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Abstract: The clonal diversity and clonal structure of a Fargesia ginlingensis population densely distributed in Foping
National Nature Reserve were analyzed by simple sequence repeat (SSR) fingerprints. We aimed to describe how the clonal
structure of F. ginlingensis was established at a small scale and its association with flowering traits, ecological environment
conservation in high mountains, and the protection of giant pandas. In all, 81 SSR primers were designed, of which 7 pairs
with good stability, high polymorphism, and specificity for our research were selected for the 142 sampled ramets. These 7
SSR primers generated a total of 79 valid loci, of which 77 (97.47% ) were polymorphic. We successfully genotyped 107

clones among the 142 sampled ramets. The largest single clone may cover a spatial distance of approximately 5 m. This
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species showed a high clonal diversity, with the proportion of distinguishable genotypes ( G/N), Simpson’s index of
diversity (D), average size of genotypes (N/G) , and Fager's evenness (E) determined as 0.7535, 0.9680, 1.3271, and
0.5109, respectively. Its clonal diversity was slightly higher than the average diversity of other clonal plants, with a mean
Simpson’s index of diversity (D) = 0.62, proportion of distinguishable genotypes (G/N) = 0.17, and Fager’s evenness
(E) = 0.68. Analysis of clonal structure demonstrated that the spatial distribution pattern of F. ginlingensis exhibited a
phalanx growth strategy at the ramet level, in contrast with our results that showed ramets belonging to the same clone were
closely aggregated and formed distinct clumps at the 1 m X 1 m sample scale and clones were juxtaposed at the S m X 5 m
sample scale. Although unweighted pair-group method analysis (UPGMA) demonstrated no distinct clusters of clones, the
clones in the same plot were always classified into the same clade. Spatial autocorrelation analysis showed the spatial
autocorrelation coefficientsr were 0.084—0.626 and 0.024—0.288 at the ramet and genet levels, respectively. This result
indicated a significantly stronger spatial autocorrelation at the ramet level than at the genet level forF. ginlingensis within a
spatial distance of 36 m, which implied that in spite of pollen flow might extend the spatial genetic structure, clonal
propagation made a certain restriction of the spatial genetic structure. The autocorrelation coefficient was significantly
positive within the distance of 44 m at the ramet level and the X-intercept representing the average minimum length of
irregular clone was 52.280 m. In addition, the largest spatial autocorrelation coefficient was 0.626 at 4 m, which suggested
that ramets within 4 m most likely belonged to the same clone. It also implies that a sampling scale of 4 m shows a more
distinct clonal structure than that of 5 m. Furthermore, we detected significant negative autocorrelation from 56 m to 116 m,
but no significantr-values were detected beyond 120 m. At the genet level, the autocorrelation coefficient was significantly
positive within the distance of 36 m, significantly negative from 56 m to 104 m, but showed no significant autocorrelation
from 36 m to 56 m, and beyond 108 m. Our results revealed that clonal diversity and clonal structure could be affected by
initial seeding recruitment, pollen dispersal, and heterogeneity of microenvironment. A relatively larger sample size and a
more reasonable sample strategy would be favorable to investigate a more distinct clonal structure and clonal diversity of F.

qinlingensts in different habitats.

Key Words: Fargesia ginlingensis; clonal diversity; clonal structure; SSR

TERL T | e A — Rl 3 3 11 Ay 2 R R AR 5 S AR 7 A A I A 5 P X 0 1 3
TRLEF A RN 2 ST AR I Y K/ B a3 B 3 AT 254 B 20 )8 A o A 400 A 25 2 R AR 3 £ 2 BT 5T 1)
AR o R ST 22 RS AL A AL (1 2 18] 43 A R A AR 1 AR R4S R PR S ]
VEFIZ5 5L, RO 7 b 2o M R SE 25 A O RTF 584 B 17 A 45 R adE A R 3R 4 PR DA R e B R 0 1 5
RBAANEREHLIR 25 18] F A OC TR WF 58 /I8 RUBE S B 9 R S8 A% 454 (A 8 B Epl iz i i
Feh (L 25 R e

ZISHINT (Fargesia ginlingensis) JBARAFMT RS AT , BA M T 25 A A 1 se e A Koyl 72—
PRI SEREAR S o ZRUA TP FE MR 410 T 20 1 7K 2000 m 1 A KT ARAIAR , A (1 47 4T
BN B BHCT S XK S ORRE ASRIE  R AR B AT AR A S R ) 2 R A RS RS )
RENT . CAA IR T ISR R B0 F AL SRS B s i A K, JF AR I AR ) 5 80— A DX S A6 s i) 7]
DUIRRLELF JLARN " FEVA X A3 TOE 3 20k 8] (a8t A5 S5 M R R BE O S8 AT MO 765 RIS TR AE . 280 02 K A
W BT EBRIE Y AL R — R 50 4R ORI AL BUAE 145 1 Hel UK REA BT Je e, 1)
N, 1970 AFUR LR AT FREAEFT AT AR R S 80T 138 R RESFET-" |

UERA TR SR AR A5 Ay FARICTE C &t Iz s T TAT R e B 2 AR R e RE LS A RIS TR,
Suyama 21l AFLP 2387 T &1 Ly H ARIRAT Sasa senanensis WIIERE 40, K ILAE 10 ABEFE AN 2/0F 22
ANTERE R SERELIAT 300 m, BESE H A1 IR 055 GO BE 0] 5 b 22 A% 1 R 5 e 25 AL 8 AT A8 R A1 Tsagi
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G AFLP 23 Fhmic it [/l —ANm BB AT AL AT RIF AL 5 0 se eSS M AT 1058, RILEIE T _ LR IF e
AN SRR A 2% 0T AR ], FF A8 B G R0 5 B 25 1) 22 [] 1) G 8 LA K/ INTED AR AR PT RES2 mi BF A B A Joe
TERE R AMESE RS Franklin 25385 SSR 70 TARICXHR KN AEAT Bambusa arnhemica AT , T
Hh BPAMSE B — 2L B 2R i AR AT S — A AT —Bh s B, i B A it T3 56 10 0 bk R BE 4 n
JRT Ma ST AFLP 23 FHRCIE Z B EME G- X /N T 30 5 REZRAICT 70 % IS A TN AF R LAY
AT Bashania fangiana #5222 FOERY , e K A SERENT 35 30m , 7o 2 REM KRR

HEX T2 IS E AT e EEAE N TE 2K 50040 AR A iise A Aotk R e Je
RIS D8 2% R 4y FARIC IR HLTa e 2 A S R 45 F A I 8 8 A AR R, SSR 43 TARic ik
AW A RO RIC R Z — 2t 1—6 DMZ RN AL A L 2 R R A2 /Y DNA JF 51, X Rl P
G2 AR T HAZ A Y 5HA A FARICIEAR L, SSR 43 TARic i RS % A PCR 7 16 1 72 ) 2. |
REAS PR AL AR 3 B MR 3L AR S A A0 A 2 B O R 38 5 T it AL 2R M A T 00 23 FAmic ik JF
HE 4468 F T 2Ry vi e Z REvE R e 25 T 53 vh 202 I ASBIFSE R SSR 48 Fhmic, B 7E 0I5
TP EE E K9 F AR PR DX N ZR I 5 77 1) e B A AR e A 2 A B IR IS0 AL, LS DA i O AR e s 1
DA AR PR LA AR A 1 DR AP S Ak o AR

1 #MR57EE

1.1 SEEephR

FEMBEAE BT K H AR X B R ¥ 0 10 L, B BRAZ B E107°50740.4” \N33°41'50.2", 4% 2530 m
KAy, WAL ZR IS AT B8 SE b o0 AT T I I A -2 e MEIR SRS . ZRIR AT HL T 255 A A R3S McClure DL
A AT 43 BLRR BURE ) 7 R AR RE R 0 Rl 0 o — AT T BURE | MR S A LR B 9 A AT F K/
FE U AR s NEIBEY 1 m, BURE R PI2E AT 55— 20 IG7 5 mxS m BYPIMEDT al a2, Ph 1 mx1 m A
PIAERE SR FARERRE 46 A>3 55 =20 ) T 15 205 W 09 S REL5 A8, BT M5 A(30 mx 10 m) (B (40 mx40
m) ARG al a2 SCEEE R E L S mxS m PN AESS SO EIORE . PR 2 120 m FE24 40 m Y
REE A AT BERE  FErh A A R al a2 §7ORAF B IEHIORE 61 A4S, FEHE B JLIGRE 81 N (I 1), BFA MR 2
GPS & LIV INRUBEZS [8] FUAB G AT, 4 i SBOHT 68 40 BT 7 A e A A8 Rk i () B8 348 vh T - 80°C IR-AF
1.2 Wik
1.2.1 DNA BYHEBORIAG I

FHAEYEE R ZH DNA S0 6 (AU RARAE AR A BRA w) ) I 48300 & 4 Ak ) I R SR B 2 08 S A7 1)
SVDNA 1% P B REBEEE IS R VKA DNA R BER/IN, SRS BE TR I DNA A9 40 B RV B, T4 iR
i) DNA f] ddH,0 i % 50 ng/pL, T-20°C f#£47-,

1.2.2  SSR 591G B

M NCBI I F##i 17T E 1 DNA f?ﬁﬂféﬁ\(http ://www.ncbi.nlm.nih.gov/) , #] SSRHunter > # %t i 45
JPHIEAT SSR & I = W KA ST REE T KE K TET 12 bp 351,12 H OLIGO # ik
HEIY, 51K E N 18—25 bp, P71 7= ) HU F B 4 130—400 bp., [7] i 356 BCSCHk F1 3 G 90 F0 B SSR 514
(519 1 A7) P GG 14 51 % (AR T A TAR (108 A BRAH) .

1.2.3  SSR 5|¥yiiik fl PCR 4" 4%

BEAILIEH 4 DRSS RGBT 51 %51 93517 B 48 ik , PCR P20 H] 3% M S NE A &E A, AR
FIAE S R BE AR 10 AN 2F — 25 0 e - 38 2507 76 B 09 R BEN IR 519, FH 8% 1) Al 782 1 28 V9 s Tk e 68 e Az )
PCR =4, L0k 7 X518 (F£ 1),

FIRTHEGER SO . PCR ROWAKFR A 20 pL SOWARFR , f14% 2 x PCR 22 1P .50 ng itk DNA 0.16
mmol/L dNTP 1.2 mmol/L Mg**.0.2 pmol/L 5141 1.0 U Taq DNA R4, PCR KW AEZEE Bio-RAD 2 A
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"2 7718 MyCycler Thermal Cycler #170—9701EDU % PCR X b i#17, PCR R FEF 4 ,94°C FiAE 1k 5 min, 4551
Yt R KR IEIR K 45 5,72 CHEMf 45 s 347 30 MIEFR, 72 CHLEMH 5 min J57E 4 CORAF, Keifikih 7 xf 2
A HASRE 5 97 ABI3730XL9 (Applied Biosystems, USA ) 4045 FL Ik A A FA #E 4, I GeneMapper
4.0 (ABI, USA) BB 1S B BER/N

*F1 73 SSREIMER

Table 1 Information of 7 polymorphic primers

RS . 5'-3'% 5| Y FF 3 iR R Hy
PP RS T , lﬁjl%% | J_J(@x ﬁEF@
Pri GenBank R '+ motif 5’-3 Primer Annealing Production
rimer Accesion no. epeat mo sequence temperature/ C size/ bp
F:GAGTCCTCCGCTCTGTGCAAT
1 GQ267718 (GA) ’ 58 166-232

R:AATTAATCACCCCATCTCCAAGC

F:TTACACCGCGAGCCGTCCATC
5 AG ’ -
2 CQ281375 (A6)s R:AATGCACTGTCATGATCCGCAAC 5 169-226

F:AGAAAGATAGGGATAGTGATTGTGT
TG), : B
3 Q281370 (T6)s R:TCCGAGGTGAAAAAGGAGGAACT 57 182-201

F:GAGAGTGCCAAGAGACCACTG
AG ’ -
4 Q281366 (AG)s R:CTCACACACGCACACAACACAAA 38 135-180

F.ACGTGTTAGCTCGGTTCGACTG
GA : B
> Q281356 (GA), R.TTCTCTTCCTCCCTACATCGTCT » 168-226

F:ACGGAACGGTACAATATATGCT
TA ’ -
6 IN131934 (TA)s R: TCTTGCCTTCTATGATGGTGTC 3 162-172

F:GCCGTCCAAACGCTCCTT
) TC : B
7 EDO18306 (T u R:CACCCATCCATCTTATGCTAT 2 257-279

1.2.4  Hdusrir

TN VKA B R ZE R 9 M W) bp 8, BIr AT 51041 bp (EAR ] A R [a]— S S R Y R J5LR bp
RN 0.1 R

iZ FH R SR B0 sl Z v HE T A0AT

(1) PRI N/G) , BIITATREAS TP B RAR R0 o [ — HE bR, G 24 P S K, I SR A B
(2) ANFFER B LA (G/N) , N AREAR RN, G T3tk B8, (3) Simpson ZHMESREE (D), D =1 -
LS NN, —1) I/INN = 1) T} 2oh N RS | AL B 8 N FOREEA /N, D0 5] 1 254k, D Ny
0 Fm 5 N EAE AR HE PR 5 D O 1 Fem P YRS AT, (4) Fager SEHL(E) ™, Fm
WA Ry A By s %, E o= (D - D,)/(D,, - D) HoH, oD, =
[(G-1)(2N=-6G)1/IN(N-1)] ,D,,=[N(G-1]/[G(N-1)] X, E N0 | 1240, E N 0 FoRtg
ASFIRE A — D BE B SO — AN DR B o5 405 32 00 3T A RE P B 4% 5 — M RE A s B O 1 R RPN A ]
BELAIRUAT AH R R REAS

Fil POPGENE v1.31 3P T1H55 22507 5 E 42 R (PPB) Al Nei's {4 HE 25, 32 ] PowerMaker 3.25' Xt
i FE R R34 UPGMA HE AL AR 2 255387 ( Unweighted pair—group method analysis) , iz H GenAlEx
6.4 AT EE R TP I AT A AR 5 e 3514 P 88 R A A A I B 228 A5 R (AR5 v B 2 S TR AHFRG 4 m) 1Y
23 [6] FUAHSC R B r, o i H/ NRUBE e B2

2 HR55%H

2.1 ZIFIATITERE LR

FIFHTELE 0 7 XT3 D% Z2 IR Hi AT Y 142 A A#E T PCR 9738, R I 2 79 A7, Hoh Z 28R 07 41
774, BN H % (PPB) N 97.47% , 973 R Bt K/INA 135—279 bp, fEIAY 142 DZRIGHI T MRS
107 A5k (1), BB R (G/N) R 0.7535, Simpson 22 FE P8 50N 0.9680, V-4 5l K /N (N/G) H
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1.3271, Fager A FEHEH0(E) N 0.5109, R AL (ST e 1

ZR AT R R R S AS R0A0 WL 1, A B BRI 2 SR A, 2 30 F 77 AT, o HLI%
AHIREIEH B EB/NYBRERE (a, a,,1 mx1 m) FEKEBEERE T (5 mx5 m) 205014 16 7~F191 4
TR, BEME 1 H1 25 ANAMERN, TERE 9,30 43 102,106 F1 107 4% H1 2 MR, TERE 12 4045 6 bk, H
RIERER AT — bk, BISHET PR — e BE I AR HES ] % (AN e b 1 A 12)  AHAR 3Bk JE T IR — Se B 1 )
R BT, 25 S b S i M A AT, S s S A A
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Fig.1 Clonal structure in two plots of Fargesia ginlingensis inferred from Simple Sequence Repeat ( SSR) fingerprints
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Fig.2 UPGMA clustering based on dice genetic similarities calculated from SSR data between the 107 clones of Fargesia qinlingensis

accessions

WERBFAIR A A 15RO MET IR ARED B 1Y 3ERE

2.2 FIBTIAT v RESS ) A A ST

ZRUA AT TR BT 3 MR AN SE B 1) 25 8] [ AH DC A 25 SR AN 8] 3 s o YIE B SR RIFR R 4 m B, T 40 ik
FE23 [AIFE B /N T 44 m B FEAE 5 35 (0 WEAH DG 25 M]3 AR 28548 FEAE SRAR AR JR)  7E 56— 116 m Z [HIFAAE i Y 1
AHSEAS MR AL S5H T FE R T 120 m BEASAETE 38 092 (B AL 2548, UL AMATE 56 m AMMAR2E 538K, Xl
BN 52.280, /R ASHILIN 50 2 (9 -4 K/, 23 (8] FAH G R - BIUETE R 0.084—0.626, 7F 4 m Ab4M A
SRR, RIS B K IE A OCHE (r=0.626) o T e BEAEZS [A1FE BS/NT 36 m B2 30t 55 35 1) 1F AH DG 28 ()35t
TRLERE  E 56—104 m Z [AIFELE i 3 1 5UFH G2 (RIS AR 2540, T 7E 36—56 m Z[H]F1 108 m DASMNANAEAE W& 1Y
22 )AL 2548, 25 (8] 3 AR DG R 8K r (R IUEE Rl 4390k 0.024—0.288 .,
3 g

KRBT ZRIAH AT Simpson ZREVEFERL(D) 2 0.9680 , A~ | 52 K [ %6 ( 6/N) - 39ME Hy 0.7535, 5 T
Ellstrand F1 Roose " S 45 Te A Y 1 E Y(E (D =0.62,G/N=0.17,E = 0.68 ) 3 J0 H1 %5 25 1 L e 2 REVE

Fager ¥J2]JE48 R (E=0.5109) 5 ZAH FUMSARS , 150 W 2% 06 i 477 Jo A0 P 2 DR 28 00 A 3% 5] BEAL T v 25 K7, B4 58
WAL B I AR SE A I, HORE SRS ( LA ORISR /I ) AR TR P B B 2 iy 2 I A7 e
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Fig.3 Correlograms showing the spatial autocorrelation coefficient r of all individuals and clones with Fargesia ginlingensis population

r Rz ) FARSC R U ML 3578 AN SB35 P 25 ] AR QB AL 4 A Y 959 B4 DX Il ) _E FR AR BR

ZRAEKF- . N Peng SEXS 5 AUBHEY) ( Ploylepis reticulate) 1) 5 [ 22 FEPENT T K LB IBURE RUBE HE AL/ INBURE
JUBE (4 7 i 2 RV T 5, S 2oV 22 BURE K /N2 [ Tl g i 77

o W 22 B R IR A BE T RN T L3RR 2 Y 78 e A8 R S 0 A IS 0T P U — BB L RE RS A TG R Ok
DAERR FE T I TR 2R B2 oAk AN AR (] 1) 55 4 7 kB0 T 2 BT B 2 R E I R AR in SRR
P AT, SRt & 2URIEUD R S EUL R BB RIS FTAT oM Za AR K, K24 50
AEFF— AL, — ke TR B AR AR VAN T8 AL RARAIL, Ak, Ma 25 & B[R] A 5 477 i 1) ¥4 i
( Bashania fangiana ) fR T RESEA] 46 1 #h 754 R0 H S04 I 400 4 1 4D 75 % 28 08 55 4 00 e e 2 R MR RO
pil /¢

R R IR F R — A b Y s B e SR AE — 2, (H AT &840 ok | S TR RE b %) S B 2R O — 288 X AT 2
A TR AE S T LU, 3T RS-0 ZERH AR TR, A R TR s S AL SR, I X 26 5
FEA T AR R,

Lovett Doust 8 5 AR 4 (1 4 KB 03 S SR ilfe el BN AR Y TA Sy B ) 2 R U b | o BEE R38R 53 A1 T B0
TR R R B R s SR i o TR SRR A AR R T PR ST BLAG A RS AN R, SER A SRR
ZRUE AT TE R AN []) v R R R 0 A, TR/ N IORE RUBE T (FRE 1.12) SR seBE NI bk B RS JB TR &%
RUZS O] S A A Jry o 3K AT B PR AR SR B Ak Tz IX AT N T MO AR I A 5 YR G | R o 2
I, ZE A A N T AR 15 ) A8 5, i KB/ A bk 2200 | DR A0k S22 0 28 B P T R 54

TR EEXT SERE LA AR KFENA . Suyama SEXT H AREAT (Sasa senanensis) 1) 5 B A5 ##E 4T 73 Bt R A K
TE B3 DI S B A YO LA ), DR 22 80 K 7 b 385 e g DX 3 7y o o A4 4 el 32 B BR A, — > s e A
T 1A 2 AR Wang 25 Kk BUACAE 10 A A1 BHAS T HEVEETAT ( Fargesia nitida ) # R 22 A0 EAH  £EFTRS 19+
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e WL ICIETE U N S AR AR EE ) KRB R AN BE M A TG K IR B, o0 A i T AR 10 A 1 PR
il T ZRIS AT AR 2 (], P N BB AR R/ NI 28 (B N HEA T J0 1 0, b T 2R AR M A &8 | TC 3T U R e B,
ZRRIET TR 22 AN PRI AR 3 T 2 s B (5Eb% 1.2.3.6.7.8.9.10 1) , 171 J& A PN 3 e i 4 A
A H R ZERRAT B AE R ZS B], TORE 1 FERE 12 IR Z bk, A, BIE T TE RS/ N IURE RUBE T AEAE R
BAANSIRRLEL Y T 3K T B DR R K A ) S B AL AR A0 28 A S A R L A S A R R TR
AT LU PR B G (35 N AR AR AL, 2R RS /N RUBE VS LN W8 5 ( Duchesnea indica ) i b 22 FE M I WF 55 .45
FURMILE T Y RN EE R K BRI R A A HRTR] , A BRH SORE R BE X6} 5 A 45 FA) O 55 0

PIFp s AL AR S 22 R 3 A Jm) 5 8 R G0 AR RIRR T80 7 XS AR JE AR 2 e D R R e A B S o v
EHBEFVBR P s AR, 7E 36 m YW, AT BE S B AR U2 B SE I A, A bk L IR Rk
FEI M T Oy 0 ) TE AR DG A5 M)t AR 454 | R i th ZR U AT 22 3 AR A o3 A | 76 H A s R AR 0 1) /N RUBE o B 45
W FE A UGS ST ARBIEAE LA 1 mx ] m SR SR AT TSE G, LA A B A2 i KD, 45 SR R B K T
5 m, 4RI LR B YRR LA R A REAS B ISR A AT A B K e e R Tl 5 m, S5 SR E LR 28
BEARTE S m S I, 025 (8] F AR ST R BT A AR TE 4 m AL e K28 (8] A AHC R 8 (r=0.626) , 7T
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