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The Study of Genetic Diversity of Cassava (Manihot esculenta)
Using SSR Markers
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ABSTRACT

Genetic research and development of cassava in Thailand have been limited due to
insufficient information on genetic diversity of cassava varieties. This research aimed to
investigate the genetic diversity and to analyze cluster of 18 cassava varieties collected at
Rayong Field Crops Research Center, Department of Agriculture using SSR markers. It was
conducted during October 2017 — September 2018. Results showed that 54 of 60 SSR
markers used in this study were able to amplify DNA fragments from all varieties and
generated polymorphic allele in total of 265 alleles varying from 1 — 8 allele per locus, with
an average of 4.82 alleles per locus of which 263 alleles showed the polymorphic bands,
with the percentage of 97.27%. Sizes of DNA fragments ranged from 85 — 597 base pairs.
The Polymorphism Information Content (PIC) value ranged from 0.00 — 0.36, with an average
of 0.24. Cluster analysis based on UPGMA and genetic relationships using NTSYSpc version
2.10 program showed similarity coefficient value ranging from 0.119 — 0.615, revealed two
distinct groups, with cophenetic correlation (r) of 0.87, suggesting clear clustering. Therefore,
SSR markers in this study were appropriate to identify the genetic differences and to select

cassava varieties for breeding.
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Table 1 List of 60 SSR primers used in the study of genetic diversity of 18 cassava varieties

Annealing Annealing
Primer Sequence ra- Primer Sequence tempera-
name ture (°C) name ture (°C)
SSRY4 F: ATAGAGCAGAAGTGCAGGCG 62 SSRY148 F: GGCTTCATCATGGAAAAACC 62
R: CTAACGCACACGACTACGGA R: CAATGCTTTACGGAAGAGCC
SSRY9 F: ACAATTCATCATGAGTCATCAACT 62 SSRY149 F: AGCAGAGCATTTACAGCAAGG 62
R: CCGTTATTGTTCCTGGTCCT R: TGTGGAGTTAAAGGTGTGAATG
SSRY12 F: AACTGTCAAACCATTCTACTTGC 65 SSRY151 F: AGTGGAAATAAGCCATGTGATG 64
R: GCCAGCAAGGTTTGCTACAT R: CCCATAATTGATGCCAGGTT
SSRY19 F: TGTAAGGCATTCCAAGAATTATCA 63 SSRY154 F: ACAATGTCCCAATTGGAGGA 55
R: TCTCCTGTGAAAAGTGCATGA R: ACCATGGATAGAGCTCACCG
SSRY20 F: CATTGGACTTCCTACAAATATGAAT 60 SSRY155 F: CGTTGATAAAGTGGAAAGAGCA 62
R: TGATGGAAAGTGGTTATGTCCTT R: ACTCCACTCCCGATGCTCGC
SSRY21 R: CAACAATTGGACTAAGCAGCA 60 SSRY160 F: CTGGCTCTTCCAGACACCTT 62
F: CCTGCCACAATATTGAAATGG R: GGCAAGAGAAGCCATAAAGC
SSRY32 F: CAAATTTGCAACAATAGAGAACA 60 SSRY161 F: AAGGAACACCTCTCCTAGAATCA 60
R: TCCACAAAGTCGTCCATTACA R: CCAGCTGTATGTTGAGTGAGC
SSRY34 F: TTCCAGACCTGTTCCACCAT 60 SSRY164 F: TCAAACAAGAATTAGCAGAACTGG 60
R: ATTGCAGGGATTATTGCTCG R: TGAGATTTCGTAATATTCATTTCACTT
SSRY38 F: GGCTGTTCGTGATCCTTATTAAC 60 SSRY169 F: ACAGCTCTAAAAACTGCAGCC 57
R: GTAGTTGAGAAAACTTTGCATGAG R: AACGTAGGCCCTAACTAACCC
SSRY49 F: TGAAAATCTCACTGGCATTATTT 60 SSRY171 F: ACTGTGCCAAAATAGCCAAATAGT 64
R: TGCAACCATAGTGCCAAGC R: TCATGAGTGTGGGATGTTTTTATG
SSRY51 F: AGGTTGGATGCTTGAAGGAA 60 SSRY172 F: TCCAACTGGCTTAACTTGAGG 55
R: GGATGCAGGAGTGCTCAACT R: TTTAGTTTTTGAAACAATGATGAAA
SSRY59 F: GCAATGCAGTGAACCATCTTT 63 SSRY177 F: ACCACAAACATAGGCACGAG 63
R: CGTTTGTCCTTTCTGATGTTC R: CACCCAATTCACCAATTACCA
SSRY62 F: CATTCTCCAGGAAAGTCATTTTG 55 SSRY179 F: CAGGCTCAGGTGAAGTAAAGG 64
R: AGCTCATGCCATACAAGCAA R: GCGAAAGTAAGTCTACAACTTTTCTAA
SSRY63 F: TCAGAATCATCTACCTTGGCA 55 SSRY180 F: CCTTGGCAGAGATGAATTAGAG 64
R: AAGACAATCATTTTGTGCTCCA R: GGGGCATTCTACATGATCAATAA
SSRY64 F: GACAAGTCGTATATGTAGTATTCACGC 64 SSRY181 F: GGTAGATCTGGATCGAGGAGG 66
R: GCAGAGGTGGCTAACGAGAC R: CAATCGAAACCGACGATACA
SSRY69 F: CGATCTCAGTCGATACCCAAG 64 SSRY269 F: AATAGTTTCAGGCAAGGGTGA 63
R: CACTCCGTTGCAGGCATTA R: TCAATCACAAGCCAGACACA
SSRY77 F: CAGGAGGTGGCAGATTTTGT 60 SSRY280 F: TGTGCATGGAGAGATTGACAG 55
R: GCATGTTCCACCTGCATAAG R: AAGTCGTTTATTGCCGATGC
SSRY82 F: TGTGACAATTTTCAGATAGCTTCA 60 NS77 F: GGACGCACAGTATTCTCCAC 55
R: CACCATCGGCATTAAACTTTG R: GATAATGGCAAGACCGGA
SSRY100 F: ATCCTTGCCTGACATTTTGC 63 NS78 F: AGCAATGCCTTGATCTTGAG 64
R: TTCGCAGAGTCCAATTGTTG R: AAGATGGCAATTCAAGCAAG
SSRY102 F: TTGGCTGCTTTCACTAATGC 55 NS169 F: GTGCGAAATGGAAATCAATG 65
R: TTGAACACGTTGAACAACCA R: GCCTTCTCAGCATATGGAGC
SSRY103 F: TGAGAAGGAAACTGCTTGCAC 58 NS189 F: TGGGCTGTTCGTGATCCTTA 55
R: CAGCAAGACCATCACCAGTTT R: CATGAGTTTAAAAATTATCACATCCG
SSRY105 F: CAAACATCTGCACTTTTGGC 64 NS890 F: TAAATTGGGGGTTCTTGCTC 63
R: TCGAGTGGCTTCTGGTCTTC R: TGCTTACTCTTTGATTCCACG
SSRY106 F: GGAAACTGCTTGCACAAAGA 60 NS911 F: TGTTGTTCAGACGATGTCCAA 55
R: CAGCAAGACCATCACCAGTTT R: TTGAAGCAGTTATGAACCGT
SSRY108 F: ACGCTATGATGTCCAAAGGC 62 NS912 F: GAGAACTCAACCCCATACC 55
R: CATGCCACATAGTTCGTGCT R: AAGGGACACGACTTGGTCAC
SSRY109 F: TGCTAATTGCAGGAAATAGGAT 62 NS928 F: GATACCCACAAGCCCAAAGA 55
R: GCAGCTTTTTAGCATAACAATCAA R: GACCCACCCATCCACTAGAA
SSRY110 F: TTGAGTGGTGAATGCGAAAG 55 NS945 F: GCAAGGCTCCATTAAAAGTCC 65
R: AGTGCCACCTTGAAAGAGCA R: TGTTTGAAATAGTGTTGCTTCTTGA
SSRY132 F: CTTTTTGCCAGTCTTCCTGC 55 NS1010 F: TAGCGATTGCATTTTACCCC 55
R: TGTCCAATGTCTTCCTTTCCTT R: ACTGCAAAGCCCTTGAGAGA
SSRY135 F: CCAGAAACTGAARATGCATCG 60 NS1012 F: TGTTGATACAATCTAAATGTAGCCTTC 60
R: AACATGTGCGACAGTGATTG R: TGTTGAATCCCACATTGGTG
SSRY141 F: TCCAAAATCTTGGTCATTTTGA 60 NS1016 F: CTGAAAGGGAATTTCATGCC 60
R: TGCTGTGATTAAGGAACCAACTT R: TGGACTTCGTAATTTTCTGCAC
SSRY147 F: GTACATCACCACCAACGGGC 55 NS1018 F: GTGCCATGGCTTTGCTATCT 45
R: AGAGCGGTGGGGCGAAGAGC R: AGAACATTTCCAGCACACCC
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Rayong 3, Lane 4 = Rayong 5, Lane 5 = Rayong 7, Lane 6 = Rayong 9, Lane 7 = Rayong 11, Lane 8 =

Rayong 60, Lane 9 = Rayong 90, Lane 10 = Huai Bong 60, Lane 11 = Kasetsart 50, Lane 12 = Sriracha
1, Lane 13 = Hanatee, Lane 14 = H.P.1, Lane 15 = HP.8 (VIC), Lane 16 = Java 2, Lane 17 = Yellow Root,

Lane 18 = Wild 1
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Table 2 The number of alleles per locus (primer), size of alleles (bp), % polymorphic and

polymorphism information content (PIC) of 18 cassava varieties using 55 SSR markers

Primer Number of Number of % Size of Mean of PIzllfy:l :nr:&ioin
name Alleles Polymorphic Polymorphic alleles (bp) alleles (bp) Contents (PIC)
SSRY4 7 7 100 264-319 282 0.2114
SSRY9 7 7 100 253-292 272 0.2676

SSRY12 3 3 100 259-292 266 0.2870

SSRY19 7 7 100 206-236 219 0.2753

SSRY20 4 4 100 128-161 150 0.2374

SSRY21 4 4 100 163-197 181 0.3298

SSRY32 3 3 100 289-309 305 0.1732

SSRY34 5 5 100 274-310 288 0.2543

SSRY38 2 1 50 107-125 111 0.1430

SSRY49 7 7 100 269-315 296 0.1693

SSRY51 5 5 100 264-307 293 0.2101

SSRY59 3 3 100 146-164 155 0.3008

SSRY63 4 4 100 284-300 290 0.2918

SSRY64 5 5 100 194-213 201 0.2582

SSRY69 4 4 100 222-257 241 0.2868

SSRY77 4 4 100 269-302 280 0.1335

SSRY82 7 7 100 185-222 208 0.2433

SSRY100 8 8 100 193-256 220 0.2954

SSRY102 1 0 0 179-183 180 0.0000

SSRY103 4 4 100 263-284 272 0.3630

SSRY105 6 6 100 196-237 225 0.2666

SSRY106 6 6 100 256-280 266 0.3029

SSRY108 4 4 100 174-211 190 0.3046

SSRY109 3 3 100 120-148 125 0.2164

SSRY110 5 5 100 248-269 257 0.1711

SSRY132 2 2 100 200-207 202 0.2392

SSRY135 5 5 100 243-267 256 0.2853

SSRY141 4 4 100 248-262 255 0.2695

SSRY147 4 4 100 104-121 109 0.2560

SSRY148 4 4 100 107-122 115 0.2590

SSRY149 4 4 100 161-186 176 0.3212

SSRY151 8 8 100 180-224 198 0.1983

SSRY154 6 6 100 309-339 320 0.2309

SSRY155 4 4 100 152-167 160 0.2622

SSRY160 6 6 100 113-161 138 0.2068

SSRY161 6 6 100 180-245 206 0.2444

SSRY164 6 6 100 157-192 170 0.2135

SSRY169 4 4 100 85-109 103 0.1810

SSRY171 3 3 100 278-302 295 0.2082

SSRY177 8 8 100 242-281 263 0.2048

SSRY179 7 7 100 188-239 213 0.2353

SSRY180 6 6 100 164-196 171 0.1843

SSRY181 4 4 100 191-208 198 0.2804

SSRY269 6 6 100 161-196 177 0.2561

SSRY280 2 2 100 178-187 180 0.2392
NS78 8 8 100 364-427 392 0.2843
NS169 7 7 100 300-342 315 0.2654
NS189 3 3 100 94-110 98 0.2548
NS890 3 3 100 320-331 327 0.1926
NS911 4 4 100 115-137 122 0.2821
NS928 6 6 100 270-298 280 0.2346
NS945 6 6 100 384-415 394 0.2906

NS1010 5 5 100 571-597 580 0.2416

NS1012 2 2 100 356-369 359 0.2392

NS1016 4 4 100 342-396 367 0.2356
Mean 4.82 97.27 285) 0.2416
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Table 3 Genetic

similarity coefficient of 18 cassava varieties using 55 SSR markers

SRI H.P.8 YELLOW
CASE R1 R2 R3 R5 R7 R9 R11 R60 R0 HB60 KU50 Rl H.P.1 (vIc) JAVA2 ROOT WILD1
Rl 1.000
R2 0.216 | 1.000
R3 0.278 ( 0.318 | 1.000
R5 0.256 | 0.307 | 0.612 | 1.000
R7 0.281(0.312|0.458 | 0.505| 1.000
R9 0.151(0.243|0.309(0.331|0.360|1.000
R11 0.157 | 0.23 | 0.304(0.383|0.353(0.514|1.000
R60 0.298(0.371|0.514 | 0.549| 0.560 | 0.342| 0.325 | 1.000
R90 0.268 | 0.364(0.414|0.404|0.541|0.393|0.306(0.389|1.000
HB60 0.244 | 0.265(0.486|0.615|0.485(0.328|0.391|0.472|0.525|1.000
KU50 0.333(0.352|0.331(0.319|0.435(0.260| 0.266 | 0.331|0.486( 0.398|1.000
SRIRACHAL | 0.477|0.321|0.269(0.248|0.205(0.131|0.145|0.260|0.221(0.200|0.252|1.000
HANATEE 0.353(0.223|0.209(0.188|0.182(0.134|0.148(0.209|0.198(0.205|0.278|0.2991.000
H.P.1 0.432(0.344|0.441(0.393|0.413(0.262|0.258 | 0.495|0.348(0.342|0.486|0.254(0.176|1.000
H.P.8(VIC) | 0.208 | 0.307 (0.362| 0.375|0.369|0.287|0.233|0.436(0.391(0.360|0.377|0.211|0.225|0.357|1.000
JAVA2 0.281(0.321|0.375(0.464|0.395(0.242|0.267 | 0.460|0.368 | 0.397|0.333|0.235|0.279|0.381|0.425|1.000
YELLOW ROOT| 0.231(0.328 | 0.350( 0.361|0.368(0.289|0.305|0.431|0.376(0.381|0.352|0.199|0.212|0.355(0.339|0.408(1.000
WILD1 0.138(0.243|0.258 | 0.246|0.240( 0.364| 0.403 | 0.287|0.278|0.264|0.231|0.119|0.122|0.2420.237|0.320|0.604| 1.00
R1
Gmup 1 SRIRACHAL
HANATEE
R2
R3
—lR5
HE60
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— R90
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Figure 3 Dendrogram of 18 cassava varieties generated by UPGMA clustering using 55 SSR

markers
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