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T\ 160 MERR P ILAG IS 135 MiLgs, Hrp 235404 134 A, RAPD $#54 Lynch-Milligan %7 1EJ5 # i} POPGENE 2 {4115
HHFPHE ] 1% 0 AL R EX Gy 2 0. 373 F| ] Shannon 4% PR AVHE BUfh 5 1 46. 4% MR RAFAE THBEE; o0 F 5 201
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PR R AR TG 7 RTIR  BIR SRR T AEE s AR AP, [R) B Sc 4 4% 3 ) A 32 % SR UREA T e b R 3, DRl b K LA S & 2 [m]
3 B RS T YRR BN R SR PP A B R , DAL FLB 1% SR KR
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RAPD analysis on genetic diversity in eight natural populations of Phoebe bournei

from Fujian and Jiangxi Province, China

JIANG Xiang-Mei* ,WEN Qiang, YE Jin-Shan,XIAO Fu-Ming,JIANG Mei
Jiangxi Academy of Forestry Sciences, Jiangxi Provincial Bio-tech Key Lab. for Plant, Nanchang 330032 ,China
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Abstract; Random amplified polymorphic DNA (RAPD) markers were used to estimate the genetic diversity and population
genetic differentiation in eight natural populations of Phoebe bournei from Jiangxi and Fujian provinces, China. In the 160
individuals, 12 random primers generated a total of 135 reproducible and discernible loci, among which 134 were
polymorphic. 37.3% of genetic variance was observed among populations, as revealed by POPGENE software after Lynch &
Milligan’s (1994) correction. And according to the analysis of Shannon’ index of phenotypic diversity, 46.4% of genetic
variation resided among populations. This was congruent with estimation of genetic variation by the analysis of molecular
variance (AMOVA) , which revealed that 43.3% of the total genetic diversity (P <0.001) was found among populations.
Although its genetic variation mainly existed within populations, strong genetic differentiation occurred among populations
perhaps mainly due to habitat fragmentation and isolation by distance, these were also the main causes for its endangered
situation. Based on the results presented in this study, we recommended that attentions should be paid to protect as more
populations as possible of this species, especially those populations with high genetic diversity in Xiqin, Pucheng and
Mingxi, Fujian Province, and to collect genetic resources in the whole distribution areas for ex-situ conservation. It is also
essential to enlarge its population scale by breeding and increase gene flow carefully by proper return-to-nature methods, so

as to maintain its high level of genetic diversity.
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{4 Phoebe bournei( Hemsl) Yang Jy M@ M K W R Iv A, R EHFA I — A2 5 W5 10 R
A R AR TR B 4 A, B i DA BB R R B AR R AL B AR R AR A A T
B EAE SRV R TR B AR R B X BN A K T IR AV AR AR R AR,
HM RS A 100 ~ 1000m , KR 2 EUADRE , A I A I/ RAREEAK . o TR I BE SR AR DL S A 553
VR4, I AR AR W U EL S8, B8 B R B et ) R R TARE /e BB, HATE i
Shxt B AR B FAR L B AR AR 25 2 N AR A KA S T 48 7, T 200 T % Hg A4 IR IR
MIBTIE o 4874 Fof ) Fob 30 388 1 25 Ao Ak I JHLBt A 78 SR AR AIE , T ) ] S 4 47 SR W AR 4 e 9 14t 6 22 i IR 48
S0 RAPD FRic B AR BRI 68 B 5 ) Sh AR PR I (5 5 TR 2 B TR B 4 AR
Brgt M o ASCR A RAPD ARICHAR , WL AREEFIA 8 N KR FIEE (815 ZREE AR RER 14 2l
FIWEE , B7E o il E A I8 1 SRR I X SRR Fh SRS SR AR I
1 #R57EE
1.1 5btR

REAPEH IR B ILPE R R R, AR RO £ B IR GKE IR P 8 AR . AR E A
BARAREE (A0 TSR KPR S0km PA_E s &P REBENLIEIR 30 ML THOE_EJZ FIREHR , bR Z
[BIAHEE S0m DA_E , SRAE HAF A4l i T4 5 (] SE o 2 SR HOCRE (R 41 DNA ;304 4 [ DNA B A = 2 (1]
BB SRR BT T LA & 5, a0 BRI IRAE A RO 20, SRAE RN RE b E A B R R I
* 1.

F1 BEREMEOMEMESSESE
Table 1 The sample sizes and localities of eight natural populations of Phoebe bournei
BUREER REAE AL EH(C)

FhBEZ TR RS 2P (E) ZBE(N)  WEHE (m) UL RE
Pop ID No. of samples No. of samples Latitude Longitude Altitude Mean annual Humidity
collected tested temp.

1 #& @B ZHENGHE. F 30 20 118°19'E 27°03'N 220.9m 18.5 75%
2 @ FE S WANGTAL F 30 20 117°51'E 26°34'N 127.8m 19.3 72%
3 f k% YONGAN. F 30 20 117°21'E 25°58'N 221.7m 20.0 70%
4 YLP§Z&H) TATHE. ] 30 20 114°55'E 26°48'N 71.4 m 18.6 80%
5 YL.VPG ¢ R LONGNAN. J 30 20 114°49'E 24°55'N 205.5m 18.9 81%
6 fRA PR MINGXI. F 30 20 116°48'E 26°08'N 319.4m 18.0 78%
7 FREVE A XIQIN. F 30 20 118°40'E 26°51'N 127.8m 19.3 72%
8 fR A PUCHENG. F 30 20 118°32'E 27°55'N 274.8m 17.4 79%
1.2 {57k

1.2.1 F[HZH DNA $2H RAPD "3 5 i kK )

RAPD &) 3Z i Tt (e SR R R FAWTIT BRI AR M — B AT IR T RAPD P RA R E
EED RIGR % I & B9 DNA $2 8007 8 5 RAPD-PCR 4t 4k I 1k 2 DA B % L F koA 9 7
BT GERSTRE M B Y SR, R DR A T B A S T AR
1.2.2 BdESHT

Git RAPD 338 =) [ Ik 67 , 57 0/1 ZOTHUR MM . A Pl I 25 0La H 43 LU (PPB) 5 A1
Shannon R ZHEERSBOT I ET 2551 W9 S8 AT HEFI A (Hpop) AN (Hsp ) 7KF M9 REL A4 , 7 HIAR I
(Hpop/Hsp) F1( (Hsp-Hpop) / Hsp) VLRI RE -5 R E 18 5 57 BT o (9 L4915 I F DCFAL. 1 354 T3k ]
TR R B 18 A 8 1) S (B S SCA 2L SO RSO ) A SO, SR P AMOVAAL. 55 4R 34T 3t
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1675 M 7 22047 ; R A Lynch-Milligan 57 IE 5 E5IBR ¢° < 3/N(q REEITR N HFPHEE N BURE A%
44 ™ J5 35 A POPGENE v. 1. 311 M & Al Nei” s e ZHERE () GBIEMMEREL(Gyr) LA B AR EE ]
Nei’ s Tolmis &0 B KR L 2R 50, B NTSYSpe #4%) %f 8 ANFhEEHEST UPGMA RE4MT , M PR B 2%
B, H- K A Mantel #5070 H7 8 A FEVARIFAE ] 35t 1% FE 25 -5 b BE B () AH O
2 BERE55WH
2.1 [EFERRFEER RAPD ¥ 3 KastfE SR

M 200 Z5BEDLE |9 3L 12 25519 F T RAPD 4347, &5 | W0kl i B B 2 W UK 2. B
251 WA 10 ~ 20 535, U 5K 29 200 ~ 3000bp , SEAG I B 135 NS, P ZEBALS 134 >, B2
DAL AN 99.3% , 5140 Sy S WHHIRFIEEY 1S 1) RAPD 54 WLIE 1, B3R 3 WLLE W, SMHEBEZEN
AR 57.63 ~76.27 , K/MRR VG T > Tk > B > BUM > K% > Jofg > £ & > B, WA FE N
H 2+ B T SRTE A AR, HE T > BIE > IR > KL > oEg > B > £6 > HFM, HREY
TRV AR S SR AT R A 7 SRR, T VL P Z AR A8 SR KO B, ZEFIKF
b, R EE R ZARERE N 0. 3688, YA ELEE ZREME N EE

2 16 % RAPD 5| ¥ K BHEBMEEHFH
Table 2 The total bands and polymorphic bands by 16 RAPD primers in Phoebe bournei

514 BIYIFHI(5" ~3") e Pﬁjﬁfpﬁc 319 51HF5I(5" ~3") B iﬁiﬁ
Primer Sequence (5’ ~3") Total bands bands Primer Sequence (5’ ~3") Total bands bands
S; CATCCCCCTG 13 13 Ss GTTGCGATCC 12 12
Sg GTCCACACGG 8 8 Se2 GTGAGGCGTC 11 11
Sy CAGGCCCTTC 10 10 Sgy GGCACTGAGG 12 12
Sos AATCGGGCTG 12 12 Seg GGCTCATGTG 11 10
Sys GTGACGTAGG 13 13 Si67 CAGCGACAAG 12 12
Sy CAATCGCCGT 10 10 Sis0 AAAGTGCGGC 11 11
®3 EEHEEESHEESH

Table 3 Parameters of genetic diversity in eight populations of Phoebe bournei
FRES TR K i s ZENFEFR (%) Nei's 2:H 2+ B
Pop ID Percentage of polymorphic locus Nei's gene diversity
1 R B ZHENGHE. F 69.49 0.2124
2 fE@# F A WANGTAL F 61.86 0.2098
3 fEE K% YONGAN. F 67.80 0.2299
4 JTV§ZE M TAIHE. J 57.63 0.1973
5 YLP§Jz s LONGNAN. J 63.56 0.2249
6 A PR MINGXIL. F 72.03 0.2603
7 $EEVE F XIQIN. F 76.27 0.2641
8 HEHIR, PUCHENG. F 74.58 0.2513

2.2 HERERAFIEEHE L 0k

i3 Lynch-Milligan 5 IEJ& #I| f] POPGENE #3545 1 ,37. 3% BAE A7 e T AP #EIE], SR L 28 5 &
ZOR B TR, IR R R R AR 5 2 8 AL 4L o

A Shannon R SAEVERE B A28 S AE AR P9 AR (8] (9 0 A 15 DL L A% 4. AR ¥E (Hpop/ Hsp ) 11 ( Hsp-
Hpop)/Hsp M TR 45 R B, V394 46. 4% KA RAFE T MEEZ 18], 57 POPGENE B {15 th i &
AURE (Gy) HEBK

XA 8 ANFPREREST AMOVA Zp#fr, 8528 (R 5) Bom , IR A A A] R 9 28 5 20 B 203l O 11. 460
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BT 514 Sio Sex M TSR AGRPRE ) I 5 5 H
Fig.1 RAPD amplification profiles for genomic DNA of Phoebe bournei

the upper and lower generated by primer Sy, and S, for Population Pucheng, respectively; M: Marker

14.983, 1 43. 3% (P <0.001) {58472 SRR TR ] , HoZ5 R 5 Shannon AV SRR B A —2

2.3 FhEEEIMAERR %4 [EiEFE Shannon FE £ HIEISEHAT
F6FNH T8 NRINFIEE Nei’ s Tofiisif&HE  Table 4 Analysis on Shannon’ s index of phenotypic diversity for
B (T M) FMBEEEs (5 HfA) . Phocbe bournei
8 /IR B TR 76 16 10 32 B B 7 0. 1189 ~ 0. 3640 E"S'% Primers _ Hpop Hp (Hsp ~ Hpop) / Hep
2B SO AT SRR BRI, o Tas o 43
IR VI VG 2R AR ] AL BB B K . ARIRRREE Sa 2283 4.251 0.463
K038 P50, SR UPGMA BEXR T8tk 8 A e o
FEERAPRBRE (K 2), HE 2 878, fH RAPD s, 1.960 4.219 0.535
PRIC AT DA 3K 8 1 o8] A7 b 20 R 43 O Y G 4 A :Z ?;ii ;‘zg 822:
FAKH, TR AA LR A RER %, o a0 4178 0.
BRENBRIZE 6 ANFIRER A, EREM 6 MF S 1905 5.1 0.629
BEsh K% RO TR BTR HOR S AR BEER— T o™
K, 5FXEMBEDTF. FH Mean  2.449 4.597 0.464

X A % ol R T 38 1 P 5 0 ot 2 P B ) A S
PEFT Mantel K25 , 25 R 3 B HIBAL B BT 5 b PR BR 25 (R A < (2.3 (r = 0. 4856, P <0.05) . BAKTH = , MEEEOE
ARRIESEAS b BESRAE — , QAR /K 22 A 15 TR PR | VWG 2 A 5 e T o 7 R B B e, I SR 7 —
o RBIRIA LGS, QAE R AOAR B VY5 AR, HoB e R Rl o Fh G TT AL, AR 18] A8 5%
RER T ZEHIREEES B2, I8 ] RE AN RE ] AR AT BUIR AR A R ZRE R

x5 HiE8 TMBENSTFERSH(AMOVA)
Table 5 Analysis of molecular variance (AMOVA) for the eight populations of Phoebe bournei

1752 MSD AE S oy BREIR %

A5 SRR B 750 SSD . L P-H
L. Mean squared Variance Total variation
Source of variation df Sum of squares o P-value
deviation component (%)
F#¥[E Among populations 7 1709.225 244.175 11. 460 43.3% <0.001
FpB£N Within populations 152 2277.400 14.983 14.983 56.7% <0.001
411 SUM 159 3986. 625
3 g

i ARSI 3801528 S K — SRR T i, (ER [F R 9 SRR KT R B S S 2 R K™
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AR, SN BERNZEM S B HE R 57.63 % o030 025 0150 0075 0
~76.27 % R FHEERIE P ZAERE M 0.1973 ~0.2641 ' ' ' '

b AT PR R M R, T T P A A BE IR e FoENG.
[ ZEMRIKT L EREE R ZRERE ) 0. 3688, 75 T4 PR YONGAN

FHAOECHA R, A PR BPEATAE, TSR 4875 H 5 LLIRE 5 7 | R ZHENGHE
SRR S RN 0.2777) WM EEAZT 2B WANGTAL T
AR SRR 0.2467 B MU e SRR a1 OGN

Bo ARRIURAEFITRE S ) KRS, HL R KA
R S E K BB Fa g 2 PSR UPONA RS IR

. TR TR R T (TRl 266. 79)[3,5] FTE Fig.2 Dendrogram generated by UPGMA analysis of eight populations
AR 55 5255 ) A R, K T F

RIS AR T O BRR AT R E B . T, B IR, B TR
55 IR B BB T TR I 230 B0 06 0, A TR T B 3 s 53— D T 7 9
SRR, A R ARSE 7 0 VR SE 5 B FBE SBT3 ™ o AT 0L, RARARAS T B - o
Q2 T BRI PSSP ERSEHERREIE 1, T30 FE 7 7T A IE R B A8 S BRI

F6 HiE8NXAMBAREMBEESMMIPEIER
Table 6 Nei’s unbiased genetic distance and geographical distance between 8 populations of Phoebe bournei

of Phoebe bournei based on Nei’ s unbiased genetic distance

A4 FR 45 Pop ID 1 2 3 4 5 6 7 8

1 fR#EBA ZHENGHE. F 0 134.06 216.55 394.78 486.92 245.10 61.63 67.89
2 fREFH WANGTAL F 0.1719 0 83.38 292.54 354.99 113.82 87.29 164. 66
3 fEE k% YONGAN. F 0.1384 0.1761 0 259.33 279.88 55.92 164.06 246.63
4 YLV TAIHE. J 0.2799 0.3531 0. 3000 0 209.52 203.50 372.55 378.03
5 YLPY iR LONGNAN. J 0.1952 0.3034 0.1973 0.2229 0 241.87 441.35 498.25
6 fRE PR MINGXI. F 0.1724 0.2326 0. 1382 0.3424 0.2161 0 200.98 261.63
7 fREVEF XIQIN. F 0.1873 0.2398 0. 1836 0.3185 0.2425 0. 1689 0 119.91
8 fE AR PUCHENG. F 0. 1836 0.2048 0. 1597 0.3640 0.2755 0.1412 0.1189 0

TP TFEMA Nei’s (1979) LRI E, FX A A PEBEE (km) The data are geographical distance (km) (above diagonal) and Nei’s
unbiased genetic distance (1979) (below diagonal )

IS RAPD 2 28 AR T 7 R AL S A% 20 , 223 T MBI TR 01 FE RERR D 3R BB T R Fi 7 138
5437 (AMOVA) 1 Shannon A ZHEPEFE BT o ABEFI R Shannon KA ZFEMESEHUR AMOVA 43
M5k, 4 B AR ] (AR 5 5 46.4% F143.3% , PIE G50 . THZEFMEFFF G Hardy-Weinberg 57
HEMBLRTAR T ,5@5f Lynch-Milligan %7 1™ 4 HA 38 14 B 0L F POPGENE SR HHEH G7(0.373) 3k
BB E R B G R E A ZER, HER SR AN BRI A RA L. REWIL, B m K E
AR 1) 345 A R S5 R — B , 8 S 70 M AR 1) ) B 20 38t 1% 0 , T EL R B P S8 % 2 S R TR
I Hg ALK T B 3R e AP 57K (Gyr =0.510) ™ BB HEF REM USSR E, K
T , BE AR 2 R 0 AR IE U K T BB 307, JUHAE B AR RIP X/ RARGIMR R ST IR, , 75
FRIREE 1) 5 K1 9 AR , S TS G o ZE AR P B 38 o Williamson il Weerth ™' Ay it A% 5 A% MK P46 51 5 A 9
fafh, A LTRSS, AN R —E B A KR P AR Oy [ B A
X, Hoph i BRI R (AT BA 5 Mgl SRk, R, N353 BT S 2R AR bR A W7
o ESUEAE 2R, AT REEIFOR T IZ R SR A B R K B R AR B R FR R T Al A Dy s ER R e T
Be/INE /R 5 A2 35 T AR AR /N BRI PR BR8] RE R BORE AR, By i U PR R/ N S (1 B R 3
KX RER MG EERE Z — AR T IHE RSBV RUE I EPTT
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Bt X AR AR IR 1 AR BMAOK R (B PR B A L, B O R AT BB 25 1A TR A K SR A A AT
BRI SUHAGOR L SAEPE KPR B 2 B (e AR LI A8 2 2 Al 3R T T A TN, TR g A5 Sk
B AR P 7 TR R SRR U O T A B L DR B 5 WACHR 45 b B A A SRR AT S M AR B , i 75 7 AR
BEBORBIFE , ¥ RN TR, 16 R T 30 T H AR I E BTG 3R, R A T M A R AR R B ) A AR 37 5 ]
TE T MR REE A Sk al b R BN AT 8, PR H 5 B 515 B 4R, AT KA R ALAR, 3
SRR 1] B2 PR O, AGESR B AE AR KR
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