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ABSTRACT

Cassava Mosaic Disease (CMD) is a very important disease that causes severe
damage to cassava production. The objective of this research was to select cassava
varieties resistant to CMD by using molecular markers.Two hundred and fifty varieties from
Rayong Field Crops Research Center were collected and examined using molecular markers
in the laboratory of Biotechnology Research and Development Office, Department of
Agriculture from October 2017 to September 2019. In this research, three groups of
molecular markers were used in selection for resistance to CMD. Group 1 included 4
Sequence Characterized Amplified Region (SCAR) and Simple Sequence Repeat markers (SSR),
namely RME1, NS158, SSRY28 and NS169 which are flanking nearby the CMD resistance
locus called CMD2. Group 2 consisted of 2 molecular markers, namely EST-LRR and
NB-ARC domains-containing disease resistance protein (EST-R protein) and EST-Protein
kinase superfamily protein (EST-Kinase) which were obtained from the expressed sequence
tags of genes in response to cassava mosaic virus, the cause of CMD. Group 3 contained
3 positions of Single Nucleotide Polymorphism (SNP) markers in Peroxidase gene, namely
Ex2-78, Ex2-157 and Ex3-128. In total, 9 molecular markers were used to search for
cassava varieties showing DNA band patterns and nucleotide sequences similar to those of
the CMD resistant variety named TME3. Results of the experiment revealed that there were
2 varieties that showed the same DNA band patterns and nucleotide sequences as TME3
in all 9 molecular markers, namely MMAL63 and CMR23-149-59. These varieties may be
resistant to CMD. However, it is necessary to test their resistance against the actual
cassava mosaic virus before using them in the variety development scheme, and propagate
for farmers.

Keywords : Cassava (Manihot esculentaCrantz), Cassava mosaic disease (CMD),
Marker-assisted selection
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Table 1 List of 250 cassava varieties examined using molecular markers

No. Variety No. Variety No. Variety No. Variety No. Variety No. Variety No. Variety No. Variety
1  Kaset 33 CMR36- 65 CMR50- 97 MCOL 129 CM681-2 161 CMK23- 193 CMR33- 25 27-77-10
Lopburi 55-166 41-1 2306 27-30 18-101
2 Rayongl 34 CMR37- 66 CMR50- 98 MCOL 130 CMR25- 162 56/5 194 CMR31- 26 CM3306-4
18-189 73-6 2016* 82-88 06-104
3  Rayong2 35 CMR37- 67 OMR50- 9 MCOL 131 CMR34- 163 CMR23- 195 CMR36- 27 CM4574-7
18-201 13-26 1890 44-40 126-17 25-67
4 Rayong3 36 CMR38- 68 CMR51- 100 MBRA18 12 CMK23-67- 164 CMR23- 196 CMR34- 28 CMR60-
125-77 04-42 313 149-59 79-152 36-16
5  Rayongd 37 CMR41- 69 CMR51- 101  MCOL22 18 CMR23-17- 165 CM781-2 197 CMR36- 229 CMR60-
42-3 13-14 276 71-27 36-27
6  Rayong? 38 CMR41- 70 CMR51- 102 MENTEGA 13 CM3299-22 166 CMR25- 198 CMR23- 230 CMR60-
109-72 23-14 32-502Q 17-51 36-48
7  Rayong® 39 CMR41- 71 CMR51- 103 NEP 1% CM6125- 167 CMR23- 199 CMB323- 231 CMR60-
112-21 34-6 HONGHA 125 102-65 375 48-14
8  Rayongll 40 CMR42- 72 CMR51- 104 YOLK 1% CMB342-55 168 CMR23- 200 Monton 2¥ CMR60-
01-2 43-69 149-128 48-29
9 Rayong 41  CMR42- 73 CMR53- 105 297 187 01-77-1 169 CMR25- 201 MCOL 233 CMR60-
86-13 44-98 87-20 33-134Q 198 36-12
10 Rayong60 42 OMR42- 74 CMR53- 106 298 138 CMR28- 170 (V3 x R) 202 MCOL 32 24 CR35
16-37 106-24 05-13 21-16
11 Rayong72 43 CMR43- 75 OMR53- 107 315 10 CMC84 171 CMm4777 203 MCOL 285 CR1
08-89 03-6 -2 (ciat) 2360
12 Rayong0 44 CMR44- 76 Manop 108 456 140 CMR23- 172 SC8 204 MBRA 2% CR79
03-57 149-117 781
13 KU50 45 CMR44- 77 Soidao 109 CM125-22 141 CMH22- 173 CMR23- 205 MPAR 75 237 CR61
29-12 771 26-2
14 KU72 46 OMR44- 78 GR 891 110 CM6125- 142 CMR26- 174 (V1 x R) 206 MMEX 92 238 CR59
23-34 117 65-13 21-8
15 KU75 47 OMR45- 79 KATEH 111 CMR30- 143 CMR31- 175 CMR25- 207 MVEN 239 CR17-193
27-76 05-12 19-14 104-42 164
16 HB60 48 CMR46- 80 KM98-1 112 CMR23- 14 CMR32- 176 SR18- 208 MCUBS8 240 CR30
30-264 117-4 24-20 127
17 HB80 49 CMR46- 81 MBRA12 113 CM407-30 145 SM937-8 177 CMR26- 209 MIND4 241 CR100
31-7 38-7
18 Pirunt 50 CMR46- 82 MCOL 114 CMR35- 146 CMR25-34- 178 CMR24- 210 MARG9 242 CR61
47-137 912B 26-369 112 14-183
19  Pirun2 51 CMR46- 83 MCOL 115 CMB3306-3 147 CMR23-20- 179 CMR25- 211 MPAR 51 243 CR126
55-23 1098 23Q 24-384
20 CM3299-15 52 CMR47- 84 MCUB23 116 CMR25- 148 Variegated 180 MMEX 212 MPAR 38 244 CR63
02-9 32-429Q 59*
21 CR19 53 CMR47- 85 MECU72 117 CMR26- 149 CMR23- 181 CMR30- 213 MBRA 245 C101
30-8 65-192 126-122 238-34 233
22 SM2277-23 54 CMR48- 86 MMAL6G3 118 CMR23- 150 CMR31-37- 182 Yellow 214 MCUB 40 246 CR18
20-17 126-161 105 root
23 CMR26- 55 CMR48- 87 MPER325 119 CMR23- 151 CMR26- 183 V.30 215 MPER 247 CR24
08-61 35-1 149-118 08-61 489
24 OMR26- 56 CMR48- 88 MVEN 120 CMR25- 1% (V3 xR) 184 CMR25- 216 MECU 41 248 CR12
14-9 53-48 297A 38-157Q* 20-15 30-194Q
25 OMR29 57 CMR49- 89 NANZHI 121 29-77-19 183 (V3 x R) 185 CMK23- 217 MVEN 249 CR25
-20-118 22-227 199 20-10 70-3 174
26 CMR30- 58 CMR49- 90 SC5 122 CMR28- 154 CMR25-55- 186 CMR23- 218 CG7-64 250 CMR60-
71-25 54-10 72-131 28* 84-8 36-1
27 CMR31- 59 CMR49- 91 8C201 123 SMH22- 18 Srirachail 187 CMR23- 219 R3S1__1
42-20 54-67 03-1 51-10
28 CMR32- 60 CMR49- 92 YOD 124 CMR23- 1% CMR31-06- 188 SV25- 220 R5S1_7
94-121 89-70 KHAM 113-14 103 211
29 CMR33- 61 CMR50- 93 MCOL 125 CM4049 157 CMR25- 189 Variegated 221 MCOL
38-48 20-2 1752 uJ 105-47 (green) 1684
30 CMR35- 62 CMR50- 94 MPER183 126 CMR23- 18 CMR23- 190 CMC72 222 MCOL 22
21-199 20-114 149-67 107-4
31 CMR35- 63 CMR50- 95 HANATEE 127 CMH22- 19 CMR24- 191 CMR35- 223 MECU 71
22-348 30-23 04-1Q 89-65 26-303
32 CMR35- 64 CMR50- 96 BATHANG 128 29-77-5 160 CM3299-14 192 CMR33- 224 MNGA1
112-1 34-80 35-69
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1.5 mM MgCl,, Tag DNA Polymerase 1U
USuUsanesTiasudaetn aamiu dhansfines
udrdiedpafisUsnaiisuelaselUswnas
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1 90U uazsoseuliiedonieu 3 Suneu doll
Denaturation 94°%. 40 319, Annealing
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Laboratories, USA)

Table 2 Sequence of primers SCAR, SSR, and EST markers which were used in assisted

selection for resistance to Cassava Mosaic Disease (CMD)

. Annealing Extension Expected
Primer Marker . i
hame type Sequence temperature time per allele size

P (°c) cycle (sec) (bp)
RME1 SCAR F : ATGTTAATGTAATGAAAGAGC 56 60 700
R : AGAAGAGGGTAGGAGTTATGT
NS158 SSR F : GTGCGAAATGGAAATCAATG 55 30 166
R : TGAAATAGTGATACATGCAAAAGGA
SSRY28 SSR F : TTGACATGAGTGATATTTTCTTGAG 55 30 180
R : GCTGCGTGCAAAACTAAAAT
NS169 SSR F : GTGCGAAATGGAAATCAATG 55 30 319
R : GCCTTCTCAGCATATGGAGC
EST-R EST F : TGAGAAGGGAAATCGCAGGA 55 60 500
R : GAGGACTTCAACCATGCCAT
EST-K EST F : ACTTGCTCATGGCCATGCTC 55 60 600
R : CAGAGCCTTGTTCTGAAGAAG
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asraaauiaImsnelutanasiaaiyluiu
Peroxidase 3 fnuviys Liiwn Ex2-78, Ex2-157
WAy Ex3-128 97u7u 7 & (Table 3) wisl
Unaudidutezaasiuduendenug candidate
ﬁawwufluﬁuﬁfﬁmmu‘[m CMD 310019
ﬁmﬁaﬂﬁamﬂ%mwmﬂmaqa RME1, NS158,
SSRY28, NS169, EST-R protein Wae
EST-Kinase 38usasual wWisuinsuiu
AduteraviudUenaviugfiuniuy TME3
Imﬂdl%'?;ﬂ PyroMark PCR (Qiagen, Germany)
TuBanasionan 25 lulasans Jsznaudae
Mdute 20 u1lunsy, 1XPyroMark PCR
Master Mix, 1X Coral Load Concentrate,

0.2 M forward primer, 0.2 M reverse primer
(biotin label) U5U15anaslHATLE B 9Nty
a1 IinaNLE T AT NS uf LB UL
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95°. 15 Wit s 1 38U uazdeseulH
P39I 3 Pumeu §9dl Denaturation
94°%. 30 JUN¥l, Annealing 56-62%. 30 AU,
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Table 3 Sequence of the primers of SNP markers which were used in Pyrosequencing assay

SNP point Primer name

Sequence Purpose

Exon2 (78/157) Ex2__78-157FP

GTAGCTGTTTGCAGGGATGTGAC DNA amplication

Ex2__78-157RPB : Biotin label TTGAAACTGCATCTCGAGCTACTA

Ex2-78 Ex2__78SP TCCCAAACCAAACCT Sequencing
Ex2-157 Ex2__157SP TCTTGCGCTGATACC Sequencing
Exon3 (128) Ex3__128FP CCATCTCCTTTTGCCAACATAA DNA amplication

Ex3__128RPB : Biotin label ACAAGGTCCTTAACATTTAAACCC
Ex3-128 Ex3__128SP CTTAAACAAAATTTTGCTG Sequencing
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mnﬁuﬁ:ﬁu q iauﬁaLLmnﬁﬁaaﬂﬂﬁuﬁjﬁquWu
TME3 ﬁﬂmﬂgLmuﬁl,ﬁummmmﬂizmm
500 bp (Figure 2, EST-R) #93tasz#iléin
Wug 01-77-1 HdduAiduiereddy LRR
and NB-ARC domains-containing disease
resistance protein ﬁ’ltﬁﬁﬂ?’lmﬂulﬂlﬁﬁﬁ'ui
01-77-1 flazfidnwazanuguniulsa CMD
LLMﬂﬁhamnﬁuﬁﬁu

ﬁﬂw%’um’%‘aawmtﬁmaqa EST-Kinase
Wavrnmasavilulnveeiudrenas
U 250 Wi WisuisuiuRugiunu
TME3 ld151n9A8uans199: 13 197Wug
Fagw1sndasevinaldiiu 2 4o aoil
Fadl 1 arudun1ulsa CMD 819l
ANLAEIT e uEY Protein kinase
superfamily protein f¥n1INATaY 138
Fadi 2 Audunulsn CMD anafiadu
\Wedaeiuiu Protein kinase superfamily
protein MYNINARBUUALTAAINLANG
srriiugiiunu uasiusdouusluseiy
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Figure 1 Molecular marker analysis of cassava varieties in 2018 using RME1, NS158, SSRY28,
NS169, EST-R and EST-K. Lane M1 = 50 bp DNA Ladder, Lane 1 = TME3 (resistant), Lane 2 = KU 50
(susceptible, negative control), Lane 3 = MCUB 23 (negative control), Lane 4 = Rayong 11,
Lane 5 = Pirun 2, Lane 6 = CMR 49-22-227, Lane 7 = CMR 49-54-10, Lane 8 = CMR 49-54-67,
Lane 9 = MMAL 63, Lane 10 = MBRA 18, Lane M2 = 100 bp DNA Ladder

Figure 2 Molecular marker analysis of cassava varieties in 2019 using RME1, NS158, SSRY28, NS169,
EST-R and EST-K. Lane M1 = 50 bp DNA Ladder, Lane 1 = TMES3 (resistant), Lane 2 = KU 50
(susceptible, negative control), Lane 3 = MCUB 23 (negative control), Lane 4 = 01-77-1,
Lane 5 = CMR28-05-13, Lane 6 = CMR23-149-59, Lane 7 = CMR33-35-69, Lane 8 = MECU 71,
Lane 9 = MNGA 1, Lane 10 = CM 4574-7, Lane M2 = 100 bp DNA Ladder plus
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2, msmaaaauLﬂ‘%'mwmﬂ’lmaqaﬁﬁﬂaﬁﬂ

mnmimwaauLﬂ‘%ﬁmwmﬂimaqa
yilnafiulufiu Peroxidase 31U 3 AL
1U3enauUAY Ex2-78, Ex2-157 Llay Ex3-128
ffisrerudnisadasiuainudiuniulsa
CMD (Wolfe et al., 2016) Tuﬂ’uﬁj candidate
14 g Afennsdulyléfionsaz duiug
fF1un1ulsa CMD ann1sdaLasndle

SruFosudy lanwSouifisuiuiugiuniu
TME3 wud1 #Wuj MMAL63, szupd 11,
CMR49-22-227, CMR 23-149-59, MNGA 1,
CMR 28-05-13 WAy MECU 71 #a16u
fanflolndiguiisafuiugfiuniy TME3
u GT']Lmu'oLﬂ%aawmﬂmaqmﬁﬂaﬁﬂﬁa
3 fwriy lapsunuy Ex2-78, Ex2-157
war Ex3-128 fladuiliedlalneduuuy

Talulada GG, TT was TT ATNRIAU
(Table 4)

Lﬂ%‘lﬂ\‘]m\l’]ﬂINLﬂqa RME1, NS158, SSRY28,
NS169, EST-R protein Laz EST-Kinase

Table 4 Genotype of SNP markers in Peroxidase gene using Pyrosequencing assay SNP
Markers

SNP Markers

Cassava variety

Ex2-78 Ex2-157 Ex3-128
TME3 GG T T
KU 50 GG T T
MCUB 23 GA 1T CT
MMAL 63 GG 1T T
Pirun 2 GA 1T CT
MBRA 18 GA T CT
Rayong 11 GG T T
CMR 49-22-227 GG T T
CMR 49-54-10 GG T CT
CMR 49-54-67 GG T CT
CMR 23-149-59 GG T T
MNGA 1 GG T T
CMR 33-35-69 GG T CT
CMR 28-05-13 GG T T
CM 4574-7 GG T CT
MECU 71 GG T T
01-77-1 GG T CT

HAN1INAADILALTINYDILATDINNE
Tuanany 3 ngu wudn WugiuaUsvas

dﬂé’uﬁmﬁialmﬁ%uLﬁmﬁuﬁuiﬁmmu
TMES3 o rﬁhLmuqm%ammﬂimaqan@;uﬁ 3

NuaasuaufilaulaiduLABITURUS Aunu
TME3 ﬁy’ﬂum%ammﬂimaqanfojuﬁ 1 %9
suwihegindiulads CMD2 uazieboemang
Tawananguil 2 fiszgndunain Expressed
sequence tag (EST) povtusuiufiuaasoan
Tun1sneusussaadolisa CMV ausedl
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Fofuiaaiiy samstoau 9 Lﬂ%‘aoﬁuﬁﬂiutaqa
(Table 5) fis1uu 2 Wug ldun MMAL 63
W8y CMR 23-149-59 pgslafimuamiuiug
CMR 23-149-59 LilonasaudisiaIoviane
Tuiana Ns158 fieglndfulada cmp2
Wugsuit 2 TduaasuaudiBuiafifininu
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IndAzeiuiugiiuniy TME3 Tuzgeauin
wouABueiifisreeruinfanuisadeeiu
AnNsumulsa 1Eun 166 bp (Carmo et al,
2015) wAfiuauAiutpauindu Adiunug
VugAUIINuIAIY (Figure 2) WaaINN13

nAaey Wuh Wiug MCUB 23 $3Tulnd Ausnsna
LU TME 3 uslndAeeiuiug KU
50 (Wugdauun) 9 4 wdpavisne detiu Tums
AnudaLdsniuginmuaisdaluaiaiie
#u§ MCUB 23 Wi negative control 6

Table 5 Summary of genotype of cassava varieties compared with the resistant variety TMES3

SCAR and SSR markers

EST markers SNP markers

Variety RME1 NS158 SSRY28 NS169 EST-R EST-K Ex2-78 Ex2-157 Ex3-128
TME 3 v v v v v v v v v
KU 50 x X v x v v v v v
MCUB 23 x x x x v vV < Y x
MMAL 63 v v v v v v v v
Pirun 2 v v X v 4 v X v X
MBRA 18 % v x v v % X v x
Rayong 11 v % x % % % % % v
CMR 49-22-227 v/ v x v v v v v v
CMR 49-54-10 v v x v v v v v x
CMR 49-54-67 v V- x v v v v v x
CMR 23-149-59 v V* v v v v v v Vv
MNGA 1 v v x v v v v v v
CMR 33-35-69 v v v v vV v Y Wy «
CMR 28-05-13 v v x v v v v v v
CM 4574-7 v x x v v vV v v x
MECU 71 v x x X v v v v v
01-77-1 v v x v x v v v x

v o showing DNA band patterns or nucleotide sequences similar to those of the resistant variety TME3

Vo showing the same DNA band patterns as TMES3 in the DNA band size reported to be associated
with disease resistance, but the other size of DNA band also appeared
x . showing DNA band patterns or nucleotide sequences different to those of the resistant variety TME3

ea o =
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