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 (Simple Sequence Repeat; SSR) 
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 (Euphorbiaceae) 
5 60  (FAO 

and IFAD 2000)

 (Lin 2007)
 (isozyme)  (Hussain et al. 1987; 

Ramirez et al. 1987; Lefevre  Charrier 1993)
DNA
 (Beeching et al. 1993)

RFLP (Restriction Fragment Length Polymorphism) (Fregene et al. 1994) RAPD (Random 
Amplified Polymorphic DNA) (Marmey et al. 1994; Wong et al. 1997) AFLP (Amplifided Fragment 
Length Polymorphism)  (Roa et al. 1997; Wong et al. 1998; Chavarriaga-Aguirre et al. 1999; Elias et 
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al. 2000) DNA SSR
DNA 

SSR  (Polymerase Chain 
Reaction; PCR) intra-SSR

 inter-SSR  ISSR GA  (GA)14

(Chavarriaga-Aguirre et al. 1998)  (International Center for Tropical 
Agriculture; CIAT) SSR  (Chavarriaga-Aguirre et al. 
1998, 1999; Roa et al. 2000)

21
RAPD

intra-SSR
21

1-7 1
Hicran Roti Lunclnan Bitter Chirgwi Veipueen Green twig Black twig Turai

Matnenot Medan 21

DNA
Doyle  Doyle (1990) DNA

0.25 g 500 L 60 DNA 60
1 14,000 rpm 5

1.5 mL 500 L chloroform / isoamylalcohol (24:1) 
14,000 rpm 20 300 L -20 isopropanol DNA
14,000 rpm 10 1 mL wash buffer (75% ethanol, 10 mM ammonium 

acetate) 14,000 rpm 10 DNA 50 L
RNase (10 ug/mL) 37 30 DNA OD

DNA

RAPD
14 OPERON kit OPC 1, OPC 5, OPG 2, OPG 8, OPG 13, OPG 18, 

OPO 10, OPO 13, OPO 20, OPW 2, OPW 4, OPW 6, OPW 13, OPY 1 PCR  Oard & 
Dronavalli (1992)  30 L 1.2 unit Taq polymerase (Promega)
1X PCR buffer (50 mM KCl; 10 mM Tris-HCl, pH 9.0; 0.1% Triton 100) 2.5 mM MgCl2 200 M
dNTP 0.2 M primer 50 ng template DNA PCR  Perkin Elmer Cetus Thermal Cycler 9600

2 94 3 min 40 1 min 20 sec 72 1 min 30 sec
94 1 min 40 1 min 72 2 min 43 72
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5 min 4  2% agarose  1X TAE buffer (40 
mM Tris acetate, pH 8.0; 1 mM EDTA) DNA DNA molecular weight marker XVI (250 
bp ladder) Roche Mupid-2 Cosmo  100 

20-30  0.5 mg/mL ethidium bromide 10-20 UV
agarose DNA IS 2000 Digital Imaging System Alpha 

Innotech Corporation
IS 2000 Digtal Imaging System RAPD TIF

GelCompar  (Applied Maths BVBA) /
1/0 SAS 1/0 Jaccard's coefficient (Jaccard, 

1908) SAS CLUSTER procedurce UPGMA

SSR
13 SSR SSRY9 SSRY11 SSRY12 SSRY14 SSRY25 SSRY49

SSRY63 SSRY68 SSRY75 SSRY76 SSRY91 SSRY93 SSRY106 (Chavarriaga-Aguirre et al. 1998)
PCR Litt  Lutty (1989) 30 L 1.2 unit Fast 
Start Taq DNA polymerase (Roche) 1  PCR buffer (Roche) 2.5 mM MgCl2 200 M dNTP 2.5 M
primer 50 ng template DNA PCR  Perkin Elmer Cetus Thermal Cycler 9600

1 94 3 min 94 1 min 53 2 min 72 2 min
30 72 5 min 4 PCR

DNA 3.25% agarose 1X TBE buffer  (Mupid-2 Cosmo)
ethidium bromide 20-30 min UV DNA

IS2000 Digital Imaging System (Alpha Innotech Corporation)

1 21

9 1 5 6 7 1
Bitter Chirgwi Medan 8 2 3 4
Hicran Roti Veipueen Green twig Turai Lunclnan

Matnenot Black twig
1
21 131±23.84 cm 236±27.50 cm

200 cm 4 Bitter Turai Matnenot Medan

RAPD
14 21

RAPD 187 DNA 297-2951 bp
156

0.93 21 4 1
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1.

Table 1. The characteristics of cassava germplasm 

Color z

Label Varieties/lines  Leaf    Vein    Petole
Leaf ratio of
length/width

Stalk 
Diameter (cm)

No. of 
branch

Plant height 
(cm)

1 Tainanyu No.1 G R R 0.7 7.80±1.9 3.3 155±13.2 

2 Tainanyu No.2 G G G 0.6 7.20±0.4 3.3 133±7.4 

3 Tainanyu No.3 G G G 0.7 6.93±1.3 3.3 166±3.5 

4 Tainanyu No.4 G G G 0.7 6.80±1.2 2.7 227±40.4 

5 Tainanyu No.5 G R R 0.7 7.93±1.5 2.3 183±12.6 

6 Tainanyu No.6 G R R 0.6 6.28±1.2 2.6 151±10.6 

7 Tainanyu No.7 G R R 0.6 7.45±1.5 3.0 146±14.9 

8 Puli SEL.1 G R R 0.7 7.45±1.9 3.5 141±28.8 

9 Wu Chih Tsai G G R 0.6 5.93±0.9 2.7 132±11.7 

10 Sweet G R R 0.6 6.53±0.5 3.3 147±12.3 

11 Hicran G G G 0.6 6.62±1.8 3.2 131±23.8 

12 Roti G G G 0.7 5.80±1.6 4.0 139±8.9 

13 Lunclnan G G R 0.6 7.93±2.8 4.0 182±31.8 

14 Bitter G R R 0.7 7.50±2.4 3.0 236±27.5 

15 Chirgwi G R R 0.7 6.15±1.6 2.5 171±5.0 

16 Veipueen G G G 0.8 7.27±0.2 2.3 157±3.6 

17 Green twig G G G 0.6 7.93±1.1 1.7 183±15.3 

18 Black twig G R G 0.6 8.20±2.7 3.7 151±18.3 

19 Turai G G G 0.6 9.50±0.7 2.0 225±35.4 

20 Matnenot G G R 0.6 8.20±0.4 3.3 178±0.3 

21 Medan G R R 0.7 7.25±2.5 2.3 206±31.5 
z G=Green; R=Red. 

SSR
Agarose intra-SSR

2 intra-SSR
19 SSR 21 11 2
255-1314 bp 32 6

11 intra-SSR 21

2
20 21

Hicran 11 Lunclnan 13 Matnenot 20 Medan
21
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1. RAPD UPGMA
Fig. 1. Dendrogram of cluster analysis of cassava germplasm using UPGMA method based on RAPD. 

Hicran 11 SSRY12 255 bp
20 Hicran

Lunclnan 13 SSRY76 259 bp
Matnenot 20 SSRY49 290 bp

Medan 21 SSRY12 400 bp
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2. intra-SSR

Table 2. The intra-SSR polymorphic bands of 21 cassava germplasm accessions 

Variety/line z

Primer 
Product size 

(bp) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

SSRY 9 286 -y - + - - - - + - - - + - - - + - + - - - 

 271 + + - + + + + - + + + + + + + - + - + + + 

SSRY11 1314 + + - + - - + + - + + + + + + + + + + - - 

 1201 + - + + + + - + + + + + + + + + + + + + + 

 298 - - - - - + - - - - - - + + - - - - - - - 

 276 - - - - - - - - - - + - - + + - - - - - - 

SSRY12 400 - - - - - - - - - - - - - - - - - - - - + 

 302 - + - - + + + - + - + - + - - - - - - - - 

 255 - - - - - - - - - - + - - - - - - - - - - 

SSRY25 303 - + + + + + + + + + - + + + - + - + + - + 

 284 + - + + - - - - + + + - - - + + + + - + + 

SSRY49 341 + - - + + + + - - - + - - - + - + - - + - 

 309 + + - + + + + + + + + + + - + - + - + + + 

 290 - - - - - - - - - - - - - - - - - - - + - 

 272 + + + + - - + - + + + + - + + + + + + - + 

SSRY68 325 - + - + + + + + + - - + + + - - + - + + - 

 302 + - - - - - - - - - + - - - - - - - - - - 

 291 - + - + + + + + + + - + + + + - + - + + + 

 272 + - - - - - - + + - + - + - - - - - - + - 

 259 + + + + + + + - - + + + - + + + + + + - + 

SSRY75 289 + + + + + + + + + + + + + + + + + + + - + 

 271 + - - - - - - - - + + - - + + - + - - + - 

SSRY76 305 - - - - - - - - - - + - + + + - - - - - - 

 285 - + - + - - + - - + - + + - - - - - + - + 

 272 + - + - + + - + + - + - - + + + + + - + - 

 259 - - - - - - - - - - - - + - - - - - - - - 

SSRY91 340 + - + + - - - - - + - + - - + + - + + - + 

SSRY93 326 + - + + + + - - + + + + - + + + + + + - - 

 306 - - - - - - + - - - - - + - - - - - - - - 

 290 + - + + + + - + + + + + - + - - - + + - + 

 272 + + - - + + + - + + + + + + + + + - + + - 

SSRY106 258 - - - - - - - - - - + - - - - - - - - - - 
y +:band is present ; -:band is absent. 
z Label of variety/line see as Table 1. 
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2. 21 intra-SSR
Fig. 2. The intra-SSR electrophoretic profiles on agarose for 21 cassava germplasm accessions. (M:100 bp marker; 
1-21: Label of variety/line was described in Table 1.) 

1 1
SSRY68 302 bp 20

19 Hicran 11 Hicran
SSRY12 255 bp

SSRY68 SSRY12 1 20
7 7 7 SSRY93

306 bp 20 19
Lunclnan 13 Lunclnan

SSRY76 259 bp SSRY93 SSRY76
7 20

6 6
6 SSRY11 298 bp 18

Lunclnan 13 Bitter 14 Lunclnan
SSRY76 259 bp Bitter 14

6 2 SSRY11
Bitter 14 1,314 bp 276 bp 6
6 20

SSRY11 SSRY76 SSRY11
1,314 bp 298 bp 276 bp SSRY76 259 bp

SSRY11 Bitter
14 Bitter 14 20
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SSRY11 276 bp
Hicran 11 Bitter 14 Chirgwi 15 Hicran SSRY12

255 bp SSRY11 298 bp
Chirgwi 15 Bitter 14 Chirgwi

15

21 6
SSRY11 SSRY12 SSRY49 SSRY68 SSRY76 SSRY93

11 32 DNA 21

21

DNA
RAPD intra-SSR

RAPD 21
11 intra-SSR 32

21
RAPD intra-SSR

DNA 
intra-SSR

RAPD RAPD
RAPD

SSR
SSR

PCR RAPD RAPD
SSR

( )
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Genetic Diversity and Identification of Cassava 
Germplasm with RAPD and SSR1

Shu Chen2,4, Chung-Chen Fan3 and Chien-Yih Lin2

Abstract
Chen, S., C. C. Fan, and C. Y. Lin. 2007. Genetic diversity and identification of cassava germplasm with 
RAPD and SSR. J. Taiwan Agric. Res. 56:327-337. 

The research aimed to identify 21 cassava (Manihot esculenta Crantz) germplasm accessions 
collected from Taiwan.  The objectives were to understand genetic diversity among cassava germplasm 
accessions using RAPD and to identify each of them by intra-SSR. 21 accessions of cassava germplasm 
were clustered to 4 groups based on 156 polymorphic bands of RAPD.  From the analysis of RAPD, it 
could provide as references for breeders, 32 polymorphic bands from 11 SSR primers were found and the 
21 cassava varieties / lines could be differentiated completely using these intra-SSR polymorphic bands.  
This research revealed that the intra-SSR is a powerful molecular tool for the identification of cassava 
germplasm. 

Key words: Cassava (Manihot esculenta Crantz), Genetic diversity, Germplasm, Identification, 
RAPD, SSR. 
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