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BRNBME ZHEHRT TRUS . SREV-BAEETNRESHERK, HRRARESHHEEERT O™
KB LREPE, FigkHag 5 3 143L8 D) 180 M A, 76 NAHBBMA , BEMABFTEN42.2% .8 MERE
BUSESERN: 3.3% ~16.7% , ERFHEEMEAETHER9.4% ;8 NGB Nei BRI 0.01987 ~
0.06987 ,Shannon’s ZHE#EISHN 0.0197 ~0.0816, JEBEEISMLER Gst =0.5069, /B BEEIZEE T 0.2432, R 2L
BRHFEHANEATR IR REEN, AMOVA SRR ERETRN 13.17% FET 4 T HBEXIRZE,
50.45% FF7E T #u 3 X A A9/ B¥ (6] ,36. 38% R E X RAFE TR BN KR, NTSYS ST RUBRLER S
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WERHEFIRE THARMREEE.
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Abstract; AFLP variation of 164 individuals of eight natural populations of Psilopeganum sinense, an
endemic and rare plant of Central China, was analyzed to investigate the genetic variation and genetic
structure of the species. A moderate low genetic diversity was observed in the species and average variation
of populations significantly lower than the variation of species level. A relatively low level of genetic
diversity was observed in the species, and the genetic diversity within populations was significantly lower
than that within the species. Five AFLP primers produced 180 bands, of which 76 were polymorphic,
accouting for 42.2% . The percentage of polymorphic bands of eight natural populations was 3.3% -
16.7% , respectively, with an average percentage of 9. 4% . The Nei’s gene diversity of eight natural
populations was 0.01987 —0. 06987 and the Shannon’s Information Index was 0.0197 —0. 0816. Average
of Nei’s gene diversity was 0. 03420, and average of Shannon’s Information Index was 0.0510. They were
all lower than the average of species of the world level, but were higher than the average of the endemic
species level. The average of Nei’s gene diversity and Shannon’s Information Index was 0.03420 and
0. 0510 respectively, which were lower than the average of species in the world level but higher than the
average of endemic species. In addition, Gst was 0.5069, which indicated that high population
differentiation occurred. Analysis of molecular variance ( AMOVA) of 164 individual revealed that
13.17% genetic variation was among the populations of four geographical regions and 50. 45% genetic
variation among the populations within the four regions; and 36.38% of total variance was distributed
within populations. Nm was 0.2432, which implied that the gene flow was not enough to maintain gene
exchange and current genetic structure. The result of UPGMA cluster showed that eight natural
populations were genetically clustered in two groups, of which one was Yanduhe population and the other
included the remaining seven populations. Mantel analysis of NTSYS indicated that genetic divergence
was not correlated with geographical distance. At last, we analyzed the cause why P. sinense was
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endangered , and we concluded two main factors as follows. One was low genetic diversity that maybe due
to bottleneck effect,inbreeding depression and the absent of natural selection,the other cause of population
decline of P. sinense appeared to be from human disturbance. In correspondent with this, we proposed

some effective strategies to conserve the species.

Key words: Psilopeganum sinense; AFLP; The Three-Gorge Reservior Area; Endangered mechanism;

Genetic variation; Conservation strategies

PR OF e ZREEN TRPBEFEIIRR
HEBEIER, BT & A ST BRI E ¥
REEN—SPRTERIRVUAINBESH
U Txt T A WA YR R ST
RAENFTENE L. HitfE BRI {UL
FERATAT B3 4 Yy AL o A B R T RABGY
MPLS , EEENR, YR R IAEE M EREE
FHERETIFBORYE, NI AL —5 EBHKT
M YRR A AR

=T (Psilopeganum sinensis) R E 1 H B
BHEY, KRR TEER (Rutaceae) BEFR , W E4F
HEaEAEYY  FESHTHILNER. K.
HE. ER ERHORE BRI F g (R
BRAF S AARKBEDFHRBANER) URFMNSE
#, BEFER—_MHEENZGHAEYY, THRERER
P X RER BATH G, H o R A1 35k FOR 12
BU5 &

REFSGERRE, FESHE=ZREX R
B X, BRREPEAR, g5 PLEE 1
BRERHLERPHEY. BRI ZREXEEKE
150 m, BHSBHEEHMZ ILEFHCBEE, ATt
HASHERREEBIAARER . BRBEEHEHE
B F R B E YA BURF SR R B R
B RS RE, ETREYRHNERE,
BARBERAHREZRNE, IRV R R 37 5
ATEMRFEANE AT, BRTR, EXREEF
EHABRY, ST AR REEM. WUEN
BIREE P TR e St
MBFFRARAUY . AT HEREAROR T S, T
BYFHARERNREEEEREXTEEN,
A5 K F§ AFLP( amplified fragment length polymor-
phism) (516 SORNET B0 T HE RRUE MO 4 FARIE T
SHTFoZRERRHBAMBEN 8 MEZFARE
BRBESHERT TR, EEH#—S THRES
FEREBHRETR BOREEMFE, FitEm
REFRESHHOER , EURBIRERE , IR ER
AR E SRR BEBL 2E KR

1 #R7GE

1.1 ##

REFN S MAREHL WK RE, 2001 4£9
ATRAZETANBEXURE HRFRURER
BRI FIRR SR BEREAT RAE,2004 43 A ~5 AXH#
JEXUEH ERTEN . EAERE. KHRKIEH#
fIRFE(E L) TERFRNBRITN S ERHEZHET
THEEGRL) . BHARILER 15 ~30 MK,
BB e ot , AR PR E TR )5 BT 4C kA
PR
1.2 FHix
1.2.1 DNA W

MBS B A9 CTAB 31" PEAT R R 41 & DNA
Hlo /i RnaseA 1 LR 3 RNA'™', DNA iR & M
¥ BE LA SR AN 1 B R 5€ 1 ( GENEQUANT, Eppen-
dorf, Germany) fll € , 3¥ 5% i 0. 8% MBS VR BER B
WHRE,

1.2.2 S|#fFi%

1 4 NMEHPETER 16 MK DNA B 5
RTF5I1Ymik. N ESEREARN 30 X514+
5 X RE M, S AN BRI (R 2)E
RERY W5,

1.2.3 AFLP 4#f

AFLP 5}#735 B8 Vos %V T8 i s R s ok
BT, R EA S TN T : OB 200 ng B4 DNA F
20 WL B WAL R R R [ & 0.3 EcoR1(10 U/
pl), 0.3 WL(10 U/uL) Trul 14 pL 5 x KW & oh
BIH, 3T CEYMAL3 h, H 65C K43 h, L
1.5% WMDKISMEBER Bk MBS IR, BB
R; ODNAF B EL N EER M AR S EBRA
25 WL, BIE12.5 WL KL ERR M (1 pl
EcoR I Adapter, 1 pL Turl Adapter, 0.4 pL T4DNA
Ligase) #112.5 uL (9 E§4] DNA IBAE, F21CTF
HTERRMELD 2 b, BFER. 0.1 xTE &
PRBCR E IR A O 10 £5; OBy ¥ 7 SR Bh
20 pL IR NER R PHAT 5 pl BESHBIER
DNA,0.8 pL (50 ng/ul) EcoR I+ A 5[47,0.8 pL
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(50 ng/uL) Msel + C 5| #, 0.1 pL (5U/pL)
Tag DNA 3 4 ¥ , 2 uL 10 x PCR buffer, 1.2 pL
MgCl,]. PCR ¥ %: 94C 2 min,94C 30 5,56C

1 min, 72°C 1 min, 3£29 &%, 72°C 5 min &
1B, F 4CIRAE, FIO.1 x TE Erh iR 25 15
JEAE N B M BR ; QY R A

-'-"._\‘ — b ar®
o . f.-’- ‘5 L
1 y K (. .
. S -’
KB . 3 {
5 '717 4 ggg \.\\
1l a2 Gl i .
4 ®. \_——_—_’—-
i—p o ’\/‘ 3 EF/" E%: a’ #[[géj:tﬂl
" ‘\jﬁ“- ) B3 9 r EOELL» =) !
Ve /5 A, ~ 8 QEAET\,
- .ﬂ'j C’ ( " .\. J&OEB
\_'./ ? ~ \. A '
/ ] N\ =519/4)
n_.J ~. —

1. BERSRES; 2. BILRURSE; 3. BARGERYE 4. ERTENY, 5. XN, 6. XL M; 7. HEFE,; 8. KMAKHE
1. Chengxiang, Wuxi County; 2. Shuanglong, Wushan County; 3. Xinling, Badong County; 4. Yanduhe, Badong County;
5. Xiangping, Xingshan County; 6. Gaoyang, Xingshan County; 7. Xiangxi,Zigui County; 8. Gaojiayan, Changyang County

1 REESTARERNSH

Fig 1

The distribution of the eight natural population of Psilopeganum sinense

1 REBXRURREHR
Table 1 The habitats and localities of the samples of Psilopeganum sinense
RBH = R (m) Py R
Population Locality Altitude Habitat Sampling size
Wuxi Chengxiang, Wuxi County, Chongging Hillside and fields, sparely and densely grown
Bi(WS) BB SR 10150 MR M 2
Wushan Shuanglong, Wushan County, Chongging Hillside, sparely and densely grown
?H‘K?EI(YDH) ?ﬁibﬂﬂ?%?ﬂ‘ﬁﬂ@ﬁ 170 ~200 ﬁ#ﬁl,mﬁl;ﬂiﬁﬁé 22
Yanduhe Yanduhe, Badong County, Hubei Riverside and grooveside, sparely and densely grown
BROL) LR R 00 vyo B R ”s
Xinling Xinling, Badong County , Hubei Hillside and roadside, sparely and densely grown
WR(XP)  BHOULERES o0 260 L EEF MOER M 5
Xiangping Xiangping, Xingshan County, Hubei Hillside and roadside, sparely and densely grown
BR(CY) ML AR aso  FIESH, Wi MEREE 20
Gaoyang Gaoyang, Xingshan County , Hubei Riverside and grooveside, sparely and densely grown
FRO  SUHRARRR o ABFLEEMAE 1
Xiangxi Xiangxi, Zigui County, Hubei Hillside of roadside, sparely and densely grown
EARM(CTY) WK BB W 100 210 HURMMEE, BEERME -
Gaojiayan Gaojiayan, Changyang County, Hubei Grooveside and fieldside, sparsely and densely grown
£2 EXSHWFINAAFHEFTH THRERANSEHH. SEHELE
Table 2 Sequence of pairs of primer, total number of loci, length of segments, number of polymorphic
loci, proportion of polymorphic loci
VI EHR EHHH ESHRLE(P)
o
Cogdl%ofﬁ% . P?-il %fﬂ:;m Total number of Ic%gt{lf(?}l))) d Num. of polym- Proportion of pol-
prime mer p AFLP bands nghh of ban orphic bands ymorphic bands
P1 E-AGA/M-CAA 20 70 ~400 13 65.0
P2 E-AGA/M-CTA 37 70 ~400 10 27.0
P3 E-AAG/M-CAG 33 70 ~400 10 33.3
P4 E-AAG/M-CAA 53 70 ~400 25 47.2
Ps E-AAG/M-CTA 37 70 ~400 18 48.6
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10 pL KRR R[2.5 pL £ HEBBHER
DNA,2 pL(10 ng/pL) B EcoR I + AEFEM T ¥,
2 uL B Msel + C Y 5 Y,0. 125 pL Tag
DNA ®48#). PCR BFH:94C 4 min,94C 30 s,
65C 30 s, 72°C 60 s,1 RIEH; RGEMEIF 1 kK
BABEEEKO0.7C , #1712 MEF; ZE94C 30 s,
72°C 60 s FT#hAT 22 MEFIG , K ILR B, F 4C R
3 OIA3/4 (7.5 pL) FZEHER] (98% H Bt
f%,0.03 REGIEAM R EE) T 95C &M S min, R
Fl6% KRN ISBEEREER, 1 x TBE & i,
65W {HE LI HRHIKZ 2 h, AFLP R DU Jeze™
*E.
1.2.4 HEGHSSH
BEMSIMERBRELT H LS —% DNA
WWER— LR, S BARUE Ladder, #5135~
DNA B K BEIR R ALK, BRAWIEN 1, TH N
N0, WEBEH _SPIEEMR, RA AFLP-Surv
1.0 34" & POPGENE 1.31 %k {4 % H 347 b
HABUTHRESHESH OFTHH AP
(number of polymorphic loci) 1 & 7257 B 4% P( pro-
portion of polymorphic loci) ; @Nei F:H £ #4153
H( gene diversity) ; @Shannon {5 B #§ % /( Shannon’s
information index) ; @ R f§ Nei®' XE L HFBTE
BESrMLEE Gst (the coefficient of gene differentiation
among populations within species) , ZLXE AN Gst =
Dst/H, , .0 H. =H, + Dst ,H, J 2B M, H;

FERHA R BB S B, Dse BRI 15 SR
ORBAR Nm =0.5(1 - Fst)/ Fst [l R EH
EIEHE R, 7B, Fst %R T Gst; ®Nei K& BE
B D(gene distances), R NTSYS #5447 /&
BRAELT

% B AMOVA (analysis of molecular variance ) 3%
HHTHFHELS, TR RRB R LSRR
LR 05 5 240 &, R BE S HEER
XIE, XN REBHANS . BN RINBKIT
MEN2IMEH(GER.SRIE) fdtE K6 N ER
(VRO BRI R EFR) 82 K
B, 34T AMOVA 2007, LIBARBE B REHEE K I
FRHSHETER .

2 GRS9W

2.1 AFLP @BtS#

M 30 X$51 MR iRk 5 X514 (K 2) XM=
HSNBRBEM 164 MEREITT AFLP K1,
LERILB ] 180 K IEMHTILW, - F 70 ~ 400 bp =
6], H e 76 NEBALR, EHAREFEHI2.2%
AFRIF Y3 B AR BORR, 514 P4 3%
IR BB E (53 1), 514 P 38 ML S 3B
P(201) o BN EBMREARBEH PRI
AERSNEABHVHBNESLRE RN
3.3% ~16.7% , P HBEHRF(16.7% ) {58
ERKRZ(12.8% ) , MM BFRM(3.3%) (£3),

®3 BREBAREHNBLESR
Table 3 Genetic variation of eight natural populations of P. sinense

Nei's

AR BUAY EEUAE  BENEK ’
Eﬁ, Num.of  Total number Num. of poly- E‘ﬁ’&l( %) HEEEM Shannon’s $52
Population samples of loci morphic loci PPL H !
EHEAR(WX) 22 180 11 6.1 0.03223 0.0340
Fr#EZE Standard deviation 0.00678 0. 1336
BRI (WS) 23 180 16 8.9 0.03961 0.0483
FrE#E Standard deviation 0.00722 0. 1497
BEAREER (YDH) 22 180 16 8.9 0.04956 0.0522
Fr#EE Standard deviation 0.00854 0.1670
EAREDE(XL) 23 180 23 12.8 0.06285 0.0676
trdEE Standard deviation 0.00848 0. 1746
M He#E(XP) 15 180 6 3.3 0.01987 0.0197
$R¥E2 Standard deviation 0. 00555 0. 1056
WIEHR(GY) 30 180 30 16.7 0. 06987 0.0816
#r%E % Standard deviation 0.00943 0.1930
BRFR(XX) 12 180 18 10.0 0.06133 0.0543
#R¥EE Standard deviation 0. 00809 0. 1630
KERRE(CIY) 17 180 15 8.3 0.04724 0.0506
R 2 Standard deviation 0. 00789 0. 1584
JEBE/KF- Mean of population 19.2 180 16.9 9.4 0.03420 0.0510
$r#EZE Standard deviation 0. 00775 0.1556
YyEh K Species level 164 180 76 2Q.2 0.0811 0.1323
74 Standard deviation 0.1419 0.2101

Notes : PPL = Proportion of polymorphic loci; H =Nei’s gene diversity; /= Shannon’s Information Index.
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ROUHEY%ETR

B2

HATENE  EREEMNARZ, NI, 588
B H 19.6% , B4 THER R HEKHEEH
BOMAERILMERERPMEE . HPEH
AREREMNE RN, SREBMNEAMNS5.3% ,3X
AR REREFTEH ST EERTRAE,

BEFPBE B ICRIR(ERS, F4) FKIE:
BRTFHEEMRBEERN. 4%  HPEHERR
H(16.7% ) , WIFFERERRAK(3.3% ) ;Nei’'s EH L
#:(H) 70.01987 ~ 0. 06987 , S 50. 03420 ; Shan-
non’sEZSHEERIEE(I) K 0.0197 ~0. 0816, -1y
70.0510, KR HEEHY BT (H =0.06987,
I=0.0816) WP E BB (H =0.01987, I =
0.0197) ; I F /K F L Nei's EER B HEEFE BN
0.0811, Shannon’sZ 5 H{E B 5% 0. 1323,
2.2 EEBESH

BREBREEWIWEA, SERRESLE
Ko STBREBEHLNMEAZHYME H =0.0971, K
FRERNRE B E M (Hs) 20,0478, B[R]
B HEME(Dst) 0. 0492, AL R B Gst 2Ry
0.5069, & B Rt & ZHEPER 50. 69% R IE T BB
EIBRIEAER, 49.31% KEFEHAREER, ek
RUCERENBEILBIEHAK. AMOVA K4
MR EH,H13.17% (P =0.0695) 1+
¥k EHIXE],F 50.45% ( P <0.001 ) HEREMER
HEBN,H36.383% ( P<0.001 ) MEEMEXA

BEA. EXKIFERNERREI L, B
WIEZHEHER 0. 73% (P =0. 3786) 3k B #¥ {4k H],
62.5% ( P<0.001 ) 3k B BEANERE,37. 12%
(P<0.001 ) REFEHA,

BEFSEREEERBE LR NMm=0.25
(1 -Fst)/Fst=0.2432 ( <1) (B ERRER
RER, ARULREEREZEEXREAENE
BB EEm,

2.3 EHBEEES UPGMA BELSH

REFBARBEHRBMAEREE 0. 0189 ~
0. 1091 J8] , -3y fZ BE RS 2 0. 0528 , H P ¥ S 0]
ERERILERSZER R K(0.1091) , HHE#
5FZEBMAEEEE/N(0.0189) , MW E M E#
5HMBEHNBIEERHENBEA(ES),

REERER, REE.FR. BEH. GBI
BERERE, FABRI - EELA, RBEE
IIBOERBER R, A L AR R FOHE I W B R
HS5ERBAVBELE, B EM BN BRES
o M MNFRIMENEREMEEEREE
EREREKE?2),

2.4 [JEEHE{EEEH 55 MY 55 B &Y Mantel #23)

Fi NTSYS 341 J& B 15t 1% BE 2 5 b 78 B g
1T Mantel 15, LABA B8R & BE RS 55 b 39 BE 2 2 JA] )
KRR GREVBREEFEBALES SHhEED
RFFTEMFAE(r = -0.19415, p=0.1959) ,

R4 BEESITARERERSHESK
Table 4 Genetic diversity analysis of eight natural populations of P. sinense

B BRREZEAE BRANERZHEY: ERNZRZEHE EAFEREK AWM

Item Ht Hs Dst Gst Nm
SE3{H Mean 0.0971 0.0478 0.0492 0.5069 0.2432
#7232 Standard deviation 0. 005961 0. 005350 0.090339

Notes: Ht = total gene diversity ; Hs = gene diversity within populations ; Dst = gene diversity among populations; Gst = the coefficient of gene differenti-

ation; Nm = gene flow, Nm =0.25(1 - Gst) /Gst.

£5 BB TARERAMNREER

Table 5 Nei’s genetic distance of eight natural populations of P. sinense
J& 8% Population BB (WX) Bii(WS) HER(YDH)  {EBE(XL) R (XP) HBR(GY)  FE(XX)
i (WS) 0.0306
W3 # (YDH) 0. 0965 0.1091
{58 (XL) 0.0319 0.0428 0.0669
KR XP) 0.0528 0.0674 0.0626 0.0611
HHE(GY) 0. 0603 0. 0629 0.0561 0. 0400 0.0348
FR(XX) 0. 0632 0. 0694 0.0515 0.0305 0.0473 0.0189
HRIE(GIY) 0.0323 0.0376 0.0750 0.0212 0. 0566 0. 0509 0. 0495
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0.02 0.03 0.04 0.05 0.06
Genetic distance

2 #HEES MAMREBN Nei's it e
B5#5 UPGMA 3 M
Fig.2 Dendrogram of UPGMA based on Nei’s genetic
distance of the eight natural populations of P. sinense
( Population codes are given in Table 1)

3 it

3.1 (KBS

AMREREN, BEFEARKNBRIEZR
PE(P=42.2% ,Ht =0.0971) A TR HfEHy
K, 8B T A R Rk B2 36 H R B Y
T ZREEHEHKE(P=9.4%, H=0.3420) E X
KEFYRAKE. SEHAHE DR EE W
) AFLP ZER M, EWRKE LB EFNBES
BEHE AL F P KB, T B B K E KB N &
B2, MR ERENERSREEREX,
TR EEHME R B, ARy —#E
FRIATESER, TRREMBREMA/N &
VI3 SR RIEMRIE B L T B sh RS X A
YR E R ERED EXREENERZ®, Ham-
rick F1 Godt™ Xt 449 FpAE ¥ Iy 653 B 2 AL R 8t 1%
AEFHAT TR MMEE 00 THYBE SR
S5RGEMEB . AHEE.AHHK EER ¥TR
B P FAEE T R E AT B B 8 MEME
HMEXER, RAEHHERETRANNEERE
RN KERE AHEEMEER, 15 dH Y
5 o BB A T R B BRI 1 B R,
Karron 71 2T 11 B FUBREIXS LBFSE, &RM
FH, AERBNEE LS BT RN EAMLE
SMURENE LR, $ERBE R RRIETRKFE
HERIEZ(FR) S HR K. BEEERE
R EMEEY, A THIL(BR.NUEE.
09) ,ER (BRI BRIE ERH B RE) S, 4
AR HSE SRR B ELEARY, B
EERRARIE SRS U,

ERREEER MR SR ENEEREIE

M. B0, BEFNM KA P, ERHEMNE
—, BRIFEXN T R EBRERAX L E S HENR
BEAMS:; KK, i THRABRANNERFEB/RS
FZ BB ( bottleneck effect) KITEH, BER
TERGEHL E PGB B R RSP RER, B
2K DA RAR A8 SR K ERAZELEZLR
MBS, ERE=FNWHEPEATHEY
BN EREA M E(19.6%) U REHAKRE LR
AP (5.3% ), iE— 2B UESE T R TR 3T #R 3
FREERNERT, BHEHNRESHEER
E(P=16.7% , H=0.06987) ] fE & i T2 R
BN, T H Y MAERER(RKBRER
EZRKX,/NMN[EBERTEABR) WER, WEREHEKH#
fEBEEHERAR(P =3.3% , H=0.01987) M a] gE &
ST FCE MRS, T 5 — O I Al 8B 5 R A
BEXY AR, AXRAEX R EEEEFEH
A E SRR K. BREFURKENSHEERE
BTRBEKENESHEFERATHTFEREN, &
BMENTEREIRR (MR R) MESRBEAT
A TIHEZE AR (EHTRIERA, BEFTHL
ZE), BRARIMNMBEEZEENEFTREHABRT
B, BULFFLRFBOER BTAIAELEE, N
MSBGEXRARFER. M—BARNEXHAXE
1B SRR AN AE 1t (individual fitness ) , FE AR S B
A SRR K EED ) NTIEHERAR
IR R 15 BT

N RMNBEHWERSES RAPD &R (P =
67.06% , H=0.2082) HEFr 5", XEBHHFEH
FA,E— BT FRicNARIERXHER, —
AR, AFLP ty RAPD BB R NI  E LA R, B
ETERAPESHAER™ EXRNEAETES
WHHB PR TERER: B, REBKNESR,
AFLP SR AWML, ERN 8 ARER, 0
T RAPD $RiCETIE S NERE JFHMINT B HEE
BURKITUBEKNKAGRER, NSHELE &
AHBEENEBRXN RS HAEEAHYEENE
WeY , A A< T o T AR o B E A A B Bk, X it
ESHEIRMMET RN, Bk, REHNE
SVEE A REEA R KB g R IR
EHFNHELBRIEZHEMEKE,
3.2 EESUEEAR

AEERIBIEE ™ B 2R T Rt vy fh 8% 38 15
ZHNEFERERRN - ETRAE A EEMENE
B B FFUEHIHEERTHEBEERESL
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BB K

A ERBAER, R #HNHEYRE KK
FIEBEME(CGst =0.143) TIRE N BHGHHEYR
A MR BB ML KT (Gst =0.277) ,— &N R,
BX. G EAAPEAMAdRRNERDT
=S BEFENEH SRR BK (6 =
0.5096) , H. 38t & £ ¥ 50. 96% 43 15 7EJ& B [H],
49.04% STTEFRREN . AMOVA G R B
EHREEHEFELH THEME(13.17% ) FME
BEIR](50.45% ) » X —E5R 5 RAPD 4R (Gst =
0.5391) EA (A,

RATVERTE R =B B AR LR
FEE=Z:OAXREREXRERZHTHNXRRE
FHEEHYEA. BREFNEBHIMLER(Cs =
0.5096) 5 B A F BB L R E(Gst =0.51) 48
EP, RMRLE—EHERNEEYF R RS
HWH—AEERERY, ERHEEEbRTARE
WA R SR S L, YR RESHRA
EERNEM. 8 TREFTN/ DR RER, (58
e R BRI, MR F2ENEHTOKREE,
RRBERERIAR, IFERAFERZFHATAR
BGA3E , AT SRR N 1S SRR ), 3
TERRBRA S KO TFRIEB IR BE
FHRELAHE, T E OORMEE, R LR FF
HATFKA 1.5 mm B4 1 mm ,REEHEH,
MEAFREED , A ENEHISIE, Wit
A RERIABREZFE NS KRE KR EH
FHEOEW , ERERREZFNAH ESKRAE —EN
AR, B, ROITENRZF N FEAR T fESK
W% . MXBWHEBEEERRARRKNAERE,
FEREERHEIZEZRZ IR AR E , AT
WAREREBRES QLR BIILWER. BT
“BEYLEURE" ZORE IFE AT, 4 88 ) AL &3l KB B
BB TR R, # T 3% 2 R
15 4 55 B WAL TETE Lt 1% S5 i B oh dR AR
Mo H4h, Mantel 56 S5 R AR ORI T BEML
EtkE” (random sampling) fEF , (R = HIH B E R
385 B AR 4 o

REERBEEEMHK0.2432 (< =1), X&k
EORE BB A & H WA R LABY 1k B B | A9 15 5
o Wright (1951) P38 . B Nm /NF 1, W i
?iﬁf?@@fﬂ%ﬁdﬂ%ﬁlﬁ] B B 44k, T s % B AR
TEFE, BEZERBD, S SHEBHESE TR,
BRI, BB EHRER RS /DR/NER L

HEERRE,

HTEMBEREANREZF N R EER, T
BEFENHLTL EFRE EENRE I HER
BEERANT .

3.3 BERAESITS Mental 21

MEBERLE ST, BERBH S GERRE
EgiE, AR—X  HABRHPER. S E8.
BRE4NEREERL BN BRRLEFEX 4
MEBREL EESWITEREL, NTKIOIEE
K2 N EHIBRASKOALENER=EHE S
Ak, 7€ AMOVA 53t i8] T RIS R (BEILW
BAALE BB BRI 0.73% ) o XL —J7
AR BL e EIAK, VLB E E RS
B B ESREIER; 55— E AT RE U6 B T
HEARAREZEY BHER, X5RIMMHTY
B LY &, R R UL, K W BT AVE RS H b
FVRH—FREA . EXHBEES, RMNER, —K
BREFRSMALIT (BRHKRFA) EKRRF R
¥E 44, MENERFEESR/PRE WA EMNK
WA

JERRIGIE R 53 IE B () Mental K0 %H,
FEAME(r=-0.19415, p=0.1959) , X T EL
HTAERA B VU MR, A4h, &
TREEFEZ G TRERLE, A NER(WFKR
MEMKFTR) X EEmEX, RS
BXFAMHERENEREE ., X174 R R 1A
TERHBAZERH+AER , #5EHEREE
FRMEEN A BEE TR IRFE, MILS RS RAPD
IR (B EMAE,r =0.93094, p =0.9861) H =
7, BRMNELERE, AFLP REXB S FHFOFEHN
RAPD IS M EBHELBHEL -B(BEREHRS
HbtEHAGEEERE FUAMEREE—E),
HRRE ASELZNENFE ARG EE 51
HEEMELXR.

FE EATEEMR, BRI ARG BRT
JEREIR] B AR BE B AR XY B/, X WiF N 55— 4
QT S Bk T BARKBRAA R . BREELR G L Bk
TESMANMCRE, ER R SR A ER N R T
AN SER LS ERNBRELE, R
JERER B /N fZ BE B R B T B R R At A
ZRl, OB KM L) R Bk T B BE R A R By 2
B3R
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3.4 HEFEARKA KR
3.4.1 HEFEEBEH

XFUR BRI —ERBEFRMERYE
FE WM AR, BIEEFIMEBERR, MAES¥ER
NSRRI E M, TH— MR B
BERFAFEERIEFEERNER. REFHHER
RASMEERERKGER. —FE, BXHER A
B HBRE A REFEASFBRZFNRAESH
HREREBAENNERR . R\ AREBRHESF
JRA, BRI R R SHRE S RIE L, #A)
WL, — AR B R PR T R R RCE JE L
FEEMEH M TR, BEFHEREEH
HEpesE T FARMEE B AL B3R, L T AT
BRSO SR IE T R T E B R , OB
ARZFRICEMESNEAENS B &%, &R
1R R A B L UBHHSE .

FA—TE, AR B R EREE TR R 45
MERZFHREMIMERER . RETFHEFHEE
MR AT A BRI, BB B ARE PSS
KFTREEMR, REFRENSMA T RERX ZH
Jhs X, =ik T H8 (4 S 0 4R %ot JRC A 5 8 AR K
SR, BRASRE - Wik, B35 B TR=E
R—MEENARAEY, AR EMNHERERT
TRKHIBY , A9 B FF FEFh B 46 75 3t f L A 3
—B4ED, HREFRRERBR KR, EHF
B REEEME B TARE S (MFFRFEE)
ERA, ERERURTER . BUBEFMHKLERNR
% 788, DR REEA BRI REE
B
3.4.2 REERE

REFMHERBOERR TN ZYF LT,
BUENESRENERAETEEX, BEF
EARERENEMREREY, KR IRIEEHEZ
AW BB, K€ F05C B A AR R
TEEB . ENXREFTREEMN TR, RIRE
WTRERE . REFEBESEK, B 2R
FEMGEERE, E A ERRERBSER
FOR e SRR TR  SFFRELE RIS 7 , TR AT
BLZARTR AT BB TP EE, R FHE BB S S Bt R
BOREFER RHER. KEERAAERES
DL B AT B AR . MEAREE
FUEREEREZFREEHH IR AITEER
MR AR E SR, AT A R A B
FHEZW, TAEMBREHIT RIS, B TRE

EHRY—ARE LT SR, Sk TR KL
HEKe Xt B R AR I, X T2 B = kR U
HX R BT SESAR B, ZEXE MR B BB L AT
BEEH., PRERIUEYERLE 1995 ERF R
THEF TR T, (AR i THER B 38
HERIRE R, AR E RN, 2004 43 ~5 A
1B 4% B B SR B AR MY B D L R PR
$24 150 BRAEFT TR, FB L B P RAT
RIBZHX BUK R ER, B EFHRERRE, B4
Fit, RV RA LS TISH B4, H—
s, IR TR TR, BAMEESE S
ERERER, ETFULEA, BRITAIBZFMT
B AR b BT 5 L TR A A 38 A (DL R S T Ao
RATE R H LT 3 T iR P MR B BT,
BRI R A TS, T R AR S
BEFRRGE B RN A b, X WIER T
RO R STRN,

St FRZD =ik TREMKGX , Ribf iR
B, TOEREHL AR B0 A8 P LK R R A B 1]
PATAMEER, IR BB AR S SRR TIRE
HIERIE S BAM, X T it X By 1 F A B 3
—SPIRURASHREEDERIEEN, X
FEMYBERIAFPX -2 RRENEEYS,
BB YT REPER,
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