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[TATSHEMRFRREEZHFEE ISSR 217
R 2, mA, JE OB, IWES gmpEV

C T PR D RE ) OS5 R S S 5, T PREERK 5410065 2T PRH G VA X A E RN ) PRI T,
JUUGERR 541006; ° VG RZEAERE, BT 530005)

3 E: R ISSR 4 Fhric k) TUF 4% (Rubus suavissimus S. Lee) FT 85 K115 4% 2 FEMEREAT 20T
14 25519045 4 AT VEEAS R 85 AN FILES IR 164 AN i, b Z AT 148 4, 2T AT
FI53% (PPL) ) 90.24%, W)Fh/K-F Nei [GHE K 2 FEMEFREL (H) IR R Z VSRS (H,) 470008 0.2514
H10.3875, XKILLE AL ZREME TAEREEK L, PPL h 57.32% ~ 68.90% (AN 61.74%), H,
90.1831 ~0.2161 (IE N 0.1958), Hy A 0.2776 ~ 0.3264 (FIMHK 0.2956), wifk ZHEM N & RAR K .
Nei [ fE 2 FEME /TR AMOVA 3 HT3R B, P AS R AL A8 S 1 AP AR TRIE A, (R FRI R () A7 6 1
BENEAEE R (P<0.01), HFEREE SRR IOKF (Dy=0.262>0.25), Mantel Fll LW, Fhf
V¥ {388 A 2 A B B 2 RIA7AE B A (r = 0.967, P < 0.05). UPGMA K471 F1 3 1o 40 #r
(PCA) &5R—3, 4 AT VEEASFIBET 43 1 2 AL 73 3. ST VEEASE R ZKF BRI rh 45w 1K
(RIsAL ZRETEKSY,  HILA 52 SRR DL AR B8 0552 B2 RLR 1 VE IS T I A IR AL T il X
SO ORY, AR CR A FIR ] 2

KBIE: JOVEENS: BB Z AR ISSR: LM FEDIR

PESHES: S571; S567.1  XERIRED: A XEHS: 0513-353X (2017) 01-0161-09
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Abstract: In this study, the genetic diversity of germplasm resources of Rubus suavissimus S. Lee
was analyzed by ISSR (Inter simple sequence repeats ) molecular marker technique. Fourteen ISSR primers
were used to amplify 85 DNA samples which were extracted from the individuals of four natural
populations of R. suavissimus. A total of 164 bands were detected, of which 148 bands were polymorphic
with a polymorphic proportion of 90.24%. At the species level, the Nei’s genetic diversity (H,) and and
Shannon’s information index (H,) were 0.2514 and 0.3875, respectively. R. suavissimus maintained a

relatively high genetic variability at the species level. At the population level, PPL range from 57.32% to
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68.90% with a mean of 61.74%, H, range from 0.1831 to 0.2161 with a mean of 0.1958, H, range from
0.2776 to 0.3264 with a mean of 0.2956. And there was a lower middle genetic variability at the population
level. Although most variation consistently originated from the interior of populations which was detected
based on Nei’s genetic diversity analysis and analysis of molecular variance, a significantly genetic
differentiation existed among populations (P < 0.01, @ = 0.262 > 0.25) . A mantel test indicated there was
a significant relationship between genetic distance and geographic distance among the populations studied

(r=0.967, P <0.05) . The result of UPGMA clustering analysis was basically similar to that of the
principle coordinate analysis (PCA), and four populations could be classified into two distinct genetic
groups. Given the lower middle genetic variability at the population level and a serious habitat destruction
and indiscriminate digging Luancai in the species, the populations of R. suavissimus faces the threat of
degradation, and it should be taken practical measures to enhance the protection and rational utilization of
resources for the species.

Keywords: Rubus suavissimus; genetic diversity; ISSR; genetic differentiation; gene flow

] VEIES (Rubus suavissimus S. Lee) AR 18 2 FAHEAR, e b &8y, 3~
T EPE (R, 1981, JEAKHAGE, mEE, BAARMEDIMERETREY GRALI, 1984).
Hbkws, BRH. O, LR, HAWEA@EE. 6. SR S HE . RRIEE A AR
RIETNRE TREHEARPUEZ S (B2 AMEEL, 1985; B 4, 2003); ) PEEIAEAA
PUAIERPUE BEEH (BRfg & &8, 2007). fELEIA], TP I8 AN Iy s, PRI ATt
AR, Mamfsa AT R SFE, 1998).

WAk, TR e O R A g B, AR BRI RBOAR, BAMEE OE M 55, 201D
RIRIE H AR 3 A IR AR E IR AR YD o KA AR 458 25 8 ORI R A A ol 2D 25 SO R A A%
R ESLR, BEAARTHYK L. ISSR (inter-simple sequence repeat) 73 f-Aric & Eh N H
TR T IR AR RGOSR T R, 2009; RIZGE %5, 2011a; MIERE 5, 2013) Rl
FEZFEMEMIRN (Hong etal.,, 2003; Anneetal, 2011; IS 2%, 2011b). T PUEIA M AR
PEU5 H 25080 FRR AL, A0 B A ISSR 7 AR it 4 AN TSI P S 4L 85 ANMAMAEEAT T 0¥,
HAE TR AL 2 FEE AT . MO AL 45 k5, D DU M B B Y DR 47 R R 3R AR 24
5.

[ VL SRS DARE

1.1 ##

2012 4% 5 H, SRAE 4 AN TVURESS BARAREE, DIGEILRRRE. P RIRREE . SONARIER AR (G
D), L85 it BEFIRERAR PAEARPR A B S EIA R 10 m BL b UK R4 A PRR S 4
MR, BT BRI AR T PO T, =R R

ISSR S A TAY TR CRE) BRARA R G, hnEREHE R A 9
45 ISSR 51#; MgCl, dNTPs. Tag DNA FEMEEIE T 5 AW TR CRIE) A PR A 7] s A-EcoT14 1 Digest
DNA Marker W T34 TRA A
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1A TG Bl (BRI B 2R A PR A F] ) TU-1901 B0 SRR AN AT W3 K66 BT
Clbme A A s A PR T4 A 1)) PCR X (3£ [H BIO-RAD {115k 22 5], Model: PTC-200); DYCP-34
AUy (BTS2 D; UVP B IE R 4.

F1 TEHF 4 N IRAFE R RER

Table 1 Details of the four sampling sites of wild R. suavissimus

T KA 2 IR K /m IR
Population Sampling locality Latitude/Longitude Altitude Sampling size
i1l Lanshan J"ZRiE 11 & Lianshan County, Guangdong Province 24°03'47.7"/112°01'26.5" 439+4.19 24

V"B Pingnan ] V5°FF & Pingnan County, Guangxi Province 23°57'1"/110°18'37.8" 171+ 1.24 16

%M Xiangzhou I P4 M B Xiangzhou County, Guangxi Province 23°50'41.2"/109°51'43.3" 601 +4.65 23

A Yongfu )Pk E Yongfu County, Guangi Province 24°40'13.17/110°06'11.4"  710£5.12 22

1.2 ISSR #'#f

KM K CTAB % (Doyle, 1991) U 5 DNA, I 1%3x le b fi ik iE K 56 DNA i,
FHERANAT WA e FE T DNA WK, F¥ LS 20 ng - uL', - 20 CIRAFHI.

ISSR-PCR R Wifh%: 25 pL A ZH % MgCl, 2.0 mmol - L', dNTP 0.2 mmol - L™, 54 0.8
umol - L™, 0.75 U Tag B, 80 ng f5ifi DNA, 10xZEhif 2.5 uL, #BAIKHNE 25 L. §HFEF N
94 CHIALYE 3 min, BHJSHEHAY 1 35 Ik (ALFE 94 'CAZE 1 min, 54 ‘CIEK 1 min, 72 CZE{# 1 min)
B 72 CHEAH 10 min GE A 45, 2013)0 LLE IR IR A DNA R 100 465 1) 4T 77 1% »
BokariEmn . ZAM T ARefe ER NS WimiE LK, %H.

FLVKASIN . BX 8 pL 33474, N 2 uL ZE0P, LA A-EcoT14 I Digest DNA Marker 1 4 br#E 4>+
AT, 78 15%B IR Yk 1.5 h, 2wk 24 (EB, 0.5 pg - mL™") 444 15 min, RJ5HE
UVP B SAG RS, il

ISSR LUK JLRHL 0/1 WAE s, Rl —51 I —0 fmwid b 1, Bwridh 0, fgtRiiE
P o ol B B X 5 5 P (AT w5 BSORN 22 A AT s AT N TGt i AL 2 AL S H R

(PPL), T8 FBE LRI AT (22 A7 5 T 433 (PPL) ST B (N A RS A FE L (N
Nei [CHRN LR (HD RIFRZFEMESRE (H,) KA POPGENE 1.32 #1f (Yehetal., 1997)
HHATUHE, FRSRHZRAE T B S5 Nei RIBHEIES (D). Wifte—8U% (D, BRIFERZ
PE CHO BB LR Z AN (H) BEMERE (G AL (N, FREERZER Z A0 (D)
AR Dy = H - H, (Nei, 1973) K&, X Mathematica 4> (Wolfram Research) #iT & 4511
SEADER] A B RE 35 . K GenALEx 6.3 #F (Peakall & Smouse, 2006) H1T Mantel test 347, LA
R0 o e i) A A 2 b P P R (R A DG, RIS SR A B R AT 2 705 20 it CAMOVA) M &
853538 (PCAD, 43177 2650 CAMOVA) FHT- WAy o BB IR] i) A8 5 5 2243 A, Horhr, PHIst
B D) SRR AL 2010 R B 1) 32 4545 (Buso et al., 1998) MR 5 Nei Feigt 441 2, FI NTSYSpce
2.02 A (Rohlf, 1998) X&-FEREAT I M, g SRR IR] A AH LG &R .

2 R

2.1 AEISIAEN AL R E0F %
M 100 2% ISSR GIWHh ILTiHIL Y 14 23 818 Arim b 2 2 28 VR 5 100, b Pa itk 4 AR 85
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AAMEREATE 1 (K 2). 14 451 RS8R 164 N7 i, Hh 28 A 148 4, 28 AT
Z (PPL) } 71.42% ~ 100%, ~1-3%) 89.97%. &G4 B4 A7 52 8 2 16 MANEE, 124 11.71
A, P20 10.57 4.

F2 ISSREIMFIIREY EER

Table 2 The sequences and amplification results of 14 ISSR primers

Elk7] S (A=Y ZATERL R ZAMA T Y%
Primer Sequence (5'—3") Number of loci Number of polymorphic loci Percentage of polymorphic loci (PPL)
UBC807 (AG) §T 15 15 100.00

UBC809 (AG) G 11 11 100.00

UBC810 (GA) T 11 10 90.91

UBCS811 (GA) §C 16 14 87.50

UBC817 (CA) A 11 10 90.91

UBC818 (CA) G 9 7 77.78

UBC841 (GA) §YC 13 12 92.31

UBC842 (GA) YG 14 13 92.86

UBC853 (TC) §RT 9 9 100.00

UBC855 (AC) YT 11 10 90.91

UBC856 (AC) sYA 14 10 71.42

UBC857 (AC) 5YG 12 12 100.00

UBC864 (ATG) ¢ 10 9 90.00

UBCS881 (GGGTG) 3 8 6 75.00

£t Total 164 148

{4 Mean 11.71 10.57 89.97

*: R=(A, G), Y=(C, D).

22 MEEESHEM

TEROACE b, TR SN LB (N Ty 1.9024, RS IENE (N My 1.4170, £
BT E (PPL) h 90.24%, Nei [RIERZ RV (H) 4 02514, HRZFENEIRE (H)
9 0.3875 (% 3).

FEMREACE L, 267 3 (V) IARLIE A 1.5732 ~ 1.6890, V144 1.6174; 453457 5
RI% (N ZBAKJE A 1.3071 ~ 1.3688, V14 1.3331; 84 E % (PPL) HARLIEHN
57.32% ~ 68.90%, 13224 61.74%; Nei [REERIZFEMEFRE (Ho HIAZRWIEH 0.1831 ~0.2161,
%175 0.1958, FRZFEMESEE (H) MIAAENEHER 0.2776 ~ 0.3264, 13575 0.2956. Nyv Nev H. Al
Hy B LE I FIBER IR, ARFIBERI SN, 4 MFEEBHE Z MK Z AR (R 3),

F#3 BT 14 & ISSR 5408 4 NI EFHZFEE MBI S HMEKTF

Table 3  Statistics analysis of genetic diversity for the four populations of R. suavissimus based on 14 ISSR primers

FBE Population SN L R R R R EL Nei [REER Z MRS BRI EL 2N E %
N, N H, H, PPL
¥l Lianshan 1.6890 + 0.4643 1.3688 + 0.3748 0.2161 +0.1983 0.3264 +0.2783 68.90
SE-F§ Pingnan 1.5793 + 0.4952 1.3306 + 0.3705 0.1939 +0.1995 0.2913 + 0.2847 57.93
%N Xiangzhou 1.6280 + 0.4848 1.3261 +0.3764 0.1900 + 0.2003 0.2871 +0.2823 62.80
JKAR Yongfu 1.5732 + 0.4961 1.3071 + 0.3559 0.1831 + 0.1940 0.2776 + 0.2782 57.32
¥H Mean 1.6174 1.3331 0.1958 0.2956 61.74
PFPKSE Species level  1.9024 + 0.2976 1.4170 + 0.3494 0.2514 +0.1776 0.3875 +0.2390 90.24

e WAV T + ARHEE” B

Note: Some parameters were showed by the model of “Mean + Standard deviation” .
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2.3 [AMFHMEBEEFEES K

JTVEE A PR EIE R 2 FE M Nei B b4l B BSER ZFEE (HD) o 0.2491 (BRfEZE 0.0314),
FREENFER ZREME (H AR BEI LN ZREME (Dy) 23514 0.1958 (BpifEZE 0.0210) 110.0533, Ff
FEEZER 0 R 2L (G A 0.2142, H M Dy 530 H 1) 78.60% 21.40%, XKW PYFH A 15
FEAR S L BAEAE T ROBEN

AMOVA F3#T IR 45 SR [RIRE S i AR B &5 18, 7R st AL AR e, 73.80% 11748 S e AR AE P AE P
26.20% (D = 0.262) (WA S R AELEFREN], AEFRIER] R 1545 AR Sk B 257K (P < 0.0, )™
VUE PP R (V) M 1.8339.

2.4 MEERREERMRE—BUE

JUVHETSS 4 ANFIREPI N Z R st AL — S AR (R 4) VB4 0.8826 ~ 0.9419 Fl
0.0599 ~ 0.1249, “EI{E4 510 0.91145 F1 0.0931. 3 5 FhoBE R 5 M Fh BE 4L — 3505 & K
(0.9419), BALEE & /N (0.0599); & LFhEER K AR PR RS AL —BUE /N (0.8826), i & i
K (0.1249).

F4 [EMF4MHBEOBREBE GIAKLER) MBEEE (HAKXTH)

Table 4 Nei’s genetic identity (above diagonal) and genetic distance (below diagonal) between populations of R. suavissimus

Fp#E Population 311 Lianshan *F‘Fd Pingnan %I Xiangzhou Jk#@ Yongfu
%1l Lianshan 0.9034 0.8838 0.8826

PR3 Pingnan 0.1016 0.9419 0.9393

%M Xiangzhou 0.1236 0.0599 09177

/KA Yongfu 0.1249 0.0627 0.0859

7£ UPGMA SRR (18 1), PR RS AR N PESRAE i, 351X ANl T 2 A ol A
RAE R, R4 HENMRE &,

# 1l Lianshan
SE#§ Pingnan
%4} Xiangzhou
7K4E Yongfu

0.13 0.11 0.09 0.07 0.05
18 % IE B Genetic distance

1 #TF Nei [CiBEEZE FEHZMEF UPGMA B2

Fig. 1 Dendrogram of UPGMA cluster analysis based on Nei’s genetic distances among 4 populations of R. suavissimus

TR HTIEE S (& 2), il PC1 fI9hkl PC2 PSR 2 540 WK 32.53%F1 24.81%, /g
FPEE . ZMNPPRERUK AR, e 2 AP RE . 28 Mantel K0, FRRENA] 05045 25 20 ATl
FREE B3 2 [ AEAE B A (r=0.967, P<0.05),
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N % o m] x SEFj Pingnan
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B2 J"EHFIIHFNMEOERS S0

Fig.2 Principal coordinates analysis (PCA) on the individuals of 4 populations in R. suavissimus
N N /\
3 Wik

31 TTHAMEMEESEN

WAL Z PR R AR GERND MR GiHb) Marse GRisAE X, 2001), SR (54
B gL 2 FEVEAERA PR A B T2 B LA 7 O RN AR Ais, 6 R R B R 1R DR 4 R R
A EZWIRTE S BRI, 44 PHRIAFIRER S 2 K Z R A K, PPL=57.32% ~
68.90%, H,=0.1831~0.2161, H,=0.2871~0.3264, FEEACT (8L L FEME Ho=0.1958, HARIE T
w1 R ) = MR8 T H = 0.177 (FUEWF 25, 2012), {HAE T Nybom (2004) %&F RAPD. AFLP,
ISSR 45 W MEFR L TG il (1) Z PR A i K P st A% Z FEVEIFIE (0.22 5% 0.23), IXKB)HfS
FhRE A 2 FEME A MK o AR S, T PR R R K T B OR R e I stk 2 FE 1
(PPL=90.24%, H.=0.2514, H,=0.3875) IXFIAEFREART: Lastfl 2 R AR AR T 7E D Rl K P L A%
FRE s AL 22 FE I IS b s DA L [RS8 A A — B R0 L (R 5%, 2011b, 2012).

REffE MU FE AP R AL ZFETE R N R AR BT RS0 IR JE R SR R R 3t 4
WA ZE, (AN HE T IR AR T30 R R R 2 AR5 L S AN R 38 (S
85, 20100, H HIXSOPR 2% b2 (R B AT IR AP R o 1 VU VG A S AL X R 1 B A
FHORAG Y, HEA M A T AL 46 22°43'23.3" ~ 24°40'13.1", 74 109°51'43.3" ~ 112°01'26.5" X 18, A
(R4 F5 . AKHE. BN ARER () (B 25, 2011), ARz, FrEERAE IR . KLk
DR B RAB AN B I R A 72, PEOLE A IR R EBR. 1T 10 REK, B TEFFEwm
TVTHUA Ji DA SRS P S5 R R AE V722 ) P I 2 A 0 905 DX ek 0 e 4 D 2 e FH M O T AR R 55k
A FHHE,  FLTRARG A DA ™ B AR, AEBER WA e . B AN I PR R B AR 2N
P, HEZRBEN. 1) VERESERIE LR 20 40 80 4EARH R ILA ) VU 2404,  H R CoME
RS R 55, 2011

— MM T, PR /N A B s B IR N B SR SR 2 T A FE L2, AN 3G 0 T st AR AR
FOEAS IR, RBE S 80stiE 2 AR, I AT A PR N IS AL 2 FEPE N . DRIl P
AR SE VT e B st AL A, RRAE NSRS H 2, AR5 Bo g, R K-F
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(35t 22 FEVE B SRR AN ARE H R 20 A B AR /N R B8, e Rl K P B A Mo — i e 3 4
AR T HASERON FE NSRBI 2R . YR, SRR E MK ERAA R SRR 2
FEEMRZRIEARZE, WHMER. BEHRE. BARE. ZIRELF NS (Lewis & Crawford,
1995; Zawko etal., 2001), [fijiXLE P8 28 anfaf 5% 0 ) PO 5% 10 S AR A% 22 A6 0 A A5 2F — 28 VR B

23

Fo
32 ITEMEMEBENEEEES S

Nei [CI G ZHEVE AT R AMOVA 73388, T ERIER a6 A8 S 2 BAEAE TR e, HoA
SRFPEE] IR AL MRS (Gy = 0.2142, Py = 0.262) kT Nybom (2004) Fr&iit 3T ISSR r
TS IR B2 A K (G = 0.34, Dy = 0.350), WA T-H 7] J@ i — M &4+ (Gy = 0.3351,
Dy =0.330) (ALEHF 25, 2012) RIZIEHRIE (Gy=0.2815, &y=0.345) CFIEH 5, 2011b) Ay
B Ko BRI, Wright (1951) AR MEIREL (D M9 T LFRED /1 0 ~ 0.05 Z 1] 35 B Ff
REME LIRSS, 0.05 ~ 0.15 Z MR- 2001k, 0.15 ~ 0.25 Z[AF R K, KT 0.25 R 1b ik
Ky KFFEER Dy 0.262, UL PEEIARFIREREHE AR . X0 Re 5T PHRIR N E T RA K
LB IR] R BB B 5%, Cozzolino 25 (2003) WFSTZE M, 1L B AT F 1) B R 5 %o A A b 1) )
BAE A —E I

WAL, ) PR A I S 7 oC A P S AR BE A . B AN PR A R R i
FERERRIOARBE (1 &1 B R, X Al AR BE B S5 AR, Iy i ae A IR, RREE
SARMEASAT AL AEA R R TIES . 2T 2070 Har kR RIS T T Wi R Mm% s
R FUIRIE, WA R SLAER SR 7 an T FEAS R R Bl R [ A T AR 4%, AL PO IS 0 A X ekt B
S, —SORPE TR AR I L e TR B, 1T EEAT ) A o i M R R, X R R )
W ER R 2 A ) P E AR IR R AR BR A A R AR 5 346, T N6 s T3 Ali
FEEL SRR 4G /1N, FPE 2 1) ) e BE R B3 I, 3t 25 0 R D) 1) 2 DRI AT i i AN R s o ) o
FE (] PR R DR AT 52 B0 SRR, LR ) (1) 352 4% 23 A0 7K STt S5 A Y (1R 15K

LEAWIFT T, UPGMA BRER T8 (PCA) B BRI T 7HH 3 A HARFRELE
gk RN, AT B SO, RGO RN AT o ) A3 L B U sk
—3Z. Mantel ASH I B 7 VG S RO R (0 52 A% 28 0 M B B 2 2 (R APAE S A G (r =
0.967, P<0.05), milIAHIRECK: 93.5%M st A4 I & 22 e th T Hb PR PR B g DR 3 i . 458 I,
b BRI AR I R R SR A A T AR BOR AR R AR R, SRR A A 5y, R ) (R s A A AL
=N

3.3 AMEFEMERIFEAA

) VG TH AR AP RIS AP AR R AR R34 2 PR, SR LA DXk 7 HLAE 852 21
SR i PO IR AR K B o DAL, T DU R R L ORGAIRI R3S, P35 F . RO IE AL A R A
PRSI GFTRT AR O R IO R CSKOCHE 4%, 2013), DRI PURIHZR N T OR G s AL 2 4
Vo JAREE LN P R R AT B (KA AR, S BCRE AR N A SS CR I AR T R Bl [RTI
HER AL ) PHETAS R SRR . NOR B R G P R M AR A 25 o Wb R B I 7E Tk
HEVRORTS EARIOEOB RS, A REAE B AR ARSI B A N 00 ID Ry vl DU gl 37 ) VGl 2 Aol
i, WCERAORAE ARSI (AR 1) PERI A, BLERIEIZ Bl 4 K8 73 ) A% 22 REPE A5 2 OR AT
ISR VU R AL E L 5 IR IR A DE R BB A B B A D5 T TS, R N R R )
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