2 % 2012, 39(8): 1531 - 1538 http: // www. ahs. ac. cn
Acta Horticulturae Sinica E-mail: yuanyixuebao@126.com

10 MUFR BUISRAFRFEE S LS

12 v o2 -3 2 1,

Moo, W2 EET MEE? H O

CPPRREEIGF AR, WL T 315211 2 RSN TN EARZE B, T T3 315502; 3 rp AR R B S Ak
MEBFST AT, WL EF 311400)

# E: R ISSR - AR A IS . KT 1E R BILS. UEBM TR 10 S 1L% (Camellia
japonica) SR8 A% 2 REMERI AL FLBE BEAT 40 BT . 20 ZBEMLT 1404 86 10 210 AT 2007 5, 2 AT 4
Eb (PPL) b 90%. RINES R 7n, LA FeREKF I Nei's 2K 2 FEMEFEHCY 0.2732, Shannon /5 R 23
PEARECN 04003, R AATRE OB 2R E . FEILS . DY S R0 108 (0 AR T LLRE B A 1]
O RB G, B ZREEACTE E E. 10 SRR AL b R Gy = 0.2028: MR 24 5 i AL PR 25 2 )
FATRFEANE (r = 09081, P < 0.05), &M &y U5 B R 200 1L 4% BE 18] (A 38045 2040 LA 3B 5
UPGMA R WoR TSR BEE SR GOC R, 7B N BRI SR GOC R T, K1 By B L L B Je B
KRR TR DU B DS B R B (R 2 K AR

KEIF: 2% ISSR: Rylh: Witk ZFEME
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Analysis on Genetic Diversity of Ten Insular Populations of Camellia japonica

LIN Li"?, HU Zhong-yi*, LI Ji-yuan’, ZHU Zhi-yong®, and NI Sui""

('Faculty of Marine Science, Ningbo University, Ningbo, Zhejiang 315211, China; “Ningbo City College of Vocational
Technology, Ningbo, Zhejiang 315502, China; *Research Institute of Subtropical Forestry, Chinese Academy of Forestry,
Fuyang, Zhejiang 311400, China)

Abstract: Camellia japonica is an important horticultural and economic species, mainly distributed in
East Asia. Inter-simple sequence repeat (ISSR) markers were used to investigate the genetic diversity
within and among the ten natural populations of Camellia japonica. A total of 210 discernible loci were
obtained for all populations using 20 primers, 90% of which were polymorphic (PPL = 90% ). The average
value of Nei’s genetic diversity and Shannon information index of ten populations were 0.2732 and
0.4003, indicated that the genetic diversity of Camellia japonica populations was relatively high.
Population in Kagoshima, Shikoku Island and Goto Island had a higher level of genetic diversity than that
in Zhoushan Islands and Changmenyan Island. The value of differentiation (Gg= 0.2028) affirmed that
Camellia japonica had high genetic differentiation among populations, and a significant correlation was
found between genetic distance and geographic distance (r =0.9081, P < 0.05) . UPGMA showed that
CMY population had a close relationship with Zhoushan Islands populations.
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WAL Z R R A 2 R EA R, SRR KA SR, RO B 2

AR R AR E B E 1 2 N Z 052 (Schaal et al., 1998), U4 Fh PRI B A HUEERg 25, FER i RH
B8 AP RS AL /N AR T 8k AR A A T 3 A ST AR A (Juan et al., 200000 30 U AA
h UG B R AR 2 FEPEAR T ORREAPE, AT BRAIE DRI BRI AR DL 58 B n] e A7 A0 IR £
BRI A A E L R R . By ISR E AL 2 AR IR v Re i kb i e L 2 o R B
KA. gl 17 s 20 tHhadhak BRI 4E R IL 384 B, b BUSHREY)IE 139 B, 2
i 36% (TR A5, 20060, BT L& HARBIEAL, AN THB AN & B UEP R £ 2K 12
— (Wolf & Harrison, 2001),

7% (Camellia japonica) )& 111458} (Theaceae) 1lIZ%)& (Camellia), ¥ 4EHEARD/NFA (7K
FAEFEREWE, 1998), FKAR Ju e 32 B0 A T VR X GV AR L (L ZR VI R 5 7 B
A6 PLAH A VY E « ASPHHMIAHAR 1) — L8 50, 7ERE =~ By o AT 20 A, WF4KAE 0~ 1 000 m (&
AREL 45, 200500 UTAEARH T AR AR L2 SR AR SCR R, G R T R AR e R A R A R
Ry 2 radl.

HAEr, BRI KRR R BB L 2RI A Z . 2= 55 (1996) X Sk 1A
By KA By AL Bl 3 ANt 2% BEREAT T 25 ALRG 1) 43 H o KA (2008) XTHIVLIK 4 ANl
RAR S BESEAT T ISSR 8% Z AL 23 4T o BRI AMRAH SCHIF 9 0] 32 BEAR P A 20 HH20 90 AF A HAFI
5 [ T 99 A7 100 1L A8 (0 R AR S BE R AT (T 5T (Wendel & Parks, 1985; Chung & Kang, 1996; Oh et al.,
1996).

AT R ISSR 73 F A1 J7 3206 H LR H A TR AR 11235 3 250 A By U5 v s 10 (R 22 AP
SRS RUAT AT, DAY S 4 b 48 7= R 8K L 2% 3 343 D8l P o AR PR a4 22 RE TR A A S i 1)
AL AR E s TR IR By UG Fa B 2 TR ISR 00 2R T S UG O R 0 . N R DR 38 50 L it A% 46
LIRS AP RE Y L iR A e/ IR Ak e i I REE ey BRe L f T 1T

QY VR SRS PARES

11 REHEUR SRR E

ZurAR A, LL10 AN SIS AR SRR (R D AN G, RIS B I BkAE B R B (THD
REIREERE (ZD. FWF R (SCO MEGFEE (HD, KA BEE (CMY), LSRR
(Kago), VU & 1406 f&#E (Shiko-1) FUEFEUREHE (Shiko-2), M EAMEHE (Goto-1) F
Bj WM = #E (Goto-2).

K TR B 2 HURE VL (Joshi et al., 20000, REANFEFER M FEA 30 A, FHUKESAREEIZ [F] 52560 %,
Yerds TR SR - 80 CW FELRAT-.

1.2 DNA RJIEEX

IREF 5 KL CTAB ¥ (Doyle & Doyle, 1987) #RHUILZSFEF41f#) DNA, it 1%HI 35815 b
VI HL BRI R AN 90 e 6 FE TR I DNA (R BERNSEIE, FH 1 x TE ARG N - 20 CUKFE, RA74%
.
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Table1l Locality of populations sampled of Camellia japonica
JE FEAHL 7 HhERA B R /m
Population Number Locality Geographical location Altitude
At i B 30 FH R B AL B 29°48'N, 122°18'E 12
TH Taohua Island
RFIRE Ju T 30 SRR AR F IR 29°25'N, 121°42'E 372
Z] Zhujiajian Island
N 30 FH LR By 30 B 30°00'N, 122°24'E 288
SC Putuo Island
O 30 S LR 5 (0 B 5 30°00'N, 122°23'E 291
HJ Putuo Island
KA B JE 30 KA & 36°10'N, 120°56'E 36
CMY Changmenyan Island
L&Y s 30 JEILE 31°25'N, 130°35'E 144
Kago Kagoshima
A Js B 30 VY 5 B 33°03'N, 132°58'E 120
Shiko-1 Shikoku Island
JE TR 30 VY 5 & 32°43'N, 133°00'E 12
Shiko-2 Shikoku Island
o B J AR AR 30 15 32°40'N, 128°48'E 26
Goto-1 Goto Island
T B AR 30 Ty 32°38'N, 128°51'E 36
Goto-2 Goto Island

1.3 PCR ¥ #535|¥iHiE

PCR Witk 2K 20 pL, VT4 2 uL 10 x Buffer 221134, 1.5 mmol - L™ Mg**, 0.2 mmol - L™
dNTP, 0.6 pmol - L™ 514, 1.0 U Tag /#, 40 ng DNA #i#, 14.2 pL TEi/K. PCR ¥ MF T 94 °C
AETE 5 min; 94 CASME 40 s, HILEEIEK 4555, 72 ‘CHEM 1.5 min, 40 MEFR; 72 ‘CIEMH 10 min,
4 ‘CH#AE o« PCR T 1.5%E5 IERAEIE (% 0.5 pg - mL™! WAL Z48) T 5 V- em™ HLJE N HELIK 90 min,
LUK &5 BRI 1% 248 (FR-200A) H1FE 1 3% .

TEANFEREIEIN 2 AMAEAR ) DNA BB, LUK B AZEK XTI, AT DG A BHE ) (1) ISSR W74k
IR 60 AN51Y, HAETAY TR (R REARAF G MR 45 R IfE 20 M
Wiy RO SRR 5 1R A (R 2).

14 HRELEBESSH

G2 U 2% i I K F vk B T B I Ak CBIFESS A by “17, AR Wikl <07,
HA R 0/1 —JCHEFE . SRH POPGENIL.32 #AFvHH 238547 5UH 73 L6 PPL (The percentage of poly-
morphic loci), Nei’s 15t1% 2 ¥4 (Nei’s gene diversity, Hg )+ Shannon’s 15 E.#5 41 (Shannon’s information
index, H). MIZEA7 FE R # (Observed number of alleles, N,). B Z0Z5{7 FE % (Effective number of
alleles, No) FIEHL ML REL (G, HHMAE (Ny WH AKX N: Npy= (1-Gy) /4G (Slatkin &
Barton, 1989). FJH NTSYSpc2.10e #Af/#risifeiE gsHiks:, % UPGMA (Unweighted pair group
method using arithmetic averages) JEREAT IS, MR RE,

FIF] GenAlEx 6.41 %ff (Excoffier etal., 1992) XJ i #igtfh /3L UEAT AMOVA J5 253 #7 o [RI,
PUEBE ] 507, K Mantel K556 (Smouse & Peak, 1986) K43 Hy Ju fE 1a] 35 A4 2 25 R b FHLE 25 (1K) 4
Ktk
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2 HREHr

21 WEBEHEYMKEEESHMN

20 N5 1ILE 10 AR BF LN 2 DNA B3 315 2] 210 447 (ZJ FI CMY & ff ISSR F 19 45 1
W 1D, FBAKREHR 100 ~2 000 bp, RS VE/DAE] 7 4470, &2H3) 13 &40, P
RT3 105 55971077, Hih 28NN 189 4%, MM H AL (PPL) 24 90% (% 2).

M 1 30

250 bp

100 bp

M 31 60

2000 bp—

1000 bp— %
750 bp— 4

250 bp
100 bp
1 514 UBCB841 3 Z) IR#EF CMY JZEEHY ISSR 4R
M: Marker; 1~30: ZJ JEfEMAE; 31~60: CMY Jaf Mk,
Fig. 1 ISSR profiles of ZJ and CMY population with primer UBC841
M: Marker; 1-30: The individuals of ZJ population; 31 - 60: The individuals of CMY population.
F2 ISSR #3514
Table 2 Primers used for ISSR amplification

514 ) (53D BRI C M40 Number Z AN Number PPL/%
Primer Sequence Annealing temperature of bands recorded of polymorphic bands

UBC810 (GA)T 54.8 11 9 81.82
UBC811 (GA)sC 54.8 12 11 91.67
UBC813 (CT)sT 51.2 10 9 90.00
UBC818 (CA)G 51.2 9 9 100.00
UBC824 (TC)sG 54.6 11 11 100.00
UBC825 (AC)T 522 13 11 84.62
UBC827 (AC)G 54.8 12 11 91.67
UBC834 (AG)YT 53.9 7 6 85.71
UBC835 (AG)RYC 56.2 9 8 88.89
UBC836 (AG)sYA 51.2 11 11 100.00
UBC841 (GA)YC 56.2 13 10 76.92
UBC843 (CT)sRA 54.0 13 12 92.31
UBC848 (CA)RG 54.8 10 9 90.00
UBC853 (TC)sRT 51.2 10 10 100.00
UBC856 (AC)sYA 56.6 9 7 77.78
UBC866 (CTA) 61.8 12 11 91.67
UBC873 (GACA), 51.6 9 8 88.89
UBC880 (GGAGA); 53.6 11 10 90.91
IR43 (GA)CT 52.9 10 9 90.00
IR53 (CAA)G 56.6 8 7 87.50
S Total 210 189 90.00

Y=(C, T), R= (A, G).
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KHNLZRFE 4] DNA 28w JRREKE 2 8407 57 4 b (PPL) (RIS R 66.67% ~ 77.62%
(K 3), FBMEN 72%. 1520 510, 16 MAZKERELITY, 2 M= TRESTFA, 1
NV EIREL Y], 1| NI FREL Y, RPLFRERAT U K TRESTFIEZ .

FIH PopGenl1.32 tHEAFEN 10 A 112 A2 2GE A RE R ECh 1.4850, P Nei’s REK 2
FEPEFR BN 0.2732, ~F¥J Shannon 15 EIEHCN 0.4003 (K 3) . JEBEKEZ M AT 0. B3
ST EEDVECRT Nei's JER 2 REPEFR BN 0 R FRI R RO, S50 Ja a0 FBU LD 2 MR OR AT 58
Uf, R A fE A A b, R TRLR, — TR 10~ 30 em,  SHLIA 40 cm,
—MR 3 ~ 4 mEr, E R, R RGP, Sl SRR L A K A L
%, AHUNAFRE OO WET . A, M A i AR L B AN TR, R T R4 43
PRI A B AR LBt B, o 400 4E L EFAR, 300 4ELL E 7 8K, SRR A2 QlifReE, 20100 6

®3 0 MUREENBESHESH

Table 3 Genetic diversity for ten populations of C. japonica

SRR FEAHL N, N, He H PPL/%
Code Number

TH 30 1.6857 (0.4653) 1.4226 (0.3880) 0.2426 (0.2029) 0.3603 (0.2848) 68.57
VAl 30 1.6905 (0.4634) 1.4438 (0.3908) 0.2531 (0.2039) 0.3737 (0.2868) 69.05
sC 30 1.6667 (0.4725) 1.4323 (0.3840) 0.2484 (0.2030) 0.3666 (0.2882) 66.67
HJ 30 1.6571 (0.4758) 1.4540 (0.3998) 0.2557 (0.2094) 0.3737 (0.2960) 66.71
CMY 30 1.7095 (0.4551) 1.4918 (0.3896) 0.2775 (0.2035) 0.4054 (0.2869) 70.95
Kago 30 1.7762 (0.4178) 1.5247 (0.3855) 0.2952 (0.1973) 0.4322 (0.2740) 77.62
Shiko-1 30 1.7333 (0.4433) 1.5019 (0.4069) 0.2785 (0.2086) 0.4064 (0.2895) 73.33
Shiko-2 30 1.7714 (0.4209) 1.5363 (0.3946) 0.2980 (0.2022) 0.4339 (0.2803) 77.14
Goto-1 30 1.7619 (0.4269) 1.5199 (0.3843) 0.2926 (0.1989) 0.4279 (0.2775) 76.19
Goto-2 30 1.7381 (0.4407) 1.5227 (0.3976) 0.2907 (0.2048) 0.4229 (0.2858) 73.81
TIME 30 1.7190 1.4850 0.2732 0.4003 72.00
Mean

YRR 300 1.9000 (0.3007) 1.6084 (0.3466) 0.3427 (0.1686) 0.5024 (0.2257) 90.00

Species level

AT (UREd S PL NG

Note: The value of standard deviation in bracket.

22 WiEERHMERS L

ik POPGEN1.32 #AFTHEAFE] 10 NMEHEREIER ZHEE (Hp) b 03427, Jaff 2 24
B (Hg) M 0.2732, JRBERIMIEAL ML RE Gy = 0.2028, Bl 20.28% 1948 SAEAE TS Ein), (L Z%Ar
I B R R R AR AE TR AN, A7 SRR 51 1Y) 79.72% . %45 R Shannon J& #7147 4L
(S = 0.2032) AHIT. ZEPIA (N ok 0.9834, FREHJHHFIREE AT M2 ML, A5 3 AR i 5 | B ist A% 7y
i E g (Wright, 1931).

AMOVA 77 225y BT B, 10 DNEBERIAEE R R (P <0.001), 21.27%H)728 A2 T fa B,
78.73%[1) K AL R RE N AMATE], 5 L3R POPGEN1.32 #1445 S AHNT o AR Fa F8F i A s 38457 505
10 AN 3 A KIS, RIBRAE B — R R B — FE B e B (29°25" ~30°00' N, 121°42" ~
122°24'B), K1 B m#E (36°10'N, 120°56' B) AR JLE—VYE B— T 8 R (31°25'~33°03' N,
128°48' ~ 133°00' B), X} KX IS BEEA T AMOVA 04T, KB 19.29%148 5 & A 7E AN A X ek 2 ]
7.37% 78 S R AR AE TR DX 38N J A2 ), 2 B B AR A S S R AR AR R AR ] (L 73.34% )

DA S UG S 23 A Ay, R0 Sy DY ] LA 0 5 P R R o) )35t A L R B Gy 205 0.0377,
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0.0401 F10.0355, & P Ja B IR) FR1 358 A5 40 A0 RS GG LG T B 05 Joe B 1) PR A% 7 AR R (G = 0.2028), 3%
WY B W5 5 B 1T e 2 5 kD 1 A% AR (R 48 1R 8L 7k e 48 Mantel K056, 5 WS b3 PR 29 5 8L BE 25 (R
4) BATBF MM, MR r=0.9081, P<0.05, #E—Fsz 7 55l BE R 250k L 2% Fa B i st
o3 A A E

F4 10 BEEERY Nei's —BUE (AL 1 Nei's iBEESE (£

Table 4 Nei’s genetic identity (above diagonal) and genetic distance (below diagonal) for ten populations

i’iﬁlation TH Z] SC HJ CMY Kago Shiko-1 Shiko-2 Goto-1 Goto-2
TH 12 21 22 691 811 1067 1068 722 725
VAl 0.0369 16 17 685 809 1057 1059 718 729
SC 0.0551 0.0454 2 667 790 1047 1052 711 720
HJ 0.0624 0.0520 0.0209 666 791 1047 1053 711 721
CMY 0.1322 0.1209 0.1140 0.1117 1046 1162 1196 850 856
Kago 0.1487 0.1421 0.1476 0.1490 0.1103 272 270 207 209
Shiko-1 0.1721 0.1640 0.1720 0.1714 0.1398 0.0435 25 383 376
Shiko-2 0.1554 0.1491 0.1509 0.1522 0.1314 0.0342 0.0274 391 384
Goto-1 0.1455 0.1348 0.1302 0.1301 0.1129 0.0447 0.0451 0.0652 10
Goto-2 0.1549 0.1411 0.1435 0.1441 0.1124 0.0493 0.0476 0.0626 0.0238

23 BELSH

UPGMA K48 R WIRIAE— 810 SC JafER HI Jafe 2 AL i g fedle, & e/, H
Jei 55 M3 PR BT IR TH JRRERN ZT JRRER N — W32, BoR T RIS 1) 4 AN R RAF e B 1)
KK R, CMY JERES R LS fa B2 ) A M PP B A e, SEG R R, Bh— K. B
By VU B R0 H 5 1) 5 ANRRE S RA—R3, Hh AR SN EREZ ISR S R T, 3lRHR
Pi/NSE, Kago JaERTIY B & e B 2 TR RS 208 BRI TR By JRBE 2 M PSR &R R, 5 =38 Z 3
P2 (e AR, (B 2D

—
zZJ
SC
HI

CMY

Kago
Shiko-1
— Shiko-2
[ Goto-1
‘ ‘ ‘ ‘ ‘ Goto-2

0.14 0.11 0.08 0.05 0.02
ZE¥ Coefficient

B2 10 MUFRBHETREEERN UPGMA BEAE

Fig. 2 UPGMA dendrogram for ten populations of C. japonica based on Nei’s genetic distance

3 e

Frankham (1997) W57 & LS USG5 BRI SR 22 &S U (Hig/Hy = 0.54) KT
B WS AT R A K U5 R0 [ 20 A P B AT 2 & B EUAE (Hig/Hw=0.71), 2B I US4 A7 R Al B 0
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KA M AL ZAEPEAR . ISSR 20 TARICHR /R T 10 ML ZS B RIK I 2 807 S 40 (PPL =
72%) JERENIENZHEE (Hg= 0.2732) Fl Shannon £ &M BHREL (Hoop = 0.4003) 35T 11
BER A P 224 (llex integra) fE#E (PPL=41.2%, Hs = 0.1530, Hyop = 0.2270) (A ik %%, 2005),
5 Frankham (1997) Z510AHAT. L fm NI 241 (Hg=0.2732) 5T Nybom (2004) 4iit
(13T ISSR A7 s 4 AT ) i) e B A B PR 2 A PSP M (Hs = 022000, RWI L% F ISSR 1ifh %
FEPER: . Hamrick 1 Godt (19900 Wk Il BB st 2 A 5 2R EE REA 5. i
ORI AWML, B AT SRRy, EUJT AL R il 2t 5 a5 8 1 SRR ) 1)
—UCRRAE, A S BT AR S ] TR Z AR B R %28 (Chung & Kang, 1996), UIIGLRES
iR &% (Zosterops japonica) (Kunitake etal., 2004), i1l 4% 5 e 8] AT 8 = 4Rt (Oh et al.,
1996; Ueno et al.,, 1999). Lz FEEFETE L4, (MG IR IV 2 WA 3P & 1L ok
PP I RR AR, A7 B T4 il PR 89 s 1 1) () 2 DR A2 3 K P (Harue et al., 20060

JEILEy DY A5 R A T e R AT A B i S, s 2R K R .
ARSI . TR N BRI RS 2 BH LA B SR B A A A | S et A 22 FE R T B () EE
K (Ouborg, 1999). JE )Ly DYE AL S 1A A S Mo Bl 2R A 1) 2 B P 2 —,  Jo A
R, ERKBRE . SRR A B LR ORR SRR AR By T AR R A . AR B — . SRR
B EARL, 2 AN T E ™ I 25, 1994; ik %5, 20060, PRI RER i RS HIEL
No FEHTVTARMLJR T 1990—1992 4E I, S LB S IA IL i 30 Jikk. Hand K 2k CyeRiz
B, IRAF N2 2 AR, — A o Gt AR B AR IR A AR A e AR L I B R 2 L R AR
TR R APSE S D A e sy 1 N O DS 3 e = B il 105 [T U L P o S v PSP T S
SR AL Z A K P (Francisco-Ortega et al., 2000).

[Fi) &% Pt AR TR A % 20 A R PR 2 e B8 o AR TR A% A A R B /D, 3 P B W5 % 39 ) ) o 0 ) et A% 4
b B R (AR 45, 2006). Mantel (2003) A 5 U5 TG 25 BHAS L R AT L,  HAFR ) -3
PRIRAE SR I B RS (Luo etal., 2007). 55 BEIIAEHR FIRD 1 1R A4 3% 25 52 i /K B 25 LA J b
PR B, IR E B B 5 PR R B 2 () B IEAHOCHE (r=10.9081, P <0.05). [n] &y Py Ja 3 1) U
AZ IR ZE g, JERAC R AL, SRR SR GO R,
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