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Abstract; ISSR markers were used to investigate the genetic diversity of seven natural populations of Keteleeria
calcarea. Twelve ISSR primers produced 125 loci. At the species level, the percentage of polymorphic loci ( PPL) was
100.00% , Shannon’ s Information index (I) was 0.417 7 and Nei’ s gene diversity index (H) was 0.266 6. At the population
level, the percentage of polymorphic loci was 71.209%-92.00% and the average value was 80.69%, Shannon’s Information
index (I) was 0.327 3—0.388 6 with the average value 0.3548 and Nei’s gene diversity index (H) was 0.213 9-0.247 8 with
the average value 0.229 1. K. calcarea in both species and population levels showed higher genetic diversity. Nei’ s genetic
diversity analysis (Gst=0.143 3) and AMOVA analysis (@st=17.91%) showed that the genetic variation of K. calcarea
mainly occurred within populations, and the genetic differentiation among populations was low. The gene flow (Nm) be-

tween populations was high (2.989 0). Mantel analysis showed that the genetic distance of K. calcarea natural populations
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had no significant correlation with their geographic distance (r=0.456 7, P=0.061 0>0.05).

Key words: Keteleeria calcarea, ISSR markers, genetic diversity, genetic structure, conservation strategy

RN AZ ( Keteleeria calcarea) J&=—Fh A FL (Pi-
naceae ) A2 & ( Keteleeria ) 15 FH | 2% KIx A (fo]
F-,2005) , S R E R AT 09 2 H WA S B R TR R AR
= BRI R, R A TR E SN R
JUPE A (2 IR GR35 1990 ; T 4E 2009 ; B
WET,2010) , B A0SF- 3% l YTk il AR AR
M, A= TR 560~1 100 m B4 KA1, o TR
REIR IR RIREZ, R AR5 0 2816 )
FHEEE 27K 4y, R A L0+ R4 58, nT T A1l
LAk (20,2003 ) 5 HOAA 0T [ R B4 S0 B A
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&.,2008) A, BT HABRDEALSE BUE R | e
HEBR, AT FHAE LB A B (87 1, 1989) , 20 42 70
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TEREAR, RLEH e85, O FHifaRE,
H i 5 T AMAZ IWF R iBE R, KZ P e
PEEF AR CEMAS2008) GETR /A5 PR (ke
45,2009) AR5 B (FTE ALAE,2006) (FREEAE
B (PP 2:,2014) S5, KT EEGMIZ 8L Z
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ISSR J&5ET PCR HR | DA 5 42 1y 41 hy 5
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5T (FEAT AR 45,2010 225 #8555, 2008) | s AT ist %
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1.1 #

2014 4F 9-12 J , 43wl e ARG HE B —IE DI
FHLG) FEMASIRE =71 =284 (GC) M E NI E
F SRR AT (FC) MMl Ze BARAART (RA) ATt

mF B B 2 M BLUR (ND) | St P I B 5
(PT) St Al B Sg#E £ (DS) 45 B AN AZ 43 A
RAE T AFIEEAE K R Y fd R A SR A 0 R,
BEASFIHEAS I 27 ~ 33 ANAMA BT it ek 2B A 3
PRS0 50l FH A e 03k 8 T, 4 T3 e 3 40 T
VYRI5 BT 3 R 5T 53 R R A B RE b iR A T
TXE W E S T ALIMAZ ( Keteleeria calcarea) o £5K
FEHE S FARMESL AN 1 Fis

1.2 Fik

1.2.1 #FA0h A & DNA 693230 SR CTAB 7521
BERGHAZ A DNA EAEK I 1T -20 C il B9
RGP (FCSCIR, 2006) o I B 0.8% 19 3R
HVEE I L KA B8 DNA A9 J3 i FN 52 35, DNA A9 4
JE A9k BE H NanoDrop 2000c¢ 8 13 & 436 6 B T
W AFAETE-20 °C KA £

1.2.2 ISSR #9735 4m M 100 4% ISSR 5|4 i
PRI T 12 R AR b A B A 28N
5191 (3% 2) X EBTMAEZ 7 A BARFR L 218 MM
HEAT ISSR 3. SRH] 25 pLAKRR , K& 2.5 pl
) 10XPCR buffer 1.5 U ) Tag DNA B4 1.0
wmol « L' A5 #.2.0 mmol « L' ) Mg™ 0. 10
mmol + L4 dNTP A K 30 ng AYMEH DNA , 543 H
KIEH) ddH,0 #ME 25 wWL; P 38T TN 94 °C FilAs Pk
5 min;94 C7AEME 30 s,53~58 C (AFEIMEY), HiB
SR BEARTR], HARDLE 2) IRk 45 5,72 CIEf 90 s,
DL b3 AP BRIE 50 I )5 72 C IEAH 7 min,
PCR 4" 3471 MR BE R 1.5% A B S R I FL YK 1 ~
1.5 h, AL Z5E(0.5 wg - mL™") J4{f 20 min, Jf] UVP
BERE AR R G40 FRORAE

1.2.3 HABEER A oM JFBRIESBNSEIT
Br&& fE mi A~ B N A RE AT, RO (1) R EFAL T
Hardy-Weinberg “F-fif ; (2) FLIUKIE RS R AR Y 55 J2
PG4 EAHTR] DNA BB P24, ISSR i
Fric, ARl FL UK [ 3 3 = M 0 A T S A
KN B EL K B b ) — S B AT AR
(AL ) BOiE 17 AT S BiE 07, I
F POPGENEL.31 #1153 Nei” s B 2 FEPEFR 2L
(H) A5 E 080 (PPL) SREL3) Y 45 {7 3L A
$(Na) Shannon {5 B ZHPEFEE (1) A REE1 5
P (Ne) , BE ML 2B (Gst) FIREN L 24
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Table 1

Survey of the stands of Keteleeria calcarea community

RS A

Population code

SRAEH A

Location

HEMRISIR (GC)  AEMASIE =T =28 )

Sanjiang Sanzhai Village, Gongcheng County, Guilin
Hepkilfi b E D URR R

Ertang Chenjiao Village, Lingui County, Guilin

BUM )1 EL A W R R AT

HpkiEEE (LG)

BONEN (FC)

Liwei Village, Mailing Township, Fuchuan County, Hezhou

M2 (RA) M E 22 AR AR

Dumu Village, Rong’ an County, Liuzhou

CIR(Nzap A R ER AR b

Huaili Village, Lihu Township, Nandan County, Hechi
SN LB SEE &

Yaobang Township, Dushan County, Guizhou

SNl B
Zhemi Township, Pingtang County, Guizhou

WL EE P+ (ND)
FONAL (DS)

SUMESE (PT)

[
g P IR B RN
Slope  Altitude . . .
Aspect o Latitude Longitude ~ Sample size
) (m)
WS 50 670  25°5026" N 110°05'47" E 31
WS 40 160  25°12'47" N 110°11'51" E 33
ES 35 334 25°02'24" N 111°18'47" E 27
WS 50 480  25°01'46" N 109°34'50" E 29
WS 40 697  25°07'07" N 107°42'25" E 33
WS 60 855  25°23'40" N 107°30'50" E 32
ES 30 771 25°41'31" N 107°22'41" E 33

F2 JEEHE 12 £5IMHFETIRBNRE
Table 2 Sequences and annealing temperatures of twelve primers

Primer Sequence T, value temperature

code (c) ()
UBC834 AGAGAGAGAGAGAGA GYT 53.9 57.0
UBC836 AGAGAGAGAGAGAGAGYA 53.9 56.0
UBC840 GAGAGAGAGAGAGAGAYT 53.9 56.0
UBC844 CTCTCTCTCTCTCTCTRC 56.2 50.0
UBC848 CACACACACACACACARG 56.2 58.0
UBC850 GTGTGTGTGTGTGTGTYC 56.2 54.0
UBC853 TCTCTCTCTCTCTCTCRT 53.9 52.0
UBC855 ACACACACACACACACYT 53.9 52.0
UBC881 GGGTGGGGTGGGGTG 61.8 54.0
UBC895 AGAGTTGGTAGCTCTTGATC 55.8 54.0
UBC899 CATGGTGTTGGTCATTGTTCCA 58.2 57.0
UBC900 ACTTCCCCACAGGTTAACACA 58.0 52.0

R=(A/G),Y=(C/T),

PE(Hs) FIEEE LR ZHEM (Hy) & Nei’ s sif&
BI(D) B (Nm) %5, ] win AMOVA 1.55 #4%F
Sy BTRIEERDRIREE N A 54 8 5 . AR Nei” s i5if%
FEES (D) N NTSYS-pe 2.02 B {E%f 7 AN dE kA%
FREEEAT R0, #F— 20 H TFPGA #1417
Mantel test 38T, ¥ 7 A4~ B0 AL I AZ FPOBE I 15 15 R

BRI B 2 14 1R
2 ERH4M

2.1 ERGHMZMIEE S

FH 12 45 ISSR 51954} 218 DN ERGMAZ AN A 4T
PO LRI 125 A 2R 3 ATH ZEY AR
I, Shannon {5 B ZFEMEFREL(1) M 0.417 7,273
P 4350 (PPL) M 100.00% , A 55055 7 Jk IR 5
(Ne) g 1.427 2, Nei’ s BN Z R 5 (H)
“}0.266 6.,

FEFIREAKSE b, 7 AN FREE 0 2 28 M 07 5 H 438
( PPL) 1£71.20% ~ 92.00% =2 8] , - {E 4 80.69% ;
Shannon {5 B ZFEEFEEL (1) 7£0.327 3~0.388 6 Z
6], P21 40.354 8, Nei’ s FEF ZREVEFE S (H) 1F
0.213 9~0.247 8 Z[a] ,F-¥{E 40.229 1, Hrhistfs
A B v 1 R AN 2 AR (RA) PP (H =
0.247 8, 1=0.388 6, PPL=92.00%) , YK &M &
JIKRRAT (FC) FfE(H=0.246 5, [=0.380 5, PPL=
84.80% ) , LB & B MM ILSEHE £ (DS) FifE (H =
0.213 9, 1=0.327 3, PPL=71.20%) ,
2.2 ERGMZTBENREEN

FER oAb R B Gst) AR B SE R 2 6 1
(HO) FIFRE N B S 2 (Hs) I RAT . BEA
THAZFIEE B AL R 2R (He) 2M0.267 4 FPEEN )
LN ZREME (Hs) 50.229 1, FERAMEREL (Gst) N
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Table 3 Genetic variability in different populations of
Keteleeria calcarea detected by ISSR analysis

Shannon Nei’ s

REEFNI o e o o 2
. IR e e oamm EAHE
puibiis & % ; . 7 A5,
" . HERE RN 2R e
Population %L 3 A B E
(D (H)
GC 17680 1.3641 03430 02225  76.80%
LG 17840 13549 03367 02168  78.40%
FC 1.8480 14019 03805 02465  84.80%
RA 19200 13971 03886  0.2478  92.00%
ND 17840 13572 03412 02197  78.40%
DS 17120 13568 03273 02139  71.20%
PT 1.8320 13840 03661 02362  83.20%
EHME 1.8069 13737  0.3548  0.2291  80.69%
Mean
PRk 2.0000  1.4272 04177 02666  100.00%
Species
level

U MRHImERE 1, TR,

Note : The population code is the same as Table 1. The same below.

0.143 3, fH LRI J0, BRI AZ Bt 4L A8 S vh &
FERPREZ [B]Aa5t A5 A8 S A 14.33% , HARI985.67%
RATREEN, dE—L X SR AZ 0 7 AR 35
AR SEIEAT AMOVA 43 #r, B i (B] 58t 4% 4 1k R 4K
Dst=17.91% , FWATE LB 59 A7 17.91%11)
WAL AS SR R AR Z (R, 82.09% Iy it 14 A8 57
JERATERBEN B (£ 4) , BEBTBROMAZ 1Y% 2
S EBR AR, FhRE R A B S A E SR
BRIV Nm =2.989 0>1, W B BMAZFPRE Z 1] {1 47
—E MR R ZE U, AN T st A% L 4R
2.3 ERGMZTBENBEELS T

F34 Nei” s mE IR (32 5) H NTSYS-pe 2.02
BRAEXT 7 A BERMAZ PR AT TR0 B, TR
UL 1, EER S AIAL I RS S B AR (ND) A
SO Al 1L SR FE © FlRE (DS) Yt 1L — BUE K
(0.966 9) , A& B 52 /N (0.033 6) 3 B & 1T HR 2
FAPEE(RC) FI 52 M A L 5E8E £ FE (DS) 1Y 3514 —
O /N (0916 1), 8t 1% BE B & K (0.087 7)
FH EL B UPGMA SRR AT, 53 b 1L Set% & At

&4 ERHEFEAMAEEREETRE AMOVA 517

Table 4  Analysis of molecular variance (AMOVA) for populations of Keteleeria calcarea

SRR SL S E A% AR RO T I P
Source of variation df Sum of square MS Variance component ufe\r/:;ir;gii P value
FhETE] Among population 6 766.95 127.83 3.58 17.91% <0.001
FIEEPN Within populations 211 3 461.92 16.41 16.41 82.09% <0.001
(DS) F{a 3t g P3P0 HUAS Rl (ND) e 3R O — 3¢ 3
S \ . w = R \ 5 N
ol AR 5 AFFR Ty — KA, B 2 MR AL
" K7 A FBEIF A A B B0 17 i
RA — 5 TFPGA 3447 Mantel test 4347, 45 S22 W]
G BORGIAZ P 2 18] A 12 P 8 R PR 5 22 1) O
e S— V2R (r=0.456 7, P=0.061 0>0.05) .
PT
0.03 0.04 0. 05 0.06 0.07

BR# Coefficient

K1 HET Nei’s BHEH & R EAELMAZ 7 DFHE
) UPGMA R Fpp(Lmfi 1.
Fig. 1 Dendrogram of UPGMA cluster analysis based

on Nei’s (1972) genetic distance between

seven populations of Keteleeria calcarea

The population code is the same as table 1.

3 Wt

3.1 ERGMZES S EEITEN

— B hy, BAE YRR A BAR A 5L 2 A K
ARSI R B, — LSe35 A% 2 AR O
FEE R R KO (B A A1 S 587, 19945 Grant, 1991 5
Soltis PS & Soltis DE, 1991) , 7E¥Fh /K I | AL
M2 Z SN E 340 (PPL) 29100.00% , Shannon
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Table 5 Nei’s genetic identity (above diagonal) and genetic distance (below diagonal) between populations of Keteleeria calcarea

s

Population DS FC GC LG ND PT RA

DS 0.916 1 0.917 4 0.927 4 0.966 9 0.925 6 0.934 9
FC 0.087 7 0.949 7 0.942 5 0.922°5 0.947 7 0.950 9
GC 0.086 3 0.051 6 0.950 5 0.937 1 0.941 7 0.949 7
LG 0.075 3 0.059 2 0.050 8 0.948 9 0.957 5 0.953 5
ND 0.033 6 0.080 7 0.065 0 0.052 4 0.946 1 0.952 3
PT 0.077 3 0.053 7 0.060 1 0.043 4 0.055 4 0.945 7
RA 0.067 3 0.050 4 0.051 6 0.047 6 0.048 8 0.055 8

SR ZREVERRE(1) H0.417 7,Nei” s 5L K ZREETS
(H) }0.266 6, 5 A B fa #EF A4, anfk Scia
(2006) AT WA #2 (PPL=63.38% ,1=0.234 9,
H=0.1527) . % & [ (2005) #F 5% 09 @ 1L #1442
(PPL=42.68%,1=0.242 0, H=0.1657) & ZT.4%
(2014) WF5E 09 S A% (PPL="78.21% ,1=0.377 8, H
=0.249 4) 5FAH L, BRSSO 0 AR 2 R SR
SR KO- | 2 BH B IARS 11038 R PR 5% 10 BE 1 8%
%, EALTE J1 %K (Hogbin & Peakall , 1999) , Holi f
F14) JEE R AN S et A% 22 B P AEG %) P9 38 R 386 3 i i 5 (5
X IBeHE (2007 ) BF5E Y A2 AR B 42 ( PPL=90.79% , 1
=0.497 4,H=0.336 1) M3k & (2009) W 55 ARG 7 41
S A2 (PPL=98.89% ,1=0.606 3,H=0.419 2) %5 1) 1%
fEZ R,

Nei’ s iBfE Z FEVEFT AMOVA 4347 45 S #5848 71
T EBOMAZ LA S BB R AR REN . BRI
WL L R E(Gst) 40.143 3, By st fL 748 57
Hh R A TE BB 22 1) 9 35 A% AR S A 14.33% , AR
85.67% K= THRHEN . AMOVA 43 #1426 B AE B
(RBAL AR St 17.91% 1Y 3545 748 S e A TR
Z I, 82.09% M 5t A5 728 S J2 R AL FE R RE N 11, %
BRI Nm =2.989 0> 1, 3 B 8 A i A2 B E 22 0] R 45
— B MR ZE I, A AR TR R AR A AN
Gyt B AL s Ak B B 4, K = B 5 45 R R
(Loveless & Hamriek , 1984) , #7184 19 A= ¥y 2 4
PECANRIEAL oy F i 0 26 %) 5 TR 3 i 4 ) W 3L
AL AR S AR R = 2K AR ] 50/ N o AR AR A
RIS HL A3 A i FEIAR 2, (H LA AT S 90 A B - b
MR ZHGREAE S

HRAE Nei’ s BABREBIXS 7 A BRI AZ FREHEAT
R, 45 R AR AZ 7 DRI AS R4 IR
MO PRPE B AT 3 S, i — 2P ] TFPGA B Ak 47
Mantel test 43T , 45 5 3 B B85 il A2 T b =2 1] 1) 3ot
B RE B A PRI 8 2 [A) G 25 57 (r=10.456 7,
P=0.061 0>0.05) .

3.2 EEMEZARPEN

Wi feAE Y R A YR B S kL IR 2 WA
fEA Y BA B R ER S B, Wity
IO SEA A JIUEYE . A W S N
T LA 2R RN AR BRI L (W] A FH 25 | s 1R R A 4
WAL Sy AR GBI AR AN H AR E
N KRS, sROmes IR ERA R W mFh
PO SRR, H RTEAT 5 1 A% 2R,
b BF L £ 18 PR A I 35 AL 2R AR N R 36
ALY, ORI L 22 R B i N R e ER AT
(RA) FEAE Ry 3 S OR3P B8 G ; g UOR I 4 i A 1Y
BORONAZ H AR X AR S IR, IR AT B AR Fh B
P I AT A 7 1 A\ 2 4k 25 L A s A D R 1 B G
AR YIRS 25 R, AL, 2 A ARl AT
LS8R X A AL ) B AL AR AP R U MR A T
it B I AZ 10 L R AL, B KRB R A
DEARAFTERGIAZ 1 U A PR TR i 5 |
JFEFAL, 05 FT o A A B R ER AL AL TR G B,
BH 11 B A I A2 Ak S8 SZ IR

SE
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