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Abstract: Genetic diversity of twenty-four cultivars (lines) of Helianthus tuberosus Linn. from different
regions at home and abroad was researched by ISSR molecular marker, and genetic relationship among
these cultivars (lines) was discussed by cluster analysis method combined with tuber characteristics. The
results show that 242 bands are amplified from genomic DNA of twenty-four cultivars (lines) by sixteen
ISSR primers, and there are 228 polymorphic bands with percentage of polymorphic band of 94.2% , in
which, the percentage of polymorphic band of seven primers reaches to 100. 0% . The genetic distance
among all cultivars (lines) is 0.19-1.01 with an average of 0.45. The cluster analysis result shows that
twenty-four cultivars (lines) can be divided into five groups at genetic similarity coefficient 0. 68. 1
group only contains ‘ Qingyu No. 1’ , II group only contains W12, Il group contains W30, W42,
“Qingyu No. 2’ , W09, W18, W26 and W51, IV group contains W06 and W84, and V group contains
‘Qingyu No. 3’ , W23, W36, W43, W54, W75, W50, W62, W64, W79, S150, S138 and W66.
Most cultivars (lines) with similar tuber characteristics are clustered together, but also some cultivars
(lines) with different tuber characteristics are clustered into the same groups. And cluster analysis result
of a part of cultivars (lines) is inconsistent with morphological classification result and geographical
distribution. It is suggested that cultivars (lines) of H. tuberosus tested possess higher genetic diversity,
and there are frequent gene exchange. The genetic diversity of cultivars (lines) of H. tuberosus can be
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accurately revealed by means of ISSR marker analysis.
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Table 1 Origin and tuber characteristics of twenty-four cultivars (lines) of Helianthus tuberosus Linn.

i Al (&)
No. Cultivar (line)

51 R
Origin

BREEREAE

Tuber characteristics

1 H¥E15 Qingyu No. 1 FrE L R Beijing of China

2 HE2E Qingyu No. 2 A Shandong of China

3 H¥ 3 5 Qingyu No. 3 1 [ F 16 Qinghai of China

4 W06 rH[E LA Beijing of China

5 W09 P EJb R Beijing of China

6 w12 1 [EJL 5T Beijing of China

7 W18 i BT Heilongjiang of China

8 w23 HERS Hu’ nan of China

9 W26 F1E I F Hu’ nan of China
10 W30 H1[E 111 45 Shandong of China
11 W36 1 E b 5T Beijing of China
12 W42 ' [EA ¥ He’ nan of China
13 W43 H1 = Fg He’ nan of China
14 W50 1 ER Hu’ nan of China
15 W51 HERS Hu’ nan of China
16 W54 %K Canada
17 w62 F1E B Hu’ nan of China
18 Wo4 FE NS Inner Mongolia of China
19 W66 1 H i Gansu of China
20 w75 1 5° & Ningxia of China
21 W79 FE AL Hebei of China
22 W84 i E YT Jiangsu of China
23 S150 1 [E 95 ¥ Qinghai of China
24 S138 1 [ 7% Qinghai of China

A0, JifEAR Purple, spindle shape

Lo, AHLIEE AR Purplish red, irregular tumor shape
H A, ASEUNIER White, irregular tumor shape

SR8 FEAR Purplish red, stick shape

LRI, B AR Purplish red, irregular tumor shape
L, ZiHEIR Purple, spindle shape

LRI ARHUNIEEAR Purplish red, irregular tumor shape
A, ANELIIE R White, irregular tumor shape

I, ASELRR White, irregular tumor shape
L2, FEAR Purplish red, stick shape

H o, AFIRR White, irregular tumor shape
L1, Y%K Purplish red, spindle shape

£, A KRR IR White , irregular tumor shape
L2, FEAR Purplish red, stick shape

SR AHNIEAR Purplish red, irregular tumor shape
I, ASELRR White, irregular tumor shape

{4, B2k White, stick shape

ML BRIR Pink, stick shape

A0, B2IE Purple, wedge shape

L, ASELRR White, irregular tumor shape

{4, H2Rk White, stick shape

LRI ARHIEAR Purplish red, irregular tumor shape
{4, BkIE White, sphere

ML, BIE Pink, wedge shape
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Table 2 Primer sequences used for ISSR-PCR analysis of twenty-four cultivars (lines) of Helianthus tuberosus Linn. and their amplification
results

ElL7) 5'—3' 75 S AL LIS ZEMFTETE %
Primer 5'—3" sequence Total number of band Number of polymorphic band  Percentage of polymorphic band
UBC826 ACACACACACACACACC 17 16 94.1

UBC827 ACACACACACACACACG 13 13 100.0
UBC834 AGAGAGAGAGAGAGAGYT 12 12 100.0

UBC835 AGAGAGAGAGAGAGAGYC 21 20 95.2

UBC836 AGAGAGAGAGAGAGAGYA 13 12 92.3

UBC842 GAGAGAGAGAGAGAGAYG 16 14 87.5

UBC844 CTCTCTCTCTCTCTCTRC 6 3 50.0

UBC845 CTCTCTCTCTCTCTCTRG 22 22 100.0

UBC847 CACACACACACACACARC 10 10 100.0

UBC850 GTGTGTGTGTGTGTGTYC 19 19 100.0

UBC855 ACACACACACACACACYT 10 8 80.0

UBC873 GACAGACAGACAGACA 16 14 87.5

UBC881 GGGTGGGGTGGGGTG 17 17 100.0

UBC892 TAGATCTGATATCTGAATTCCC 16 15 93.8

UBC895 AGAGTTGGTAGCTCTTGATC 20 20 100.0

UBC899 CATGGTGTTGGTCATTGTTCCA 14 13 92.9

1t Total 242 228

F-F Average 15.1 14.3 94.2

M1 2 3 4 5 6 7 8 9 10 1112 13 14 15 16 17 18 19 20 21 22 23 24

5000 bp
3000 bp

2500 hp
1500 bp

1 000 bp
750 bp

500 bp

A
M1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24

5000 bp
3000 bp

2500 bp
1500 bp

1 000 bp
750 bp

WD e S s S S e S e

500 bp

B

M: Marker; 1-24; 3B 05A(R)FFE 1S H¥E2 5 FFE3 5 W06, W09 W12 WIS W23 W26 W30 W36 W42 W43 W50 W51 W54 W62,
W64 W66 W75 W79 W84 S150 il S138 A5 Codes of cultivars (lines) of Qingyu No. 1, Qingyu No.2, Qingyu No.3, W06, W09, W12, W18,
W23, W26, W30, W36, W42, W43, W50, W51, W54, W62, W64, W66, W75, W79, W84, S150 and S138.

E1 R34 UBC827(A)F1 UBC844 (B) X 24 1M ( &) §9 ISSR-PCR ¥ 18 E %
Fig. 1 ISSR-PCR amplification pattern of twenty-four cultivars (lines) of Helianthus tuberosus Linn. by primer UBC827(A) and UBC844(B)
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12

BEMDIAS  GCenetic similarity coefficient

1-24. R RM(R)EFEEL S FE25 HE3 S5 W06, W09 WI2 WIS W23 W26 W30 W36 W42 W43 W50 W51 W54 W62 W64 W66 .
W75 W79 ‘W84 S150 Fll S138 K45 Codes of cultivars (lines) of Qingyu No. 1, Qingyu No.2, Qingyu No.3, W06, W09, W12, W18, W23, W26,
W30, W36, W42, W43, W50, W51, W54, W62, W64, W66, W75, W79, W84, S150 and S138.

B2 ETFISSRIRICH 24 MEERM (R ) HBERE

Fig. 2 Dendrogram of twenty-four cultivars (lines) of Helianthus tuberosus Linn. based on ISSR marker

304 b

IRBFIE L R R R A 24 DN ERERFN(R)
) ISSR-PCR i) | Bt 2 A48, AR SRR (5 1]
B AR B 2E S B K, Ui B AE KA kAL FE

BAHETE DNA 53 FKF IO R R TR RIS
ARSI 16 A4~ 1SSR 5145 24 NG R (R ) 1Y
PS5 LR B AN )RR B ) 2 A M AL R 1 X —
Dy I T 452 L 1 e B 2k 53— Tt 3 B
BER AN (R) MHEA — & s e, ok i,
X F ARG R BT A 21, ISSR A i 1 B AG T



5 4 1)

BT R, 45 24 DA AR (R) A SRR ISSR ARid oA 49

s I 23 L 2 AT RE R FH T R A RO R Bk
] 2 25 L2 L ISSR ARICTE 46 2 AN [R) & A
(FR) TR s H5 AN S5 P RFEA , DB ISSR ARid )
MrEE AR 0 LA T3 A A () I %51

X 24 ANEEEE A (R ) MR Hr s 2R SR 15
BGEYCEEB O IR AT 73 2R 25 R W) &, B
Wi HA — B A, (R —3 o i (R ) A
WA LEANE T2 BEFEHE T ISSR fRid iy
R bl oy B [F—Z b flin Woe 5 we4, —
HHEEB O —FBUHIE R AR, 723 T ISSR fnid s Hr
IRBEBLRE D ZE R X R BRI RAEF IV LD,
VLB G LA 2807 AN RE 0 42 e it 44 2
(R)WEG KR, WL A 5y Fhnic & H Ak P2
T T ot

TR AR 110 388 2 245 4 S e T A 3k R vl 118) 2 Fo
ZEHAEF, Wb A0 AL G B M 2 JE R ARST
JEBE I AR T RIEEAE ) M R RIS M ST L)
Bt BBl JH T A — X B 45 2 R (R IR
RAE— T 2 Y A [ X Ja i 5 2 5 b ( 5R) U g
RAER—Zrd sk B R W4 5% 3 v ER
R Wa3 BIE—41, X—IG AR5 R it F 5L
FEPRPEAS ) X e R 35 A BT 802 o ] B2 K IR
FHAY ISSR 40 Fhric T8 58 S WL SE R 4L AR o 22 5212
B 24 AR (R ) B9 I5AL IR BT 5 b B PR B
B H AR B 114 A DG 3 A S e 2 AN (] i o
( R) TEATR] X 38 0] (40 222 37

Bk

(1] #ha3c, WFEK, EmEk, & 4 EE 0 A 2 55
FRIEWRGTLT]. MW E SR SRR 2440, 2009, 15(4) : 948-952.

(2] #hEHE, 2 bz, T, % ARG EX 45 ARER
PRSI J]. Rl Bl:, 2011, 39(26) ; 16001-16003.

(31 BR % ARSMFAR 55 A U8 35 16 48 2 B0 5T 63T h ) niE FH i 52
[D]. R Hrfll K2R 5 AR 5= B, 2009 17 -
18.

(4] R B, Wigde, & 8 % DAY REORL R REAE T #E T
BIBFFE (0], PEILAOL 23R, 2009, 18(5) : 137-141, 175.

[5] RFE, 225, F ¥ SR RBERT S b7 RAEY —
BEHT]. BIBTT R FARBIA24H, 2008, 25(6) : 812-816.

(6] PRk ZFEMEHEARLI]. NN RIFHEE, 2012(4) .
123.

[7] ZIETKIEWICZ E, RAFALSKI A, LABUDA D. Genome finger-

printing by simple sequence repeat ( SSR)-anchored polymerase

[10]

[11]

[12]

[14]

[15]

[16]

[17]

(23]

[24]

chain reaction amplification[ J ]. Genomics, 1999, 20. 176-183.
REDDY M P, SARLA N, SIDDIQ E A. Inter simple sequence
repeat (ISSR) polymorphism and its application in plant breeding
[J]. Euphytica, 2002, 128, 9-17.
DHEE, 48 4k, ESEHE, S CEERTE 3 RhiE 2R SR
REBCRGR AN ISSR 70 #r [ J]. W 2224, 2006, 33(2) : 433-
436.
S, 2R, SEETH, 4. B /MR SN (R ) 10 ISSR
Rimi 8% ZREE AR AT (D] A W38t 4% BF U8 5% 4R, 2006, 7
(1):13-17.
AR, £ W, BRI, S5 oMb s (L 2R S 0k
BRAM ISSR AR ], FEM2R, 2006, 32(3) : 373~
378.
WMk, BRI, BUEER, AF. JET ISSR ARICHY 62 DRI
sl 98 £ 5 R A AT M AR SBR[ 0] AR IR S PR
2, 2012, 21(4) . 48-54.
I, BB, WA, 4. BT ISSR ARICHY M AL B
AR RERE DR R R RGBS SRR L 2 AT (1], Al
IV IR SRR, 2011, 20(1) ; 25-30.
skOR, BB, MG, SF. ET ISSR ARCAY BT T I X AR
EFRHTT R A OCR AT [J]. A RIS IR AR,
2010, 19(2) . 21-27.
BEN, ka3, MR, 4. ARIES KBS NRE 2
Btk ISSR MM [J]. MR AL PR 4R, 2012, 13(2) : 239-
243.
20, AU, ARG, AE. PR A Sl 2R ISSR
ST REMEAE BRI, 2012, 13(1) ; 4851, 56.
BOCE, T A, TSR, A AR ISR M Ak T A R BT B
WL ZRENER ISSR XM ()], HEWp L BT IR 244, 2010, 11
(4) . 487-490.
B, B A, DR, 5. SRR DNA SO R L
B, hEBHSE, 2012(14) ; 41-44.
WA, BER, L 3ASIERFNY ISSR 519 K4y
T[] WRARILAAR, 2013, 26(1) : 290-293.
MR, 8 &, 4 AL 43 ISSR-PCR B IK R IO
PARLI]. PERRA2ER, 2012, 25(1) ; 243-246.
FoRE, &, WEN, . SREUIORS BUR KR A
FEHF I ISSR 2347 [J]. Bl Z0284H, 2012, 39(2) : 387-394.
SCHAAL B A, HAYWORTH D A, OLSEN K M, et al. Phylo-
geographic studies in plants; problems and prospects [ J ].
Molecular Ecology, 1998, 7. 465-474.
SR, XA, XAE, 4. EHE A D SSR gL Z RS
MrlT]. FZ24, 2010, 37(1) ; 23-30.
TaEVE, PNVHE, IVINER, S IR By R R R 4
KA AFLP 200 [J]. B 2244, 2004, 31(1) : 103-105.
(RHEHRE: KAE)



