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Abstract: Fine-scale spatial genetic structure, which indicates the nonrandom spatial distribution of genotypes or genetic diversity,
has important consequences for population biology. The study of fine-scale spatial genetic structure can provide an understanding of
the key processes and mechanisms involved in the maintenance of plant populations. Glechoma longituba is a perennial herbaceous
clonal plant species that belongs to the Labiatae family. Glechoma longituba is a herb of medicinal importance that is widely
distributed in China and its phenotypic characteristics are variable among different habitats. The genetic diversity, clonal diversity
and fine-scale spatial genetic structure of Glechoma longituba plants collected from three different patches (Shuiqubian, Pinggecun,
and Zhulinxia) with different habitats were analyzed using inter-simple sequence repeat (ISSR) molecular markers. In addition, the
correlation with habitat heterogeneity, propagule promulgation, and human disturbance were also examined in the study. The results

were shown in the following: 1) Genetic diversity of Glechoma longituba at the species level was relatively low (The percentage of
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polymorphic loci, P = 31.15%; Shannon informative index, | = 0.1601; Nei’s index, h = 0.1096). The genetic diversity of Glechoma
lonituba was highest in the Shuiqubian patch (P=21.31%, 1=0.0965, h=0.0627), that in the Pinggecun patch was second highest
(P=8.20%, 1=0.0354, h=0.0226), and that in the Zhulinxia patch was the lowest (P=3.28%, 1=0.0120, h=0.0073). 2) Clonal diversity
of Glechoma longituba at the species level was relatively high (Number of genets, G=73; Ratio of genets to ramets, G/N=0.2332;
Simpson’s diversity index, D=0.8843; Genotypic evenness, E =0.8192). The clonal diversity of Glechoma longituba was highest in
the Shuiqubian patch (G=60, G/N=0.5660, D=0.9693, E =0.8747), that in the Pinggecun patch was second highest (G=10,
G/N=0.1087, D=0.8430, E =0.9075), and that in the Zhulinxia patch was the lowest (G=3, G/N=0.0260, D=0.2642, E =0.3599). 3)
The genetic differentiation coefficient (Gy) was 0.7129, which indicated that most of the genetic variation existed among patches,
whereas little genetic variation existed within patches. The estimated gene flow was as low as 0.2004. 4) Spatial autocorrelation
analysis showed that the autocorrelation coefficient of Glechoma longituba in the Zhulinxia patch was significantly positive at a
distance of 100 cm with an X-intercept of 205.994 c¢cm but significantly negative at a distance of 350 cm. The autocorrelation
coefficient in the Pinggecun patch was significantly positive at a distance of 200 cm with an X-intercept of 235.388 cm but
significantly negative at a distance of 450 cm. The autocorrelation coefficient in the Shuiqubian patch was significantly positive at a
distance of 150 cm with an X-intercept of 240.336 cm but significantly negative at a distance of 350 cm. Analysis with the SPAGeDi
1.2 software showed that the strength of spatial genetic structure in the Pinggecun patch was greater than those in the Shuiqubian and
Zhulinxia patches. The Sp ratio (used to compare the extent of spatial genetic structure among populations) statistics for the
Pinggecun, Shuiqubian, and Zhulinxia patches were 0.0944, 0.0558, and 0.0556, respectively. The genetic diversity, clonal diversity,
and fine-scale spatial genetic structure of Glechoma longituba might be affected by propagule dispersal characteristics, human
disturbance, and trade-off between investment in sexual reproduction and clonal propagation and might be a consequence of

adaptation to habitat heterogeneity.

Key Words: Glechoma longituba; clonal plant; fine-scale spatial genetic structure; ISSR
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Sy i el A GTRAPDSs, ISSREZE 45 g af 4, Su ] A m . ST 2 2 N FISSRAY Fhx

http://www.ecologica.cn



17 £F ¥ it 3
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Table 1 Conditions of the different patches of Glechoma longituba

PEE Patch HbBRAT ABE 4| R BEYR AN
Geographical location Habitat Slope Altitude (m) Size of patch
K% Shuiqubian 30°09.779N, 119°13.176E KR T i NW30° 97 600x400 cm
I F Zhulinxia 30°10.602N, 119°11.794E Itk NW30° 144 600x400 cm
SPER Pinggecun 30°10.038N, 119°11.977E W PEAR FLA TF 3 SE30° 103 1020%200 cm
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Fig.1 Distribution of the individuals and genotypes of Glechoma lonituba in different patchs
A: VP FBEER Zhulinxia patch; B: 7KIRIABEER Shuiqubian patch; C: P& BEER Pinggecun patch
AN RO R A RS R A, R — B I R [F]— i R R

1.2 587k
1.2.1 DNA f&IURT € 5

DNA $2HCR HI it ) SDS A HEHU DNA. 485 DNA 28 0.8%35 Bl et i vk 40 Wr, LAY A 24 w1 Y
Gel Doc XR HEI UG 0T RGN JGE =, JEIR MR IRIE A 10 ng /ul, SRJGTRCT-20 CORFR-A7 5
1.2.2 ISSR 4" # 57) (fy %8 5

ISSR 5142 A4k hn %= K BF46 Eb WV K 2% (University of British Columbia, Set No9, No.801-900)%4fi /)7

B, th BTN TRA R G . 18 PTC-220 #YRFAL (GEEAURAFD PHHTY 1RV . 2o Il ek

B UREE L B DNA 2. NTP K% DNA S-S EEH] & 519K L A I 1 8 (bovine serum albumin,
BSA)X ISSR [ M. 45 K52, i el SEaeafi e 1 5l i) ISSR 43 [ W 4544 : 10uL PCR [ NAKRFH,
1L Taq BElC 22 /09 (10mmol/L Tris-HCL pH 9.0, 50mmol/L KCl, 0 1% TritonX-100), 0.4 mmol/L MgCl,,
10 pmol 514, 8 ng Bk DNA, 2mg/mL BSA, dNTP 0. 5Smmol/L, 1 U Taq B Fi# 5 [ 2 7)) % touch-down
PCR ¥ B FEJP: 94°CHALE 5 min, 94°CAEYE 30s, 57°CIEK 1 min, 72°CHEff 1.5min, FAMEIR R 0 5°C,

L 10 MEIR: 94°CAETE 30s, 52°CIBK 1 min, 72°CLEfH 1.5min 3t 25 M 72°Co5E42 LA Smin. DNA
38 IILE 2% M BRI (B 0.5 pg/mL {RAC ZEE)HF HLYK, HEIKZEMCA 0. 5 xTBE, H Gel Doc XR #t
AR T R GE (GREANUR AR BATHIRIFE AT % . JH 200 bp DNA B C LigEAESEARD MO brvE
Gy RS FIME BT BGE KA B DNA, Fe W) A . B 100 /> ISSR 5144 ik ik 47 PCR
K FOMR, JEREAE 3 AT ML R By A, BLACANIRE AR R MELE, [F
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X VSN P B B4R I A T, ATARAITIR A1, B4R IR N0, 1931 ISSR Z3 T I SR AhEL
fi%. SR POPGEN 32 A L Z A4 A E 4% (P), Shannon 17 EFRAL(L)AI Nei $5%(h). Hds%E
PRIBAFE 4 ] POPGEN 32 B B A R EU(Ge),  HF A S FERIIL

RHULT 4 ASHIEE e 2 e (1) PR SR GERR) M EL(G), K A5 45 5 DRI TR AH ) FH A
PR R R — 250, TP AR G Gy (2) BERIBYEEAR(GIN), Horfr NG JERET A AR (i)
MH (3) Simpson ZREMESRED), D=1-Y [Ni (Ni-1)/N(N-1)1, Ni yfERER S i FERR e REs 4)
JEPRIR M 45 (E), E = (D - Dmin )/ (Dmax- Dmin ), 1 Dmin=[(G-1) (2N-G)1/[N(N-1)].
Dmax=[(G-1N]/[G(N-1)1.

S REANFERR 023 (8] S0 A REAT SE AL, [N GenAIEx 6 B F SR KL DR BY 55 4% (A) A7 B (1023 18] [ A 56
FH(r), BAOR BT BEHR A v B 1) /N RUBE 5 (8] 23 AT A ey o SR AT SPAGeDi 1.2 547 18] FAH OC R £ 5 ¥ 1l ER
VIR AR BRI Bk [P U= 7 R R () RS — R A5 K A B A7 AR ) 22 ) AL OC R B~ 28018 (R,
WA A ST Sp=-b/(1-F )R EEAL 2 (e e A1),

2 BRENH
2.1 WAL Z R L e
NP M PR REATISSRE 153 M, IR FH 6N ISSRG RPN o] 73 3 HA TG P F AN R e b (2D RAIIE

Fz2 1SSR HHTHRY 6 N5IHIFT

Table2  Sequences of 6 primers used in ISSR analysis

5149 Primers J¥41] Sequences 514 Primers J#%1 Sequences
UBC 808 (AG)C UBC 855 (AC) §YT
UBC 812 (GA)A UBC 856 (AC) YA
UBC 826 (AC)C UBC 864 (ATG)

651X 3ANE LT REBRIL3 13 MATIDNAFE S 1EAT TISSRIM T SR UNER3 PR, & ML F Rk E
Al AR B 1 BEBR R et A% 2 AR PEARAG, JUHRATAR N BEB . = ANBEHRLa] 1384 2 AR 220K,
IRBELPE Yt i, P EMNREIIRZ, TR T SRR AR 3545 706 R EUGsti1X71.29%, R WILE K HR 70 (1
WA AR ATAE T BEERIAL, T AXAT28. 7 1% R AR AR R AAAE T HEH N o (Gt 5K M3 (15 AL AN, AR

250.2004 .
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Table 3 Genetic diversity of Glechoma lonituba in different patches

BEEk ANk B 2 & AL A B ZEALATE K Percentage  Shannon i A 5% Shannon  Nei fi§ ¥ Nei’s

Patch Number of  Number of  of polymorphic loci (P, %) informative index (I) index (h)
individuals polymorphic loci

/K Shuiqubian 106 13 21.31 0.0965 0.0627

YI#F Zhulinxia 115 2 3.28 0.0120 0.0073

P K Pinggecun 92 5 8.20 0.0354 0.0226

YT Species level 313 19 31.15 0.1601 0.1096

2.2 TUREZ AL

ARSI O 2 AR R (R4) RWITE I HDIRIK-F IR s ZAEELCR R, 3L a] (1 v [ 2
PELUKBEIAPES R, PR IR, VIR R B AR, i 1l i, 30 P SREse ) th 22 se B 41k,
IRBEILPLHI se R H B %, AR ALSE B bR B H B, i RIS B A P ORE il H AT 154 70 bk ~F A
DERR I s RN IRZ B K ) e A T IR it TP AT 244 70k PR TR BRI v e e K, e KD e B A TR
FESR AT PR R W PR A A7 AE L3 e g

® 4 TREEMAHRATTIES 14

Table 4 Clonal diversity of Glechoma lonituba in different patches

BEH Patch HEMEH FERIB LA Ratio of Simpson £ A PEFE 4L TR 5] R
Number of genets (G) genets to ramets (G/N) Simpson’s diversity index (D) Genotypic evenness (E)
7K¥Ei Shuiqubian 60 0.5660 0.9693 0.8747
YI#F Zhulinxia 3 0.0260 0.2642 0.3599
FEFT Pinggecun 10 0.1087 0.8430 0.9075
YIFPKF Species level 73 0.2332 0.8843 0.8192

2.3 /MR AL S5
3NN TR BEBRE I 7 B 43 A A6 1 24NN [ BE 2 A5 20 ) 1) 25 0] AR OG0 A 4 2. 13, Bl4ps. 17
MR BEHAE100 em IHAEAE B 5 MEIEATSE, £E350 e I AAAE MUk oe, X BlidRAE 4205, 994cm;

50 100 150 200 250 300 350 400 450 500

Distance

B2 kRBBRZEBEXLZE
Fig.2 Correlograms showing the spatial autocorrelation coefficient r of Glechoma lonituba in Shuiqubian patch

U F L 435l A2 95% A DX TR) 1y b B B
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SRR BERAE200 e HEAFAE S VEIEARSS, #8450 em BEARAE R EPETORIDE, X Bl 4235, 388em;
IKIEABEEAELS0 emi 77276 5 PEIEMISE, 5450 ecm WA7EAE B PE ORI, JEXEESE RO, ik
240.336cm. VI A-SPAGeDi 12515 5 BB (1) 7 [ J5tA% G5 I EAT i Ak, W SF 55A BE AT B ik ) 4%
(BB fE 4544 (Sp=0.0944), ZKIRIAFIYT AR BEBR ) 2 (R A% 4509055 (Sp=0.0558, Sp=0.0556).

0.400 B
0. 300 A
0.200 A r
s 0.100 t-~--- N T T g U
0. 000 T —t = =+ L
~0.100 {777
-0.200
50 100 150 200 250 300 350 400 450 500
Distance
B3 PR THER= B BiE Xtk E
Fig.3 Correlograms showing the spatial autocorrelation coefficient r of Glechoma lonituba in Zhulinxia patch
URIL > 3 /295 % EAR DX T FY) b BRI R B
0.400
0. 300 A
0.200 A r
s 0.100 -0 T—0T i U
0.000 f—t——+——=x—>< —F = T L
-0.100 -~
-0.200
50 100 150 200 250 300 350 400 450 500
Distance
B4 FEABIREE QX HZ%E
Fig.4 Correlograms showing the spatial autocorrelation coefficient r of Glechoma lonituba in Pinggecun patch
URILS> 3295 % EAR DX Tl ) 1 BT T i
3 Wit

AP 7 s BE AL (L PHE 85/ B T P AT R 35 0 IR AR A 0, TR N BRSPS B B
MK IRIA 73 HHE100ecm . 200ecmAl 150emib £7 7 W # PETEA 5C . 1K mT 8 553 11 i i) B 258 Jo P BH I 5
B VAT G, AR B ORI G BT [RTRE RIS SR I AIT 1 ) ) 28 i e AR A 8 1) /N RUBE 28 (AL B 26, A I
SN[ BT 2 B 89 20em A7 A B2 P AN DG . IR AR R BRI, WM B S A
B, HHTEHEBIBON A S, WEZEE AN, SRR, 18 AR T AR R L R
LRI s A K I A, IR ARy, R TORLE H0.35g, b, EAARD AL
AL, AR AR, 11K79.3%, XN R8I I ML} R385 4540 1 B 5 s o T A 1 3 22 i
ES8
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HEF6AMSSR LA % 1 it P (R B PR A, 45 SRAR W 3ANE I ) BEERE H 22 s e 2 1, SRS H LUK 3R
WP %, FERSIRZ, TR R A BEANRE R PS84 10 40 R H DUKGRIABE R D, P B A SR
L VIR 2 . KRUPES i e e H A%, (HADRC B MR H 3D, e KI5
PRALG PSR B so e K/ANRZ, S KB 24N BRALIKG: PTAR R BEER A o et R, S R i
FHO8AN G RZL I IR R IS A HAFAE LS se e . I F R SPAGeDi 1.2 %] 5 BEB (1) 7% [ 8% &5
PBEAT AL, RIS BEHR AT I K 2 () A 20, K IR AR SRR 025 () i A S5 A5 95 o 2% 1)
FEL A X 1 5 P e X AR o s 2 BRI ol [ — S R IT o 4 1 B /N P 8 A E P 22 ) AR D 23T 05 55 A B
P i PH DR 8 55 % [R]E 2 A ARG MR B 0 K, TTA200 em, X AlABRAR 0235, 388em, RIWITEF- 5K
OB AESTAME T, W5 LRI 3 8 YRR /I 5 B ST S IR 5k, T B 4 s g /I8 iy e A ol e ALY,
BEAT RO 5K, DR ZE R B A s e BE A L8 0, BRI RBL o R B A v e o T ZK SR ) ke
R0 B RE R A RE S J R K, 4240.336 cm, RUIBEZUISEFIAEE T, W ISR s 20 A 08 £ e, 3
SRk b R Db i B e e P, MEAT LMK, AR AT, IR KRB P A R 5 R
HILIHURIREA T Rl 7 SRR 7 e B (KRR Y, b SN e e B % SR Kk B A 35 I AT AR B
BT I3 DA R 24 i 8 () IEAH GO PR B/, 150 em, s B RE BRI SR B IR/, 4205, 994 cm,
XA TR PTARF 4R S TE A SR ZAM ], S BORBE e AR 35 0 50 b IR AE, TR AR e
PRI, I SR R B A o T B SR R A AT T U T R A R TR R R ALk
ARHEE SR IR ¥ B S K, B SE R T o 4 10 22 ) e/ o

e R A (K 2% (8] G5 R S R B I S T . R ARG B . R B L BRI AT
S, TR BE S KR P BN B A 2 RO, AR R BEE el P S i B A AR 59
Jeik, HAEZ R AR EOK . B T M S O TR P Ry AR R S A R
B BEULAESE P VRIS )y L Bk 2 REE M AR VR ST 10 sk, BRIk, SO BRI /AN R AR 8
T RHUERR T s P, KR A AR TR PR S g K, v BRI S v e A AR )
FEAEMR P IO AR BAT R A R BRI Py, b Py 50 4 S0 T 52 208 R R 2 i B4, s e gy T L it
L (R0 3 YR A S 2 PR TR T B, RE SRl SE Ao MK BEB e BRI A T AL Fh R
GRS BRI DR A 2, AT ARO[ A AR SR RV Y TT LS FRAE AR 7 0, bk R
7K ARSI 13T LU B A AR R P ARMEAEIL B, X S BRI R 36 B i R T L A AR K
PR b i P A e A 1 e e B R AR (K08 AR, LUIR T 2 1 e B A SR R AR 1
145 TMKEEL (SQB) AFERT (PGC) ANAFAEIXSERR i R 22 10 S mi sl 52 S i, DRI LA i 1)
B LR KRR TR AL, HOFEEZ, FEsMe, S RPURREL, 5 P T
FEA, ARSBEE S (AR AR BT, 25 S BUK S PR L 55N PR AT 5T 1) 5u e 2 REVE RIS 2 AR
PEL AN O Y SRR TR PN 7 W iy ot G 2 N e R QBT E 2 R LU LE A R LW UL RTA 2 (el
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TR WG R 3 BB KALSE S RIS, RASAL . MK AEAIXS 7e4s, Mk
Pk UEAT SR TE 1) i e BT s R T E R B A A 7 A B (B A A ORI, REE T AR
MG BENIE I, RIS 1 R AR RO, S e B AR TE %

T ML P PR 22 ) 358 A 5 PTG PG AN R AR B RIS R TR 46 R JEHGEX e K7
FEOPAFINE S B D K G N 5 R o D AN R A5, 3 i 3 e SRR BT SR N X s TR /N RUEER)
B T, 3 LT SORICAN ] 6 5 8 B R IR o 5 0L PH A8 W AR I R rh A Y B L3 s e, L e B TR A
RIS TR se e AT IR AN, 3 BB BT IS o AR IS BB 7R 1 i I PHE LA (1 %
ST AN S e A KT GE AN R A58, A Bl T 1 8 e B R ) 3 AT LA
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