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Genetic Diversity Analysis of Endangered Plant
Camellia pubipetala Detected by ISSR
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(1 Guangxi Institute of Botany, Guangxi Zhuangzu Autonomous Region and the Chinese Academy of Sciences, Guilin, Guangxi

541006,China;2 College of Forestry,South China Agricultural University,Guangzhou 510642, China)

Abstract : ISSR markers were used to analyze the genetic diversity and genetic structure of 6 natural popula-
tions of Camellia pubipetala. Eleven primers were used to amplify DNA samples from 150 individuals,and
a total of 92 loci were detected. The genetic diversity of C. pubipetala is relatively high both at the species
level and population level. At the species level, the percentage of polymorphic bands (PPB) is 80. 43% ,
Nei’s gene diversity (h) is 0. 245 1, Shannon information index (I) is 0. 377 6. At the population level,
PPB range from 58. 70 % ~66. 30% , h range from 0. 199 7~0. 229 3,1 range from 0. 300 9~0. 343 8. A
low level of genetic differentiation among populations was detected based on Nei’s genetic diversity analy-
sis (G,=0.126 6) and analysis of molecular variance (&, =11.37%). Gene flow (N,,) among the popula-
tions is high (3. 448 0). A mantel test showed there was a significantly correlation between genetic and ge-
ographic distance among the populations studied (#=0. 755 1, P<C0. 05). Relatively high genetic diversity
within the population and the low population differentiation of C. pubipetala might be related to its out-
crossing mating system and bird pollination.
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BIM 4 AL (Camellia pubipetala) IR
X & (Camellia) 4 6 25 4 ( Theaceae, Camellia,
Sect. Chrysantha Chang) ¥ &R E KRB /NTF AR, N
WA K a2 mEEY . HAEM A2 JERE
THYEWERE BARESORFENE . BRe
PEZS 55 8 0 (0 2% A6 07 i b i 00 R b B WS O, B AT
FEMEINE . BRI EHH (C. pe-
telotii) . i Wk & 46 25 (C. euphlebia) %5 8 4 16 55
B IR AR I S T R BIR A AL R
AR S — Tl R 4K A8 B Bt AR R B T DR A Y
ATE L BRI T R A . A R4S o
A DR Ry A7 AL o3 A5 2 T VG V4 R ¥ B <22 AR B
B R A B, AR W 120~ 430 m i L IAGH £
WA ZETIAR . T NN H AR 55 A O AR B 9 )
aeb BE SR A7 AT S 1 T BR 2 A A /) B A J R AR
U, RAB Ay S R WM T K4 . HRTZ
Py © 50 AT PU AR /N RE B AR A 45 5 ST AR
—HEE AR B AR ALY 4 ) b A A IR B
T4 5% ) [ ) o 200 8 4 5% ) A CTUCN 4 i 21
O F). HEX T EBMEEROOIR EEEPLE
et Ok AEH RN T A 2540 T IR 25 M R AET
e RS VBB HOR Y AR O T A T B A A
ARG A58 I A £, ik = HOUA A it TR 1) 8
iR TR T X LA o U 52 R AT A DR SRS

Wy Tl 14 35 A2 25 R P 2 R G BV g AR N B
AR AR R SO HE — U 2 AR M A i it A i
T ER o WG AE ) 1Y 388 4% 27 BIF 50 02 8 7 A HIL A
(g —ANEE Iy R A S AR 8 L 2 R M 0
FEAALRE T A ) ik A Iy s LA R o fe Lt i L
KA B e A R WUBL 22 8500 15 it ok Of 7 Wi e )
Fptsl . ISSR(inter-simple sequence repeats) B[} fi] B
o5 [E] B P A bR iC T % BT R A R B DR LR R
A SR A TE B W WA R W 35t A5 2 REPEE T
bl Tz R T AR AR TR A g R

ISSR Jr FARICE AR B ALK 6 1 H R Jm fFut
1275087 AR S BB ALK A IR 5 B 10 a5 % 4
ey 35 A5 22 R OK T g LG I D 1 4 s e AR 3
F5iE PR A B I BB AR

L APRAT %

1.1 RKIE# R

IR AR BB BRI S T
MRBRMEES Y 6 MERF.EHS T BREERN
HEA oy A X, o A B CRBERCE LA 1, X
AR 1 8 B Wb % (LL) A1 3k (ND)
S SR B T T N i A A, G i A DU SR A P A R
B Rk E) 5 m DL b, HOREE 150 R B IR A AL
ZAEAR SO R AR (R SR AT PR T B T
BAg Ay L Z TR
1.2 A &
1.2.1 2 DNA BRER MY A4 &S DNA 42
K HECR A CTAB J5ikt™  HR A A% il 5 X
(BioPhotometer, Eppendorf, Germany) Jll| 52 #& k&
DNA V&3, FI 126 BB 5 5 1S v VKA T DNAL &t
¥ DNA W EER RS 20 ng/pl, —20 CLRAFH .
1.2.2 ISSR W# 5 M ISSR 5| ¥k &
KEFAS L K 22 28 415 19 JF 31 (University of British
Columbia, Set No. 9,No. 801~900) , iy b ¥#§ 4= T 4=
W) TAEA BRZS 5] 4 8. 100 4~ ISSR 5| 9 o §if &
1T AN AT T SO R E B T A
150 fiy DNA FE S B335 (R 2) . R 20 pL by
&, Hh i 4.1 X Buffer, 1. 5 mmol/L MgCl, .
0.2 mmol/L dNTP.0.5 pymol/L 5% .1 U Tagq .
20 ng B DNA, § B2 Ky .94 CHIiAE M 5 min,
94 CASE 30 5,49 ‘C~53 “CiB k 45 s (A 3| i
5.4 2),72 CHEAP 1. 5 min, $E4T 40 MER, £ )5
72 CHEMF 7 min, §HEYITE 1.6 20 B HR B BERE I
HLVK 2 85 AL 258 (EBLO. 1 pg + mL™ 1) e fd A

K1 ERERFEHAMEBAMENRHEY

Table 1  Geographical location and sample number of C. pubipetala populations

code /m number size
LZ [ BB 1l % B A 5 Longzhao in Pingshan Town, Long’an Country 23°00'03";107°34"46" 373 28 180
LL [z BB 1l % B 3% 5 Longlian in Pingshan Town, Long’an Country 22°58'50";107°36'55" 302 25 25
DA [ % B AR K o8 Di’ai in Qiaojian Town, Long”an Country 22°58'35";107°38'47" 130 26 50
LT W% B3 #4541 Longtu in Qiaojian Town, Long”an Country 22°57'52";107°39'16" 260 25 35
ND K B4R £ N3} 1 Neidou in Fulong Town, Daxin Country 22°59'12";107°27'39" 421 20 20
TS Ko A5 % £ 3K 21 Tuosai in Fulong Town, Daxin Country 22°59'09";107°29'31" 303 26 120
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g UVP SRR R SR L% g 3¢ .

1.2.3 HEFEHIT 5SS  ISSR H B HEFRIC, H UK
P 3% v 1) B — 2%l B B — A2k AR g IR ARUR —
MRS A AL . % BREE I [R] — 7 # | DNA A
A AT A IEh 1, B e 0, # Bk
FARVEARHE M. | POPGENE 1. 32 J {4 X 4
FER AT 8L S B . 3 5 T 228500 s )
H(PPB) AL AL (n) A ALF LB ()
Nei’s B [H Z ¥ PE$5 % (h) (Nei, 1973) , Shannon £
FEPEFR B (DD (Nei”s 353 & BE 25 (D) Flst % —BUE (D
MR B 56 IR 22 R PR CHLO) AT B P 2% R 22 R
(HO RN S RGO fEH LN, =
(1/Go—1) /4], R DCFA 1. 1 315K IR i
BT 5 R, g T 3s A% IR B B L O F§ WINAMOVA

£2 ENSIURFIGRNEE.
FHEEESHESTUAR
Table 2 Primer sequences,annealing temperature,

number of loci and number of polymorphic loci

atwam SIIEA iR R g g B NEE
il mﬁﬁ Primer Annealing Yol fir m B No. of
Primer No. of .
sequence temperature polymorphic
code Y e loci .
(5 —=>3) / loci
817 (CASA 53 9 7
818 (CA)G 49 9 8
827 (AO)sG 52 10 8
830 (TG G 52 6 5
836 (AG)s YA 52 9 4
841 (GA)sYC 50 8 6
844 (CTHgRC 52 9 9
846 (CA§RT 52 8 8
850 (GTsYC 52 7 6
853 (TC)sRT 49 7 6
856 (AO)s YA 52 10 7

Note:R=(A,G); Y=(C,T).

L SSERA AT 53 107 28 3 M - TSRS R P LS A A) Y
A T A . MR Nei’s LB, ] NTSYSpe
2. 021 % 4% Jm e EA T SR 25 43 BT A 2 4% T A ) 11 A
HXZE., FH TFPGA #4422 347 Mantel test 43
B S G2 6 A s 4F 2 18] A gt 1 I 5 15 3 3 B g 2 )
KR,

2 AR5

2.1 EMEEFHBESHNY

LI A5 B4 LS 6 D JEHE 150 DA E
g 92 A, Hih 74 K2 AW . mER 2 L
BG4 S 86 B 10 A&, Y
FECH 8. 4. TEWMFIKT L BMAELS PPB Ry
80.43% . h K 0.245 1,1 0. 377 6; 7EJBHEAKF L
PPB 78 {1k 35 Bl R 58. 70% ~ 66. 30%, -3 K
63.22% h HYZEALTEE A 0. 199 7~0. 229 3,F 1
0. 214 4,1 (9725 Ak3E Bl R 0. 300 9~0. 343 8, F-3
0,322 6(5K 3) . & Jm B35t 1% 22 FF PR KT AH X 38
ws H2ZEF AR &R PPB 5 fE AR50
(AR A 73 BT 78 o PR 38 O A A7 AR 1 35 I A O 6 &
(r=—0.272,P=0.601), F£W#EZ S ERE
AR B B TG 56, N 20 it S T A Y SR (LL AN
NT) A 5 | e 35t 4% Z AR BRI
2.2 ERshFERNEESN

EMEARDMER ZHM(HO S 0. 245 6,
JEREN RN ZREE(H ) Ky 0. 214 5, J5 #EE] G, N
0.126 6, FIH 12. 66 Y0 1528 F A7 16 TR,
87. 34V AL SFAEAE TR HE N (3% 0. AMOVA 4y
Brah B s o Jm e e L L R B (.0 2 11,3700,
TE S AL A8 S, 11, 37 %0 (19 738 S5 & 26 A T R 1]
8 8. 63 %0 1M A8 5 & A= AE Jm B N (3R5) . U B 38t 1% A

R3 ERERFEHHBEESHN

Table 3 Genetic diversity within populations of C. pubipetala

J&# Population N, e h I PPB/%

LZ 1.587 0 1.334 6 0.199 7 0.300 9 58.70

LL 1.641 3 1.354 1 0.210 3 0.317 5 64.13

DA 1.663 0 1.388 0 0.228 4 0.342 5 66. 30

LT 1.608 7 1.330 1 0.196 7 0.298 8 60. 87

ND 1.630 4 1.379 7 0.222 1 0.3321 63. 04

TS 1.663 0 1.388 2 0.229 3 0.343 8 66. 30

F-1) Mean 1.632 2 1.362 5 0.214 4 0.322 6 63.22

P Fh K Species level 1.804 3 1.395 9 0.245 1 0.377 6 80. 43

T ena S LI BRI e A RS (0 FE PR K5 B Nei”s JE BRI ZREPE4E 805 1. Shannon ZREMESE 8 PPB. Z 18 1 0% .

Note:n,. Observed number of alleles per locus;n.. Effective number of alleles per locus;h. Expected heterozygosity; I. Shannon’s informa-

tion index; PPB. Percentage of polymorphic bands.
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St R EATAE T HE A e B O )0 AR AL BN . S
TENE] A9 B D (N O 3. 448 0. K B B4 1 25
FHE W) oy i PR A e

x4 EWSUEFEHEERSHENE Nei’s 4
Table 4 Nei’s analysis of gene diversity

in C. pubipetala populations

2.3 EEHEMNEEESMEE—HE T Mean g PR
Standard deviation
) A e 3 A1 e .
HI 6 AT LU i . 6 4 J 7 2 32 A — 0% (D BAEE Z RN H, 0.245 6 0.029 7
40.952 6, AR (D) Ry 0. 048 9, Hop [ e B A LT SR L 0.214 5 0.023 2
¥ JE R CLL) MK K JE B (DA) /% — 30 i K HEE LR B G 0.126 6
(0.964 3) . 8L B £t/ (0. 036 4) 5 Jp H R BECLT) HEH L N 3. 418 0
x5 EWMSHEFZEHNTNBEHES FEREMN AMOVA S 1F
Table 5 Analysis of molecular variance (AMOVA) for populations of C. pubipetala
5K e s Ty L5l EER AL P
Source of variation df pum ot MS variance ercentage o P value
squares component variation/ %
JE#£ ] Among populations 5 218.04 43,61 1.33 11.37 <20.001
JEBEN Within population 144 1494.92 10. 38 10. 38 88.63 <20.001
x6 EMEAFABHENEA—HEFRELAHNEEESHRLTH)
Table 6 Nei’s genetic identity (above diagonal) and genetic distance
(below diagonal) between populations of C. pubipetala
J& #f Population LZ LL DA LT ND TS
LZ 0.954 0.950 9 0.95 0.954 9 0.957 9
LL 0.047 1 0.964 3 0.961 6 0.951 9 0.952 0
DA 0.050 4 0.036 4 0.961 2 0.945 0.950 3
LT 0.051 3 0.039 2 0.039 6 0.943 9 0.938 3
ND 0.046 2 0.049 3 0.056 5 0.057 8 0.952 3
TS 0.043 0 0.049 2 0.051 0 0.067 3 0.048 9
FBRZEJm B (TS) Jg fF a8t 1% — 3508 Je /) (0938 3D, Ly
AL BB B R (0. 067 3). fE UPGMA %[ i, 6 R
ANEBER 4R 2 26( DL LL.DA fl LT 4§ 3 4~ J& ND
N N y N s LL —
E¥‘§éﬁ~;§,ND\TS M LZ %‘%j\jéééo\ % Mantel DA:|_
e T D3 1 B0 B B 8 22 4 g
BIIEAE &R R (r=0.755 1,P<C0.05), 0.03 0.04 0.05 0.06
Nei” sigt % i 25
N N Nei’s genetic distance
39 i
.y s . . B 1 Tik4 K64 % Nei’s B EIEE UPGMA R
3.1 EWELHMBESRERBEN L ML BIREAER 6 TR NS el R

TN R AT R S A ORBR OR 1 35t 4 2 A
PR o HR A BF 5T 41E 3R B A SRR A
Tofr B b L 2 9 i o L B DR R B i K P B AR 2
FEMET . BESAEAA A FE TH AR F] 100 km®
TV Y P R A ORHT B Y S8 AL A A B A
L ZREME (PPB=80.43%.h=0. 277 6, 1=
0.410 0), 52 A HFFEHRE B9 1L 2K & e P A E
W 25 (C. olei fera)™ | 25 (C. sinensis)™ | 1] 4%
(C.japonicad)® ) PPB 4354 95.11%.91. 22%
190. 00% , 4 46 45 (C. petelotii) ™ | @ Jik 4 46 4%
(C. euphlebia) FALEY 21 1125 (C. changii Ye)B
) PPB 4354 63.22% .55.38% #155.29% . B

JE R R R 1
Fig. 1 Dendrogram of UPGMA cluster analysis
based on Nei’s (1972) genetic distances
between 6 populations of C. pubipetala

Population codes are given in Table 1

BALT AL ZAEVEAC T AS IR ST A AL H S
TaAb FE LIl 2R W e R . 5 FAFE AR ISSR
AR HA Ry A B WA B 23 A 1 Wy AR L L e
RIS CHEF A MY VR B AR DY BRI
AL ZREE AR WAL TR K. BREER
IR AT XA R P A AH 5 AL 22 R AT DR 55 A 55
KA, 3R] e LR I S A G e A Y 0T A —
FIAR Y38 1L Z AT
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B A AL AE G KT BRI 45 e ) 3t A%
ZAREE, &R B 8L Z K PPB S 58. 70% ~
66.30%.h J 0.199 7~0.229 3,1 N 0.300 9~
0.343 8. JEHFMELH 70k RE(G.OH 0.126 6,
B LA 12, 66 %0 382 48 48 S5 A7 76 T )8 BE 7], AMO-
VA 85 R (D, =11, 37 %) #k— 5 3iF 52 T J& #E (7]
WAL LB AR, Hamrick 250 1 #F 58 2289, £
TG B A3 A0 5 L AE 8 AN T 2 i ast A% A8 ROk P
W I £ 5 ) T 2 D R s A S A Y e R 2
EE ARG AR E SR REE . RS ALSH B
K558 1R 148 £ 22 0 A 0 ) A A1 A a8t £ 40 Ak ]
AR HS X MEFREMSRMEHE L., BREL
AR SR AT B SR CR & %
B X HEEE RGA R T AR m L £
REE o [ B AR 3 J PR 56 R A8 O el st A% AR 1 R
A, EMELEMFELEHEALREKRKHY
(Aethopyga christinae) (KK FHRD , HAL K IE =
L3N ¥ el N V(N 1 s o3 S e 71| Do = ST )
M BR R B AR 1 ko 35RE (9 15 Ry B2 R DA AT S5O0 F
Jai T[] 1y DR 52 9t s B AR 35t 4% 23 A 77 A . Slat-
kin"**“ 1 Hamrick 210K .3 N, >1, N, 5t 2 DA
G 35 A% T (4 U D[] I s T LA B 1k & 2 i R 1]
950k s 47 N <1, 0] 35 % 5728 W) S 580 1 T )] B
Mt . AWFE . N, o 3,448 0, KB E M
G A R ) 5 o 1) 5 DRI o 3 W] A 8B Ak
[F] F) 382 1 434k

AR A1 Joe [ 14 35 A5 R B, 6 A B AR A T
S RWIE, LLUDA fil LT JR#E R 8 — 2. ND. TS FI
LZ R —2, X 554 J5 B ) 0 o B BE B A — i %
L BB b AT Y JE R R AR R . Mantel 2347
22 WY 6 4 6 2% J () 19 3t 17 B 2 Rt LB 2 22
FAETE R Z E A% R (r=0.755 1, P<C0.05), iX
A B B 4 16 2% MK 1 8 A% By A D%, 3L 5 A
T ) JE T A% K 5 2R A A ) A A R AT RETE 22, I
S U BB A R) ) s AR A LB TE R . X S e

S E WK

TR A A B0 IO i E 4 SR 26

PEARK L BF AN B AL TR AN N AZ B R B LR
a7 E L B R AR AP XA X PN B < AE S R
B A o FLAR R I3 e 1R 0 52 24 O 7 B A A L S
TEASRBCR BE— P 4/ VF 2 J A HRBCRE W] REA
A2 20 B S A PR B0 1 R — A5 Dk /D T B8 K T 3t
P AL IS S (9 W) o 5 B0 A% A8 5 19 o [ I 0
JT BEAIL I HE P F 5T B B K A8 IR AR
3.2 EMeURFHRETRE

B4 AL R B B i e 2 AR (H
G A 0 LRI AR R X T A B A AT I A
BIR A SRS BE A RCHEF Js 1 K/ 9K B ) A )
AE | o T AR Al 22 K e ol ) ol ) 9 i 2
Jill o BB IR R LT AR 7 SR - (1) i s s 3t
Pro M AR AT B A S A AR A H i A A B
AT E AL AF] 100 km® JEHEIN . E A B
i JE R RO 0 10 A2 A, H O A B0 s iR B A K
d . DRI X BT A — A AR A DR A 2 i 2 AT
] — A JE FHE 19 2 R ARKE S BOs L AR Sk . H AT
SN e e 1 A AR TR X 2 B AR AR AR
) — > E LR PR DAL DX B R 7 X
U AEAEDRI XA S TS AT RS i i T HOR 20 A TR
BT B R R A B AR AP R A B ST AR
D AR PR 55 BRTE 528 & R Si RS . (2]
Wt ARy . BT A ST
T W AR A AR LTV B e AR R R A SRR
X T AR} B A B X R AT T AT AR A {E AR
A7 BAF R S AR AN A2 10 k- HUOR 2258 2 4 4
BRI B A L LR AT Hst i Z R 255 B
AR I O3 AR T /N I R L AT AR D RO
BUZ AT BE 2 R il (R BOR BT 4D« AR IE % ) Bl
YRR B IAL ZAEVERR BIORAT . (3D BEAT 5] Bl (]
o B AR R S A A B /D LA S 3R e A
FAR B RE AR5 - A1 e ZHF AP R FI T 247 A L
ZH KA T T B R AR SR R
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