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plant Heteroplexis microcephala assessed
with ISSR polymorphisms
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Abstract ; Heteroplexis microcephala is an endangered plant only found in karst limestone regions in the Yangshuo County
of Guangxi Zhuang Autonomous Region in China. In the present study, ISSR markers were used to evaluate the genetic
variation within and among wild populations that were sampled from Guangxi with a goal to collect basic genetic informa-

tion for its conservation. Leaf samples of 141 individuals were collected from six counties. Based on 10 ISSR primers, 96
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clear and reproducible DNA fragments were generated. The percentage of polymorphic bands (PPB) was 30.21%, Nei’ s
gene diversity (H) was 0.105 4, Shannon information index (I) was 0.154 6 at the species level, and PPB among popu-
lation ranged from 9% to 19%, H ranged from 0.021 2 to 0.051 3, I ranged from 0.033 9 to 0.080 5. High levels of ge-
netic differentiation among the populations (Gst=0.690 5) were detected on the basis of results from POPGENE , which
indicated that 69.05% of the genetic variability was distributed among populations, and only 30.95% of the variation ex-
isted within populations. Molecular variance was also examined using AMOVA based on RAPD banding patterns. The va-
riance component found within populations was 27.28% , and a variance of 72.72% was found among populations. Gene
flow( Nm) among the population was 0.224 2 indicating that there was a low migration rate between populations. The
highest genetic distance based on Nei’ s genetic genetic distance for all population pairs was 0.160 9 between populations
BS and YS, while the lowest was 0.039 8 between XP and YD. UPGMA analysis was performed based on genetic similar-
ity (Jaccard coefficient). Six populations were clustered into two main groups, one containing populations YS and GT,
and the other containing PY, BS, XP and YD. The high genetic variance among populations and the low genetic diversi-
ty within population could be attributed to the breeding system of part self-compatibility and the limited gene flow among

37 %

populations of H. microcephala.
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5545 )& (Heteroplex Chang) ] FUkii A HIFA
J& 1937 A4 D — A BB R A 3 (BRZHK, 1985) .
%8 5 DB AER S E AR AT Bl 52225 (H. svernon-
ioides) IINIE S B % ( H. microcephala) | ey e R
(H. sericophylla) M1k 5% %444 ( H. impressinervia ) Fl
MM 52425 (H. incana) (MR 4K, 19855 G2 {0t
1994 ; ST MIXITE, 2010) , /NAE S5 2444 L 313 A1
T HE 3N A3 A T 04 B B A A A
TR B/ N DI, A AR AR D, AR T A
SRR S IR MR 15 0 52 IR, i 1) B AL AR AR
AR, /NS R T SRR S Y )
R R EAT EZ AR 0E, E8 o E R
PR HED (A7, 1992)

INE S R — AN BRIE R 1 s, R oA T
A1 B AN R DX T R e B X R B
AT AT AT T REZS NS /NAE 57 2486 1) 15t A5 221 B H:
PRI R U A, TAFR  /INE S R BT 5T R
AR (5 R 3R R, 2002 ) | Ak 2 43 (B R
& .,2010) | O3 Pk (A IAE,2002) \ISSR
GIHT A AR (S I 55 2012) 5D EULAS T T,
X T HAFF AP AW ST 1 AR WATGE o 38 3 i ) st
1 2R B 3 AR A5 R R 43 A ] AR X i A sk
A3 st A AL BRI, I n] A B DR 4 4
MR FRIHE T X T RIRE S 28BN E S5 2 R R
(13545 Z2 FEE AR AL AR A IS0 PTIR A T fiff L3
AL S LW fE L . ISSR 4 SSR R RAPD AR (1
Do T — 5 SCER PR R 7B 9% PG, AT AR 2]
MR Z 5P, J& Zietkiewicz & Rafalskia (1994)

e —FporFhRidsoR . HET,ISSR &) iz W H
TAIM RS EAL A3 2 DL R 5o A% 2 RE PR B 5T (32
SCHB% 2013) , A SCRH ISSR AR M DNA 7K5F-43
BT /INE 53 2445 B0 BE 19 3 A% Z2 R M R ast L 254, D
B BH /N S 24 2 5 R 58 1) 338 17 AL o) B FL AR s
R RTINS 45 1 3 15 0 TR SR AR A A

1 #MrE &k

1.1 ikt

2012 AR FE T PHEERRT FHYA B 3E £ 6 ~/INMESR:
SLBGFIBER AN B RVIER 4 15 ~40 DA KA
H: T EARAR Lo R AR TR 2 D ] S
m, VEUEMERRIT 3 ~5 H % T oh ik B
A TR ORAE (S0 255 ,2014) o 6 DFPHERY b
PRI E AR 1,
1.2 EF 4 DNA RIS R &850 K 5 (PCR) ¥ 18

T 5L DNA >R el R J5 1) CTAB iE$2H, H
19 B NEHHBE I FL TR 6 FIER A1 20 66 BE T 40 ) A 36
DNA JF MM B | & T -20 °C vk - 7E, ISSR-
PCR & i1k % K 25 pL @94k & & dNTP 0.20
mmol + L', Mg** 1.5 mmol - L', TaqDNA 2450 1.5
U, #H DNA 50 ng, 514 0.8 umol + L', 10xBuffer
2.5 wl, FJEHIER PCR ¥ BEFLF N 94 °C HiASPE
5 min ;40 MEFR ;94 CAEME 40 5553 CIR Kk 45 5572
°C ZEff 1.5 min;72 °C#EH 7 min, 4 CLRAFE, BUS5 pL
PCR Y 7= H 1.5% (I BEAG HESERC LTk 1 ~2 h,
SRIGFHO0.5ng - mL' FUEBIR 4 .20 min , & T UVP
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Table 1  Location and samples of H. microcephala
) R
i o TR mm me
'ft? ~ R Z . 3
. Geographic . Altitude  Sample
Population Localiti Latitude/ (m) .
code ocatition Longitude m size
XP PH3 L% PRAR 24°42'33" N 415 28
Xingping Town, 110°25'37" E
Yangshuo County
PY PH3 22 45 40 24°42'31" N 348 29
Puyi Town, 110°3229" E
Yangshuo County
YS P399 2L B 97 24°46'22" N 430 27
Yangshuo Town, 110°29'02" E
Yangshuo County
GT P32 v P 24°46'41" N 160 15
Gaotian Town, 110°29'06" E
Yangshuo County
BS UREZiEES kA 24°48'57" N 226 27
Baisha Town, 110°24'06" E
Yangshuo County
YD PH3 B A7 4R 24°59'31"N 172 15
Yangdi Town, 110°24'32" E

Yangshuo County

*2 IFikHAY ISSR 5| ¥ FF 5 RARIEALE
Table 2 Sequences of 10 primers successfully
used in the ISSR analysis

IR e
519 5IHFH)(5'- 3") Annealing  Proportion of
Primer Sequence (5'- 3") temperature  polymorphic
(c) bands scored
(%)
808 Ag AgAgAgAgAgAgAgC 54.59 22.22
834 Ag AgAgAgAgAgAgAgYT 53.88 30
835 Ag AgAgAgAgAgAgAgYC 56.16 36.3
841 g Ag AgAgAgAgAgAg AYC 56.16 55.55
853 TC TCTCTCTCTCTC TCRT 53.88 36.36
855  AC ACACACACACAC ACYT 53.88 11.11
887 DVDTCTCTCTCTCTCTC 52.98 18.18
807 Ag AgAgAgAgAgAgAgT 52.18 20
840 gAgAgAgAgAgAgAgAYT 53.88 57.14
848 CA CACACACACACACARg 56.16 22.22

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

B UG R G HANE
1.3 5| #05i%
Y51 R & KAt K% (UBC) &

M5 9 & 100 4% ISSR 5191758, P 57E LW
TRAFRG M. M6 DR 1 M AMAHET
Sl i, F 10 &Y A AR A
193 2) HTATA AR 3

1.4 HIELES ST S0

Pz B VK S p R — 17 B L DNA 40 58
WRAE , o (B iB M “0” B (B i 17,
ZBNLA ST H(PPB) AR EL (Ne) UL
W S5 A57 %L ( Na)  Shannon” s {5 B FE 4L (1) \Nei’ s
SER ZREPE (H) BEIAR B SE P 2880 () AR
) R a4 0 AL 45 B0 (Gst) 1 Nei” s 38t 15 1 25 F)
POPGENE 3.2 #:F11 NTSYSpe-2. 1 3R HHE (3R A
4 2012)

K HI DCFAL. 1 B3 53 B X iR g ~F 5 A,
WINAMOVA1.55 BAFEA 70007 22 534, iH AP
PRI E] A8 5 07 22934 o /MBS 2445 R ] 1Y)
LK R B R T Nei’ s B AE B, FIH
NTSYS pe2. 1 H 4B AR AL RS X 54507 #4112 (UPG-
MA) 5 ( NS 2012)

2 HER54M

21 MNERAFHEE SN

10 551 R /INIE S 2245 6 ASFPBE 141 1K
Ly HE S 96 S45T, Hih 29 /2, 2L
FN(PPB)30.91%, 10 2519 1 BH 5 1~ 10
NG SEEY RO 2.9, TEDIFIKE L, ANESR:
Z4%) PPB 4 30.21% , Nei’ s 3£ [N ZREVE (H) N
0.105 4, Shannon’ s 15 S48 44 (1) 40.154 6; TEFP I
P E, PPB AL B A 9 ~ 19%, F- 1 h
13.33% ,H #9728 4635 il 0.021 2 ~0.051 3, F- 3N
0.032 5;7 Z& fk i BBl 5 0.033 9 ~ 0.080 5, K
0.052 2, WIS FE I £ R 1.090 0~1.190 0, A 5L
SN LR 1.034 1~1.082 3, Al YS 1923814
SR S SR LI S5 37 L DB A AU Nei " s
SR ZHEPELL B Shannon” s 15 B 4850 & T HAb
#f,BS FVHERAL,
22 MNERAFHENIRLEN

/NG 242G DB R Z M (H) 90.105 0, F
REN SR ZREPE (Hs) 2M0.032 5, R a] 1 3L [ 22 4
P (Dst) 50.072 5, B 43 1E R E(Gst) 290.690 5,
SR AL AR S 69.05% K A T RIEER], RN Y
AL A5 30.95% , LHH/INE S 245 1AL A 57 2
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Table 3 Genetic diversity within populations of H. microcephala

Nei’ s 3£ [H

MRS ZBA0 WINASAL AR S REME

Shannon”’ s

Population HIPE FER KL L FERL BSR4
code (PPB) (Na) (Ne) H @3]
(H)
YS 19.00 1.1900 1.0341 0.0265 0.0494
GT 18 1.1800 1.0823 0.0513 0.0805
PY 11 1.1100 1.0376 0.0251 0.0408
BS 9 1.0900 1.0348 0.0212 0.0339
XP 10 1.1000 1.0526 0.0308 0.0468
YD 13 1.1300 1.0662 0.0401 0.0620
FESEME 13.33 1.1333 1.0512 0.0325 0.0522
Mean
YyRhSEAE 30.21 1.2700 1.1855 0.1054 0.1546
Species level
F 4 INERHFMBEZHM Nei’s 517

Table 4  Genetic variability within populations

of H. microcephala revealed by ISSR

B RPEENEL RREEIEIL SR SrE LR
ZHEE R HERE R (LNm’)'L
(Ht) (Hs) (Dst) (Gst)
Ty 0.1050 0.0325 0.0725 0.6905 0.2242
Mean
PREZ 0.0329  0.005 2
Standard
Deviation
RS INNERAUEFHEBEAFIFHEANSTF

TRH AMOVA 5#7
Table 5  Analysis of molecular variance ( AMOVA)

within and among populations

=i =1
. | 7 ELH /, O LT
ERKW o W% Py PR Gy
A i Variance P{a
Source of Sum of  H2E Percent-
L df compon- P value
variation squares MS age of
ents L.
variation
ibidu| 5 497.0029 99.401 4.2183 72.72% <0.001
Among
populations
FEEN 135 213.6637 1.583 1.5826 27.28% <0.001
Within
population

Bk [ FRMEER] . AMOVA 43474 55 5 11 1 45 52 41
FE TE AL 7S e 27.28% M A8 Sk A E R R
N,72.72% 0978 S & AR AR AP R (], DL G AR =

23 /MNEFHEHMBENEE—BEEEES
MIBEFE BT, YD F1 XP (R348 B B /N,
0.039 8,BS Fl YS Z [l 35 & 1 2§ i K, “40.160 9,
MG —FEEF YD FlXP By siE — 3 Em, N
0.961 0,BS Fl YS i35t i — B F Ak, °H0.851 4,
HRUHMA LA~ 7 UPCMA KKK, 6 1
FhREAT 43 M4, YS F1 GT h—4H,PY .BS . XP.YD
BHh—4l,
xo6 NERAREMBNEEES (NAETH)
MigfE—HE (A% LR)
Table 6  Genetic identities (above diagonal) and Nei’ s

genetic distance (below diagonal) between

populations of H. microcephala

ki

Population GT PY BS Xp YD
YS  x k% % 09460 0.8577 0.8514 0.8815 0.9040
GT  0.0555 =+ %+ 08921 08758 09186 0.9384
PY 01535 01142 # % %% 09408 09151 0.9156
BS 01609 0.1326 0.0611 # % % % 09180 0.9373
XP 01262 0.0849 0.0887 0.0855 * # % % 0.9610
YD 0.1010 0.0635 0.0881 0.0647 0.0398 * x * x

XP—————
py——
Ys
A
BS,
vo!
0. 04 0.06 0.08 0.10 0.12
ZE# Coefficient
1 INMERRA 6 AFREE Nei” s G HE B UPGMA R

Fig. 1

Dendrogram obtained based on Nei’s genetic distance

among the six wild populations of H. microcephala

3 itk

30 MERRFHBEE SN

VFZ BTG R ARG AT AT o0 A7 X AR B
AR b HL 38t A 22 e A K P ISR IO O ARG (2% &5 R
B,2002) , fEALA LEHTRE PR 1542 K P g A5 24
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P (Richter et al ,1994) . >R ISSR AT 2N/ NME
5245 6 B AR R OKSE B PPB OH T AR 5
514 30.21% .0.105 4 ,0.154 6, /N4 5 243 Tl fE TN
M3 fE Z FE ¥ PPB = 13.33%, Hs = 0.032 5, H =
0.032 5,7 =0.052 2, F B 6] 38 A5 0 AL R Gst =
0.690 5, ZFEMEFE B HAR AR T A7 KAL) (Hs
=0.261,Gst=0.23)  SFAEAE R HEY (Hs = 0.260, Gst
=0.23) M ATFEY) (Hs = 0.242, Gst =0.23) fISF 1
IKF-(Ge et al, 2003) LA}z Nybom & Bartishji(2000)
T RAPD AFLP (ISSR % W PEAR i T 4 i1 1 107
Ay P S5 45 I OF ¥ i £ K (PPB =
71.02%) , R WIH AN EE AT Y Fh K- st i 24
PEEAL, UAEFRES R LM, BH RE il
Bl A TE Y S 2SS | o IR AL I 26 AR AR
XT st A% AR S 5% ) 2T R # (Hamrick et al,
1989) , B8 2 4t ] [ I 52w b 3 A0 40 F oK SF- 1
WEAR S —MORUL, A IE R T R  KUER
By SRS A S EARAE T AR T
Y AT 8 1 15 4% A8 5 (Korron, 1987) o /MMES:
ZAB5 53 ATAET PG FHA B ) FL 531 31 Bl A b 3000255 A
AN, BB T A KA A L3R ) FE A B /NE T
TCISREHR VR R | R R 22 AN K AR
BRI IE/NER AN, IMEF 24T
BEHRG AR A ERMER b A
A A AR /N T SRR A, DRt AR
R BALH A S B H RGeS/ NMEST 244 72D
Tk B B 3545 2 e i) R R A
32 INERBFBNEES L

INAE ST 24 3 PP ORE 1R 3L e fE R EL Gst
0.690 5, G HYIEL 8 S P A 69.05% 2k H TR REE],
FEEFPRE(R) K A T B R B 1 3 A% 2 b, Wright
(1965 ) 48 Hi FTARIE R FEAACTE A (Nm) 19 R/ K
JI VT R 10 38 £ A3 Al 0 B L DRI AR 35 PRI A 3
EHAIKN, 5 R oh AR =4 7K (Govindardju et
al, 1988) . FRHEA] B FEH 434k 53 Nm BIEUE
A, KB FE R e AT DABH 1R R 2 8] i) 38245 43
fb. NEFZE 6 AFPRERY LR AU 0.224 2,3/
F 1, R IKT

— PR U AR A ) 35 PR ) R/ N R e Tk
K3 a5t ( Ennos, 1994) o #5000, /NAE 57 256
WEE RGN T3 5T AR FT e, Mk
SR TFAE I L THIE R 1T DL 6 40 °C A2 A7 HLAF4E
RN, SRR SR ZU 3 R R WG 149 DU 3 08 A %o 2 1

R XURT = A E T Sk 2 T T M IR 26 78 % U
TR, AER RIAE Ry 5 B 5 | 3 AT, (A% 40 2 ) 5 3
WD RGN R BRI 2 5 AR TR R 4L
i, BCEBER ZEfd/INE SR A B AN FROE A ER
i, /IMESZUE R FIRE R i Bofb A, 460 kLU s
T XU A 3 2 7 7T b B 3 T A A o )
REW A TA R AL, AS R FRE )R B AL 324 L
AR /N, AR T Z 18] oA DIz (] ) 2 B
B /INME T L5 Fh R Y AR R £ — R TE 10 ~ 50
Z ], o B A FF A, B R BEDL U6 = &
SRR FAEE R, NI S EH 3, /IMERZE B
SROTAT 03B TSR /N I B 38—
FREE T B 5t 15 ZAEPEREAIG

B AR A R BN S 4 RS SRR
T R R I, HR/INME S 2435 41 A b 26
THHAIRZ DCREAL, 3R B A KR,
AEAERETT AR, FREAY A AR TR RE e 22, DA B
F il B ME S R R A AR B 2545/, 50
ARy A R A S DR = B T e N ORI
REL, 500 AR BE LR IE 2 15 3 B0 AR 1)
AR 7R S RVRP AN W AR Ak ) PR S B e T . KR
TIHERF MR A K IR, /N 5 2458 246 K 2 B0RP B h i)
MATE 3~100 Z[8] , ZCae ik T AT 4E 5 Fh 5t A% 24
PR ROREL , FEEA B 1A B N 2R 530
INTE S B4 1 2 FE PE Y 3% 2R ((Franke et al,
1995) ,

— U, AE P ) Z2 P LG AT BE R IZ R Y
EE G (Vavilov,1930) , PRt YS B af GE 2 /N E
SRR RO, YS AT 6 ARG ]
P, 5 H A A RO R A PR A Ui, R D o
S [ FHLSS TR, T 5 5 R A 138 15 Z Rk
K-, UPGMA AL R YS Ml GT,BS #l1 YD,
XP Fl PY FEZOCRMXTHGE , % A TAHH I h B AE 2R
RIRRE O] AR T — 28, 2 B — 5 (R b 35 o A
A, X ATRER I A SR IE R MA A 2R A E
T 28 S YA SRy E AR 35 A 485 ) 1) 1) A8 S (R A L
4 2014) B ERI0 H 22 R, S EUR — M
DX A R AR L PR AR e AR R 45 2R
3.3 (RIPFETE

VORI N 15 it % /N6 5 2445 B IR iE A7 IR
P (1) Wl FLER M AR, DR AP I AR S AR IR . (2)
PRI /IMES R4 52 WU e EZE RN AE
PRI JE AR B R A%, A SO i E s AR
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