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Abstract ; The genetic diversity and structure of 6 natural populations of Symplocos paniculata in Hunan Prov-
ince from 5 different regions was investigated using inter-simple sequence repeat( ISSR ) markers. As a result, 122 lo-
ci were identified from the 9 selected primers in 149 individuals of all populations, of which,113 loci were polymor-
phic, the percentage of polymorphic bands( P)was high to 92. 62% ,while Nei’s gene diversity ( H) and Shannon in-
formation index (/) were 0. 3264 and 0. 4873. The coefficient of gene differentiation ( Gst) was 0. 5215, while gene
flow among populations ( Nm ) was 0. 4588. Analysis of molecular variance ( AMOVA ) demonstrated that the genetic
differentiation among populations was relatively high. The component among populations accounts for 51. 07% of the
total variation,while the component within populations accounts for 48.93% . 6 populations were clustered into 3
groups by the UPGMA cluster analysis,the result showed that Da Wei Shan and Long Shan populations were in the
first group, Yue Yang and Dao Xian populations were in another group ,and Heng Shan population separated from all
the populations in the dendrogram. The geographical distribution was not related to the cluster results,but was mutu-
ally related to the geographical elevation.
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MK CTAB 3£ BEBUA AR IE R 41 DNA, 2 50
100 pL £8 K, 225006 E DNA
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Table 1  The characteristics of different populations of
Symplocos paniculata
JERH S R KEEEH P L R
Popula- Sample #4&(m) (E) (N)
Population
tion ID size Altitude Longitude Latitude
DWSA PUIEPNGE 21 1550  114°09’  28°25’
1A X
DWSB PUlENGE 25 1263 114°08"  28°26'
1B X
XXLS WG L 28 1402 109°10"  28°44’
HYHS s P A7 L 26 650  112°42"  27°15'
YYJS EHEL 30 80 113°06"  29°22'
YZDX A 8 B 19 100 111°46"  25°24'

1 e THEFEEFIMIESRE

Fig.1 The geographic distributions of six natural

populations of Symplocos paniculata in Hunan

1.2.2 3|¥f#i%ksS PCR #3 % 100 4> ISSR 5|
YA i , D rh e B 1 S5 T I, T A R A Y
9 %519 (£ 2) HT PCR ¥"34, ¥ 14 [ b 75 AB2720
PCR §" 344 1 647, 3 3k 15 52 R B PR 28 50 56 ff o e
PR 3G 551,20 L 19 RN AR R HEFT . DNA Btk
80 ng,Mg**3 mmol/L,dNTPs 0. 2 mmol/L(1. 6uL) ,5|
0.5 umol/L(1 uL),Taq DNA B4 1.25 U(0.5
uL), 10 x Buffer (Mg’ " free) 2 pL, 5% J5 F K & 1)
ddH,0(10.9 wL)#MEZE 20 L, WALTF 494 °C i
AP 4min; 94 CAEME 30 s, 3B KR E 48 ~ 54 C, A
6] 45 s,72 °CHEMH 90 5,30 AMEFR ;72 CLEH 7 min,
4 CHRAF o
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1.2.3 PCR =¥l 93" Y 1L 1. 5% H B
BEEERE (5 0.5 mg/LEB) HLUk (0.5 x TBE ZZ /K .
HLHE 5V/cm)1.0 ~ 1.5 h, L DNA Marker-B {EF5
SRS IRY) R BOX BEK R F 58 (SYNGE-
NEG) FRAHIFEIC %
1.2.4 BXERFTEDIW  EHEB KA 5
Br B8 R vl ST M AR E AR EETE 200 ~ 2500 bp
JLE NP3, R Quantity One. 4. 04 3R F4
A A ITICSR A 1, o4k BIC sk 0, 14 B ISSR
FERHL“0/1” BUHE [ . AR P8 Hardy-Weinberg - fiif
YRR R SE AT A8 OE, DL AR IR 52 56 5 HE 0 U
Witk

AL ZAE M AT AR B <0/ 17 BUBCHE B B 155
ISSR-PCR 4" 4 28715 A 2 A5 M2 OB H A2 35
PEARATI T 235, ik — 20 A i P RE 9 3845 Z2 A1
HR G DR R AE B, B PopGen32 B 1R BE Fa
4T Hardy-Weinberg “FHPRA T, 73 5l 5 2 84k
PLEA S (PPL) A RE AL HE I (Ae) | Nei's 1
R Z A PE 48 50 ( He) A1 Shannon 5 S48 50 (1) 5518
B MRS I 2 R I 45 B 0 £ 2
7S SR

W% 458 53 B7 - SR ] STRUCTURE 2. 3.4 %
FE 149 FERR AT BAL S5 18 5307, (BOE (6 SRR 20
A9, MCMC ( Markov Chain Monte Carlo) FF 4G Hf A
YEXGEAR (1ength of burn-in period ) %4 10000 X , ¥
AYERGEAR G B9 MCMC 30 10000 YK, K 41 R
(population genetic cluster) £ H K i [ & & &
2 ~10, B K Hiz47 20 Ik, &€ K 55, R
Pt A U s AR P R LD B S 95 ME 8 ( posterior
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Table 2 Sequence and loci of primers

probability) LnP (D) 158 AK {5, AK N IL'(K) | )
SFEPBR L LOK) fbpifE e, Ho L' (K) = L(K) -
LK=1) ,IL"(K) 1 = IL'(K+1) =L'(K) | ,L(K) lJ
A STRUCTURE #AFZ4T 4 2R i LnP (D) o 231l
AK BRI L Wl e B B2 55 s X LY K fE N
A B AR A AR RERR Q (I 4 A
R,

WAL M AMOVA 43 F 7 22 43 # B 44 4>
P s e AL oAU RE B ORI A — A 2 AL
USRI Z AR He TR (8 Rl X)) s
& 2060 Hs , TR A X He = Hs + Dst 71558 7]
WL Z A Dse, JEER] 435245 53 AL LA Gst = Dst/Ht
TR, R Nm =0.5(1 - Gst) /Gst'”"

A% BT . FIH PopGen32 11845 FE #E ] Y
Nei's 15t f&— 08 Flist A% #E B, JE X 45 B B i#E 47 UP-
GMA 7% 250 M1 (unweighted pair-group method a-
rithmetic averages) , H3 3 7148 45 2R A1 R 25 70 B K0T
W & IR ) 5L AR

2 FER5HMH

BHiEEEA S HN

FIFH T A9 9 2% ISSR 514, % 6 N KAR A8
JEFEAL 149 87 A4 FURISE R 46 DNA S iE4T 1S-
SR-PCR ¥4, Jep 48 tH 122 450l 52 A0 1 M 3 17
Hrb 113 {2 BEIEW, Z8EEE AT F R
92.62% (3 2) ., &IPSR H ARG,
R0 ~17 25, Hd 5149 UBC84S ¥ 34 () 3% £
E TEWRZEEEE (B 2), ¥R BKENE
200 ~2500 bp 2],

2.1

519 Primer FFF(5" -3") L (°C) SR EZ a0 ZEMEEATEH (%)
Sequence Temperature No. of bands No. of polymorphic bands Percentage of polymorphic bands

UBC815 (CT)4G 52 15 15 100

UBC817 (CA)A 51 14 12 85.71

UBC824 (TC)4G 52 14 13 92. 86

UBC835 (AG)gYC 51 10 8 80

UBC845 (CA)g4RC 54 15 15 100

UBCS853 (TC)4RG 52 11 10 90.9

UBC862 (AGC), 50 13 12 92.31

UBC873 (GACA), 52 17 15 88.23

UBC879 (CTTCA), 48 13 13 100

-4 Mean 13.5 12.5 92. 62
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Fig.2 The ISSR amplification map of Da Wei Shan A population using primer UBC845

H 2 3 AL, A4S JE B 2 IS H A L
(P) LG FEAE 30.97% ~ 64.64% ZJa], w5
FE R REILL A X (DWSA) > KL B X (DWSB) >
ACHIIEE (YZDX) > HE A I (YYIS) > i FH A il
(HYHS) > P 1L (XXLS) , Hir R FE L A X JE R
B Z B R (PPB =64. 64% ) , Jo IR RERY 2 251
AR (PPB =30.97% ) . FIEH T K- Shan-
non 15 BI8E0H 0. 2664 , 45 JE B Shannon 15 B 184

®3 BERBEANEESHENE

F£0. 1633 ~0.3635 Z[b], mRF 2 KE 1L B X
(DWSB) > KMl A X (DWSA) > & FH & L
(YYIJS) > 7kJHiE B (YZDX) > #FBHA5 1L (HYHS) >
WG R L (XXLS) o FEY R AR 2 8PS E o
A Shannon {75 BIGEL 5354 92. 62% 1 0. 4873, K
Bl A KRR ZSHER N FEE, BIE 2R,
TE N PRI RE T B, 1 M LU R R AL 2 SRR, X
HAAF I IAIE N R T 555 .

Table 3 Genetic diversity within populations of Symplocos paniculata

LB T (% )

fa FREA R R Nei's iifEZ ¢ Shannon 2§
No. of polymorphic Percentage of . .
Population Ae PEFREL He PEfER T
bands polymorphic bands

KEIL A X DWSA 73 64. 64 1.3841 0.2238 0.3348
KEIL B X DWSB 72 63.72 1. 4400 0.2482 0. 3635
WIPE L XXLS 35 30. 97 1. 1960 0. 1106 0.1633
HPH#E 10 HYHS 39 34.51 1. 2665 0. 1445 0.2079
EHE LWL YYIS 53 46.9 1.3327 0. 1879 0.2745
M IE B YZDX 55 48. 67 1. 3040 0. 1717 0.2544
14 Mean 54.5 48.22 1. 3206 0. 1809 0. 2664
BEPRIKSF Population level 113 92. 62 1. 5685 0. 3264 0. 4873

2.2 BEEMEEEASENE

M H Structure2. 3. 4 3545 4 A X 149 4~
LR A R R[] 194 i PRI A SCHR B 0
PEAT AL A 0 M (11 3) o AR A TR K (EH T ek
InP(D) ( log-likelihood values ) {H VR AR 4345 5
IR E M AK S RASAE B B xS B ) K B AE 4
A B 20 AN TR Y 26 7

ek InP (D) Al AK B9 RCE A P U AR, A B>
K =507 (K 3-A) , B35, AK 284k & a5 K T e et
InP(D){EAE K =5 B SR EDE TH20E (181 3-B)  BER

ARG A B PR e R A A 4y . i (181 3-C) Al R,
PR T i Z [ A AR 2 B BT B 8, 149 A
FEAR AL ] 7B 5 26, 7 I LAAL & St
BB RN AP 2@ DO T 2 N i B A
JoiC, 2 Il o g A B L ol 5, 2o L DX B 2 2
5 A LA o, S5 X 200 R F L B XM, 3
O TR A XAV Je Lo, T
B B AL WA 23 A, L A X5 TR 1L P38 i 4
2 HAREREIRIRE A B35 B B I M B ST, 36
PRI ERis L a1k
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values, C: The genetic structure of 149 Symplocos paniculata individuals

B3 AEE#HEEENE
Fig. 3 The genetic structure of Symplocos paniculata populations

2.3 HEBHEEESL [ 77 BH 5 084G oAk, JR N B SE R 2 FE B (Hs )

JEFEE Bt 1 AL BT 4 SR B (R 4) , AR h 0. 1466, JEFERI 3L ZFEME (Dst) 2 0. 1598 ;5 [H]
BIENZRERE (Hr) 4 0.3064 |, P54 UBC84S Jx WHFEE T 200 B8 (R 5) A 51.07% 1)
N ZREE AR i, A R BEZ L R b R G FAEAE TR BE], 1 48. 93% 115t f% 748 5 ok
B (Gst) 0. 5215 JEAFRIAYHE I ( Nm) 24 0. 4588 BT RN, mREZ SR T RN, #—2
<1, W EH R BRI R SRR A, $B/R TRRAE B0 UF AR B 22 R 2 A R st % 4k

*4 BREERHNEERSURY

Table 4 Coefficient of genetic differentiation for geographic populations of Symplocos paniculata

514 Primer BENZHE H JEREA N AN By JERERIZRNZHYE Dy FENIMEREL Gyt FEHE N
UBC815 0. 3295 0. 1899 0. 1396 0.4237 0. 6800
UBC817 0.3125 0. 1502 0. 1623 0.5194 0.4627
UBC824 0.3291 0. 1298 0. 1993 0. 6055 0.3257
UBC835 0.3518 0. 1964 0. 1554 0.4417 0. 6320
UBC845 0.3893 0.2304 0. 1589 0.4081 0.7252
UBC853 0. 3289 0. 1814 0. 1475 0.4484 0.6151
UBC862 0.2128 0. 0463 0. 1665 0.7824 0. 1390
UBC873 0. 2557 0. 1193 0. 1364 0.5334 0.4874
UBC879 0.2480 0. 0757 0.1723 0. 6947 0.2197
F-$59{H Mean 0. 3064 0. 1466 0. 1598 0.5215 0.4588

Nin: SEDRL 5 He: )Tl 7K B 5L R 2 REVE 5 Hs SR RE R AL DR 2 RETE 5 Gt S IR G0 AC FR 805 Dt JE TR 18] A A4 2R 1
Nm . Estimate of gene flow from Gst or Ges,E. g. ,Nm =0.5(1 = Gst)/Gst, Ht: Genetic diversity of species, Hs: Genetic diversity within populations, Gst:

Coefficient of gene differentiation, Dst ; Gene diversity among populations
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Table 5 Analysis of molecular variance( AMOVA ) of Symplocos Paniculata populations

; . Ji 245y )
AR SEAUR Source of variance  H HJE df JrZE M1 SS AR5 2B (% ) Total variation P {f P-value
Variance component
FhEEE Among population 5 1291. 236 11.1238 51.07 <0.001
FiFE A Within population 143 1344.333 10. 6576 48.93 <0. 001
S Total 148 2635. 569 21.78141

2.4 BHEBEHEREESH

6 AS[AI A FUAR R AR 8 A 22 (] 1 Nei's 15t f%
B 7E 0. 08811 ~0. 65637 Z [ (£ 6), UPGMA
RISTHr I A (E 4),6 A JEBEAE 5 1L AL R 5L
0.456 A REI R 3 KA T RIEH R A X
Je R BERREILL B X JEHE 55 11 KIEHEFE
KM B EL T 3 5 i BH A7 1L B e i3 TIT K2
FHAL] structure F3AT 45 FAST G, 38 H Ho R PR AH
IERREREE G TR —2 (AR KFEIL A KRR
I B SN B T KB B X R A

Fo6 BEREEMEEHER

—2 T R 2 L A )9 Y g L AR SR A — i
BE)E -5 RE N B IXERERIS, KEIL A X5
T LA 2 T) A4 20 4 5C 2 il , I BHR Ll et 3%
A0 L AT S0 PO A LS AR A L L e SR AE
&, TR AR ) 7K M T B R 2 6 R il , 2
REW], HE R RN E S A E A e
IR SR AR A A BRI I A DX 55367 e 1l
JE BTSRRI, F FHEY LR A A 7 M L S AR T A
WIE AR, P AT DU 2 2R S 45 2R 5 4 g 1
A—ERR,

Table 6 Genetic distance among populations of Symplocos paniculata

SR Population DWSA XXLS HYHS DWSB YYJS YZDX

DWSA 0. 00000

XXLS 0.08811 0. 00000

HYHS 0.56749 0. 56457 0. 00000

DWAB 0. 32892 0. 45723 0.63191 0. 00000

YYJS 0. 42669 0.41673 0. 65637 0. 56349 0. 00000

YZDX 0. 46364 0. 45022 0. 61467 0. 46529 0. 44437 0. 00000
. | XT38 15 1, 51500 B 22
pwsa, ! SIS S 5 A SR S BT T TRt B
s | | S Bl R 5 , SV i 1 2 R 1 T S A
YIS I R4l ) 22 25 R 40 B 40 R 1K 92, 62% , TR g
YzD H (LA A 25 0 55 B8 1 B8 7 B T A A
HYHS m, Wy o2 Jp 7 AL, R R A A T i

0.06 0.10 033 b47 0.63 S L SR B R A i AR (R

AL ZREL Coefficient

4 6 MRABEERH UPGMA RAEE
Fig.4 UPGMA based on the genetic similarity coefficients

of six natural populations of Symplocos paniculata
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JE R IEAL AR AR R L 2403

JEREZ S M A R A R, #RFE 30.97% ~
64. 64% Ju [l Z ], Horp K L A IXJERE 2 851k
e (PPB = 64.64% ), % 1L J& #f 1) 2 & M A%
(PPB=30.97% ) , Ut WK Fl L A IX 3 B 19 2 281
AR, BAE I E T, 18 N AR B T AR TR
Ly FR T 00 s A 2 ) R R 32 T A A X LA A
P PREE I W BB T B 55 o A S B i A v 3RAT T O 5]
FIRERBLG:, KR A X 20 A T AR, HL 3 400
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SR SRR H AR 1A R R R A
BIAE RIS, I e L3 X R 16 B 22, A 55 8 i
N, RS TAERS KR AN TR K &2,
R 2R E R
3.2 HEREBEHEESL

S I 1 38 1 22 P DRI R [ 338 4 b i) PR
RS KR RG FERE R me A S
R gl FAR Ve R RN R AT 1 6ER
PRI AR s 22 /N 1 D 35 B 5 R 3 B oA st
LAy A B, /NG rp i 35 BRI AS (L AT D) AS
B FE R R , i ELAE— o B s e %
AW B 3G N BE S5 . AMOVA 43T & 3L
P38 A A0 S5 A TR R D AR R 1] (] s A7 7 (E R ]
BRMK T EEEN, B E A ERE (Nn) R
0. 4588 ( < 1) Ui B J (1) 5 DRI i 2l A FE AR, iX 5
TR 2 A T 45 R — 2, A
BRI, AR SR E A — A 2L A SR U
FET, M AR 25K, A 45 22 FE Akl B A R ) A i
B | TRV FP AR A5 A J A 25 1] i B s 8 A IR
PR3 B e 25 S BEAILIS AR AR i R sl A B
B AR S EUR RS AL 45 R () 23 TR S v T
PEIE TR 34k B 38 51 I AR 1 35 PR 3t , A Sk A
MR Z WEEREA
3.3 HiEAEEEEEREN

AN R SR B AE SR E R AT T UPGMA R 284y
Pras R 6 NEBEN 3 R T RIS KH
WA X el BERRE L B X268 1T KR2Eh i H
I B JR A 5 7 Ly AE Sty 5 T RS, e ok Bl L
A DRI PG 8 L & 55t 45 R i il , AR F strue-
ture 43HT4G SEAHAL, 590 0 0 2507 1F 9 45 AR ]
PR R BRI B A R 58 4 — B, 1T S5
PR R —E KR, X G R E T L LT
AL IRBRBFAR S e 3R — 28 I A 2 B 5 f e
(), 52 T R S A3 1) 2 A, 5 A 9T 45 SR
], Al & B0 TR 1 B0 A5 s AL Z ARV A
A BRI H SPE ™ XU, 6 ARk AR
A A2 R U e B R 2 5 iR SR B s 1k
MEZENTFZ—, HTFAMEERERNES, B
W24 Jr 22 5 AT 5 SO AR 91 0 e, (AR [ i 4
AR BEAE R 1 496 22 1) T AR K A BELRS, B 1
PN SR RE TR A BEATLAC B, J 4 (8] 19 S PR i sl 32 B 35t A%
S SR ok B I d AR B s PR A,
REUEFEE O EEH RIS I8 % 9 2 b
JERA KA ERImESE, SRMERE A

R SR, P RE I 0 R — VR R st A
AHE SR A TR E & BR FEIIL B X AR 58 Ak T AT Ak
R 2 K ) AR B R BT AR, I At
J7 S EREAR T LAHE I AS ) () PR 45 2 ffi oo Jo B 9
AR S 7 A LU RO R R S R R DU A AT DA
% R ELRIA R INVE SR (CAn S 7 WA ) %
FHOREpR S AL Z R R AT A RE AN RIS W At — 25
oWt
3.4 BHEgEEBEHZRBRRPIFHRE
FUABLELA 52 A 2 B A0 (A, 2 5 mT A OO o
IR A8 T AR AN, S0 B R B, (R 4
FAREF A R AL BRI, 3o TR G BB U i
Pk B 55 Ak BA EE R L, AT & A
TR LA A v 9 a8 A% Z2 W o S0 2 T B K
LM X ) 3 2R 2 1T B 2 1 R e X A A
1 ZREEM I L N A S %ot FL AR AT sk £ b i
MTFRF , HoAb s 5 BRI A B K s 15 1k, 5%
PRI B AT, PR 0kt th B 2 At A A AR
TAF SR 2 b s R B i T I & 3 S, — R Y8
SRAR B 1 B — A S T R AR B A TR
SRR, PR S 5 A2 AR R VR A S e, T
RELR PRI RE R AR BT A (M 33t % Z RE KO [R] i
AL IR G T 1 TR AT AR R Y
PRV | HE S AR TR AR 1], I it A ThRic S
FHIVEAR AT ABSS G 1 5k X AR o 9% gk A 7
ZEA TR, R FABLAR R ol 7 22 A 32 7 4 4L
B S ZAKTE
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