAGGAGCAGAATA
M15D5"™ (GA)i6 F: GATCGTTGCTGGCTCGC 52.7 100

R: GCCGCCTGGATTATGAA

'5[47)5{7— H B FEA 2% (Magnolia steliata, Setsuko et al., 2005); ™5 #13k A H A JE AN Magnolia obovata, Isagi et al., 1999).

" Primers screened out from Magnolia steliata (Setsuko et al., 2005),

™ Primers screened out Magnolia obovata (Isagi et al., 1999).
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(Qiagen, Irvine, USA)XJ {43 PCR =i T 50 AL .
1.3 RS

DAL B YERRL, By s g
VIR 2 — BN 4 B BT IR, MAEk 2
SUEFA R — AT o H s SR TR I i ok e
VKB 12 2% A0 8 HLUK 45 B 4T K/ /N 2R
AT 5 . M GENEPOP V.3.4%ff:(Raymond &
Rousset, 1995)k v 545 AN 7m0 A& 17 3% BEAS - 47
(linkage disequilibrium, LD), Xty (kT2 HE
Lt#5 (sequential bonferroni correction) 7 At He i 4%
JG ) B (Rice, 1989). #)/HGenALEx V.6.3
A (Peakall & Smouse, 2006) 5T~ 44257 JE R 4
(A) ARBEENFERIEL(NY S M 245 B (Ho)~ FHEE
A4 FE(HE)~ Shannon 2 FEE TR 2D AN 2 3540 5 73
#(PPB). HHFSTAT#:(Goudet, 1995)v 5 &4
JERERIAE AL R H(Fis) S .75 8 o« K] GenALEx V.6.3
B f:(Peakall & Smouse, 2006)% & BEREAT 122>
MT (principal coordinated analysis, PCA) . K H
ARLEQUIN V. 3.1 {4 (Excoffier et al., 2005)%t 454>
B KU AL 73 A R B (For) ML W2 JEREAT V6 R
FISTRUCTURE V.2.2%f}:(Pritchard et al., 2000)X}
TTINAARIEAT B 15 41 5 25 79 T (assignment  analy-
sis), it FH 5¢ 3 (1) Bayesian 3 248 J7 V2 KA 56 i 56 il 23
1) Ja T 4 RO 15 SCEAT IR 23 AAH — SO R
by AR A 1 38 R 2 B4 Hardy-Weinberg -
W AR, e AR SRR, 2 0 [ A
H ARSI E A, FEA AR & Hardy-Weinberg
P AR, DR s S B SR B R R (K)
SR FHAH O 28 57 5 DRI 20110 AN 5 AR s R U545 R,
7R A AH S AR 7 (“admixture” model) SR X B A fiif
BEM AL 25 M AT 43 HT . STRUCTUREREJFIZ AT H

R3 EREEFERRKTREESHRITR

(112 %“Length of burn-in-period”>4 10,000, “Number
of MCMC Reps after Burnin”>410,000, K{fx& XK
14, BEAKAEHIZAT 109k, 38k v 550 3% 2E KA 2 18]
L(K) AL R RN (A K)RAE 7 2 1 1k $ B A KA
Rl 753 2 5 £ 5 #F 4> 41 %0, R i BOTTLENECK
V.1.1.02 % Af(Cornuet & Luikart., 1996)A4 W15 T
IAM. SMM HITPM 3R~ HE A Y A Ja il
WRBAN T BAMSINE .

2 R

2.1 BEfEZHEE

AR 30 B AL T D5 AR 4 B AR
FERITTASRE AT Y31, SEAS I 2] S3A S5 AL FE A,
FEAM AT SE RN BN 274, PR 4.1
Ao TEHEARAY b, BRI AT 2 ()3 A P17
(LDl 45 AW, 78N sint S0t Wl 2 i A
T (P<<0.05). {HJEZ 0 Bonferronifs IF J&, 0.05/K)
2 TR IE 5)0.00064, T8N L6 HH49N LB A
BT

5 JEE IR 1 35 55 A 3 R £ (4) AN 1.385( S R
YPC)Z3.308(HHEHIC), “FI{EH M2.604(3).
= 55 (He) M 0.182( Jii # YPC) 42 0.522( Ji& #E HIC),
I A 0.423 0 i BEYPCH 2 2547 55 19 20 B A%
(PPB = 38.46%), %Ju AL ERSTMO2221 s 1 1) 3
RIS EER O A, ko2 JE B LIC(PPB =
69.23%), 1% HEEFSSR215.1L78.M6D3. M10DS.
MI15DSA s AN LR TAN 05 3 L3S . R EHIC
S REYISIN 2 847 50 73 33 4 100%, 128
PERL F T2 BUPPB = 76.92%. FRANJEREIIE AT 230
(Fis) 22 38 K, —0.889(Jitt #E YPC) %2 0.136( i #f
YJS), M A-0.292(K3). MEIF I LIAHH, K

Table 3 Summary of genetic statistics for Sinomanglietia glauca in wild populations

J&#f Population N A N Ho Hyg Fis 1 PPB (%)
=AM YPC 21 1.385 1.351 0.344 0.182 —0.889** 0.255 38.46
BHEN LIC 19 1.769 1.684 0.495 0.344 —0.476** 0.487 69.23
WL HIC 23 3.308 2.319 0.501 0.522 0.062 0.910 100.00
E41l YIS 14 2.923 2.246 0.462 0.511 0.136%* 0.850 100.00
P44 Mean 19.3 2.604 1.991 0.451 0.423 -0.292 0.696 76.92

A: PRI FEINEL Ne: S SE B Ho: ML TE; He: WA TS Fis: EEEN TS REL I ShannonZ FEPEH5EL; PPB: 2 447 14,

T8 * 0.05>P>0.01, * *0.01 > P> 0.001. JEELS[HRZL.

A, Number of alleles; Ne, Number of effective alleles; Ho, Observed heterozygosity; Hg, Expected heterozygosity; Fis, Inbreeding coefficient;
Shannon’s information indexes; PPB, Percentage of polymorphic loci. * 0.05> P> 0.01, * *0.01 > P> 0.001. Population codes see Table 1.
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Fig. 1 Results of STRUCTURE analysis based on all the individuals in four populations of Sinomanglietia glauca using 13 poly-
morphic microsatellite loci. (A) and (B) mean likelihood L(K) and AK value per K value with ten replications, respectively; (C) as-
signments proportion of each individuals from four sampled populations when K =2 and 3.

H i rE AT EL BAVR 2 2 3R TR BE(YPC) I it A% 22 F
PERAR, TSk B YLV AR UL 2 5B (HIC) 1 5t 4%
EZE BTN
2.2 iRfE LSRN I 4

JSONT J i R) R 382 4% 23 10 R B (F s ) I 2 2 5
R R o AL I R E(Fs)EAN R AL AT R
22 5, ARAVE I 0.098-0.637, “F-14°40.425(5L
ARG, VI A Jo 0 ) 14 35 DR A XA BR
Sk 1F W e 1) BEY PCRI SR VL VG 1) S B YIS IR s A%
P B 1 K(0.5857), K H VL VG A2 J e AL 1 5 A
/N0.0692)(45 FA A ). RHSTRUCTURE V.2.2
AR EARETTAAARREAT 53 45 553 T (assign-
ment analysis), 258 W78, MK = 210 1%, AKH

aoyYpc

eLiC % %, o
AHIC 74
“ ovrs
T
g A A
= £ :&Aog "
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afa o
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B2 ETSSREUEHEREINFEEHNERD ST
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Fig. 2 Principal coordinated analysis of four wild populations
of Sinomanglietia glauca based on SSR data
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H i KAE(EI1B) . A5 R YPCHILIC, 4ok
EIFE; HITAFE S REHICAIYTS, 4ikk 1Ly,
HK =3I, LKEIA RS E(EI1A), K EHBIF 2
ANFERESY I T 2AN B SR A, 1ok F TP 24N i
BERAE — DA (E1C) . X — 2 445 o 5 A
GenALEx V.63 AR HE A Y A Fu EEAT (1) 32 1k
BT (PCA)SS R—3. MPCAZ R EEF H, Ttk
ARFEAMRTEARSR L L 53 h PI AL (BRI L P RIS RS, (HAE
A AR2 B 2 g 24N WE 4 (LIC A
YPC)(2).

XA A S B A i A P A DR SRS W &5 S A
TEIAMASE B FI TPMA A A8 K 2244 Jo B0 o B A
FES T BRI AL S (WilcoxonZE vH 43T P < 0.05);
FETSMMALRL BT Ja #EYIS /R Al 34N i 4 th 12
EACACIE ISR N, (R 4).

F4 ETFIMIZEJAAM, SMM F1 TPM) THEKEINEEE
BRI AR 16

Table 4 Probabilities from tests for population bottlenecks in
four population of Sinomanglietia glauca under the three mod-
els IAM. SMM and TPM)

JE SEAR IAGS AR AR A Mutation-drift test model

Pop. TRERIERB B R
IAM SMM TPM
YPC 0.03125 0.03125 0.03125"
LIC 0.00195™ 0.00195" 0.00195™
HIC 0.00012" 0.04785" 0.00024"
YIS 0.00305" 0.12720 0.02148"

©0.05>P>0.01,"0.01 > P>0.001, " P<0.001. JFEAT I
Population codes see Table 1.

3 iht

3.1 EREFERREZEMN

MR 2 R — G S AR A, Hk 2
PR32 B0 « MROFTARS5(2003 ) FH 3 75 55(2004)
73 2R AR APDRIISSR 731 b i 4 EL R s i adEAT 17
WA, kLI AL 2R PR K PR R D R
(Tsoogiodendron odorum) « % % Wk (Liriodendron
chinense) 'k B &K (Michelia chapens)5K = FHH
Y, AR SOR AR rg it . 25— MUHE
R S BERIWTFUH, ZhangAF(2009) AL X P k=
SR ARIE R AL AR S o A FUIE T A% R DR 4 1
FEARAC KT BT HE AR S S R R ARG I 5 SRR W, 44 J
TE V- S8 BE A A8 A7 5 DR BBORN 30 B 2 15 2 2 il Ay

2.604F10.423, K TR FEIFRiC FIMIEARMA = 3.8,
Hg = 0.522, £E5%F, 2012)FK &2 K 2% (Magnoliz
sieboldii) (4 = 3.74, Hg= 0.427, , Kikuchi & Isagi,
2002)%5 AR =R fEAEY); PIASHBIX ) bk s 2o
Lb, 9515 Jo A SO A VLG R R (K 3) . LA LIFoT
TR0 23 P hmic S A R SRAE s A7 BT 2% 2,
BTy AR — 8, AR — A 24
PR AT Z MR X 45 RS EATER PRI
Je 8 o FRAT T D AU N A U R IR, 4 AR
g sl ol EIRTEABUR )RS S ENRN K<Y Ut
s A= BN WNGIR 7 NI S W Y i E AN
Mg Al Z AL K
32 HEXREHEEHNFAESTIR

TERRES I/ e, AR R E R A o8
GORFRBIAAN], IfT 5 B0E A R 5 =, S5
PRIEAL 5E3B (Frankham et al., 2002). HEAE > 104
AN ) S A, FRATT TR 3K 2 J 3 T i HH L S
(1256 Tl e (RIIEAZ R AR o IEAR), YL7E K4l
JE BB Fis N R 2 W IEAE, 5 BRATT R T o — 3L,
iYLV £ 4 L R AR EA R E RS . (H A,
TR (24 JERE AN B R AR A, 1 B2 A JE AT
EH R RS PR RIS, 55 BATT 0 10 5 42 AH
o EIEDLR, 3 TR 2 G 6 i R R A
BHFRREL N AR TOPE A DL KRR SR
&% (Keller & Waller, 2002; Stoeckel et al., 2006; Ras-
mussen & Kollmann, 2008; F %%, 2012). i T-Ht=
WD s, FRATT A BEHEBR AL Fh L Fax —
AFREME, (EZP R AR A EAMA I 2 B S v
T RAEAER, AR, BATRI T — AN T
AR E B 1 2 5 B O H IR 2 2 H0A Ja B,
FORE B AMS T B A SRR (1 SO AR, B2 Fi
PN BEAN AL . JO P S A A G ik T (1) 2R
[Kl 2 —(Stoeckel et al., 2006), PRIl 1)1 40 % 52
TR R IR AR LA W BE S O B S, T
S0 2 B R W (i A, AN AN ER R, 1A
TEMEBI AR p B e 5 TR RIS . (1
2, HET A BeHEBR A ETE R & A B ) v] R

Aty Tk I 3 —FhaT B s R A R E AN
TE/NJERET, S5 REA (1) 5547 B DRI 2 TR A £ 48
Mz R, ATSEUERME RIS IS
(Pudovkin ez al., 1996). EAFZE55(2006) 8% X HA 3%
W BT G, SEARIR 2 B
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4,000 Bk BCAFEANE, 11 /NE 2B KR 1,000 582K K
AR, HIE, AUPB L3R5 52006529 H .
20074E5 H « 2013510 H) FUAL I RE AW, AR K HL
Hat 2 M. e/ MR EEE, FRATE R AR
20/ TR, AR (1) 24 1] P Je A K /N AT gz
AR T AN EE 55 (2006) 408 AT 534b, AR A
(R AN MR 56 2 1], 78 AN JH 0 438 o J AN
SEA(P<<0.05), R £8id Bonferroniti iF i, 784N
RO ATAT 49A R IR WAV o 5 JE R A
P18 A A S 28 7 3 O SR S IS R )RR AE
(Hayes et al., 2003), Kk, HEASE 24015 Jm HEnT
RE) 0 1 Z AU I/ B, TRl T 82
AN JERE I G .

Ty Ah, RFE SR WS AR A W] RS B A% S T i
(Keller & Waller , 2002). HT-HEAE 53 Ay [l Ak 4
PeAg, M H AP AR R 0, A B MERILSR
(MABLER), N T 1320554 Ja B as A 2% SR IR i,
SRAR B [F]— SR A YA AR 1 PT Rt O . X —
UL BN B R, SRR RR R N 2 A ARG
FADT CAAB 1) Jig Aok 4 ), 0 7T R T — A
SESEAE DB UARRERS, AT 3 i Ja A o 4 1
At Tk
33 LEAREREEMSRIPET

Zhang 55 (2009) K H - & A br i e LA AR ST
VG R RS JE B AR A, S AN SE A AN [ 135
1% .70 (genetic units)o ANHIFFT 1) 45 A 37 B b 2R B,
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