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FEE R ISSR 73 FARCEAR BT T 3 DI B A Y e E 11382 SR SURE SR O RE LS M, R IR s Je b
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47 0.6396 , BRI R /3 A7 IS BE E 2y 0. 5862 ; Mg B iR {578 7 KR 40 R A FHEdR 8], B AR/, XK 0. 1019, 3 NBEH b Es
B S ZREMELAG MG B (LH) 58 (P =10.34% , I =0.0513, h =0.0344) , ZHE R (A)) IRZ (P =10.34% , 1 =0.0443, h
=0.027) , MR EBHER(TT) BAK(P =5.17% , [ =0.0325, h =0.0227) , FHEWREH FEF R L3R Simpson A BN H I A
AR 5] BE I TR R DA LH 3EB B K (6 =12, 6/N=0.3077, D=0.8677, E =0.8380) ,A] BEHkZ (G =9, G/N =
0.1800, D =0.5870, E =0.4753) ,TT BEH &AL (G =5, G/N=0.1163, D=0.4642, E =0.4453) , 3 MR h W EEMR L TR,
{BARFTERE R K/INE 3 NBER P EIRAEE , DA LH BRI, AJ R 2, TT BES R K . 25 (8] B AH2R 40 HT B/R LH FEHAE 20 em
140 cm FHFZE B EPEIEARSR , H X BhBUE A 49. 959 AJ BERVAE 20 cm B FF7E BEVEIEARSC , H X BhAE Jy 63. 333 TT BEHk
£ 20 cm 30 cm 40 cm 170 cm B HFEFE BE PEIEAHSE, H X-BBUER 15 90. 512, X RH 3 NI [FI BESR P g B 2 5 U f) 25 [A]
SR EERIRE, TT BER B K, AT BEH R /)y; TEREFT RE BRI BE BS AN R] , TT BES R K, LH SRR B/ 3 AR BES I 138 1%
SR RSN S RREM AR BES WRERBESHE 5B S S R EEGR 1) 7T ke EFH AR ) FIEHMRI 7
W RBH K, MR ARG TERELE M B e e 23 [R] 0 A A% JR) 5 AN R BERR T Ab A= R AR A5 B F R LB R (A0 T4 8
RAB)E R,
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Fine-scale clonal structure of the stoloniferous herb Duchesnea indica
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Abstract; Genetic diversity, clonal diversity and clonal structure within the patches of the stoloniferous herb Duchesnea
indica Focke were analyzed using inter-simple sequence repeat ( ISSR) techniques. The relationship between clonal
structure and habitat conditions was also studied to elucidate how clonal structure of D. indica was established. Genetic
diversity of D. indica was relatively low: percentage of polymorphic loci (P) 37.93% , Shannon informative index (I)
0.2402, and Nei's gene index (h) 0.1677. Clonal diversity of D. indica was similar to that of other clonal plant species.
The proportion of distinguishable genotypes ( G/N) was 0. 2013, Simpson’s diversity index (D) 0. 6396 and genotypic
evenness (E) 0.5862. Both genetic diversity and clonal diversity of D. indica were the highest within the patch in Linhai
City (LH), lowest within the patch in Tiantai City (TT), and intermediate within the patch in Anju City (AJ). Dominant
clones were found in all three patches, but their size was the largest in the TT path, smallest in the LH patch and

intermediate in the AJ patch. Spatial autocorrelation analysis showed that in the LH patch the autocorrelation coefficient was
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significantly positive at distances of 20 cm and 40 cm with an X-intercept of 49.959. In the AJ patch the correlation value
was significantly positive at 20 cm with an x-intercept of 63. 333 and in the TT patch it is positive and significant at 20 cm,
30 cm, 40 cm and 70 cm, respectively, with an X-intercept of 90. 512. This indicates that the spatial autocorrelation scale
of the genotype was highest within the TT patch, lowest in the AJ patch, and that the average length of genetic patches was
the largest in the TT patch and smallest in the LH patch. The genetic diversity, clonal diversity and clonal structure of D.
indica in three different patches were significantly different, which might be due to vegetative spreading and also the low
seed germination rate. The ecological factors, together with others such as disturbance, succession and mutation, might

have played important roles in the formation of the genetic structure, clonal structure and spatial distribution patterns.

Key Words: Duchesnea indica Focke; clonal diversity; clonal structure; ISSR

e REFE ) REAE T A 15 A S S R A 7 A 2 i AR — B AL AR, BV S R AR BT R 20k, AT o 48 A
WK HAKEAS N o Xt ST R P B FEAR B B L T SR S ) G5 B RS B ST SR M
WEZ—2Y, EYESRRERREZ —RFRE Y . BT UDER K RS 5 5 R T R
WA ST A KARIZEZS B ARG SR O o FERIRE LI AR , AR P B 1 T A 654 I T e S R A
At AR o PR I A5 5R R ARG R B IR S RE S5 40 I Sa b ZHEPESR T i Su RE A ) R B T A 7 AR
HUHI R EE 7, R B s R R AmE SN h A B EE L,

VLR, T PCR BORKIPRE & &, 36 T PCR ) DNA 73 FHricBOR , 40 82 8 & /7 51 IX [A] (inter-simple
sequence repeat, ISSR) "% " #3122 DNA (random amplified polymorphic DNA , RAPD) 1215 i1 BBt
KB £ 2 1 (amplified fragments length polymorphic, AFLP) " (4 28 & & J¥ % ( Simple sequence repeat,
SSR) ' FEATSRK S, AT LMB R R AUKF A 5, CFE TR B % R R R T SRR
PERY T 2 T S A ) 1O T e o Ak R R B A S A O B 5 01 Vaughan 2517 Fi
SSR 7+ FHRICH ARSI T T EHAEAE (Prunus avium) fFEREZER , /30T T A AE R T MIEE A S
ToE S W T A 7R TERE AEATE B BV L 48R T R FR B8 15 S5 M9 B A HLA . Honnay 261 F1 Fi AFLP
IFFARCEAR T T 4R Z i S5 #S B ( Maianthemum bifolium ) W38 A& 4514 , 2 BUAS 1 ) 50 B AR 4K X 4 e 7
A= R Z T LR RAE ) R M AR RE ) B R AR A RR R (8] AR AZ 4540 , N TTTHHE R T S 3 AR T b R I 1%
S RYTE AL o

BT, BB AR DBFIE ST 7O AR M FERR S AR A S 07 (B, X ST el 4 BT ALk 1) 2 B 5 T e s
ZIE RIS B SR AR A . —SeBF ST & A ) 10 T B 540 S B BE % V) AR 56, 11, Shimizu 25! 1] ] RAPD
BRI T A RIS 9 H AMIAZ ( Cryptomeria Japonica) KIAFHRE I SERESEH , K I B I H AMIAZ KIRFh
BABR WL R, AT RS AR A R ke 2, (R WABIE R S MY I se k4540 5
RIS TCK, 4, Pluess F1 Stocklin' ™! F| F RAPD 5 AR 4T T #72% R} ( Rosaceae ) [f] Geum reptans [H) T 454 , B I
SRR

% ( Duchesnea indica Focke) 2357k F}( Rosaceae) W% & ( Duchesnea) ) 22 R FAMEY), ¥ £ KIET
PRGN T ™ o A e 2R R TR A K T . SR A K — e LS,
()% BE 4 4 i B SE. 2275 B — AN B ZE TR TE U B 22 M) B 2R AE B 1) A K — Bt i) f , L TH 2 A 1) |
T BT AR B 4R A M B 2R, BN 2R R R 2 AN EMR , NTTE Bk . I AW & B AR &4
BRI TR 2SS R o BT R, RS I 70 e 4 U AT B R T B ' R AR W T A 2 A B A B
ARLOS)ph I, SRR RO T S T LA BB A B N R T 2 A B B R AR, I L A AR 4k 5 L R B 0
FGERLRE S A Ko ASCHI I ISSR 7 FHRIC AR T 3 AR AESE T IR BEH ) ve B A, SR I 25 8] B A1
KA BTN [ A= B e A5 9 S R 2 (B 254, DA BB DA R PIANBE 22 R : (1) AR A5 T e e 45 R B A=
57 (2) Ehe A KRIEME AR RER (5 S5 M TE b PR AL . A SCROBF ST S5 /A B T M B e R AE AN R AR S5 b
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AR ERTAZAERFLE, X Tt —2 T Y A SE NI R EEE L.
1 #R57EE
1.1 SEmbhel

T 2008 4 6 A /- AI7ERT VLA g K6 8 K HERE 3 MR AT IE R PR, £ BER KA F O
W 1o B BELRRI T3 A 20em x 20em FIFELLIETTTE , 3 A R EAMEBATE AL, 1T R [ AR (2, v) (B
2) o BHRBUCHAERE SN BRI A AR TR 8

F1 TEREBREEEHR
Table 1 The conditions of the different patches of D. indica

BEHR TEHL Hh PR HEBE BEHR N Sy ERECE
Patch Locality Geographical location Habitat Size of patch The number of ramets
LH ﬁxﬁl[f(lzlﬁiﬁ _fhejiang Province 21§°1it,1 NE Vireﬁiff belt 80cm x 160cm 160
Al ﬁi%fjfy Zhejiang Province ::(1)96§8NE Abmiijfﬁeld 160cm x 120cm 220
m ﬁﬁf ?:iﬁf Zhejiang Province ?301(5)9NE Forf:t%dge 80cm x200cm 180
1.2 WA

1.2.1 DNA EEFIEE

R FH St A SDS ;1% 32 B DNA, DNA 22 0. 8% B AR MR f 3k /347 , I GIS MRS IR /MR R4 (1
B REERHE RS AR TAlE &, FFRBRZYRE N 10 ng/ul, -20 CRAEFA.
1.2.2 ISSR ¥ # J =4 % 5

ISSR 3| ¥ 2 38 & K FHE LIV K2 ( University of British Columbia, Set No. 9, No. 801-900) /A7 W%
F, i EETAY TRAF G M. ¥ IERNTE PTC-220 PRI (KEHAAT) Hi#tfT. Sl
FURBE (ANTP ¥ B itk DNA & & 519% B .DNA K5 EH = 4 175 2 2 H (bovine serum albumin, BSA)
Xf ISSR [ W 45 R IR J5 , B 8 T B Y ISSR 471G IR 451424 : 10 pl PCR B AARFR, 1 ( Taq BERCES 22 Ml
(10mmol/L Tris-HCl pH 9. 0,50 mmol/L KCI,0. 1% Triton X-100) ,1. 5mmol/L MgCl,,0.5U Taq E#( F¥g4EE
/NE]) ,10ng 54k DNA,6 pmol 5|4 ( _F ¥ Sangon /A &) ) ;dATP . dCTP dGTP .dTTP 4% 0. 15mmol/L,2 mg/mL
BSA. i touch-down PCR ¥ 427 :94 CHIZEM: 5 min;94 °C A5 30s,57°CiB 2k 1 min,72 °C ZE{# 1. 5min,
®BMEF TREO0.5 C, 3L 10 MEFF ;94 C A5 30s,52°C 3B 2k 1 min,72 °C #EfHf 1. 5min, 3£ 25 MEH ;72 C58
SIEMH 5 ming §IEFEYIFE 1. 4% KIBRIEREEERL (& 0.5 pg-mL ™ RILZEE) Pr Tk, HLIKZE RN 0.5 x
TBE, F GIS B BUGR 7T R Ge ( LG R BERHL RS2 7)) 1 BARFE. i 200 bp DNA #5 B2 (_EIgHERAF]) i
S FEPMC. FAITEXT B ABRE MR DNA S LA B & LAY, FEZEK AR B DNA, A 100 A5 9 Hh i i HY 78
3 A SRR AT VA M AR, BR A BEAS R TERE , BLARE S VR, NN, FE A AT, [RIE B MY B T
W 8 A EIYE R IEY MK ISSR ¥ 351 (£ 2) .
1.2.3 gt 5047

Xof BRSO 7= ) TE BE IS b X L AL, B A IR %2 ISSR 47 FMY 8 M35
“17, JTGHAE 07, 18 3 ISSR 43 Hr i JE 46 B R 48 B Table 2 Sequences of 8 primers used in ISSR analysis
% ] POPGEN32 #k ﬁ:[%] HELEMEAT SR 2|4Y) Primers  J¥%) Sequences 5|4 Primers  J¥%1 Sequences
(P% ) .Shannon %‘E\?ﬁ‘ﬁ(l) %ﬂ Nei :":!Elﬁﬁ( h) FH;E'ﬁ'E UBC807 (AG)8T UBC823 (TC)8C

UBC808 (AG)8C UBC825 (AC)8T

B S, MR R, F| ] POPGEN32

UBC809 (AG)8A UBC841 (GA)8YC

T EBE MR Cy) , I B . FIH UBC812 (GA)8A UBC842 (GA)8YG
WINAMOVA 1.5 #4450 F 05 2400, iHE %
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SEHITT 25 o

RHELT 4 MSEUEE R R (1) FhiErh 5L 2 (k) B0 6) ¥4 ir o 5L R B AR ] FO A AR
Wk A 5 — bk , BB EAR BB N G (2) PR TRER B (Ne = N/G) , Ho N 2 JEBED FTE M (434k)
BB (3) HEB L (G/N) ™ 5(4) Simpson ZHEMAESL (D) ,D=1-3[Ni(Ni-1)/N(N-1)1" Ni )z
BN | FRIER RSB (5) A A (E) ,E = (D - Dmin)/( Dmax — Dmin) "’ | H:ip Dmin =
[(6-1)(2N-6)1/ [N(N-1)], Dmax =[ (G -1)N1/[ G(N -1) ], X4 Hbk #9725 18] 440 FE 4T 5 L, [7]
ISR GenAlEx 6 {4 348 454 5 PR 20 5 25 ) (O B 1025 ) I A SE R B (r) , DAAMBTBESR N T B 0 /N R BE 25
43 AR
2 HREH
2.1 BEEREE

I 8 4~ ISSR 51#xt 3 MM ARSI 132 NAMA R DNA ££ 5 347 T ISSR 2047, A5 1 3 R Y 54
MR T I 4, B 14 UBCS25 X LH EE R REM 24 /MAH) DNA AER 4R LA 1, 12 45
Wy 132 60 oo 22 AN R Z S5, 15 37.93% . Shannon {5 B 385 (1) Fl Nei 3 £ R 1
(h) AR 3 D BELRIEHE ML SREMERAR, 2051 0. 2402 F10. 1677, LM A H AR LR . LH 5 AJ Btk
fB1E R —3, #90 10.34% , TT BESAEAR, 49 5. 17% i Shannon {5 B 1%k (1) 1 Nei 2P LR (h)
{87 : LH BEHEE , 23514 0. 0513 F10. 0344 ; AT BEHR IR, 4351152 0. 0443 F10. 0277 , T TT BEHEAR , 23 Fl
0.0325 F10.0227,, 3 NBESR [6] 4776 B B A58 AL 501k , AMOVA 4M7 7R 87. 68% (738 SeAE7e T RS ] , i {X
12.32% WA SAFTET RN, B G fli BB FE B LR 0. 1019,

24 23 22212019 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 M

W e T e e T o e o i

- -GN RNR TSR~
e R ETSESEEE Y

K1 LH BEHuEss ISSR ¥ 345 R (514 UBC 825)
Fig. 1 The ISSR amplification results of D. indica in LH patch (primer UBC 825)

2.2 mRESRE

AN [R5 B B 1Y) 0 B 25 R P B3R 3 B
FARBH L LH B %, AJ IRZ, TT S A& (18 2) 5
TR A K BRECE DL LH BEdR i >, A
PERIR Z, TT PP 22 s LN B LR | Simpson ZAEHE
TN R B 50 A (3 5 B R I se e AR L LH
PEPROR, AT BER IR Z, TT BEdfe ik Hi &l 2 AT 1,3
AN RE BESR Y H 25 T I 2H AR, LH BESR Y v FE X H 8L
% (B RTERE R E B, BRI sE kg 12 A4
TPRRZLIN AT BESR I SRR R /MR Z, B K B T e 22

®3 TRREHRROTESHE

Table 3 Clonal diversity measures for D. indica in different patches

BELR Patch N G Ne G/N D E
LH 39 12 3.25 0.3077 0.8677 0.8380
Al 50 9 5.56 0.1800 0.5870 0.4753

TT 43 5 8.60 0.1163 0.4642 0.4453

H: N Z3BRECH the total number of individuals (ramets) sampled,
G 3AREH the number of genets, Nc 34 75 [f K mean clonal size,
G/N R B the proportion of distinguishable genotypes, D Simpson
ZREME 45 %0 Simpson’ s diversity index, E 3k A &l ¥ 5] FF Genotypic

evenness
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AGMRELSG TT BESR ) Se R R, B R B TR pi 27 S r AR ; R R BE R P A e RS B (B 2) o

K2 RSB
Fig. 2 The sampling figure of the different patches of D. indica
A: If¥FBEM LH patch; B: ZBEH AJ patch; C: REFEHR TT patch; FFFARAFRKME, ARBERRAFRTEE, F—BERnrE—

Fil  Numbers indicate the ramets in one patch; the different color indicates the different clone in one patch and the same color indicate the same

clone in one patch

2.3 zS[EBIEEH

LPEBSE N 10em i, 3 AN [A] BE B e 25 Se B 70 A 1925 18] B AR R T 45 SR Al 3 . LH BESRAE
20cm 71 40cm B FA7E B & PR IEAHDR , 76 80cm B FA7E B PR TAHSE , 3 X FhakHE y 49. 959 ; AT BEHL{LAE 20cm
I FE B PR IEARSC , 2 X B 63. 333 TT BERAE 20cm 30cm \40cm il 70em By BJFF7E B & PEIEAH R,
H XBARAER X 90. 512,
3 itig

To A AE AR B A . RIS M IR B A A AR ARAR , DA LH BESEL
(P=10.34% ,1=0.0513,h =0.0344) ,AJ BEH ik Z (P =10.34% ,1 =0.0443 ,h =0.0277) , Tfi TT B B
(P=5.17% ,1=0.0325,h =0.0227) , W& & KBIE SR BB (P =37.93% ,1=0.2402,h =0.1677) ,3X
5 Ayres #l Ryan"*' ] RAPD ${RHFIX Wyethia reticulate(1=0.28) BRI 45 R I . 2 FHRCHIIER
HARRYA B AR T LR, I Carex bigelown"™ | Pupulus tremuloides™ % BLAT % 5 W vL e L2 RE M
{H 7% %5 ( Phragmites australis) "' I A BARMI e S RENE . ABFSE & BUAS [F] BEBR (0 785 ) 5 DR 780 b RSP 170
0.2013, Simpson FEHCF- 114 0. 6396, 5H T seleAE Y B N BHE (410 0. 17 F10.62) 1 A Hst s 0k
P 5 T ARV SR B R U BUR T YA T S O SR AAR R . RN S AL
FAEY) , KR A KRB I R5R , AT R A M Bt T AR 2R B, — AR iv R — T B LA MRAEAR, AT B 25 i
HE 1 ~2 m’, BARIEAE AT A PR A, BT EE AR & (EA T 8 R R BR, At 10% 7,
FEORFBEHZ B8 E SRR, 3 DA RSP 2 8] 1938 % 2L B8R, KR40 78 A e T3
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(8] , B 2 6] 1 3L R 7 AR A, /X K 0. 1019, 1t 3 BH g:g [ If§¥#EBEE: LH patch —r

A K T 5 DRSS AR ARG , S et A AT 0a |- U
SRR REE D o 02 -

WEEEN e SR A EEEAS , RRE 0
B A PEE  A ( TE e EH 2E RA K . RRIBZERE s
ey 22 a4 AR, TERE SR AU H LA LH BB £, o
AT BEMORZ, TT BEEe b ARG KIS o
PREUR DA LH BESRIL/D, AT BESRKZ, TT BERR R, & o)

6] B ARG AT s TT BE B g 4 5 R AU 5 2 [ R 25 119 g;
EARSEMBEB IR K, ATk 70em, HGTRERERIAMBER .~ o
Bk, 0 90.512em, KW TT BESRMOIERE A SEbE i)
25 () e K 5 T AT BESRRT LH BESR L /)N, IEAH R FE B :x
4351 g 20em Fl 40em, 37 K Bl 2 3 0 BE B 43 B K 2
66. 333cm F149.959 , 3% B 4 > BEER F) 581 T B o 408 1Y
23 [HART TT BEHe . SRAEBER 138 15 2 FE 1 S e b 1Y
2 [ o AiA% R Al RE S A RIBER T b A S AR S .00 -
R OLR SR, REHERR (T EEMELE)

Ko

1 1
20 30 40 S50 60 70 80 90 100

FEBEL AJ patch

Young 2 FI SR AR H LA M A2iASy 20 0 40 ﬁmitﬁfbéoﬁo
Bl (Asteraceae ) Rutidosis leiolepis W) 7a 2548, & P&
MR YT IR BT B, 10k & T shisi b, 763 B3 3 AR AERES 12 ] AR

K EU& //'\,}'Eﬁéﬁﬁﬁﬁﬁ + i%?ﬁ,ﬁ—%ﬁi ] ﬁ'ﬁﬁﬁ‘ E Fig.h3 Spatial autocorrelation analysis of D. indica in different
Tt SRR L T e, A2 3 MIBAEBESR  TT BEde PO - . ,
T RO w T UG w5 e
PEHR(10 m) o FEBE BB TR, AR TCIERTABE S bound the 95% confidence interval about the null hypothesis of No
358, AT R — ZEAR I I ARECR BT, SERE LI AL spatial structure. L; RAE1E 8 35 i £ 554119 95% 451X )
H R ) F B low confidence limits bound the 95% confidence interval

i T e 55 5 1S B 58 AR 7 108 15 45 about the null hypothesis of No spatial structure
R Tk B LA & N M BB O T RS TR
WY EA REAT R, W LSRR T RBESL, (R fE R i/ Mb o Tk B8 AT DUGEAIE BT 25 3558, JUHR
BERRZMAES o TT BRSO AR 5 I IR SRS, i 2 E BRI H E i RLA S b, A K IR B 1L
BOEE DGRBS RN A M B A A R EERTR D BES N i e L e R AR RO, LUE R A
5, Rk TT BESR A se e 2L R Y LU &, ek 2 e M die /S, BEER A Y S R 2 B 820, (L3 — JE AR B 70 IR B
BOR, SR TE M Hy 22 3R AR AJ BEIR YRS 378k b , e e A RAERS L LI, BEFRIEK,
WEREA K RAF , BESR N A PR AT AR RS B SRR B 2, WA A S R A IR , B — B AR B IR R D
BORTEREH 17 D MRAN (B e B L . T &l SR AL AP B SE TPl B i gl v A Kok s
TeRE AR . LH BESRAY A B GAE (B 5 AT BEb2E R BOK, A F B A K TN, 2RISR T
BR, ZAHEEYINERETRERTES, AR AN R ZE , L a8/, BT H 12 kR
o

eI EE A IR p 32 BR R 1 0 ) , PR 5 R T AR [ i DR B g [ o S SRR
TEFPREENL G A AR , BEE I (B RS , ORI R |5 98 2 b AL, 38 G BE AR A 56 R B i W eh v Ok, b
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T SRR EEIR . TT 5 AJ BES R AR L I RIBEA , T LH BESR A 825 D 4R 57, IR G LH Bk
HvEkERD, R E R Z

B AWHTEGERAL BN , TEAS [RIME R E R 27778 ph A AR AL A e ke (181 2) , e W IR T RE R ol T
R SR T o T AL AR A0 3 A v 3 AR AR MR M B AE B 2 AR 2K, BT {3 g A v T 5
$IE R R R AR F i KR sk

AR B bR BA BARAE e A, AR A ST e R PEIR 2 8] () SERE 5 22 S B0 R o el A KTEIE
REIRIL S K TR AL O B A BB AR M. RGN E KRR, BN, REE T RETRERX
o BRI R LA R A8 KA 40 IERERR KN ST R R FT RE R ISR B MRS RE N M E B .
S, A 5T 3 g (Y TE R S ) 14 25 5 ] BB HOE DL AN R AR S O 45 2R, ¥R DB IR UK SR SR R IR 1
AT IR SRF LRGSR . SRR TS Z IR R , 581 SR E R R
WA VAR — B X R AR SRR AR ], SRR 0 1 S e A Pt T AR Ay RS O S ) A 5 ) 3 B AR
FAFIT R AAE T o EREAE 05T AT LA o DR A s e A K SR L B B2 , B8 26 T DAY Sy 390 58 sy
PRSI F R EE AR . AUTFSERAB/R T W AeiEad robe A K & R R AR i ML, A B T —
BT SRR ) A AE B
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