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ISSR analysis on genetic diversity of Geranium wilfordii from different habitats
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Abstract: Objective To analyze the genetic diversity of Geranium wilfordii from different habitats at DNA molecular level and to
establish the ISSR-PCR system of G wilfordii. Methods Using orthogonal design test combined with the single factor gradient
optimization method, the geranium ISSR-PCR system of G wilfordii was determined. G wilfordii from 20 germplasmic resources was
amplified and analyzed by ISSR-PCR. After translating the amplification results into “0” and “1” matrix, the genetic distances were
calculated by Popgene32 and Ntsyspc-2.1 software and the systematic diagram of genetic relationship was clustered by UPGMA
method. Results A total of 207 bands were detected using 15 primers, among which 197 (94.6%) were polymorphic bands. The
genetic distances were changed from 0.201 8 to 0.939 4. The genetic relationship of G wilfordii was more complex. The 20 samples
were divided into two kinds, and the correlation between the most germplasm and its geographic origin had a certain relationship.
Conclusion The significant polymorphism and genetic diversity are observed among G wilfordii germplasm resources which could
provide a wealth of genetic basis for the germplasm high quality.
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YIRS, MASEE: PCR )7 BOK/IME
10 bp LLE, WA SRBESRER Hivk 7> 2, JL DNA #
D, ZEMEE, KBREER, ZNAT
BAEbRIC, BUEZ NIRRT AEE il
PEMEL o Fhsic B RS2 07,

AT FELARYE T T A 73 A5 X 20 43 Z 3
BER T SR RRE SRA ISSR 43 Fhric kR, L
PCR A N SER JEREA T4 ZAEIEWETT, 15 AR
Tl e ] S 98 ety PR O PR S0 AR Sk i, 2
i el cirbeia A € IV EDS & TR SR DN s
T LIS H A

1 #RI5NEE
1.1 #F

20 1 ZHSE Geranium wilfordii Maxim. 5%t
P AREREIL T AR BRI, Wb, bt
REEHL (GR 1, L 7P B 2 K7 2522 B 24 IR A 24
TS FOKEFZ S, TEUEbRA R A T TP B 2 K%
B R = . ARSI oA . BEALEURER)
JEOU], ARSI 10 ARECGAVERE, FERERE LR
SRR AT Fr, TS BAGR TR AL R
1£.ISSR 5IWIZH INEE K UBC K25 1741,
b 1 B AE ) TR IR S5 B A R B

F1 HmRRER

Table 1 Information of sample sources

G I 2 (B) i (N) K /m ERSINT
1 LTk ALRE 123242’ 41°85’ 55.3 LI
2 IR 3 118°30 36°45' 525.3 LB R
3 b AR 117°61' 40°43' 827.2 NN
4 AL 125°89' 41°52' 453.6 4
5 LT PN = 125°03 41°71" 374.8 T HN
6 TLTERE 124°11' 42074 142.9 LN
7 BT R 115°83 40°50° 770.6 T E
8 LT R P oK i 122°97’ 39998’ 234.6 TN
9 ARG 121°72/ 37°26' 264.8 M HEA

10 T R FEWR T 122°90 41°14' 367.8 T B

11 Ay WE/N S 123°59' 41°83 92.8 M EA

12 TG 117°75' 41°93' 844.1 YN

13 LT AEAE 125°52 41°33’ 375.0 LN

14 AR L 126°50" 41°64' 349.9 LN

15 R 127°85' 42078' 551.2 TN

16 ELSSE! 127°27' 41°50" 842.0 PRI LN

17 TARIE AL 125°94' 41°73' 370.9 ML

18 FARIGTT 126°74' 41°75' 4325 RGEHT A

19 Oy AN 127°66' 45°40' 439.3 M HEEA

20 TMRIE T 129°16' 43°13' 375.9 SN

1.2 k5

PCR J W AH SR A B RAR AR AR (b5
HIRAF.
1.3 48

B IR K HH—6 (FE 28 PR A T,
& 2\ B 0L D—78532 Tuttlingen (4 [ Hettich
/AT]), BIO-RAD PTC—200 #! PCR 1% (ffi[H),
NanoDrop & 73 66 R 1 (ND—1000) BFQ,

PALLPL5243 2l /KA, MP 200A 73 #r K-,
BIO-RAD #E g 73 B Al 55 o
2 HiE
2.1 DNA EFARESHM

KRR AEAEH AT PR A A EE R 4] DNA
FHGRA A (H35: DP305) #2254 DNA, H
DNA & & f4li i & NanoDrop Tl & 43 Y6 6 FE 11
(ND—1000) BFQ™, i 1%35 I bl s ok A,
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eI A% 245 (GelDoc™, Bio-Rad) Wi %2 31 [ 41,
FH G A% K R B 3] 10 ng/uL, —20 CUKFE R A -
2.2 ISSR-PCR ¥ & X F=414& M

ISSR-PCR §" 4 7E Bio-Rad PTC—200 %! PCR
X _EHE4T . ISSR-PCR JRJWiAA Z: 20 pL Jo 44 &
BEESIYWEE 0.3 pmol/L, Taq BEIKJE 0.5 U,
dNTP 0.3 mmol/L, Mg* ¥ 2.4 mmol/L, DNA
Bt 30 ng; ISSR-PCR ¥ H4F2E)/7: 94 CHIAZE 5
min, 36 M :94 CAZME 305,52 ‘CiE K 1 min,
72 CHEM 90 s, SEMUER G —MEH G, 72 CLE
1 7 min, 4 CIRAF. ¥ = W1E A RN LEEN
2% IR WE eI L Vk o B9, 2 TR W R s 7 E g
G RE SR UY 1~2 cm I, {551k HLvk, 7E4E4h
B AR R G WL 5 AR il s S 25 SR
2.3 5|¥IRITHIE

P BB L4, DNA, BEHLEH 11, 14 5
TS/l PCR R NASHON 100 455 A ik, M
et 15 49 S 23S VELE . B S0EM. SONARE 1)
51 T-AEBREA IR ISSR 34T, 535 |k ILPE 1,
24 RN

ISSR Fric BHE ZE K S AT Mk Bk |, ANTR]

M1 2 3 4 5 6 7 8 9

10 11 12

2000 bp

1 000 bp
750 bp
500 bp
250 bp
100 bp

1~12-UBC835., UBC841. UBC842., UBC855. UBC857. UBC886+
UBCS887. UBC840. UBC847. UBC848. UBC893. UBC89%4

E1 3|40k

Fig. 1 Primers selection

7 A 7 s LS T A IE ) 417, WA
MRE “0”, #57 0/1 EedasifsE. N Popgene32
BRI B AL Z FE 240, Shannon 15 5
FrE (D Nei’s HE R Z AR ECCHD VIR 1 25 (GD)
Mt —3ME4E; R NTsys2.10e Ak RS0t HA4
BB EAUREL (Gs), WG Gs I A B ST
BEFLART )L (UPGMA) Ry BEAS ] i o i 0] 555
GKAPPIRIE LK

2.5 ISSR-PCR M FEFRIMIL S

251 EARRBBIERNAR 1R LGHIELE
TERE 9 ANMASERS J7 %2, BEHLIEEL 12 18 5T
GRS ARIETT) () DNA B 30 ng, ZEH 2
%5149 UBC811. UBCS857 #AT 4 K% 3 /KFHIIE
RK, Wk 2.

252 BRFERE EdEASE I E PCR
SR BB A AT A b, 5 R R R S XA
oSG I AATAT R o BEATLZE UL 7 R = P S AT
BRI AR, 2l 51 R L . ANTP 9K FE | Taq Wi

Mg” W% . DNA BENCEREAT W E, Rt g6 ir vk
TR 5 Y AR R IR RS T B AN [ = B b o) Jse .
AFIRIE A

2.5.3 PCR ¥ M5 =Wkill  iEH 514 UBC811,
UBC857 4 ISSR-PCR X NAKZMALII S, [N
TERIGIIEAIRG LoHHEAT 200 . 3 R 3 2
YRR “2.27 PR 5%

3 HBR55H

3.1 ZHESE ISSR-PCR R{ARBIE T

311 ERREAR aalHEHACE Y ARG
FEIAERLG B 5 4 UBC811.UBC857 HHT IEAT IR,
AR LU A, WK 2. BT AT CUE H 4
TG T FAE M AEAN R 51 b T B RO B

k2 EXRE L G3Y
Table2 L, (3% Orthogonal test

T
Jn

IR / (umol-L ™)

Taq gl /U

1 0.1 0.5
2 0.1 1.0
3 0.1 1.5
4 0.3 0.5
5 0.3 1.0
6 0.3 1.5
7 0.5 0.5
8 0.5 1.0
9 0.5 1.5

S
dNTP ¥ / (mmol-L™") Mg® ¥ / (mmol-L™")
0.1 1.2
0.3 1.8
0.5 2.4
0.3 2.4
0.5 1.2
0.1 1.8
0.5 1.8
0.1 2.4
0.3 1.2
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M123456789 M1234567289

2000 bp

1 000 bp
750 bp
500 bp

250 bp
100 bp

54 UBC811 514 UBC857

2 IEXi%it ISSR-PCR IR R 1845 R
Fig.2 Amplification of ISSR-PCR system
by orthogonal design

Horp 7 55286 07 RAE S W dsc i, Horh UBC857 ™
BRI, BAEH T 51 YL, o UBCS811,
PRUAMSEI & NV, TR 4 AR NAR R .
3.2 BREFIRKL R PCR 4wk 5 14,
dNTP [, Taq B FEHS DN ALIEMT %, DNA
BRI B0 B TG ) S B, Mig™ R S 45 IE AT
W R WuFtERe . R DR 2 4 R
4 ST ERATRAL, AL S SR T A1)
WRE 0.3 pmol/L, Taq M) 1.25 U, dNTP 0.3
mmol/L, Mg> W% 2.4 mmol/L, MK 3 ATLIEH,
PEACJE I SEBG T EARGE , & NPEASR, T 4 55
5077 S keoE HAREMWT, Sk HR IR T 21T PCR
LI
3.2 EF4H DNA #1800 % S 2

ASLIGRE 15 Jntrii . AR AR E I
U, ZatE RS IPHIT 48 DNA FEih K ISSR

M1234512345 M1234512345 MI12345 M

SIS TaqBEARRE INTPIRIE M WKIE DNA hibER BiFs:

51 FEVKIE 1~5-0.1. 0.2, 0.3, 0.4. 0.5/ pmol-L™

Taq BFkiE 1~5-0.25. 0.5, 0.75. 1.0, 125U

dNTP #RE¥KIE 1~5-0.1. 0.2, 0.3, 0.4, 0.5 mmol-L™
Mg W REVKIE 1~5-12. 1.5, 1.8, 2.1, 2.4 mmol-L™'

DNA i 1~5-10. 20+ 30, 40. 50 ng

primer with different concentration 1—5: 0.1,0.2,0.3,04, 0.5 pmol~L’l
Taq polymerases levels 1—5: 0.25, 0.5, 0.75, 1.0, 1.25 U

dNTP concentration 1—5: 0.1, 0.2, 0.3,0.4, 0.5 mmol-L™!

Mg2+ concentration 1—5: 1.2, 1.5, 1.8,2.1,2.4 mmol-L™
template DNA concentration 1—5: 10, 20, 30, 40, 50 ng

3 BEZFEBEX ISSR-PCR R HIF M
Fig. 3 Effect of single factor at different gradients
on ISSR-PCR

ZAMRA, 514 (UBC857. UBCS13) §
BasE B 4. 5. HR¥E ISSR ¥ 1A 4 G il 5 4
(K 3) WLLEH 15 &5193L5 1 H 207 4« DNA
Jr B, JLARXE 4> 7 R AE 250~2 000 bp, HHZ
AL 197 4%, Z28MATEN 94.6%, AR
S 1 3 A B T~22 4%, SFREIEEAS
Sy BEA KO 13.8 4, I 2 &M
FEN 621 %, "GN ZERE RN
80%~100%, “F¥JHEA ISSR 51 1 H £ &
PE&WHEN 131 &, FwmEZMETD
UBC886, 322 % 4alri/ 125149 UBC811,
37 4. HH514 UBCS07. UBC810. UBCS813.
UBC817. UBC841. UBC842. UBC849. UBC887
ZAFEIL 100%. HAEENSFY H AT 200000
0.423 F1 0.611. MZEiHEdE L n] LU H 2 E 5 A
A Bl i 2 7] ISSR 22 A ME/K P4 o
3.3 BESHMEMBELS R

FRHE Gs MV 570, M43 2] ISSR Aricd#
P EE R IAYE REGERE T 455 UPGMA 2%,
SRR T IR SR GO R MTEE (B 6); 20
A ZHEEELRP T A EE—SBU% (genetic identity) 4%
{LIEFEITE 0.411 2~0.812 7, GD A 4LIGEITE 0.201 8~
0.939 4; HAERIETIL T 5 5 6 ZIMisfhik & i
/N, 0201 8, HGE2 53 (0220 6), 12 5 20
WAL Bl 09394, KRS 513 (0.888 8).
T Ik S G 2 TR 7 (R 77 B R AN [R) 22 S B R 5 2 1)

M1234567891011121314151617181920

4 3149 UBC857 3 20 {} Z ESE A s ¥ 1E1E T
Fig. 4 Amplification bands of 20 batches
of G wilfordii by Primer UBC857

M1234567891011121314151617181920

2000 bp

El5 3514 UBC813 3 20 14 ZESE A R 15iE T
Fig. 5 Amplification bands of 20 batches
of G wilfordii by Primer UBC813
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Table 3 Amplification results and polymorphism of ISSR primers

519 5°-3’DNA F Bt DNA it MR 2AMLE /% H 1
UBC807 (AG)T 12 12 100 0.423 0.608 0
UBCS810 (GA)T 15 15 100 0.449 0.640 0
UBC811 (GA)C 7 6 85.7 0.425 0.6150
UBC813 (CT)sT 15 15 100 0.411 0.598 0
UBC817 (CA)%A 12 12 100 0.430 0.6180
UBC834 (AG)KYT 13 12 923 0.440 0.629 0
UBC841 (GA)YC 9 9 100 0.382 0.566 0
UBC842 (GA)KYG 12 12 100 0.344 0.5202
UBC847 (CA)RC 15 12 80.0 0.461 0.6530
UBC848 (CA)RG 9 8 88.9 0.400 0.5850
UBC849 (GT)sYA 20 20 100 0.374 0.556 0
UBC857 (AC)YG 16 15 93.8 0.440 0.6310
UBC886 VDVCTCTCTCTCTCTCT 22 21 95.5 0.442 0.562 0
UBC887 DVDTCTCTCTCTCTCTC 18 18 100 0.453 0.644 0
UBC891 CCGACTCGAGNNNNNN 12 10 83.3 0.453 0.644 0

ATGTGG
“Fy 13.8 13.1 94.6 0.423 0.6110

R (A/G), Y = (C/T), V = (G/A/C), D = (G/T/C), N = (A/G/C/T)

0.53 0.61 0.69 0.77 0.85
puti i
6 20 REZEEHRMBRER

Fig. 6 Clustering results of 20 batches of G wilfordii
FA T 55 G E T (Rl I AR 22 36— 58 I AL A8 57
P AN 8 R i ] AR R R, (H
AT 1t B P R I PR A i (RS A R B B AN, PR
RS H T REASEE N ZRE, AR IPIL K 75
P At A= AR BEAN R A R 2R S, 38 AN TR R iz
(] BAT R i PR e A — 2P

MR SR G R TE AT L, 20 ASFi E 250y
2R3, 7. 120 9. 14 SHFCh K Bk AT H

A8 HRPICRIEER A —38, Hod 4 GEFMO,
5.6+ 10, 11, 8 SR N—WRLLLTHTE, 4 5H
PR SIS 5. 6 SN —/NE, 1~3
G 15~20 SERAN W, 1. 2. 3G —IK,
2 ClhZR). 3 Gifdb) 5 M B & 00 A= A A B A AL
M/, 15~20 S HA—/NK, 13 558K —
Ko TIE TR AT nT LU H AN [R] = e 28 2 o )5 )
(13E4% 2 S BT B AR S IR B AT — 2 (150
R, JEBEIR BT 2 R, s AR B 2 A
PR,  BARAEAE D ECRE],  ARATY A A X 37 3k (1)
AR
4 itig
4.1 PCR RNHIHHZE

PCR RN 552 RIVAR R« 4 827 B a0 o 3
SN E MmO SIS — R HIE 0.2~1.0
umol/L, 7 25 uL e NAAZH, DNA SR&HH] E—
MEAE 0.125~1.25 U, 5| Wk FE it my i 7= A= R e
SV 1Y) R AR 5L SIS S DNA RS
filg AL ANTP JEEY), MRS S P =0 1S & PRI
dNTP KRB 7 5 SR R BN, AR AR 26
Mg B 18 500 B 1 1 e M, ot G ) A
P, 3ok e DU Ak AR S PR A RO T, R
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dNTP HA —ZAHINE, Mg™ &N E dNTP &
W 0.2~2.5 mmol/L 4 'H.
42 BRAXREZERE

T BE PCR X, R KR EAE 8 HESLIe Al
5 50~60 C(A=60 ‘C,B=59.4 ‘C,C=583 C,
D=56.3 ‘C, E=53.9 C, F=52 'C, G=50.7 C,
H=50 C) FhEAM, A~D B KIRER G, ¥
WAl R e A 2, AR R E AT, G H
WEEAR, B 33545 VR OO R T4 38 e v, 7T LA
i By F ¥ sy xE T, s gt s &
SR IEEGHI A SR, BJRIER 52 Coh
ED 1T
4.3 ISSR 3|47i&#E K DNA 124R bz F

519 (GH+C) BAE 40%~60% K EH, AL
YIREERL SR, &) T B EffE, 3 B 8CR— A,
o R R T S, & TS AR R T SRS
IRARRE ey B 4ty s 25 S B2 B BT ) (1) 1 4%
ZEreth, RANF G P AN R T DNA B4R ™ 2 (1)
ANFIENAYE, 4 T iR BRI B A e Wk IS
FPERIS19), ASZIGBEALIEI 2 AN A5 1) 22 18 B
JEREAT 51 I 0 3 T e 80 T 15 4551 dkAT
ISSR-PCR Je ¥, #H T 2> DNA #ifl, XA
()5 A 2 B2 ISSR-PCR [ NWAK FR, Jff & i
SRR Ao thi. AP R N AR R

ARy TR E R 2 N T AR S Rl
PO B o 2 RO R A B KA, X
2RI TR T, T AEYEERORTT
G T 2R RS 2 REE . Segoe RI Py
IRFTE, v 2SR s ) 2 e 3 A4 22 R 1)
RS y, HF 2R BRI 2R, 2L
6. HEZ A TERt, R EETF R R 2
PRI I T AR

ARSI DAAS [F) = i 22 8 oM IO WF R 5,
M AR R BE A A ZRE R, R T
R PR 50 I3 FH 4 1) ISSR-PCR R WViAA Z
FIFH ISSR-PCR i AN 20 A& B S5 b AT i 14
Mr, &S % 256 DNA BRI 315 0k 5
AN SRR 2 B A B 22 e, JEEAIR M
B 2R ESRG KRR L, BRI N, Bk

—HUEOK, ZiM SRS R gl 'Y, R
KGR UL 2 AN [l B [ A7 AR K2R S
NI B AR, A A A R A —
SE MR EALXT, T REL 2 TR A S A5 1
T Y il 7 824 FE R A 08 o 38 A A 3 1 5 AR )
Ko

SE Ik
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