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Genetic differentiation in Zoysia sinica
populations revealed by RAPD markers

LI Ya, TONG Hai-ying

( Institute o f Botany, Jiangsu Province and the Chinese Academy of Science, Nanjing 210014, China )

Abstract: Zoysia sinica Hance. is an endangered grass distributed in east foreland of China,a variety,named Z.
sinica var. nipponica Ohwri. grow on the coastland. RAPDs with 10 screened primers were conducted to ac-
cess the genetic diversity of 105 plants of 7 populations collected in different region of China. About 4. 84%,
30% and 70% genetic variation was detected among groups,among populations and within populations respec-
tively. Similar results that all agree with Hardy-Weiberg equilibrium were acquired by different analysis meth-
ods. The highest genetic diversity exists among populations from Ningguo of Anhui Province and Sheyang of
Jiangsu Province, the lowest genetic diversity exists among populations from Shexian of Anhui. Regard of such
genetic structure and variation, population should be put important attention on sample policy,conservation and
breeding method,at the same time, attention should be given to other populations.
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thik it 9% B (Zoysia sinica Hance. ) ZER H *
BEARTUR KB IHFAHIEER, TEEK
FREARWOTR MUK, AREREEOTE 5
T8 W WA RS 7, B SR LB R R
BrEtrEFEMRER, O RFEER (Zoysia
Willd )R ESHRERFBROMH R (FZTLS,
2002), T AREEMEMEMA LM, ZFPEMC
ZATHARETMUREER KRV HEYNEE
L. AHRNENET ELXPEREEEFHR
REMMBEF O R, AR EMFRAHE M
R BEURBURE B ORI A R B E B R R
A AR e B E A, A AR RAPDs &R A F

S E R M LB R TATIE

1 #mEE5F%®

1.1 #8

BEPEESETHHEXIE, ARELKR. K
BOH HITHFRRABERE T ABE.EBNERH
BURE 15 Bk (R 1) BURERT . JB BF P9 A 4K (] BE B #0172
20m DL b, RGBSR AR —REMMH. BRERE
ETHBEZFARER. 288 E HPHH. X
EWARBERAKL LG % FE (Zoysia sinica
Hance var. nipponica Ohwri) , K& 5 MNERFF
B E, BEBFERAREXBESZLE L,

®1 PEABTEHDENRI

Table 1 Sampled populations of Zoysia sinica Hance in China with accession and location

BE  mAELSH ERFER Z2EC) #EC)  REH
Population Location Habitat Longitude Latitude Sample size
2501 L% 4 5 B & Sheyang county, Jiangsu 4 # % ¥ Beach nearby Sheyang harbor  120.50  33.70 15
Province
7502 iL 7% &4 KX & 1 Dafeng county, Jiangsu F # (%) Bff i i ® Beach nearby sluice of 120.91 33.60 15
Province Wang harbor

2803 WL A Zhoushan coum);. Zhejiang  EE & %5k i3 Hillside nearby beach of 122,15  30.05 15

Province Putuo island
7504 E#E KA She county, Anhui Province L1 Y #b Sandy bank of the Xinanjiang 118. 25 29. 50 15
7505 E R4 5 B Ningguo, Anhui Province R B # Meadow on the bank of 119,15 30.76 15
Wang river
2806  {L4 A2 Jurong,Jiangsu Province 3 Ride of the field 119. 15 32.05 15
7507 %R E BEM T Jiaozhou, Shandong Prov- B ¥ 1% 1% 31 ¥ #b Seashore sand in  120.00 36.43 15
ince Jiaozhou habor

1.2 /7%

wWES R 0.5 g, W EI KR E , R A CTAB
R EUE DNA, RAPD §3# 5 i 7 PE9600 PCR
L E#FT, LT E, &R 10 KRENT Y. RIEK
2 i mitib, R 25 L B9 PCR KW
KR Y 50 ng,1 UTaq K4, 10 X Buffer B ¥
2.5 pL, 2. 0 mmolL" MgCl,, [ % dNTP £ 0. 20
mmolL'',0. 5 pmolL' §|¥), PCR § ¥ %&{4.94 C
AR 4 min, RIGHFT 45 MEF .94 TEHEE 15 s,
36 CHH 305,72 CHEM 90 s, ERGEESG 72 TS5
min, PCR ™Y &H EB Y 1. 4 % TGV BE I o
#3k, LI 100 bp Marker (GeneRuler 100 ladder,
Fermentas UAB, Inc, ) fE I 7 #E 4 F & % |, EP-
SON %5 B3R GAUBA. SR MEHRE 2.
1.3 BB|aH

RAPD B B#ARIE, M-SV EBR BB K

HREREFRENREDTEHEHEQO MY IEHAEO
ICRERKEF B RFEREEERE BERT S, =
MHEHTRELE . (DBRFNE TN RAE
R, i AMOVAPRE (ver. 1.01, Mark Mullier,
1998) W g 4l 3C {4 LA & J& BE 3 {4, T AMOVA-
PRE ATt FEHE R A ¥ A R, %  RAPDistance
(ver. 1. 31,John Armstrong etc. ) 3} & Jaccard i#if§
FEES, ¥ B BE B AE B U, LA DB, B ER
H WINAMOVA (ver. 1. 04, Laurent Excoffier,
1992)# T4 FHESN . (OB e BELTsH—
BEAAE F 4 (Hardy- Weinberg equilibrium) &4 T,
W REEENARNEERTEEERRERTY
i 3 2, B POPGENE32 (ver, 1.31, Francis C.
Ye)HERMEMEFABA) . EREMERK
(A FMERZHEERH(H)RRBBHARNREW
BRIBEZHEMTRKY ANTAEHLER
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ZHEMHD EEHERLZEE (HOMEEYI LR
¥ (Gst),HFEEBA K Nei TRBE—BEMRE

PR R BT B E rh. (B) ARBBIENE
Y, % Shannon g & £ HHFE K . H=-Z Pi" logPi,

R 2 SIMME 105 4~ kh{B A PAPD $Rid
Table 2 Primers employed and RAPD markers obtained
for the 105 individuals studied

3 ¥ &R 44 ¥ Number of bands
E"'.I u Sequence iﬁlj‘ N B e
Primer Size min-max EHRW RBEW BA
(57-3") (bp) Polymorphic Monomorphic Total
Al2 TCGGCGATAG 300—1 400 5 3 8
Al4 TCTGTGCTGG 500~1 000 5 1 6
Al17 GACCGCTTGT 400~1 300 7 0 7
B09 TGGGGGACTC 400~1 200 6 1 7
Blo CTGCTGGGAC 250~1 200 12 1 13
Co7 GTCCCGACGA 300~1 400 6 3 9
Co8 TGGACCGGTC 300~1 300 4 2 6
D09 CTCTGGAGAC 400~1 300 5 1 6
D12 CACCGTATCC 350~1 100 6 1 7
D17 TTTCCCACGG 500~1 400 8 2 10

£3 DESHKBERY RAPD SiTaiRE £ 54
Table 3 RAPD polymorphism of population of

Zoysia sinica Hance. in China

FE# Population Nb Npb PPB Nb/p I

ZS01(41 F , Sheyang) 79 39 49.37 3.9 0.2965
2502(K % , Dafeng) 79 35 44.30 3.5 0.2554
ZS03(¥#FE 1l , Putuo) 79 38 48,10 3.8 10,2827
ZS04(fk & , SheXian) 79 30 37.97 3.0 0.2285
2505 (F [ , Ningguo) 79 41 51.90 4.1 0.2987
ZS06( 4] 2, Jurong) 79 35 44,30 3.5 0.259 4
ZS07 (B ¥ , Jiaozhou) 79 39 49.37 3.9 0.2793

Nb. kW B8 Npb, AU KE B, PPB. 2 E A LXK,
Nb/p: UGS B LR L FRES S EHENK

Nb:No. of RAPD bands; Npb;No. of poplymorphic bands; PPB,
Percentage of polymorphic bands; Nb/p; No, of polymorphic bands
per primer; 1. Shannon's Infermation index [Lewontin (1972)]

H fE R FHER K Pi Ry 8= WHFE R
#x,

WHER A& Z R Hpop MFh ) £ #4E
(Hsp). #H§LL SPSS 9.0 7E RAPD R B HAf kY
MER A7 .

2 BRE5RH

2.1 BRNEE SR
10 % RAPD BEHLT | Y5t P4 5 B B RE B iH 3
WHERRE2.5: 3. 7 ERER 105 MV &, 3£

WH 79 & RAPD £& %, K/INE 250~1 400 bp 2
B, 6 ZHE N EEHEH, SEXFLEN
81.01% ., NEBM KB HE(PPB) . BAF|IYES
HHRND/P) FREEEHERB(I=/AFH
H2YRE EBHANBRETERMEEA HES
BERBRRAMER LB/, EREEHBRETRH
W =K A9 5L, PPB {H 3R BL 5 JB 8% ZS05>7301=
ZS07>7ZS03>7S02=7ZS06>ZS04; Nb/p {3} ¥
BB 2S05> ZS01 = ZS07 > ZS03 > ZS02 = ZS06 >
7S04 ;1 {3 B 24 /B B ZS05>ZS01>ZS03>ZS07>
ZS06>73502>ZS04, ] WA 2 18 B Mk 1 %
AOXNMAZTEHA BERBROBHRER -
M. RETEERHERMKAHSELNERE
RBRK,MXAKEFHZILHFHRETRE/D.

ETEREBEER, H Popgen 32 Xt 42454
HERANTYNESMERAR A . FHARSEN
ERB (A Nei EHZHMERB(H) FRHEAE
RETFMHGERLE 4. BRI AR UREESE
RESHE R EAERBAIINEREEIRR
RGBSR LB EM, K SREES MU
THEEERMPHEELEHERRA, KESLMEK
EFZIEBERER/N.
2.2 EEEEES L

BTk QA AR A N+
WXRFHERNEEELMAEES LB —EH
ER, BB T4 8FmA, bk afAmKER
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BABR N —H, BRI FEEER, LRN—4,
Rk E , 7 Jaccard JEE REUERF R ERE L,

F4 PELATERNERSHN
Table 4 Gene diversity of populations of
Zoysia sinica Hance in China

J& B Population A Ae He

ZS01( 4t M , Sheyang) 1.4937 1,3727 0.2053
ZS05(7 @ ,Ningguo) 1.5190 11,3591 0.2041
ZS03( % 1l » Putuo) 1.4810 1.3508 0.194 7
ZSOT(BEW ¥ , Jiaozhou) 1.4937 1,3366 0.190 7
ZS06 (4% , Jurong) 1.4430 1.,3201 0.178 3
Z302( K ¥ ,Dafeng) 1.4430 11,3083 0.1745
Z504($k £ , SheXian) 1.3797 11,2801 0.157 3

ABUEREYE AT RSUEAR Ha ZHZHEHRN.
A, mean allele number; Ae; effective allele number; He: Nei's
gene diversity,

%5 BELXBRBRY AMOVA 54

Table 5 Analysis of molecular variance of 105 individuals of Zoysia sinica Hance using RAPD

B AMOVA #1THBETERAF FHESMRE S,
AP REERIAEEERN 4840, BEEERE
EHEEFEHA, 570 4%, ERETR 4 24.
N%HRATBENREIL. BTRBLHGTNE
REFEEREHTHERRRESIENE TSRS
AMOVA 4 HTMZEREM BRARLERLARE
BE69.VN, BEHAMNBETERALETRN
30. 61%, M H4E Nei BH EHEIEBEE KB R
BIEN (3K 8) , ARXT B, 3k 34. 370, BH#EIS
WS- AR REERHAY., EXTRFE
BE 7 KT HER BF -MFRRANEREE
WoHAE IS ZFHERANBEHILEF . Nei(1978)F
M —REMREEEGE OSNBTURY,
BME—BEHEBKATF 0.8, MAEA BRI Nei it
fEUEEERLE 0. 2 AR . #tfE /bR R ST

AN BB E ST &1 [|) 4347

WwRAH Nested analysis Analysis among population  Analysis among groups

' p-Value
Source of variance

% SSD vC % SSD vC % SSD vC

¢ [B] Among groups 4,84 0.9586 0.0067 — — — 11.69 0.9586 0.016 3 0.099 9
JE ¥ E /4 N Among populations 24.71 3.0633 0.0343 28.06 4.0218 0.0382 — — — <0.001 0
(within groups)
JEBEMN Within populations 70.44 9.5870 0,0978 71.94 9.5870 0.0978 88.31 12.6503 0.1228 0.999 0

SSD.: % % B # Sum of squared deviation; VC. 25 544> Variant component; 1000 ¥ permutation B 3 #& # B Significance tests after 1000

permutations,

&6 Nei TRBE—HEGRLANRETERET A

Table 6 Nei's Unbiased Measures of Genetic Identity(above diagonal) and genetic distance (below diagonal),

PopuatonD ! 2 : 4 5 6 7
2801 — 0.915 3 0.8771 0.817 0 0.8115 0.887 0 0.8513
2502 0.088 5 0,838 6 0.888 9 0.808 5 0.918 2 0.8759
23803 0.131 2 0.176 1 0.811 4 0.920 0 0.886 7 0.8677
2504 0,202 2 0,117 8 0.209 0 0.8311 0.894 2 0.854 3
7805 0.208 8 0.2125 0.083 3 0.1850 0.8830 0.867 3
2506 0.119 9 0.085 4 0.1203 0.1118 0.124 5 0.9003
2307 0.161 0 0.1325 0.1419 0,157 4 0.142 4 0.1050 -

BHERMKEFRILANER SRELERMN
THERMANER KFEELRHNTEERN
BRHURERSEBAEHMKEFTRLERZE,
Nei o0 it f& — B E AR/ T 0. 82,1 Nei {58
BMEBRTF 0. 2, RENARNNFETHEBURE
HMAEBLEY LRESELARRMNTEHERKN
BH KESLERNAERBURGERRNE

MEsH R ZE, TR —BAEEARE 0.9 K
L, Nei BCHERENBEAEIRE 0.1 UT(AAEKH
MEHMBRMEELEFRN Nei BEEREN
0.105 0).

M SPSS 9.0 #AT PG HEHE R KiE R

RERSHNER REARRERF ), BRE |
TEBRE RS RAR—ERYMERE— 4, |
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EHEHE-IMEHENNM R RE—R, R4 HE
ARBAL.

% 7 @ Shannon HHMIEMMANERARES L
Table 7 Partitioning of the genetic diversity among and
within 7 populations of Zoysia sinica Hance in China
estimated by Shannon’s diversity index

73 2 Hpop  (Hsp-Hpop)
Population /Hsp /Hsp

ZS01  13.0214 16.6454 . 0.7823 0,217 7
702 105879 16.6454 0.6361  0.363 9
7503 11.7131 16.6454 0.7037 0,296 3
7504  11.3881 16.6454 0.6842  0.3158
ZS05  13.6129 16.6454 0.8178  0.1822
ZS06 10,1170 16.6454 0.6078  0.392 2
707  10.4059 16.6454 0.6252  0.374 8
T8 Mean 11.549 4 16.6454 0.6939  0.306 1

Hpop Hsp

Hpop, /& Bt f3 it 14 £ B ¥ Within-population genetic diversity;
Hsp: it 4% £ ¥ ¥ Total genetic diversity; Hpop/Hsp. JE i /1l 1%
Z ¥ # Proportion of genetic within-population; (Hsp-Hpop)/
Hsp: B 8 5] ;8% £ ¥ ¥ bk #) Proportion of genetic diversity among
populations.

RS MELHETNEBOBREDS L Nei HEBRMAEED
Table 8 Genetic differentiations among 7 populations
of Zoysia sinica estimated by Nei’s index

59

Primer Ht Hs Gst Nm
al2 0,1527 0,1078 0,1297 2.3939
al4 0,324 5 0,257 2 0,174 0 1.889 0
al7 0.3496 0.2444 0.3242 1.591 6
b0o9 0.3706 0.2312 0.3159 0.964 4
blo 0.3119 0.136 6 0,4407 1.996 6
c07 0.1931 0.146 8 0.145 7 1.9815
c08 0.2502 0.107 2 0.344 7 0.725 2
do9 0.2507 0.1650 0.3308 2,320 8
di2 0.316 9 0.2412 0.197 7 1. 866 2
d17 0,3216 10,2575 0.1790 3.588 9

¥4 Mean 0.2841 0.1864 0.3437 0.954 8

HT: B2 HEHE# Total gene diversity; Hs, BB RRE Y
Within-population gene diversity; Gst, /2§ @] 38 15 43 fk Genetic dif-
ferentiation among populations,

3 AwhHiN#

M HREGEEREERUBEFE  TEHFET
BHMN AR FRFTBERIMIE 100 L 4 (65.63%
~T71.94%0), EHZ BRI A R & 30%6(28. 060~
34.37)ER . CRHRABENRIES L. REF

HEREREERN ANXSEUHEERNETRSE
AX, RABHRNKIETEGEEMARR PELE
UERBRMBEBRBIMN RAPDEESESH
ROXRELA - . BEREFUAEE. REKF
EHBHNERARER RAETEERNBRMNE
BSHEEBUNERTERER . KEFZLIHNEH
BIETEREND., HPRALHFRENKIEF L%
HEEBMXAAANTRESEFRZE NS IEE
BNFREBTRGEREZ RN BIGERS, EFFF
Fit—F BB K.

(QDFBIPELEAEREEHNERO XL
U TE BB SR NG R 9P LA R A5 B b O i, BRI X
LIEBHARNBEER X, RN HREARS .
WHEN , FREFEHMHULRT BN RER,
MER—-TEBEHNEEEZORENE, REH B
AEXFABRBBELEN, X BN EPEE K
B HNZOBRERPENIMBTRBYT KB B
REPEWER.

(AR BA X A8 [T B R H R EHER
WHTRIE. Thormann % (1994) % RAPD F=¥p45
IR RRZGEGREZN, SR HTB R
WFEANFARE, BEXMBRNEEEME. A
Bf H 8 T RFLP 1 RAPD 7 i0 7E # 4 %0 4 |51 18 14
RER RABRREMU L FENGEREERRT, R
RETBE-BNFER, TREEFIIARELS T
BHRMILEAHF RAPD TR 4 BEMAKEL
R4 R B 522 Y4 19, Castagna %5 (1997) i RFLP
# RAPD B MR B H T HR MG ® , 3565 2R
PAE EX M RIBRERERAREN.

DOFF B RIS RAPD) M ARBRD
e ST, —REREFTE . F—LRIRE
WEEPNESFUNERNLARS  EREBHL
F Hardy-Weinberg 3 # i ) 5 44 T 4531 4 2 H 45
R H—RRAR v —BEKFENBRE. A A
FW R REDEAE Tt B, 4% AMOVA £
FEAMMERBEERENNEST. FHEFH
RAXNFHGHTEFBRENEREA B B X#E
Ml — B AR FERSNBRE. BRI
ER THEGEEBRRES LN,

B E M

Castagna R, Gnocchi S, etal, 1997. Genetie variability of
(F#% 366 7T Continue on page 366 )
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K558, %S HEOHE T, 6857 HE ALK T 24 AEZBHRT N.P.K R, Cu Xt/hE
E4BRETHEYNES  HEMNREEYHEK., BTFHROHEEKOER, ET N, P, K555

#1 WANPKREE FEERREN Cop/PEHERESEOER

Table 1 Effects of fertilizer on the contents of chlorophyll of wheat with Cu

HEAHZRER (me/g) MRANBREETE (mg/g)
CulRfE N . Contents of chlorophyll in treatment group Contents of chlorophyll in control group
?,:‘;;E;en"a“on HRE 2 HEE b BHRE HigEa Hg#®Eb slug:3 o
Chl a Chl b Total chl Chl a Chl b Total chl
0 1. 008 0. 368 1, 376 0.984 0.404 1.384
20 1.100 0.496 1. 596 1. 092 1.568 2.660
50 1. 140 1.412 2.552 1.080 2.212 3.292
80 1. 060 0.920 1. 580 1.040 1,212 2,252
150 1,001 0, 325 1. 326 1,048 0. 520 1,608
300 0.989 0.173 1. 162 1. 052 0.512 1.594
BT M Cu St/ ERM FHRBE R E  Chen HM(Bi4F ), Zheng CROS# ), Wang SQ(E
.2 RIMNBET—EHTE N RERYTR. ), etal. 2001, Effect of soil spolluted by different heavy
K SCARE) T 70 A 25 4 48 o 7K 4 &) 2035 08 2 1 35 metal sources on rice(RFIRRE & B 15§ A L 3t K8
S, A0 AT ECE R, #&m)[J]. Rural Eco-Environment (R ¥ &£ BFH), 17
(2); 35—40.
& Xk Liu DY(X| 8 X), Wang YB(E A 1#). 2002. Effects of Cu

and As on germination 'and seedling growth of crops(Cu,
AsHED T FHRAGEERKERATRII]. Chinese
J of Appl Ecol (i R %), 13(2): 179182,

Yuan L( ¥, Zbu LL(HFT ), He GCUT X 7).
2000. Role of Cu?t and Aglt in seeds germination and
seedlings growth of rice(Cu?t Ag*t HEKBHFHRESY
MEKPHERII]). Hubei Agric Sci (Bidb R #2),
(2). 24,

Zhang SG(F 1), 1999. Effect of salicylic acid on self-re-
sistance of wheat ( Triticum aestivuml) (K% B % /N % B
HEENEBERLI]. ChinJ Appl Environ Biol (i H
5FEEER) . 5(3): 264—267.

EFH. 1996 ERIAEYHEZRGB-HOMM] LXK K
LHF WA, 205—209.

Kz, ITRH, GxHE, % 1997, FHEMPEREL
KEATRERENEMI]) 2845 ,(5): 4951,
GER. 1984, BMEAATHYGEARERBERETERY

BX([) HyEEEER, 2001): 15—26.

HER, 1990 HYLEBMLRIFZ(M]. LK. FEEFH
[t , 88—91, 154—155, 259—260.

Chang HY(¥ 41 &), 2000. Advances in the study of plants
copper toxicity(HE A RBE T KA RI[J). J of Shan-
dong Agric Univ(Natural Science) WHRR L KEZR(B
RBE/D, 2. 227—230.
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the wild diploid wheat Triticum urartu revealed by RFLP and tion genetic structure by using dominate markers( /& 8 it &

RAPD markers(J]). Theor Appl Genet, 88, 818 —823. HEWBR P BEFRICEBELSIHFENTOI]. Acta Gener-
Choi JS, Ahn BJ, ez al. 1997. Classification of Zoysiagrasses ica Sinica GRIEE¥MR), 28(3), 244—255,

(Zoysia spp.) native to the southwestern coastal regions of Thormann CE, Ferreira ME, et a/. 1994. Comparison of

Korea using RAPDs[]). J Kor Soc Hort Sci, 38(6). 789— RFLP and RAPD markers to estimating genetic relation-

795. ships within and among cruciferous species[J]. Theor Ap-
LiY(Z W), Ling PP(R# ), Liu IX(XRFE). 2002, pl Genet , 88 973—980.

Morphological diversity of above-ground part of Zoysia Zhang FM(EKER), Ge S(B ). 2002. Data analysis in

spp. in China("PEEXHE MY Zoysia spp. # FE I3 population genetics I . Analysis of RAPD data with AMO-

SRREREM)II]). Journal of Plant Resources and Envi- VABREREZMRTPHBELHE TS 1. RAPD BEH

ronment (YR F-EHRPEER), 11(4), 3339, AMOVA ##1) (1]). Biodiversity Science (UL ¥ % ¥ ¥E),

Qian W(&& 5), Ge S(H  #). 2001, Analysis of popula- 10(4); 438—444,
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