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Genetic Diversity and DNA Fingerprint of Pineapple (Ananas comosus)

Using SSR Markers
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ABSTRACT

The research and development of pineapple varieties in order to obtain good yield
and quality, resistance to disease and insects, breeders need to have sufficient information
about breed varieties and their genetic diversity to make a decision on selecting appropriate
parents. This research aimed to assess the genetic diversity and analyse a cluster of 57
pineapple cultivars/lines from DOA germplasm collection using 20 fluorescent-labeled SSR
markers, was conducted from October 2021 to September 2023. Results showed that all 20
SSR markers were able to differentiate genetically among pineapple cultivars/lines used in this
experiment, generating a polymorphic allele in total of 105 alleles varying from 3 to 9 alleles
per locus, with an average of 5.3 alleles per locus. All of 105 alleles showed that the
polymorphic bands accounted for 100%. The sizes of DNA fragments ranged from 94 to 400 base
pairs. The Polymorphism Information Content (PIC) value ranged from 0.44 to 0.67, with an
average of 0.59. Cluster analysis based on UPGMA and genetic relationships using NTSYSpc
version 2.10e showed similarity coefficient value in range of 0.50 to 1.00, and revealed 5
distinct groups, consistent with pedigree and the grouping of cultivars/lines based on
morphological characteristics, with a cophenetic correlation (r) of 0.85. Therefore, SSR markers
used in this study were appropriate to identify the genetic differences between pineapple
cultivars/lines and the uniqueness of the cultivars in this experiment. Besides, the genetic
diversity database of pineapples is useful for parental selection in pineapple breeding

programs.

Keywords: Ananas comosus; genetic diversity; SSR marker; DNA fingerprint
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Dellaporta et al. (1983) A539dDUAMNINVDY
Aduefild nevamemududu (optical density,
0.D.) vosfiduie Fewn3as spectrophotometer
Figapdu 260 - 280 WiluNg wazthu 10919
&30 TE (Tris-EDTA) buffer w3e 11 Tildanuy
Wudu 40 unlundu/lulasdns el lush
UfjA3871M %915 (polymerase chain reaction,
PCR) sialy

2. pMaiinvIunafiuievasdulssndan
insamuneTuianavila SSR
Fn1sifiuUs i uievesdulsse
$1uau 57 egreiud Mewdommngluana
¥ln SSR fiRnaaIndua1si3ouas 4 afind
1A FAM (blue), HEX (green), TAMRA (yellow)
wag ROX (red) 311w 20 dlnsiues (Table 2)

Iﬂﬂiﬁ’fﬂgm GoTag® Green Master Mix (Promega,
UsA) ludsinmsiianmn 20 Tulasans Usznoudae
asaraneAowe 60 — 100 UlUN5Y, 1X GoTag®
Green Master Mix, 0.5 uM upstream primer,
0.5 UM downstream primer UsuU3anasliasy
Fawih Tasislusunsugumgdl pre-denature
95° %, 2 Wit §1uau 1 50U wazdsseuliaies
¥197 3 Sunew §ad denature 94° . 30 3wl
annealing 52 — 60° @. 45 391 extension 70° 4.
1 Wit $uau 35 50U AuRETuRew Extension
72° 4. 10 U1l B0 1 50U LAZATIIIATIZIING
P85 2% agarose gel electrophoresis Liigu
YUIAVBIUAUALD WBAURLIUENINTEIY 50 bp
DNA ladder marker (Fermentas, USA) #5au
Jufinnnseiades Gel-Doc Transluminator
(Bio-Rad Laboratories, CA, USA)

Table 1 Pineapple accessions (Ananas sp.) used in this study

Accession

number Cultivar Group Scientific name Source
PA1 Tradsithong Queen A. comosus var. comosus PB ARDC*
PA2 Homsuwan Smooth Cayenne (Hybrid) A. comosus var. comosus PB ARDC
PA3 Pattavia Smooth Cayenne A. comosus var. comosus PB ARDC
PA4 Sawi Queen A. comosus var. comosus PB ARDC
PA5 Phuket Queen A. comosus var. comosus PB ARDC
PA6 Intrachit Khaw Spanish A. comosus var. comosus PB ARDC
PAT Intrachit Dang Spanish A. comosus var. comosus PB ARDC
PA8 Nanglae Smooth Cayenne A. comosus var. comosus PB ARDC
PA9 Phetchaburi Queen ‘Tainan 41’ A. comosus var. comosus PB ARDC
PA10 Phetchaburi2 Smooth Cayenne A. comosus var. comosus PB ARDC
PA11 Australia Smooth Cayenne A. comosus var. comosus Australia
PA12 Brazil Ananas sp. A. comosus var. lucidus Brazil
PA13 Clonel3 Smooth Cayenne A. comosus var. comosus Australia
PA14 Clone30 Smooth Cayenne A. comosus var. comosus Australia
PA15 F 180 Smooth Cayenne ‘Abacaxi’ A. comosus var. comosus Australia
PA16 HANA17 Queen A. comosus var. comosus Hawaii
PA17 HANA119 Smooth Cayenne A. comosus var. comosus Hawaii
PA18 HANA25 Queen A. comosus var. comosus Hawaii
PA19 HANA58 Intra-specific hybrid A. hybrids wild Brazil x Lot520 Hawaii
PA20 HANA64 Ananas sp. A. comosus var. bracteatus 'CB 5' Hawaii
PA21 HANA100 Smooth cayenne A. comosus var. comosus Hawaii

'Cayenne #59 4N'
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Table 1 (continued)

Accession o
number Cultivar Group Scientific name Source
PA22 HANA114 Smooth cayenne A. comosus var. comosus Hawaii
'Cayenne Bottleneck'

PA23 HANA133 Smooth cayenne A. comosus var. comosus 'Kew' Hawaii

PA24 MD2-1 Smooth Cayenne (Hybrid) A. comosus var. comosus Hawaii

PA25 White Jewel Maipure / Perolera A. comosus var. comosus Hawaii

PA26 MD2-2 Smooth Cayenne (Hybrid) A. comosus var. comosus Fair Trade Group

PA27 MG3 Smooth Cayenne (Hybrid) A. comosus var. comosus Fair Trade Group

PA28 Sawi6 Queen A. comosus var. comosus Clone Selection Year 59-63

PA29 Sawil8 Queen A. comosus var. comosus Clone Selection Year 59-63

PA30 SWPV#34 Hybrid A. comosus var. comosus Clone Selection Year 59-63

PA31 SWPV#35 Hybrid A. comosus var. comosus Clone Selection Year 59-63

PA32 PVIR#70 Hybrid A. comosus var. comosus Clone Selection Year 59-63

PA32 PVIR#T0 Hybrid A. comosus var. comosus Clone Selection Year 59-63

PA33 SPPV#51 Hybrid A. comosus var. comosus Clone Selection Year 59-63

PA34 PNPV#61 Hybrid A. comosus var. comosus Clone Selection Year 59-63

PA35 Amornchan1 Hybrid A. comosus var. comosus Amornchan Farm

PA36 Amornchan3 Hybrid A. comosus var. comosus Amornchan Farm

PA37 Amornchan5 Hybrid A. comosus var. comosus Amornchan Farm

PA38 Amomchan13 Hybrid A. comosus var. comosus Amornchan Farm

PA39 Amornchan15 Hybrid A. comosus var. comosus Amornchan Farm

PA4Q Amornchanl17 Hybrid A. comosus var. comosus Amornchan Farm

PA41 Amornchan19 Hybrid A. comosus var. comosus Amornchan Farm

PA42 Phuchawa Hybrid A. comosus var. comosus Amornchan Farm

PA43 Tubtim Siam Hybrid A. comosus var. comosus Amornchan Farm

PA44 Thainan17 Hybrid A. comosus var. comosus Amornchan Farm

PA45 Thong Rayong Queen A. comosus var. comosus Amornchan Farm

PA46 Pattavia-2 Smooth Cayenne A. comosus var. comosus Amornchan Farm

PA4T MD2-3 Smooth Cayenne (Hybrid) A. comosus var. comosus Amornchan Farm

PA48 PB49-07-024 Hybrid A. comosus var. comosus Clone Selection T1/6.1

PA49 PB49-07-037 Hybrid A. comosus var. comosus Clone Selection T2/6.1

PA50 PB49-07-224 Hybrid A. comosus var. comosus Clone Selection T5/6.1

PA51 PB49-13-186 Hybrid A. comosus var. comosus Clone Selection
T14/6.1

PA52 PB49-13-251 Hybrid A. comosus var. comosus Clone Selection
T16/6.1

PA53 PB49-14-046 Hybrid A. comosus var. comosus Clone Selection
T18/6.1

PA54 PB49-14-168 Hybrid A. comosus var. comosus Clone Selection
T21/6.1

PA55 PB49-12-041 Hybrid A. comosus var. comosus Clone Selection
T10/6.1

PA56 PB49-07-045 Hybrid A. comosus var. comosus Clone Selection T3/6.1

PA57 Srivichai Hybrid A. comosus var. comosus Rajamangala University

of Technology Srivijaya

*PB ARDC : Petchaburi Agricultural Research and Development Center
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Table 2 List of 20 fluorescent-labeled SSR primers used in the study of genetic diversity of

57 pineapple cultivars

Primer name

Sequence (5' = 3")

Forward primer

Reverse primer

Size of alleles (bp)

Temperature (°C)

Acom 9.9 HEX-TTTAATCGGGTGGAGTAAGGA GCCAATATGAACAGGGGAAA 144 - 186 60
Acom_78.4 HEX-GCAAATGAGGCCACAAACTT GGGTGGTGTGGACTTTCTCT 188 - 215 55
AJ845033 FAM-TCCACAGTGGGCGCAAAC AAAGGACATGAGGTAGGCC 134 - 170 58
AJ845038 ROX-TGATCATGGCGACGACCCAG TCATTGTCGCGGCACCATG 340 - 389 55
AJ845039 FAM-TTGGAGCCGATATTATCGTCC ACGATCTCACAATGCTCCTCG 141 - 168 58
AJ845048 TAMRA-TCATCACCCCGCGCCTTTGC TGCCAAGCCATCCTCAGACG 206 - 224 52
AJ845052 FAM-CAGTGGTGATTGAAGCCATGC TTCACACCGAGAAAGCCCGG 96 - 131 52
AJB45056 ROX-TGCTGGCTCTGTGGGATG TTAGGTTTTCAGTGGAGAGAG 294 - 316 52
AJB45069 ROX-TCCCCCTAATCATCGGAAGCC GGATGATGATGGTCACCTCTG 257 - 277 52
AJBA5076 ROX-ACCCAGCCATTGTCGTGCCTG AGTTTACAAGGCGCATAGG 361 -403 52
AJ845081 HEX-ACATTCCTCAGAGTGACCAGC CACTAATCCTTGACCCAGACC 202 - 236 52
EP-05 TAMRA-CAGCCAATAACAACCTCAAG TCCATACACACAGTACGTCG 254 - 301 58
EP-11 FAM-AGCGAGATAGCAGAGATAGG TAGAGCGATGTTCGGATG 173 - 184 52
EP-12 TAMRA-TTAACACATGCACGGAGTAC CTAAGAGACAACCCAGGAAG 232 - 239 54
EP-13 TAMRA-GCCAATAACAACCTCAAGC TCCATACACACAGTACGTCG 251 - 341 58
EP-16 HEX-TAGTGAGTCAGGAGGAGAATG CAAATAAACGGAGCGGAT 205 - 228 52
EP-20 HEX-TAATCGGGTGGAGTAAGG GCTCACATAGGCCAATATG 152 - 195 55
EP-23 FAM-ATGGTGGTTCACTTATCAGC AGACATTCAAAGCGGAGAG 102 - 126 55
EP-24 ROX-GCTGCTCTTGCTGCCAT AAGCCATAGGACCACCAC 168 - 262 55
TsuAC010 TAMRA-TGAGTTGTGTCATTGTGTGTCA GGGGGTCTCCATACATTTTT 211 - 236 52

3. N15ILATITHVUIAVDIALOULD (fragment
analysis) #181A389MATZRoRTLIR
Yrnandafidorsiinusualdain
Mduevesdulzan o 2) Wdiadesdnsen
YU VDIALE UL LUV AludR (Applied
Biosystems™ 3730XL DNA analyzer, Foster City,
cA) Tnensuenvuinduiduledemaia
capillary electrophoresis Faanunsauenay
wANe9ve L UAB e ki lus iuALTg
Lidesndt 2 - 3 dwa wanswalusuwuuves
A5 (eletropherograms) WALYUIAVD LAY
Adwadls Lﬁ@ﬁ'ﬁé’fa;ﬂamiﬁumﬁmswﬁ
ANUUANA1MITUgNssulusEAUAL UL DT

fegsdulrsanall

¢y

4. A15IATISRVDUA

Y

Tuiindeyavuiauaufiduievesudas
fiugannnisiiinUTuaAduefelnsiues
wiazg adluman Wazuuuwauduediusng
fiin 1 wazladusnguaudduedian 0 udatun

AATI2YMIAT polymorphic information content

Sa

(PO 91ndoya genotype tTun1353iAse
UsEANTAINUDILATDINUNENLANLAA Y
wwIeanuieaLduLalun1swanineduas ATy
FaduiladdureaniduiuLazAudsada
& A a P PP o Y]
Wueiesuredalanianilulndiawmelslaia
P9 d0999aaNLANIAINUNAINNALUDIDARD
Muaneeiuagaunsamenendadaluniuan

(transmission informativeness) (AaRmL, 2564)

Thai Agricultural Research Journal Vol. 42 No. 2 May - August 2024 121



INEGAT

n—1 n

PIC=1 —ipé’-— Z Z 2pf pf
i=1

i=1 j=i+1
=

fmualien p, p; Wurudvesdada

i LAy j mua1fu way n1Jusiuludada

=

(Botstein et al., 1980) Begnsiigniaiurdu

Aad

vieandaunnsaalunsaniaiusdulylen

=

wnalslalnnazlulvdeuatiiosannidnowy

Y

paulndenmesislunanumilounuy

ynsFadanaennelslelnga
(observed heterozygosity: Ho) wagA1AIAiY
(expected heterozygosity: He) 72835184 Nei
(1978) M IATIENAUFUNUTN IR UTNTTH
(genetic relationships) é’T’JEJIIJ'iLLﬂ’iaJﬁ’IL%ﬁ]gU
NTSYS-pc 2.0le lago1Aun153LAs1ghAN
duusgAvsaruuniiounaiugns sy (similarity
coefficient) 17875 Jaccard’s similarity coefficients
warn1sTanguAUFuNusnIaUgNITY
(cluster analysis) @835 unweighted pair group
method with arithmetic mean (UPGMA) A1
Aaseiveyauaruanualuzukuu dendrogram
WaENTIATIENATINNABINRINTIANGH AN

AN cophenetic correlation (r) (Rohlf, 2000)

NANISNAABIAZIT]

1. AIURAINNANENIINUTNTTULALNITIA
aneRuWALIWEVINUAUUZR

lwsiued SSR ynalwsiues awnsauiiy
Usuraulanemadai@ens wazlenai1y
wansnesznIniugdulzsalad Tiuaudidue
F¥aau warduaufidulesuiunatsuaunse

wanesada (3 - 9 Sada/nseanuy) (Fisure 1)

122

UANISATIVADUVUINRLOUBMETT agarose gel
electrophoresis §iliamsanenAULANAIN

6

FENINLAUALD ULDVBIRUSAUU AN HUUA

3

aa

TndAssdula eunandaigensluimsnzi
TRLE N TG PRI R I ERPA IR
ABI3730XL @11130914UNAINLANANTDILAY
Aduweluduuzsausaziuslaluszfuiunnsng
AuLiies 2 - 3 Alud FINAAIAITLINVBINAY
Aduedldanlnsimosesng q leogadaiau
wazdlanudnneAuiugdulssn danuwsiug
wazudetie lnedoyavuniiduedlidduu
faAu 1,140 Toya Veiidoyanieiugnasud
Taanusatldldlunisdnuunauunneng

s

FENINNUGNONIINTIADURUGNTTUTBINUG

9

nsRuAsesiuglinLgNAoInInILugla

2. M3pTERdayauazmMIdAngUANUTINUS
NMINUFNTTUVRINUTAUULIA
n153AsIzdayaruInfiduevey

o

amJzi@ﬁlé’mﬂlwsl,ma%wiazﬁj WU Sadai
AnTustanun $1uu 105 sada fsuiusaaa
fefuvdas 3 - 9 Sada SAeAs 5.3 dada
Rafunis 36adafinaninnuuwaneiedy
(polymorphic) §1uu 105 dada Ancdu 100%
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Figure 1 PCR amplification profiles of 18 pineapple cultivars using 20 fluorescent-labeled SSR
primers separated by 2% agarose gel electrophoresis, Lane M = 50 bp DNA Ladder,
Lane 1 = Trad Sithong, Lane 2 = Homsuwan, Lane 3 = Pattavia, Lane 4 = Sawi, Lane 5
Phuket, Lane 6 = Intrachit Khaw, Lane 7 = Intrachit Dang, Lane 8 = Nanglae, Lane 9
Phetchaburi, Lane 10 = Phetchaburi2, Lane 11 = Australia, Lane 12 = Brazil, Lane
13 = Clonel3, Lane 14 = Clone30, Lane 15 = F180, Lane 16 = HANA17, Lane 17 =
HANA119, Lane 18 = HANAZ25
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Table 3 Results of genetic diversity analysis of 57 pineapple cultivars using 20 SSR markers

Primer/ Number  Number of % Size of Mean of Observed Expected Polymorphic
alleles  heterozygosity heterozygosity  information
(Locus) of alleles polymorphic Polymorphic alleles (bp)

(bp) (Ho) (He) content (PIC)
Acom 9.9 7 7 100 144-184 155 0.65 0.68 0.63
Acom 78.4 5 5 100 184-201 193 0.77 0.67 0.60
AJ845033 7 7 100 130-164 146 0.81 0.71 0.66
AJ845038 7 7 100 338-400 359 0.67 0.68 0.63
AJ845039 3 3 100 137-161 148 0.49 0.65 0.57
AJ845048 5 5 100 207-235 213 0.81 0.67 0.60
AJ845052 a4 a 100 94-122 115 0.79 0.63 0.57
AJ845056 5 5 100 300-325 306 0.74 0.62 0.56
AJB45069 6 6 100 250-285 271 0.81 0.67 0.60
AJB45076 a4 a 100 365-392 374 0.68 0.60 0.54
AJ845081 5 5 100 196-230 220 0.63 0.58 0.53
EP-05 5 5 100 253-297 273 0.81 0.72 0.67
EP-11 3 3 100 173-184 178 0.51 0.51 0.44
EP-12 3 3 100 232-239 235 0.70 0.66 0.58
EP-13 5 5 100 251-295 271 0.81 0.72 0.67
EP-16 a4 a 100 205-228 210 0.40 0.53 0.44
EP-20 8 8 100 146-192 164 0.70 0.68 0.63
EP-23 5 5 100 104-135 114 0.74 0.67 0.61
EP-24 9 9 100 168-262 208 0.89 0.64 0.58
TsuACO010 5 5 100 206-234 218 0.56 0.66 0.59
Mean 5.35 100 218.60 0.70 0.65 0.59

\ade 0.59 laglwsiwesnidan PIC gagnfe ANULANARTENINTUSduUesalaeglusedu

s

EP-05 uay EP-13 waglnsiuasndian PIC
G‘i’]?j@ Ao EP-11 uag EP-16 1151891409
Yuetal (2012) 5¥yi1A1 PIC > 0.50 Lanads
AINETNTT0TUNITTILUNAIIULANATIITY
JE6UaY 013A1985¥1I19 0.25 < PIC < 0.50
TANUEITO AT ILUNANULANAIITE AU

U1unas wazAn PIC < 0.25 Tanuaiunsalu

o =

AssnunauLanatslusEFufia 9910
NanN15ILATIZYA PIC vaslnswesfidaiden
war AN YIAUNAINNA1EN1NHUTNTTH
vaeugdulesaliAtagsening 0.44 - 0.67
wanaliiiuiauszansnnveaiosnuie

luanafAndentinauau1salun1swun
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Figure 2 Dendrogram of 57 pineapple cultivars generated by UPGMA clustering using 20 SSR

markers
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A : Smoot cayenne B : Queen C : Spanish

D : Maipure E : Ananas sp. F : Ananas sp.

Intrachit Khaw

Tradsithong

White Jewel

Figure 3 Morphological characteristics of pineapple cultivars representative of each group

and Ananas sp. used in this study. The cultivars include Pattavia (smoot cayenne),

Tradsithong (queen), Intrachit Khaw (spanish), White Jewel (maipure), Brazil (Ananas

sp., A. comosus var. lucidus) and HANA64 (Ananas sp., A. comosus var. bracteatus),

as shown in column A, B, C, D, E and F respectively, a - f, rosette shape; ¢ - |, leaf

shape; m - r, fruit shape and color
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Comparison of Cassava Lines/Varieties and Proper Harvesting Period for

Processing to French Fries
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ABSTRACT

French fries are a popular snack in Thailand. Generally, French fries are made from
potatoes. The price of potatoes in Thailand is quite high. Replacing potatoes with cheaper
cassava to produce French fries could promote and increase the use of cassava in Thailand.
Six cassava lines/varieties CMRE60-03-02, CMRE60-03-13, OMRE60-02-61, OMRE60-03-09,
Hanatee and Rayong2 at harvesting periods of 8, 10 and 12 months were compared on vyield,
texture and taste after processing to French fries. The experiments were conducted in three
fields. In each field, a randomized complete block design was used. The treatments in each
field were the planting of six cassava lines/varieties with four replications. Cassava
lines/varieties in all fields were planted on the same date and harvested at 8, 10 and 12
months after planting, respectively. Results showed that at a harvesting period of 8 months,
the OMRE60-02-61 line gave a fresh root yield of 2,877 ke¢/rai, close to Hanatee. Cassava
French fries from the OMRE60-02-61 line had a slightly higher quality of texture hardness
than that of the Hanatee variety and had a better score of consumer acceptance in terms of
appearance, color, taste, texture and overall acceptability than those of the Hanatee variety.
At a harvesting period of 10 months, the CMRE60-03-13 line gave a fresh root yield of 2,929
ke/rai, which was 31% higher than that of the Hanatee variety. Cassava French fries from the
CMRE60-03-13 line had an equal score of consumer acceptance compared to those of the
Hanatee variety but had a lower quality of texture hardness than that of the Hanatee variety.
At a harvesting period of 12 months, the OMRE60-02-61 line gave a fresh root yield of 2,650
kg/rai, close to the Hanatee. Cassava French fries from the OMRE60-02-61 line had near quality of

Keywords: edible cassava; cassava French fries; sensory test
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texture hardness compared to that of the
Hanatee variety and had a close score of
consumer acceptance compared to those of
the Hanatee variety, however, the acceptance
of the Hanatee variety was higher. It is
recommended that the OMRE60-02-61
line harvested at 8 months be the most
appropriate cassava to produce French fries
because it has better consumer acceptance

than the Hanatee variety.
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OMRE60-02-61 Hanuudstiouan 388.60 n. L

UANA9e LN HTEd AN INEd AT UA18WUS

]

A Ao <

CMRE60-03-13 uagWugyiunil NA1A11uY
420.58 Uy 458.69 n. AwE1nU (Table 2)
AMNWNIUSTENA RS ATUA Ny

Us1ng Wudszeee2 lanzuuun1seausy

o |

NUsEamautaacan waldnnnnieogadl

Y 9

2 aa v v [

HedAyn1eadinuaieiug OMRE60-02-61

Aud wud Wudszeee2 lnsuAshuunnsEausy
NMaUseandulageagauLanaan1sainny
NnaeWus/MusftiuInaaou 5098911
Ao @1eWug OMRE60-02-61 AUTAYIA WU
g OMRE60-02-61 lasuaziuunsEausy
NaUsramduiagage udliunnuaneigegis

a v o w a

fded1fyneadAduangWug CMRE60-03-13

o
i A v

Auileduia wudn agiug OMRE60-02-61

Table 1 Fresh root yield, starch content, harvesting index (HI) and plant height of cassava
(2017 Hybrids) harvested at 8, 10 and 12 months after planting at Rayong Field

Crops Research Center in year 2022/2023

Fresh Starch Plant Relative to check (Yield)
Months after Variéties/ root yield content HI height HANATEE Rayong2

planting Lines (kg/rai) %) () %) %)
8 CMRE60-03-02 2,998 240b 0.55b 197 b 105 146
CMRE60-03-13 2,688 20.2 c 0.63 a 201 b 94 131
OMRE60-02-61 2,877 250b 0.57b 204 ab 101 140
OMRE60-03-09 3,150 29.6 a 0.55 bc 206 ab 110 154
HANATEE 2,858 245b 0.51c 220 a 100 139
Rayong? 2,052 17.1d 0.63 a 187 b 72 100

Mean 2,771 23.4 0.57 202 - -

CV (%) 17.0 8.7 4.3 5.8 - -
10 CMRE60-03-02 2,433 ab 204 b 0.53 abc 241 a 109 177
CMRE60-03-13 2,929 ab 203 b 0.59 a 251 a 131 213
OMRE60-02-61 2373 b 19.1b 0.48 c 239 a 106 173
OMRE60-03-09 3,140 a 26.8 a 0.53 abc 263 a 141 228
HANATEE 2,229 b 220b 0.51 bc 238 a 100 162
Rayong2 1,375 c 149 c 0.56 ab 195 b 62 100

Mean 2,413 20.6 0.53 238 - -

CV (%) 19.3 10.0 6.7 9.2 - -
12 CMRE60-03-02 2,250 b 11.7 ¢ 0.53 abc 229 b 87 164
CMRE60-03-13 2,117 b 12.9 bc 0.54 ab 228 b 82 154
OMRE60-02-61 2,650 b 12.4 bc 0.57 a 187 ¢ 102 193
OMRE60-03-09 3,654 a 19.8 a 0.49 bc 273 a 141 266
HANATEE 2,590 b 145b 0.46 c 278 a 100 189
Rayong2 1,373 ¢ 7.7d 0.57 a 161 c 53 100

Mean 2,451 13.1 0.52 226 - -

CV (%) 13.8 11.9 8.2 10.6 - -

Means in the same column followed by a common type of letter are not significantly different at the 5% level by DMRT
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Table 2 Total soluble solid (TSS), hydrocyanic acid (HCN) and hardness of cassava for
processing to French fries harvested at 8, 10 and 12 months after planting at Rayong
Field Crops Research Center in year 2022/2023

TSS (°Bx) HCN (ppm) Hardness (g)
Varieties/Lines 10 12
8 MAP 12 MAP 8 MAP 10 MAP 8 MAP 10 MAP 12 MAP
MAP MAP
CMRE60-03-02 675 723  480c 275b  133a 100 704.22d  669.97d  611.82d
CMRE60-03-13 690 723 555abc  375bc  100a 58 420.85ab  419.50 bc  440.94 ab
OMRE60-02-61 735 780 588a 500c  267b 150  38860a  379.97ab  489.84 abc
OMRE60-03-09 740 730 567ab  100a  167a 58 61808c 40024 bc 524.79 bcd
HANATEE 675 768 495bc  70a 117a 50 45869 ab  296.62a 40226 a
Rayong2 643 680 485bc  375bc  267b 200  48335b  484.27c  565.15cd
Mean 693 734 528 283 175 - 512.30 441.27 505.80
vV (%) 121 115 9.8 30.1 235 - 113 13.1 14.5

Means in the same column followed by a common type of letter are not significantly different at the 5% level by DMRT;
MAP= months after planting

Table 3 Hedonic score of sensory tests of cassava for processing to French fries harvested at

8, 10 and 12 months after planting at Rayong Field Crops Research Center in year

2022/2023
Months after Overall
. Varieties/Lines Appearance Color Taste Texture -
planting acceptability
8 CMRE60-03-02 3.08 c 2.80d 232c 212 c 2.68 c
CMRE60-03-13 3.32 bc 3.04 cd 372 a 3.56 ab 3.60 b
OMRE60-02-61 3.68 ab 3.60 b 392 a 3.88 a 4.08 a
OMRE60-03-09 3.29 bc 3.25 bc 250 ¢ 241 c 276 ¢
HANATEE 3.40 bc 2.96 cd 312 b 332b 324 b
Rayong2 4.08 a 4.32 a 3.08 b 312 b 332b
Mean 3.48 3.33 3.11 3.07 3.28
CV (%) 23.6 20.3 253 29.9 23.0
10 CMRE60-03-02 3.00 3.00 b 2.64 bc 252b 2.68 bc
CMRE60-03-13 3.40 3.36 ab 3.44 a 336 a 3.36 a
OMRE60-02-61 3.04 3.04 b 280 b 256 b 280 b
OMRE60-03-09 3.20 320 b 2.64 bc 236 b 272 bc
HANATEE 3.24 3.08 b 332a 3.24 a 3.48 a
Rayong?2 3.16 372 a 232c 228b 236 ¢
Mean 3.17 3.23 2.86 272 2.90
CV (%) 23.6 228 27.8 28.8 23.6
12 CMRE60-03-02 292b 3.04 276 b 2.60 d 264 b
CMRE60-03-13 3.28 ab 3.40 3.40 a 3.28 ab 3.40 a
OMRE60-02-61 324 b 3.16 3.08 ab 3.08 abc 3.08 ab
OMRE60-03-09 332 ab 3.28 276 b 2.84 bcd 296 b
HANATEE 3.68 a 3.56 328 a 336 a 3.48 a
Rayong2 3.04 b 3.12 280 b 2.68 cd 284 b
Mean 3.25 3.26 3.01 297 3.07
CV (%) 22.1 21.1 24.1 25.5 24.3

Means in the same column followed by a common type of letter are not significantly different at the 5% level by DMRT
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Symptomatology and Seed Transmission of Columnea latent viroid
and Pepper chat fruit viroid in Melon
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ABSTRACT

Columnea latent viroid (CLVd) and Pepper chat fruit viroid (PCFVd) are important
quarantine pests, causing damage to agricultural products, especially tomato, potato,
pepper, and some cucurbits. This work was to study the symptoms and seed transmission of
CLVd and PCFVd in melon to provide information for observing abnormal symptoms that
might occur in melon growing fields. Melon cultivars were mechanically inoculated at the
seedling stage, self-pollinated and seeds harvested for seed transmission investigation. It was
found that CLVd and PCFVd could cause disease in melons with 25 - 86 and 0 - 100%
infection rates, respectively. All four cultivars of CLVd-infected melon displayed symptoms at
8 weeks post inoculation (wpi) with stunting, shorten internodes, small and stacked leaves,
small male flowers with abnormal petals, and abundance of non-developed male and
female flowers. While two of three tested cultivars of PCFVd-inoculated melon expressed
symptoms at 6 wpi with apical shoot stunting, and fully clustering flowers without of fruit
setting. For grow out test in a greenhouse, seed transmission rate of CLVd-infected melon
was 0.5% in Melon-2 cultivar only. However, PCFVd seed transmission was not found in all
the PCFVd-infected melon cultivars in this study. The current findings of viroid melon
diseases could be useful for routine disease observation and immediate eradication of CLVd
and PCFVd infected plants to reduce disease dissemination and viroid seed contamination

especially in CLVd.

Keywords: Columnea latent viroid; Pepper chat fruit viroid; seed transmission; cucurbit; melon
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UNANED

e Columnea latent viroid (CLVd)
Wag Pepper chat fruit viroid (PCFVd) 3aLdu
L%aﬁmgﬁ%ﬁﬂﬁuﬁﬁﬂﬁig fineliAnauidene
Thnunandanieanistneesinaanglunziamea
Tuel$s W80 wariivnedununsudn nsAnenil
finquizasAlleAnwidnvarennisuasnis
fnenoanuudnveadio CLVA way PCFVd lu
wasu dusuiludeyalunisdunneinis
AnUnfAnnidedand ilundas lagn1suan
e CLVd waz PCFVA asuudiundwaeudig
3na uaznamnasmeluguiioauiiouds
UMIAFEUNSINENEATENILLER 9INNSANY
WUl WwaeuRnite CLVd uaz PCFVd figns
25 — 86 uay 0 — 100% Awddu Tnewe CLVd
anunsonelsalifudoulds 4 Wug udanns
qu?gaﬁ 8 dUn1i LanaeINITAULATELNTY
Fodu ludaumdniadauy ABNAIEHIUA
\@nas uaznaunendaden inandiE wazaen
Mflgguauinn ualiaunsasyivladuna
ﬁauyﬁai Tuwneide PCFV aunsanalsa
Tfumdeuld 2 iuganudeu 3 Wusiaaey
LLammmwaﬂﬁwﬁamﬁﬂqﬂL%@ﬁ 6 dUaei
Tneflonsenvadu sennenifiunszand i
unnualilfiona dwsunisanenenidolsess
ﬁqaawﬁmmumqLmé‘mé’wmiﬂgﬂmaaﬂu
anmlsadeu numseevenvede CLVd #u
Maudatiieaiugiies s Melon-2 Tudnsn
0.5% pendlsfmu nsanelundadsslanunig
devenite PCFVd Waumaudalufuiideu
AfaLle naainn1svaaesdaiuisatrlule
Uselgriflunisdraiuaeungvasinaus was

aunsavinatedulasumdulsaannie CLVA
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ay PCFVd 1aviudl tinann1sunsseulInvued

Tsruazannsuuleueatienifnluiuianiug

Tngn1zag198ate CLVd

A1d1fgy: Columnea latent viroid;, Pepper
. . . ! [ =] 4
chat fruit viroid; N15Q1YNBANINLUARN; WYIA

LAY LUADU
UNUI

wiaew (melon) Sdedneneans Cucumis
melo L. 3naglluied Cucurbitaceae Jufionid
PEAYINATEEN ATansdenags Tinandn
gulefiudl madgnlditiesiisreznaugnuas
Fusiendu Taglud wa. 2562 Ussndlnedifiug
wnzUanUsvann 2,332 13 wandnsu 44,587 6y
(hsudaasunIsinens, 2562) Tul w.e. 2565
finnsunduazdeeanudniugiuasuniunu
ilensdn fnstidsdaiusiudouyarism
15.5 druum Tuvagiinsdiosnuidaiusiudeu
WaA1 261 awum (@inmiuauiivuas ian
nsinens, 2565) waewduiiviidounoreide
Tsafignarsviinfiarunsaidiviiaeldnaen
5¥8218115UgN Fatunsiiiseelsaited
Lﬁm?gfuimdmmiwﬁmﬁmf]u%"aﬁﬁwﬁzyJQSWQNWﬂ
dosniludgwivdniidemansenudeusuna
UALAUNNVDIHANER anﬁqamwgﬁmmmm
Tanfianuuususwvinliiinanuiassano i
waznuidoanvlsafisnarseiindausuuse
TunrsnelsanazasiearnudonieTiduie
I¥unTu lnenansznuiidudasendndonis
HAMLARUNS D UNYIIALAS Lok wuasdngiy
wazidoanualinfiy Modrndelisosdid
UM vianeluivsduns lawn Cucumber
pale fruit viroid (CPFVd) (Van Dorst and
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Peters, 1974) Hop stunt viroid (HSVd) (Lemmetty
et al, 2011) kag Columnea latent viroid (CLVd)
(hunudl wazailsilng, 2561) 1Wudu
lisessinduitoanmglsafiviifoun
Lﬁnﬁqm (Flores et al, 2022) aansaidvinane iy
odeldniratefiein Wika Wiaen wazlfisysy
Tnede CLVd uaz Pepper chat fruit viroid
(PCFVd) W uiTolasesdiiduauidnluaed
(family) Pospiviroidae @fa (genus) Pospiviroid
Fensaosuiaiiisnerunisnsranuluussme
Tne (ﬂ%Lﬁjwi, 2548; Reanwarakorn et al., 2011)

<~ o.lo.ld' £

LLaz%’mL%L%@ﬁ’mgw%ﬂﬂﬂumﬁmfyiumﬁﬁwLsih
WazAIONUAATUTIENINNUTEWA LazdIU150
fnenonfIEItna wazeuanugla (Constable
et al, 2019) luuszwmelne fsmeeunisnuide
CLvd lungiome (USiuwg, 2548) wazuzdn
(Solanum stramonifolium) (ﬂ%mﬁ AT ALY,
25561.) A91891UN1IABLIALAZAITAIENOANIY
WAATLLAINI Wazunss 1 (nunudl wazailing,
2561) W3N (WA WazAMY, 2562) Larslle
(Bhuvitarkorn and Reanwarakorn, 2019) d1%3u
e PCAVd Tuusemelneiiserunsianuadausn
IuLLUaQUQﬂmzL%aLmﬂﬁ 3. 87U (Reanwarakorn
et al, 2011) Yagdudelinunisssuinluig
wsugivindu fufaedssaluinaussma
30 PCFVd AelhiAnanudemesenanan
VI UATEININaIeviln (Zhang and Groth-
Helms, 2024)

\fasn Weolisessawnsageneonlsa
Tne3snawazni1udnle (Verhoeven et al,
2009) 9V IALAAAITUNSSEURLA9E dema
NTENUADUTUIULALAMNINVBINANER HN1T

A3ANULTD PCFVA Tuluanuzidamenidsann

Usznalneludioeainside (Chambers et al,,
2013) 51891U994 Dall et al. (2019) wun136n
FeluRuwanuziiome 8% uaziudaninuin
89 36% mwddu st e CLVA uag PCFVd
ﬁqgﬂﬁmuﬂﬁtﬂuﬁmgﬁﬂjﬁ’ﬂﬁ’uﬁu’qmiﬁﬂL%’ﬂLLag
dsvonveenansUseind (EPPO, 2023) wavide
Tasessmaesuiiniinsesnunisdvinansludi
2AumTlEnaITedy wadeldnusieeu
Tudeu Faif niseaesiifsiingusvasdiiie
ANWIaNwALaINTISALAZNTENENDANAUER
909189 CLVd way PCFVd luludeu Litole
miemunesTuazonsuiAsdeaiuniandn
waou T duuumialunsiSeufeudnuay
annsRnunifinuludey uaziitnsitedy
Tsoudluseduiesu foAnisfidainuniug
waziiedold rlddnisminimsnislesiu
n1sszuinvedlsaluilasugnuazisannis

IS a a

AENEANNLLAATR I IITRsANTIUSEANS AN

Wieatuayulviinisndnuiaiugiuaound

AunMaLazUaandelisesn

< ad
QUﬂiﬂJLLﬂZ'}ﬁﬂ’]i

1. mswideande CLVd was PCFVd dwiuld
Tusrunnass

o CLVd Telmian NKKUKPST (accession
no. KY235369) LLagL‘dg@ PCFVd laleian TSO05
(accession no. MF770200) lasuainueiasiey
210 96. A5, Allsleg WS aTINT MAlsANe
AMBLNEATAUNILEY UNTINYIRUNUATAEAS
thuinuSinavusungidemaiug Rutgers
(Solanum lycopersicum cv. Rutgers) lagin

Tunzlamainndeutualiazidenly 0.1
11815 (M) phosphate buffer pH 9.0 (1As 2%
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w/v Na,SOs5 nauld) Tuswnsnduluiiv 1 n. de
phosphate buffer 20 1a. LATNANAIYN
mSTuSust Uanes 0.19 dmminseu3anms (wa)
Uanidedeitnalasnsthetdufivinitons
viluveadunduzieina Rutgers fioglusves
flusse 4 - 5 Tu anduhfedrslunzidoms
mﬂéfuﬁiﬁ%’umiﬂqﬂﬁamu 4 §Uanit unann
91510wae35 CTAB (USiawg, 2548) uaznsna
midielseesdamaila reverse transcription-
polymerase chain reaction (RT-PCR) Wiedudu
nsandeuazldlunzidowma Ruteers Anidely

Junaunaly

2. miﬂfg]m*??a CLVd waz PCFVd Uvuiunagau
wazmMsAnEIAnEMaINITUe15A

Uanide CLVd wag PCFVA vuiudaui
Ilun1snageudiuiu 4 wWug laun Melon-1
Melon-2 Melon-3 wag Melon-4 A1UdaIAU
(Table 1) InelfiTolasesaiilaainnisiiia
Usunalute 1 UQﬂL%aéhEﬁ%ﬂaiﬁﬁ’uﬁuﬂéﬁ
wasuRTongUszana 3 dani fidTluate 2- 3
ftugay 3 - 10 fu wazdgniensafiaasvinedy
U 1 é’ﬂmﬁmé’qmﬂﬂgﬂﬁam%’uwﬂ At
yhmsuasinasuaeunnauildlunmaaeuds
fnondfuazduilvegluszoznanuiuiud
wioulgsunisnau viseivnaaeuiianguseuiu
35 - 40 Junasen instienaunasiagly
nondinauiunandudeludufedty (hand-
pollination) 1itesiunardndivsutianldlunns
nageunIsEteneantnudaludunoudoly
FunmonsinUninintuuuiasuiivhnns
UgnitelnerTeuiiteutuduunafildldsunis

Uanide wagnII9d@ouNIsAALYe CLVd uay
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PCFVd #ewasla RT-PCR ludunwifi 4 - 12

MA91INNTURNLTe

3. psVAFRUMSENENenla CLVd waz PCFV
HUNNUAR
dusdelinndusdoufindelisess
wUsoendu 2 @ daudl 1 sz ieid
top of paper (TP) (Chen et al.,, 2001) Tunass
wanaanidunan 14 Ju fufeddaeuweniuden
Vuiin (seed coat) fiusiunan (seedling) lnesau
5 #19g19 vasldeniuudaniedundi 1u
1 fheths ditewivi 2 @ulunenainensidue
LaZASIIEOUNNTD CLVd N30 PCFV #1e
wadia RT-PCR wisfnwsumisuazdnsinig
wudelusyordundn uazwde dwdt 2 vins
Uannageuluaninlsaseu (grow-out test, GOT)
(nunuel warvallellng, 2561) LAENTIAADUNIT
Andelasessemaia RT-PCR mendaniy
n&ludaii 4 - 12 edAnwinisanenenide

hseedrumaninlugiundiiusioly

4. mspsRsauMsHThanevesdie CLV uas
PCFVd uazmsmaautinaalalng
psdeuTssesRanasEueTialn
Ianluwazdnlngldnaia RT-PCR aunsiest
complementary DNA (cDNA) yauelisoss
A8 Thermo Scientific RevertAid Reverse
Transcriptase (RT) (Thermo Scientific™) Loy
WinUsuaiiBuedvie dae GoTag” Green
Master Mix (Promega Corporation) #113501%
ﬁLLuzﬁﬂmaQ’wam n319M N80 CLVd A
Tnstues cCL-P2 (5" CTGCAGCCATG CAAAGA 3”)
waz hCL-P2 (5 GGTCAGGTGTGAACCAC 3’)

(AAUTEAN, 2551) WAEnTIa YR PCFVd oauf
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Twsises PCFseqrR (5" ACCCGC ACGGCGCTTCTC 3))
e PCF-seg-F (5" CCGTCTTCTG ACAGGAGT
AATCCC 3’) (Yanagisawa and Matsushita, 2017)
AUAPIU
MTIVEOUIUIAVBIALOULDHANANN
U581 PCR 7835 gel electrophoresis lag
1514 29% agarose gel 9nTudanauALEuLe
vunUszau 340 - 370 thndlelne wagvinli
U3g N3¢ 8% FavorPrep™ GEL/PCR purification

Y a

kit MIUALULUNVBIUSENHKES WaIAIAIE

U
]

ALOULDIATIZIIa1AUTIAA e A 91nTuLn

v o

ToyanilaTeuiiiuiugiudeyaly GenBank
Aa8lUshNTU BLAST (https//blast.ncbintm.nih.
gov/Blast.cgi? PAGE_TYPE=BlastSearch) Lo

udurinuantalisesn

5. N15A5298aULd CLVd way PCFVd UUNY
Naaau (bioassay)
ATIERUEUTUANNANLSDLUNSABLSA

vosBeuunsiiomaiug Rutgers ftfuug
sauLaRDLTE TRERTED I (Legrand, 2015)
Tneldordiduievenudeudildsunisugnide
ynateiug ludsuins 10 lulasdns waudu
phosphate buffer (pH 9.0) 40 lulasdas Wnly
Ugnidiefeiinaasuulusdomaialuade 1- 2
Tu wagmsmaeunsindelisesdanendisuie
fataanluiildsunisugnideludunoudene
wafla RT-PCR ludUnidl 4 8 uay 12 ndans

Ugniwe madsmsnnanlivalutieny

NANISNAADILAZIANT

1. nwazainisveauseuiilésunisugnidle
CLVd uas PCFVd

onsvedlsATiinanie CLVd vusidou
uansoondaiaudl 8 dUnsindsldsunisugnide
¥ Fuunszuntu dedu lutuseas voafiiin
Tmifitodu Tuflvunadn angd Fosdouiu aen

Y v

divuniinas ndunendmdes Taendag

Figure 1 Symptoms of CLVd-infected melon (C. melo L.) at 8 weeks post inoculation; plant

showing stunted growth, short internodes, bent leaves and new shoots with short

internodes, small and stacked leaves (D-E), clustering of non-developed female

flowers (F), small male flowers with abnormal petals (G); compared to healthy plant

and flowers (A-C)
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wagmoniilodiuiunin waldiadydunad

s

auysal (Figure 1) wazlufnwmdnluuiaiug

9

LﬁEN"\]Wﬂ@’lﬂﬁ%@ﬂiiﬂ'};uuiﬂuﬁﬂ LiJEiEJ‘LWiEMﬂ']'i

[

wiyAulauazmelonngasu 12 dUavinds
iéf%msﬂqmsﬁa dlensaedudunanisinide
Femadian RT-PCR wuin e CLVA a@nunsawdn
yhansideua 4 Wug wazfldnsnisinde

25 - 86% (Table 1 uag 2)

2. AN53ASIZRNIa1aUbIAA la AN ugu
Yinvasbisasn
MINATIENANNURIPA LD INAUDIF 19814

Adutevende CLVd annduuay 4 Wug was

Fundnlunisnagey GOT Wus Melon-2 iy
nMsinLe CLVd wuth Samunileudude cLvd
Tolaian NK-KUKPS1, partial genome (accession
No. Kv235369) Faidulelaaniililunisugnidio
I fuaoulumddoil 7 99% Femmumiiou
vosarnuiirdlelnalulisessuinnin 90%
aziiednulisesrufinfeaiu (Flores et al,
1998) uaA LS uoveate PCFVd Aldandusaoy
#{u§ Melon-1 uag Melon-4 #ifinida PCFVd
danuwmilouvesatnuiinalelnanulelaan
TS05, partial genome (accession No. MF770200)
7 98% 3admdulasesdailafieatu sudisu
(Table 2)

Table 1 Infection percentage of CLVd and PCFVd inoculated melon plants as detected by

RT-PCR technique

Fruit characteristics

Viroid infection (%)1/

Coitivars (fresh color/shape/skin) cLvd PCFvd
Melon-1 green/round/netted green 67 (4/6) 100 (3/3)
Melon-2 orange/round/netted green 60 ( NT
Melon-3 orange/round/netted green 86 ( 0 (0/3)
Melon-4 green/round/netted green 25 ( 100 (3/3)

- percentage of viroid infection (no. of infected plant/total no. of test plant x 100),

NT = no test

Table 2 Results of RT-PCR, bioassay and sequence similarity of CLVd and PCFVd in the

inoculated melon plants

CLvd PCFvd
Cultivars
RT-PCR Bioassay Sequence RT-PCR Bioassay Sequence
Melon-1 + + + + + +
Melon-2 + + + NT NT NT
Melon-3 + + + - . -
Melon-4 + + + + + +

+ = positive result, - = no test because of no infection, NT = no test
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Figure 2 Symptoms of PCFVd-infected melon at 6 weeks post inoculation; plant displaying

short internode and numerous lateral branches (B), abnormal apical shoots with short

internode (D), many flowerings but not setting fruit (F) and abnormal clustering flowers

(G-l) compared to stem, shoots and flowering of healthy plant (A, C and E)

dwdudie PCFVd wuth aansasdvinans
Waeu 2 Wug bawn Melon-1 uag Melon-4
NNINAABY 3 1§ (Melon-1 Melon-3 wag
Melon-4) psmsfisdioagii 0 - 100% (Table 1
wae 2) TngennsvedlsauulaeuilinaInide
PCFVd L‘%ﬁJLLammmsL@iu%’wé’amﬂUQﬂLs??a
w1 6 a9t Tneidienniseoanadu aonidy
nsznRNLUInAALLazddY elfleuy
ﬁuﬂnaﬁiﬂé’%’uqumﬁa (Figure 2)

nmsdanneinislunisdnuased
WU WwaeuiiRne PCFVA wansennislifiiiy
1§13 18e CLVd Maiinisinidalasesdeng
vialufivenduslinlfediiy enauanio1ng
willaunsawanmnanule (Navarro et al,, 2021)
EJ'm’]'iLLazﬂ?’]@J‘%ULL‘N?JENIiﬂ%UﬁU%ﬁ@LLaz
USuname adonfialgSuiivinldiinasenisidfiy
Usunalufiwande (Skoric, 2017) Fednuwaue

an1siaUNRNLARYUlULLEUINNNNSIINYINaNe

90dl15008%s 2 via S8nwaYeIN1sAinen
WULRYITUTIEUYBS Lemmetty et al. (2011)
Fuin wnann@aude HsVd Sennisaeniiving
@n naunenRaUNRLarilsesdu Laskanananag
Uz 2 — 3% LagaINTI1891484 Yaguchi
and Takahashi (1984) lagufuin muaiuise

lunisnelsaves HSVA Juegiuvtnuagiugiy

9
[

WAZAINTULTIVOILTATUAUAIENUTUD LD
Tisesn siiie HSVd Inegflued Pospiviroidae
WuLAeInuLde CLVd uay PCFVd urognng

o
& o

anaiu wansbiiuingelisesdisauviie

Al ARDINSHAUNANADNLTULREAY

3. ASNAFOUNITEENBANI LB VB LTS

CLVd waz PCFVd Tuuaau
nsneaevlinuietawaeuiaie

CLVd waz PCFVd annsiadensiuiudna waz

punalumniug (Table 3) Wenaaauaienis
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WNEARREAS TP SauanasaInnisineves
nunudl uavaileling (2561) insaanuidie CLV
TUAUNAIVDILAININDINAITINILLUAARL8TT
el Tatenaidesnannuiinvesfiavaaey
Fumnane fau MaFnewes Matsushita and
Tsuda (2016) maaumimawamau%a CLvd
Tunenatgyiin wanun1satenenanILy
UWalnAgIUNAETUgIINUEL TN AATY
aertusihamagey
nsAnwINISENenentelasofdae
Tmsugnueaeuluanmlsaseu WUNSRALTD
cLvd Tudiundudeuiug Melon-2 Aildiudn
MnFULLIARTD 11 1 Fu 91nTevLA 200 Fu
Ay 0.5% aehslsin ldwunisanenenide

[

HunIsadnveads PCFVd luuasuiug
Melon-1 ag Melon-4 (Table 3) a1ANaNS
7AABIUINAUDNI85UNYIAIINITANENDALT DN

Wwanvewde CLVd Tuwasusiawisldaaiuy

Ao 1) Msmenenvesdolsessainnisnaass
Hiunsinde CLVd vostundrfinnanazess
nasiiinisinide (Msradudunisiniieves
avesunasualulalanng) [WwulheIfus189U
AnsAnWINSENENenAEo CLVd H1unisudn
wridoliosanavesunasinsinidelsess
294 Bhuvitarkorn and Reanwarakorn (2019)
way 2) nMsanenenidie CLVA duietdedala
vosuuiiifndouuy cell-to-cell lugiuuile
wduAnnsufaus lneasranulisesdnely
vasmonsudefideldlasunswauinas 7ildann
Fuidouitande CLVd lusunnaouiaagy
(aflonanana) agnalsinny Sanudululaves
nseenende CLVd Wumaudnenaidly
wuuiindsld iesannesavldnudeiidiures
Waenfuudndeazgnifmuntudeuduuile
(Matsushita et al., 2018)

Table 3 Evaluation of seed transmission of CLVd and PCFVd infected melon plants through

top of paper and grow-out tests followed by viroid detection by using RT-PCR technique

No. cLvd No. PCFVd
of Top of paper test v of Top of paper test v
Variety Grow-out Grow-out
test test
Seed coat  Seedling test Seed coat  Seedling test
seed seed
Melon-1 NS NT NT 1480 0% (0/1487) 0% (0/148) 0% (0/740”)
Melon-2 391 0% (0/207) 0% (0/20) 0.5% (1/200”) NS NT NT NT
Melon-3 NS NT NT NS NT NT NT
Melon-4 NS NT NT 1700 0% (0/81) 0% (0/81) 0% (0/820)

1/5 bulked /sample,

# number of test samples infected with CLVd or PCFVd/total tested samples
¥ number of test plants infected with CLVd or PCFVd/total tested plants

NT = no test

NS = no seed
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Figure 3 Symptoms of viroid on Rutgers tomato at 8 weeks post inoculation of Columnea

latent viroid (A) and Pepper chat fruit viroid (B) compared to healthy tomato plant (C)
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Development of Nitrate Content Prediction Technique of Aloe Vera Leaves

using Nondestructive Technique by Near Infrared Spectroscopy
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ABSTRACT

This study examined the use of near-infrared spectroscopy to assess nitrate
concentration of freshly harvested aloe vera leaves. Equations for predicting nitrate
concentration of aloe vera leaves were developed in this work, based on the analysis of 80
samples. The NIR spectra were collected from different positions on the outer rind,
specifically the apex, center, and base. Subsequently, the outer layer of the corresponding
sites was removed and the concentration of nitrate in the aloe vera gel was examined by
nitrate ion meter. The partial least squares regression (PLSR) method was employed to
create a prediction equation for the nitrate content. The equation derived from the spectra
obtained at the central position demonstrated the highest accuracy, as indicated by a
correlation coefficient of prediction of 0.98 and root mean squared error of prediction of 3.50
ppm. The regression coefficients of the nitrate prediction equations were dominated at the
wavelengths of 957, 1104 and 1154 nm. Therefore, it is possible to use the NIRS technique to
predict the nitrate content of aloe vera leaves without destroying the sample. This technique

will allow a quick and accurate measurement of the nitrate content in aloe vera leaves.

Keywords: nitrate; aloe vera; near infrared spectroscopy
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Figure 1 Positions made on the outer rind of an aloe vera leaf for acquiring near infrared spectra
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Figure 2 Original (A) and second derivative (B) spectra of aloe vera leaves
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Table 1 Calibration and validation results of PLSR based on preprocessed spectra for predicting

nitrate content in different positions of aloe vera leaf

Calibration Validation
Position Factors R RMSEC R RMSEP Bias
(Hg/g) (ug/e) (us/g)
Base 9 0.95 6.66 0.57 20.14 -2.43
Middle 11 0.98 3.71 0.75 14.10 -0.46
Apex 3 0.63 15.54 0.49 17.71 -0.27
Average 17 0.98 3.68 0.72 15.68 -0.81

RMSEC = Root mean squared error of calibration
RMSEP = Root mean squared error of prediction
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Table 2 Statistical results for predicting nitrate content from PLSR models using various

pretreatments
Calibration (n = 60) Prediction (n = 20)

Pretreatment Factors R RMSEC R RMSECV R RMSEP
(ug/g) (ug/g) (bg/9)

Original 4 0.66 15.93 0.53 18.19 0.67 15.77
SMT 17 0.98 3.39 0.73 15.42 -0.07 53.68
1D 13 0.98 3.02 0.76 14.00 0.47 41,821.04
2D 11 0.98 3.71 0.75 14.10 0.58 9,236.74
SNV 2 0.64 16.38 0.56 17.73 0.62 17.32
1D + SNV 11 0.98 4.18 0.74 14.36 0.09 1,259.93
2D + SNV 8 0.96 5.35 0.72 14.85 -0.33 874.70
SMT + 1D 12 0.97 5.11 0.79 13.42 -0.01 64,004.13
SMT + 2D 16 0.98 3.50 0.95 5.99 0.98 3.50
SMT + SNV 14 0.97 4.63 0.72 15.75 0.11 598.23
SMT + 1D + SNV 11 0.96 5.35 0.78 13.73 0.09 651.55
SMT + 2D + SNV 12 0.97 4.73 0.79 13.24 0.03 193.43

SMT = Savitzky-Golay smoothing

1D = Savitzky-Golay first derivative

2D = Savitzky-Golay second derivative

SNV = Standard normal variate
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Figure 3 Scatter plots of measured nitrate content versus predicted nitrate content of aloe

vera leaves in the calibration model (A) and validation model (B)
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ABSTRACT

Mung beans and sunflowers are widely consumed as vegetables during their early
stages of germination. Mung bean and sunflower sprouts contain beneficial substances suitable
for the development of healthy food products. The purpose of this study was to compare the
effects of germination on the phytochemical profiles and antioxidant activity of mung bean
(Vigna radiata (L.) Wilczek) cultivar Chainat84-1 and sunflower (Helianthus annuus L.) cultivar
Aquara6 hybrid sprouts, as well as to determine the optimal germination period for use as raw
materials in the production of nutritious foods. The germinating seeds were evaluated at 0 - 6
days after imbibition (DAI). Moisture content, dry matter, ascorbic acid content, water-soluble
protein content, and total phenolic content (TPC) were measured. Antioxidant activities were
determined by using 2,2-diphenyl-l-picyrhydrazyl (DPPH) and ferric reducing antioxidant power
(FRAP) assays. Results showed that sprouting mung bean and sprouting sunflower seeds’
moisture content gradually increased, while dry matter decreased with time. Sprouting mung
bean had the highest ascorbic acid content at 1 DAI (1.46 mg/100 g FW), whereas sprouting
sunflower seeds had the highest ascorbic acid content at 3 DAI (0.58 mg/100 g FW). Water-
soluble protein was highest in sprouting mung bean and sprouting sunflower seeds at 0 DAI of
9.81 and 5.16 mg/g FW, respectively. The highest TPC was found in sprouting mung bean at
4 DAl (46.82 mg GAE/g DW) and sprouting sunflower seeds at 0 DAI (134.70 mg GAE/g DW).
Sprouting mung bean had the highest antioxidant activities in the DPPH assay at 4 DAI (ICs, of
2.07 mg/mL) and FRAP at 6 DAl was 2.93 mg GAE/g DW while sprouting sunflower seeds had

Keywords: mung bean sprouts; sunflower sprouts; phytochemical; antioxidant activity
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the highest DPPH assay value at 0 DAI ICso of
0.19, whereas at 1 and 2 DAl of 0.18 and
0.30 mg/mL, respectively while the highest
FRAP value at 0 DAl was 11.62 mg GAE/¢
DW. The overall results indicated that mung
beans and sunflower seeds at 0 DAl had the
highest water-soluble protein, suitable for
use as raw materials for the protein-based
food products. Mung beans at 4 DAl and
sunflower seeds at 0 DAl had the highest
phenolic compounds and antioxidant activities
that are suitable for producing health food

products.
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FanuniAsEilagd Folin-Ciocalteu method
fnuUasannisuey Singleton et al (1999) uay
Guo et al. (2012) LANAITAAAAINULTUUU
2 un./ua.U3ues 100 lulasang adluvasndidl
deionized water Usu195 400 bulasans LAy
g13azang Folin-Ciocalteu [WuTuUUSHI®MS 100
lulasans naslddniufials 6 wndl 9nti (i
asazanelulRguAISUBIUALINTY 7% USUIRS

1,000 llAsaAS way deionized water USUN9g

800 lulrsans waulidniuseiislifigumadives
Wunan 90 w1 Inetiuausagsiognaun 200
lulasansiinadlu 96-well plate W ATIZNA
ﬁﬂ@ﬂﬂﬁuumﬁ’wm%‘m microplate readers
(TECAN Infinite M200Pro, Austria) fina131817
aaL 760 wiluuns Wiandildunuseudisuiu
N5IMIRTFIUVRINTALNAAN (Gallic acid, GAE)
nwYeIa1siuean A un. nTawnadn/n.

LYIAUN LA

6. msmaaquénﬁéfﬂua%aﬁasz

6.1 35 2,2-diphenyl-l-picyrhydrazyl
(DPPH)

MNMTIATIERRaLUa1n 5Tl e
war e (2563) Ineiansadavesdudeway
MURE TuNZIeNTisez AR 9 Finnududu
0.25 - 4 un./ua. Usuas 50 lulasans agly
a158vany DPPH WWudu 0.5 Taaluans Usung
50 lulasans nauldidnfy detal3ludisle
Huran 30 wift aaniu luTndganauwes
Feeded microplate readers (TECAN Infinite
M200Pro, Austria) A ue3AEY 517 wiluins
IneTeuis UAUaITUINIgIUNIALRAADSUN
AiilAIns % DPPH radical scavenging
WAEALINNIAT % mié’ué'jaa%aaasz DPPH
71 50% (ICs) MNMANINAABTIFINNITAIIE
A1 % DPPH radical scavenging mmqmﬁﬂmm

[

&
U

% DPPH radical scavenging = [(Control A517nm — Sample A517nm)/Control A517nm] x 100

Control A517nm = AINNIAANAULANT 517 WIlUIUATYDIYAAIUAY

Sample A517nm = AMNSAANGUIEIT 517 UlULRTVRIMBE1INAEY
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6.2 A5 Ferric reducing antioxidant
power (FRAP)

MATIATIERLAEAALUAIAINITUD
19190 wazUies (2563) lagviinisinsoy
&15avany FRAP reagent lnananansazaiy 300
fiadluans acetate buffer (pH 3.6) @15azans
20 fiaaluans FeCl; wazasavane 10 Jaaluans
TPTZ 1w 40 fiadluans HCl Whansiildunay
Auludnsidiu 10:1:1 lngarsanaudazeiin
azangsie DMSO watiuad1uau 20 lulasans
adlu 96-well plate LaLAN FRAP reagent
F1uau 180 lulasdng udundigauvgiiviedlud
i 1 Juan 10 Wil ﬁ’]iﬂ’qfﬂﬁ’]ﬂ’]i@]ﬂﬂauumﬁ
ATMEMIAAY 593 Wilums GelA3es microplate
reader éTfawamsi’mﬁq@mﬂﬁuumﬁlé’mnm5
Wisuwisuiunaunnsgu Ineldansuinsgiu
nsawnadnlumrly Un. auyavenIaLnadnse

ASUVDIANTANA (UN.NTALNADN/N. UML)

7. MIaTendayamneaia
NAFBUAIANULANG1NVBIAUTUING
W9 NSALREASON USunaansusenauflusan

VINUA LazNNTTUdIeYYadaTEY0IasanngIn

25

20 o

15 o

Radicle length (cm)

fuTonmzsenuazynuag Suiiingsen Taenis
AATIBYAIANURYTUTIY Yoty anINKad
ANULINA WO WIEdAYNNana 1WTsuieu
auuanevesradelaeld least significant
difference method (LSD) srelUsunsudiiagy
Statistix8

NANISNAABIAZINTa

1. YUIRAINYID
WandTeanazmunsiu 13usennny
wdIInnIsNzsen 1 Su antudes q Wi
YUAKaZAMNENII LTS EEE LA TSI Y
son Taelufudl 6 909msIMIzIenia1ue?
24.23 uaz 16.88 ¥il. aua1du (Figure 1) &9
srazn1smzsentutuil 6 daderseniiany
g17lnalAeeiuiuni1sAnYI909 Xue et al.
(2016) AwrzdnTersend 6 Sudaiuer
24.77 931, uoNING FINUI VUIALATAIY
5129098 0T LAz unz Julauduius iy
Usinannuiy TneuSunaauiuresiusey

D8 MaENIUA T URLTURIUTEE LI TUNS

1 14
o~ =
LNIEIBNNUIUYY
-
-
(L
e 1 3 0 a s L] DA
Sprouted Sunflower Seed
A
/”
%,’ —&— Mung bean
o - ==& - Sunflower
/,’
z
T
4 5 6

Days after imbibition (DAI)

Figure 1 Radicle length of sprouted mung bean and sprouted sunflower seeds at different

germination times
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2. anuFuuazinguits
USunauanuduresduseudadouas
musyTusenaes 9 intueteiiteddymig
ahi (p<0.05) MNsTEZIATUNTINIZION LAY
Usinamnuduludnden lusudl o fe 33.16%
wasuiisndu 91.84% TuSudl 6 vean1simzeen
yauefimuny U 1fiutuen 21.95 10y 91.58%
(Figure 2) @pnAaednu Shah et al. (2011) wu
ANt uvessEduAItuluLEn i T en

PYa991NN15980 96 B, FaUSUuANNTUlY

# Mung bean
H Sunflower

100 ab

80
60
40
20

Moisture content (%)

Days after imbibition (DAI)

wanfiiuYy WWunalioawanUsuimnisgn
1veuan wazwaﬂums@mﬁw LAZAIUIU
waarvndnluludaiia (Nonogaki et al., 2010)

Tunenssiud i inguieees 9 ananussys

=~ o 4

LAINITENILIDNTANTY F9TRQLIAlUAUD DY

q

d o A

MUASTULAL LT TAdaNantuIud

Y 9

0 Ao
78.05 Uz 66.84% A ntuanandu 8.42 uaz
8.16% Tusudi 6 vesn1smIzson Audsu
(Figure 2)

(B) # Mung bean
100 - W Sunflower
g 80 o
T 60 -
©
£ 40 A
> d
i e
a 20 g gﬂ ff fg
o 7
0 1 2 3 4 5 6

Days after imbibition (DAI)

Figure 2 Moisture content (A) and dry matter (B) of sprouted mung bean and sprouted

sunflower seeds at different germination times

3. Y3unaunsawadaasin
Usunaunsaueanasdnlududensend
1INNIMMIURZTUIONBE 1 HTBE Ay N19aif
(p<0.05) Tny Usunaunsaueanesdntudaiien
Fugatudindmungu Ussana 1 - 2 fu
LAZABAAZEITUNTRNTUIALELAINHETIVEN
fugou lnsdudersoniinsaueaneidngsan
71 %u (1.86 un./100 n. dwifnan) v
yung Tusenmugaand 3 Ju (0.58 1n./100 1.
dmitnan) waznsauedneiindey 9 ANAd
ANUSEELIAINTTINL DN TLRL T (Figure 3)

FeaanAdoafUII89ILYBe Shah et al (2011)

172

FnuUsinadmiudluddoninduetesngs
NAIRINNITIBN 24 . uaﬂmmf Maneemegalai
and Nandkumar (2011) Wui1 waadaTeaua
fiusunsaueanestn 8.8 un. i 11.8
7.6 WAy 20.6 UN./100 N. VOULUARA NHIRN
N1598N 24 48 uag 72 Wi MUEINU Usenaunu
Moriyama and Oba (2008) 18197137 USu1eu
nsaweaneinvesdLioafiuiy 4.5 i
wdnudtidunan 16 . (29.2 1n./100 A,
youudn) WewSeuflsusudadndewiiad
lailgdusvh (6.5 1n./100 n. veuuEn) donndos

ffu Thippeswamy et al. (2015) wuin Tuludn
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FuTersreraauiadiusununsaedaaeson
27 un. ndwAtn 12 . Wisdy 79.06 wn.
LLazLﬁuqaqmﬂu 4.2 wih lufufl 4 veen139en
A9 114 4n./100 N. VOILUEA 9NTU ASAES

Ul 6 wazanasdu 87 un./100 n. YILUAR

' v
a a =

TuYui 7 F9ansduasIzinsaLeanasonAAnY

Tuszuinanissandaudunusiuraulal

L-galactono-Y-lactibe dehydrogenase vinlw

WaUfinseneendinduues L-galactono-1,4-

1.8 7
14 4
1.2 4

1.0 4

0.8 A

0.4 A

Ascorbic acid content (mg/100gFW)

0.0 -

lactone WasulUidunsaneanasin wanslv
Wiudnnanssuvedeulwiddledaasunisg
FUATILANTALBAADITUNIUTENININISIDN (XU

et al., 2005) a819b5An1L USununsdaasie

N3ALEAADSUNTLANTUIUTENININIIDN YUDE

&

a

furlinvesiiy szezusysalvanudn anizi
39N WA IS AULALY waznsAusn Wusu
(Davey et al., 2000)

#® Mung bean

B Sunflower

Days after imbibition (DAI)

Figure 3 Ascorbic acid content of sprouted mung bean and sprouted sunflower seeds at

different germination times

4. Gualusavazaein

7l 0 fu fUsnalusiuazasthgeiian
Tnodudomulusiufiazanedh 9.81 un/n.
dmiinan uinnimiues Sufinulusiuazans
¥ 5.16 un/n. tmdnas lunsiizsend 1
way 2 Su dudeamulusaufiavatodn 4.04
e 3.71 un./n. thetinan Mgy tosnid
VuRy T 4.37 wag 4.44 un/n. vnidnan

ANUANU NTUUSUUveIlUSAUNaraeln

YOI UTYIATNIUAZ TUNIZIDNLTUARAIAY
$3E¥AINTIN N TIRLTY (Figure 4) 819
dosonTusfufiivazanliluwda Taghunld
lusduuuveensnozily wagAeIn1Inaaey
Fsndudmsunisdansizdlusiu iienns
WigAvlaluseninenisienuaznITWaILY
Lﬂué’uéamaaﬁmmzqaf}"’a TngduRussEnIng
USuaveslusiulusdanaznissenuaaidn

(Ohanenye et al, 2020) Fafin15518971uU310
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vodlusiuiinulusdndnden fie 2097 - 31.32%
(Anwar et al,, 2007) TnatAsauTusfufinuly
waaM UL U Ao 33.85% (Petraru et al,, 2021)
Tsauiazaneinldtos ilildnanane1ms
1oy danalilusiuinnIsuenfalasnnnznoy
nalmAnn1sNTEuA I UNARA U D195 L4
avnaue InslusAufiazaroinlduiniluase
AN NYBI MITIuAURNaNURETatuLay
msiinnesfinninlusAuiiazareiilétos (Lu
et al, 2013) lumsAnwassinulusiuazany
dhasefutufunsTenuues Xue et al. (2016)

o

Anun Tudwderilusfvarargtinivednagy

<

N

a

uTUlU UNINIZI0n 0 — 2 Ju Faiilusay
12 -

10

azarifdussdusznougean 1.89 un./n.
diinan udlunisveassinuit dTequay
vupzTumzseniivsunalusiufiazaieii
ANAIANNTLELLIAINITIBN e?fqu\]ﬁml,m
U11NANUUANAI9YDIANIIZATION LAY
ANUNAINUAIENNEABWUT (Xue et al., 2016)
oty Bnilusauazaneinandidoinasiude

a a

nunziunizsonlunesaniduingiund

pwnslusiuileguam e lusiuazaneth
Tusgey 0 Yu Mevdaninnisusiindu 6 .
fiflan sosadun Ao sraziiaINIsIen 1- 2 Ju

AUAIRU

—e— Mung bean

--&--Sunflower

Water-soluble protein (mg/g FW)
o

4 5 6

Days after imbibition (DAI)

Figure 4 Water-soluble protein content of sprouted mung bean and sprouted sunflower seeds

during germination periods

5. Vunauansusznauiluadnianun
ansUsvneuiiueaniaun Anuludaden
asgafiszoznalinzsen 4 Yu Ao 4682+3.27
un. NsALNAAN/N. Yvidnuts 91ntudes % anas
dlewmnzaniudi 5 - 6 (Figure 5) oginglsfiniu
Tusgnineansguiunisen arsuseneuiluedn

PINUAVDINIUALIUTUSUIUUINNIN LT
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RIRPARR I@swumﬂﬁq@ 134.70+4.35 1n. N30
wnadn/n. tvdnuie 7 0 Tu uazros SIGELN
deszavanssenifiutulag Guo et al. (2012)
51891477 @1sUsEneuTuednanuainyly
Sideafinzenazeos q windu 1Ju 996.4 un.
NSALNAAN/100 N, twidnus Tusudl 9 veanis

WINEIDN bAtUET Xue et al (2016) 578971797
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miﬂizﬂam‘/‘\luaaﬂﬁy’wmﬁwﬂuﬁ’u%amﬂﬁqm
Ao 579 un. n3Aunadn/n. fiszezamzeen
5 %y FeUSunamesansuseneuiluednianus
u,f;mghqﬁ’us??uaq'ﬁ’uﬁuﬁ:mmﬁaL%mLLazTﬁ’mﬁ
anm Tusgninanszuluni1seen a@1susenau
Husdnienunveniuns TuilUusunaannin
FTonzeon wavarsuszneufiuednves
yupyTuIenAey 9 anauiioTzezaINITNg
sonTLiiuty Feaonndoifuiuioduseu
MuREIY 3 @1eug A aneiugduly wuaiin
uazoIgiaa Weduseudionyiintyu Usuia
Auodniamuaiiuliuanas (g3 uazang,

2562) LL@%?{EJ@?YSENﬁU’i’]EN’]uﬂ’]'i\iEJﬂf\]’lﬂLuﬁﬂ

140
120
100

80

60

Total phenolic (mgGAE/g DW)

kil
I .

0 1

d

C
= - f
| I
2 3 4

AsvUsznulanion15aSYUesAusou LU
PNIUALIU 19818 02LaUNA WATUSENLAA

=

fUsunaiiuedniaunanaslomiuinilugiu

v '
o LY IS

umuﬂamuaﬁuéauﬁmmﬁmﬁu diesan nns
@mfwamﬁm (imbibition) N151A3EYVOAUDDUY
LLazm‘;Q@%uﬁj’] (water absorption) Aty
ﬁmaiﬁﬂ%mm?\luaaﬂﬁgwmgnL%maaq
(Cevallos-Casals and Cisneros-Zevallos, 2010)
Lﬁzj'u@mﬁ’uwamimaawm;ﬁﬁaﬁwudw Wand
mi@mfwLﬁu%’{uﬁﬂﬁmmsﬁmmwmmi’maﬂ
WisTuann 0 89 6 (Figure 2A) TaeUsunanh
AfUTUAILTEEE81N1590 VDI UL Y

dsnaliiuSunauiiuednanunLIna19ad

B Mung bean

H ©

Sunflower

h [

Ij 1
1
5 6

Days after imbibition (DAI)

Figure 5 Total phenolic content of sprouted mung bean and sprouted sunflower seeds during

germination periods

6. Vst uByyadasy
asanadildanndaudeaseniigninig
Fueyyadasy 1ne3s DPPH gean Nszozinie
90n 4 U 1A 1Csp 2.07+0.17 Un./Ua. dudns
afnannmunzTusen 9 0 - 2 Ju SUszansam
ﬁﬁ'qmiumiéfma%aﬁaﬁz DPPH A1 ICsy
0.19+0.14 un./ua. 0.18+0.12 un./ua. uag
0.30+0.07 1n /413, UESU (Table 1) uenann
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ansafndndend FRAP lddfiga Ainnsimizaen
6 %1 (2.930.19 un. N3ALNAAN/A. Yminusa)
druansatnniuny Tuwizend 0 Tu I FRAP
Aflan (11.62+0.26 un. N3ALAAGN/N. it
Wike) Se9a91 Ae @rsananunzSunzseni
1 %u (11.10+0.53 un. nsawnaan/n. tmin
Wite) wag 2 Ju (8.66+0.10 un. nsaAwNaan/n.

YIAUNLLIN) AUaeU (Table 1)
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Table 1 Radical scavenging capacity of sprouted mung bean and sprouted sunflower seeds

during germination periods

Plant Days after DPPH assayl/ FRAP"
imbibition (DAI) (ICs0, mg/mL) (mg GAE/g)
Mung bean 0 4.84+0.10 a 1.04+0.07 i
1 4.26+0.21 b 1.23+0.08 i
2 3.85+0.10 c 1.36+0.05 i
3 2.86+0.05 d 2.65+0.07 fg
4 2.07+0.17 f 2.15+0.03 h
5 2.34+0.01 e 2.38+0.03 ¢h
6 2.40+0.03 e 2.93+0.19 ef
Sunflower 0 0.19+0.14 i 11.62+0.26 a
1 0.18+0.12i 11.10+£0.53 b
2 0.30+0.07 i 8.66+0.10 ¢
3 1.29+0.10 h 5.95+0.19 d
4 1.67+0.05 ¢ 2.73+0.03 fg
5 1.73+0.14 ¢ 2.60+0.01 fg
6 1.86+0.11 fg 3.26+0.09 e
Ascorbic acid - 0.31+0.18 ND

" Means in the same column followed by a commonletter are not significantly difference at the 5% level by LSD

ND = No determination

nssenvednwasfivdu q 1uwnas
yos01nsTigauludeasngnuadfidqnsiy
puIadasy (Baczek-Kwinta and Sala, 2012)
nnisansafadldaindndersenius
Fou1nsd-1 uagniungiusaniuggnuay
9¥A19916 5282187913 9 Anw1gNEEIu
oyyadasy DPPH uaznssmdndnisledn 1ile
W3suiisusregaa1nIsiwizaon nud gns
fueyyadasy DPPH gedumuadtududy
vosasUszneuiuedniifintusludaiien
wazynIunsULNIZIn NunsTumIzIand
UszAnsamddigalunisdiueyyadaszlag

35 DPPH ?ﬁlﬂ Cevallos-Casals and Cisneros-
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Zevallos (2010) wui1 waayuse Tuilansuszneu
AuedniiduesAusenoudifilaseaiieves
Tuanavangdumiafiaunsainu§zerdu
wyjlansondaves DPPH 1 Geenaifulule
waanuagTusziinisdunsizvarsusenou
fuedn ieidunistestunisiasaydvlnves
lelnaoiia Lﬁaé’us‘jy'aﬂg‘jﬁ%maaﬂ%wﬁ’uﬁ%gﬂ
nszdulnedadovesdaandenluszozusnues
nssendannningusnisiueyyadaseily
1AYAUDDUNIUAL TUNNYNGIDINNTITLNIZIDN
Fuit 6 f3unnansUseneufluednanainli
UsgAndninlunisdudaayyadase DPPH an

A998
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0.19+0.14 0.18+0.12 waz 0.30+0.07 {Un./Ug.
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o a
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Identification of SSR Markers Associated with Northern Corn Leaf Blight

Resistance in Sweet Corns
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ABSTRACT

Northern corn leaf blight (NCLB) caused by Exserohilum turcicum, is one of the most
serious diseases of sweet corn. Resistant variety is often considered the most effective
method for controlling NCLB. Conventional breeding for developing sweet corn resistant to
NCLB is time-consuming and the evaluation of NCLB resistance in sweet corn is influenced by
environmental conditions. Utilising DNA markers to screen for resistance to NCLB in sweet
corn is less time consuming and more effective. This research focused on identifying 16 SSR
markers that could be associated with polymorphisms related to NCLB disease reaction.
Twenty-six commercial sweet corn cultivars/hybrids were used in this study. Results
indicated that SSR marker, bnlg182, located on chromosome 1 (bin no. 1.03), exhibited
different particular alleles between moderately resistant and moderately susceptible to
NCLB disease. Then the bnlg182 marker was used as the template for amplification of the
DNA of 158 S¢ lines of sweet corn. The presence of particular alleles related to resistance to
NCLB from 10 S¢ lines of sweet corn. These sweet corn lines were planted to evaluate their
resistance to NCLB disease. The results indicated that the 10 S¢ lines of sweet corn exhibited
a moderate resistance (19 -30%) to NCLB disease. The utilisation of the bnlg182 marker as a
screening tool in resistance sweet corn breeding programs offers the advantages of being

simple and fast.

Keywords: northern corn leaf blight (NCLB); SSR markers; Exserohilum turcicum
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Table 1 List of SSR markers used in this study and their sequences

SSR markers ~ Chrom. Forward primer Reverse primer Citation
position
bnlg176 1 AGTTCACGTCCAGCTGAATGACAG CGCGCATCGCATGCTTATCCTA Wende et al. (2018)
bnlg182 1 AGACCATATTCCAGGCTTTACAG ACAACTAGCAGCAGCACAAGG Wende et al. (2018)
phi037 1 CCCAGCTCCTGTTGTCGGCTCAGAC TCCAGATCCGCCGCACCTCACGTCA Wende et al. (2018)
umc1568 1 AAGTCCAGCCAAGTTCATCAAAGA ACTGTAACTAAACTGGGTGTGCCC Wende et al. (2018)
bnlg108 2 GCACTCACGCGCACAGGTCA CGCCTGCCAAGGTACATCAC Wende et al. (2018)
umc1042 2 AAGGCACTGCTACTCCTATGGCTA CTGACCTTTGAATTCTGTGCTCCT Puttarach et al. (2016)
umcl644 3 CCATAAACTGTTCCTTTGGCACAC CTTTCACGTGTTAAGGGAGACACC Osman et al. (2015)
bnlgd90 4 GCCCTAGCTTGCTAATTAACTAACA ACTGTAAGGGCAGTGGACCTATA Osman et al. (2015)
umc2038 4 ACAGAAACCAATGCATGTGATGAG TGCATGGTTGCTTCAGCAGT Wende et al. (2018)
bnlg238 6 CTTATTGCTTTCGTCATACACACACATTCAT  GAGCATGAGCTTGCATATTTCTTGTGG Wende et al. (2018)
umc1296 6 GCTGGAGATAGGCATCCAGACAC CTCTCCCGGCTCTGACCTAGC Wende et al. (2018)
phio54 8 AGAAAAGAGAGTGTGCAATTGTGATAGAG AATGGGTGCCTCGCACCAAG Wende et al. (2018)
bnlg240 8 AAGAACAGAAGGCATTGATACATAA TGCAGGTGTATGGGCAGCTA Min et al. (2012)
MAC216826-4 8 CGGAGGAGCATATTTTCCAA CGGGAATGGTTATGCAACTT Osman et al. (2015)
umc1149 8 TACAGTAGGGATTCTTGCAGCCTC GTGGGACCTTGTTGCTTCCTTT Puttarach et al. (2016)
umcl1367 10 TGGACGATCTGCTTCTTCAGG GAAGGCTTCTTCCTCGAGTAGGTC Kumar et al. (2022)

Chrom. position = Chromosome position

pre-denature 94°%. Wy 3 U1¥ denature 94° .
U 30 AU Annealing 487 @. U 30 U7
extension 72°%. WU 1 W17l ¥181 denature &9
extension U2 35 50U WA final extension
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ANULANA NS NATYE AN 19ads (p<0.01)
anunsanvsszaunsiulsalulndunalngle
2 56U (Table 2) feil
sEAUAIUNIUUIUNETIsalsA (MR)
U 8 WuF/aeiug In154an@INITHRAUY
Tu 23.20 - 29.85% laun 6622104-53 (29.05%)
6622104-67 (29.15%) 7522104-241 (29.85%)
7522104-268 (25.25%) 7522104-282 (27.65%)
7522104-332 (29.35%) 7522104-363 (27.45%)
wazIUGUT UMY 1154 (23.20%)
syausaunaUIunalIsialsn (MS)
U 18 WuF/anHay dN1TLanI0INITLHAUY
U 30.20 - 64.70% laun 6622104-24 (61.75%)
6622104-56 (30.35%) 6622104-97 (30.50%)
6622104-118 (55.90%) 6622104-157 (55.35%)

6622104-183 (49.25%) 6622104-196 (57.40%)
7522104-224 (54.85%) 7522104-261 (49.05%)
7522104-330 (54.95%) 7522104-354 (50.85%)
7522104-357 (30.20%) 7522104359 (48.60%)
wazuGUSBULTEy a9vansd-1 (64.55%) nu
1351 (59.65%) 9un32 (44.80%) lauind3
(64.70%) waz lauing59 (59.90%)

2. nsldindaanuneiaaaaanslunisiia
USunaundue
AsiiNUSINAE e sewARAfidens
BB BIINBLOAEDTS SN 16 LA3BIMLNY
wuin Suaufiulensesadasiuruiianun

108 dada H3u1A 50 - 300 ALUd LATOINUNY

v a L4 d‘

umcl568 wag umcl6dd ddadatiouign e

Table 2 Comparison the percentage of leaf area infection by northern corn leaf blight

(NCLB) on sweet corn cultivars/hybrid varieties and their resistance reaction level

Leaf area Level of Leaf area Level of
Cultivars/hybrid Cultivars/hybrid
infection disease infection disease
varieties varieties
(%) resistance (%) resistance
6622104-53 29.05 abc MR 6622104-24 61.75 e MS
6622104-67 29.15 abc MR 6622104-56 30.35 a-d MS
7522104-241 29.85 abc MR 6622104-97 30.50 a-d MS
7522104-268 25.25 ab MR 6622104-118 5590 e MS
7522104-282 27.65 abc MR 6622104-157 55.35 e MS
7522104-332 29.35 abc MR 6622104-183 49.25 b-e MS
7522104-363 27.45 abc MR 6622104-196 5740 e MS
Wan54 23.20 a MR 7522104-224 54.85 d-e MS
7522104-261 49.05 b-e MS
7522104-330 54.95 d-e MS
7522104-354 50.85 c-e MS
7522104-357 30.20 a-c MS
7522104-359 48.60 b-e MS
Hibrix3 64.70 e MS
Hibrix59 59.90 e MS
Insee?2 44.80 a-e MS
Songkla84-1 64.55 e MS
Wan1351 59.65 e MS

MR = Moderately resistant, MS = Moderately susceptible

Means in the same column followed by common letters are not significantly different at the 5% level by DMRT
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flog] 2 Fada/iTosmune (Table 3) luvaed
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unign e flog 6 dada/ta3eanuny e
Fasrzharmanuteemnelslelngs nie
AIMINNAINYA8DIBU (gene diversity, He)
9g581919 0.3900 - 0.7900 fiAadY 0.5936
NNTIATIENAN PIC WU AA10ET81ing 0.3500 -
0.7596 Tnep3oeming bnlgl82 uaz umcl3e67
flfin PIC g9 0.7596 31 Wende et al. (2018)
789°u31 /1 PIC > 0.6 Ustasdszansamly
N1ATIVABUANURANAIITENI @B RUTUI
gasinlng dmsumidded findosmnedidan
PIC > 0.6 $7u3u 10 indewmune Tiun bnlgl76
(0.6559) bnlg182 (0.7596) bnlg108 (0.7200)
bnlgd90 (0.6894) umc2038 (0.7341) bnlg238
(0.7221) umc1296 (0.6319) bnlg240 (0.6038)
phi054 (0.7345) way umc1357 (0.7596) Lanalu

< | a D A a a <
LAUILATBIVUNELNa U UTEaNnsn 1wty u

A3 RINNER B U TIeAAENAULANAN
sewinaiug/aneiugoglusefugs Wofnw
ANFuRusseni1dlulnd [Weoyadada
geaAsosmneLeaeaensd) uarilulnd (sedu
nsdulsalulngdunalug) wuin Ledeanung
bnlgl76 bnlgl82 phi037 umcl6d4d Lag
umc2038 1ANULANANAUE T TyE AN
adf (p<0.05) weitilef9150A7 PIC S9ufuen
pvalue Wui1 dueaiAIoInuie bnlgl76
bnlgl82 uax umc2038 wintufidn p-value
Funndrsfuegefidod 1 fgnisadfnas
PIC > 0.6 fatfu 1A% IMNY bnlg176 bnlg182
war umc2038 FuiduinSoavuneiid

s

Usgansainlunisdndeniug/areiug
FlnannudisinuiuniusesuliIunans
Fadslaipefisnoeunisldiadesmnesteanud
TunrsAatdent1aluaranuauniulsatulug

unalngluuszinalng

Table 3 Information based on SSR loci and differences among sweet corns

Bin Number p-value
SSR locus He PIC value
number alleles (chi-square test)

umc1568 1.02 2 0.4885 0.3692 0.326
bnlg176 1.03 3 0.6337 0.6559 0.003
bnlg182 1.03 6 0.7900 0.7596 0.009
phi037 1.08 3 0.3900 0.3500 0.022
bnlg108 2.04 5 0.7557 0.7200 0.295
umc1042 2.07 4 0.5277 0.4925 0.198
umcl1644 3.06 2 0.5000 0.3747 0.001
bnlgd90 4.04 4 0.7372 0.6894 0.199
umc2038 4.07 5 0.7723 0.7341 0.017
bnlg238 6.00 5 0.7611 0.7221 0.149
umc1296 6.07 4 0.6897 0.6319 0.159
bnlg240 8.06 4 0.6557 0.6038 0.304
umc1149 8.06 6 0.3900 0.3500 0.267
MAC216826-4 8.07 4 0.6173 0.5413 0.118
phi054 10.03 5 0.7711 0.7345 0.241
umcl367 10.30 3 0.7900 0.7596 0.802

He = heterozygosity, PIC = polymorphism information content
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\A30aUNg bnlgl76 a&ujuuiﬂ{[,u‘[,mﬁ
1 fishuans (Bin No.) 1.03 18usums QTLs 7
Aeadesfuanueivessinuia Mgy
NUWAY (drought tolerance index) IuﬂWiUQﬂ
anmils faueenne bnlgl76 Wuedmne
7iuszaninnlunislddndeondnuvas
(marker assisted selection, MAS) kag @514
arfugilnanauiidnvaugnuniude
an nuralut1ilne (Tuberosa et al., 2002)
UL B2 US1891U89 Hao et al. (2008) 7
Wu31 Sanin3e e bnlel76 iy
annsansiadeusuinInagnaandaiud 2:3
(F2:3) ifidnwaznundeld wansldifiudn

v

fudlnanaadanle duudldufaiuisa

a a

wigiulalaluaniiziag

\AS0MLY bnlgl82 aguulasluloy
fi 1 fidwnis Bin No) 1.03 gniunlély
nsfnwaufulysneiusnssuludnlned
frunululndunalug Fenufien PIC 0.5510
(Wende et al,, 2018) ag19bsAnu AT
wuASemg bnlgl82 A1 PIC 0.7596 wand
Tihanunsashanldlunssiuenluduneu
molUle

\A309MLNY umMc2038 Heuviiaguy
8 C2C2-GATA-transcription factor 4 (GATA4)
a&jwulmiﬂ%mﬁ 4 figuns (Bin No.) 4.07
yasilundnlng unummthiivesBuildiulng
WunisAnwlufianeasssiineys1tnelds
(Arabidopsis thaliana) wazd17 nuia iile
nensadulusiu axflunumwiiiinssdu
NTEUIUNTTAIUATIZIRAI8LAY (Teakle et al,
2002) TUdIuU9UNUIMNIAIUAIUAIUNTY

TsAvgsneiinnsAnues wazdaluinis@nwn

Tudalne uAseiAeadesiuunumvesdu
GATA Tuduanugiuniulsaitafiiidosn
Juanug dn13finwives Zhang et al. (2018)
51897971 §u GATA Tuwmsnanfuduiid
ununlunsaurunsiialsasuds waglse
A Bedlanmganainnisinidion Erysiphe
cichoracearum Wa¥ Pseudoperonospora
cubensis MUAINU UINWITUNITUANIBDNVDY
BU VAGATAZ ﬁmﬁwﬁmw’juwmmm oxygen
species pathway v uiieduniulsa
suU9a4u (Yu et al, 2020) wonan fadlseanu
’jﬂuizmwﬁ%’ﬂmﬁgﬂﬁaﬁ Rhizoctonia
cerealis Wvhane 417a1adnsnevausdiie
Frunmudesililldielsa sharp eyespot lng
MsLfiunsianseenvesdy TaGATAT Tiiings

1134 (Liu et al, 2020)

3. AATIENFULUUVRIDAG]
WawNY bnlgl76 HuwauRioueusing
3 fuvnds oA a b uar ¢ Faimuslidsuwuy

v

Faaardu A B uaz C auaisu wiaSeutfieu

[y 1

fusgninangud1lnaninuidszauaing

£

fumuunanfunguiiseuneUunans wu
7 3 sUnuudadaluiis 2 ngu Faifu bnlgl7e
Fali@1u1909 U UNAIIUUANAI9TEN T
ngutlnavuifisgfuALFUINIULANANg
Aulg (Table 4)

L3 9nuY bnlgl82 Huaudiduie
U305 6 d1unus laun defgh uag |
nualisuuuudada A Jluaufidwe h wa |
Usng) jUkuUdada B fuaudiduwe g Using
JULUUSaGa C fuaufdwe g uaz | Using
sULuUSada D fuauidwe d g waz i Using

sULUUSaGa E duaufdwe f g uag i Using
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JULUUSada F duoufdwe e waz ¢ Using  sUwuudada J duaufdwe d h uag i Using

JULUUSaGa G Juaufiduie g waz h Using  jUuuudada K Juaufidule e uaz h Using
sULuUSada H duoufduwe d e uaz g Us1ng  jUuuudada L Suaufiduie d uag g Using
JULUUSaGa | fuaufdwe e uag h Using WatUSguiiguiuseninangudnilnaninund

Table 4 Present, absent allele and allele variation using SSR markers; bnlgl176, bnlg182 and

umc2038; in 26 cultivars/hybrid varieties of sweet corns infected by northern corn

leaf blight (NCLB)

Cultivars/hybrid | o o OF | bnlel76 bnlg182 umc2038

variety dlisease a|bjcjal|dje|fig|h]ijal|j|k|Ll|mn|al

resistance

6622104-53 MR A
6622104-67 MR 5
7522104-241 MR A
7522104-268 MR . :
7522104-282 MR .
7522104-332 MR . A
7522104-363 MR . c
Wan54 MR C
6622104-24 MS . . .. 5
6622104-56 MS . . .
6622104-97 MS . . .
6622104-118 MS . . 5
6622104-157 MS . .
6622104-183 MS . 5
6622104-196 MS . 5
7522104-224 MS . 5
7522104-261 MS . .- . . 5
7522104-330 MS . ... 5
7522104-354 MS B . .
7522104-357 MS B . i
7522104-359 MS C . . 5
Hibrix3 MS C lll .
Hibrix59 MS C . . . =
Insee2 MS B . . . =
Songkla84d-1 MS B . .
Wan1351 MS C . . .

a-n letters = DNA band or allelel position; al = allele variation; MR = Moderately resistant; MS = Moderately susceptible

- = present allele I:I = absent allele
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syduFumuULnastunguiseuweU LA
WU ngudlna L Inavuitse iy
Aumuliunadisuuuudada AB C D uag E
Tuvnizfinguiiseunsuiunansiisluvudada
F G HIJKuae L 3udueiomunefianise
LENANNLANA1TEVININGUE T NAN U
SEAUAUMUUIUNALA UL UUNA 19BN
nfula

1AT0IMUNE UMc2038 TunuALBule
Using 5 d1uuis laun jkLmuag n
Avualigluuudada A Suaufitduie j uag |
U51ng) sUsuudada B Juaufduie m Using
sUuuudada C Juoudduie kmuag n
U5ng) JUwuudada D duaufduie k Using
sUnuudada E fuaudiduie jUsing
sUnuudada F duoudduie k Lm uag n
U51ng) JUuudada G Tuaufduwe k L uay m
Usng) jUuuudada H Juaufduie k uway m
Usng dlewIsuiiisuiuszwinengudiolnn
vt wavuifissdusmuUunans
funquilgouteUiunans nuiinguinalua
vt navuifissduimmuUunans
f5Uuuudada A B C dwunguesuteuiunanadl
sUuvudada A B C D E F G wag H oty
wipsneaslinansmaupninsssienguld

Faduluniseuidedfenuiiio
WP5aLNY blgl82 FianunsauenALLANAIS
seystnlnavuifsefuduniudiunans
uazgouLoU unadld F951891uv09 Wende
et al. (2018) 1414 bnle182 1Jura3eanue
oateanisfinislunis@nuwininuaiiy
NaINMAeN R UTNTINYBIT1IINANIU

aunulsaluludunalug) 1wudu

4. n1sAnLaandI lWANIUGNNANTUTIN 6
A281A39%NNY bnlg182

Adwerasdlnaniugnuauudn

s A o

i 6 §1u2u 158 anewud A lhduans
fugnssudumuulun s findunadue e
L3 enu"E bnlgls2 Lilonsiaaeusadad
Using wui Stnlnanugananguiag 6
$1uau 10 anevud ddada B C uaz D T
udadainuludnalnannuifiszfuiuniu
Urunasielsa agiugainangniiuivgnlu

WAeu funeu 2565 quéidedivliideddn
wazuiindeyanisuszsifiunisilulsalulng
uwalng) WWoe1gasu 55 Ju wudn anesus
6622102-55-1 6622102-56-1 6622102-57-1
6622102-60-1 6622102-61-1 6622102-95-1
6622102-96-1 6622102-97-1 6622102-239-1
WaY 6622102-240-1 N1THAAIDINITUNAUY
fiudilu 19 - 30% dnegluszduaudiumiy
Tsavunans wansliifiuinaneiudina iita
ANNAINNTOLUNTTUBNUAULEIAIENITHBAY
Tselulvunalng) warmsiilunaaeuiesdu
mutumeuvosaeiugfinmdilunisuiulss

9

Wugsely

dyUnan1Inaasg

A58 unLAS B BB uleylia
LoaLed01S NduRusTUTEFUAINFIUNIY
voslsaluludunaluglut1alnanaiu wua
dNunsofAEoNIAT ML BLOdLe A STIdUTUS
Auanwazdrumulsaluludunalugszauuiu
nandludlnenauld 3 990 16 LA3eenuny
15u WS ewmne bnlgl176 bnlg182 Way umc2038

LATINNITIATIBYTULUUIBITARD WU
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LATBIMNY bnlgl82 LAMINATDIDARAUANGS

AUIENINNUG/A18RUFTIINANITUATUNIY

9

Umunans Auiug/aeiuginlnaninugauus
Urunarshidaian Sudenfisandaanune
bnlg182 lunageulunisAnidandilnaninu
annaNguIf 6 wagnuin annsaldlsiegned
Usgansam faduLndeanunelodiedens
bnlg182 awnsainlulglunisAnidendiilng

wundarudrunulsaluludunalue seav

Y]

Urunanslaludunounisusulsanug

ANYaUAL

Hae1uIdeLTeeilasunisatvayuIy
WeannemudtasuIngmans 19 wag

YINNTIH (1))

LONEI5D19D4

N52550 Wadnig. 2551. 1sadalnaflnan. tonans
91017 EINITUWAIUINITDISTNVINDY NTH
FPINTNYAT. WNETBYA: http/libdoagoth
/multim/e-book/EB00572.pdf. HUAL: 15 F9n1Aw
2566.

24813 AnfAudey. 2567. anrunisaidagiuves

gnamnssudlnaniulng. unasdoya:
https://thaifood.org/main/revealed-the-current-
situation-of-thai-sweet-corn. &UAL: 23 LBEARY
2561.
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Disinfection of Pepper chat fruit viroid in Pepper Seeds
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ABSTRACT

Pepper chat fruit viroid (PCFVd) can cause disease in pepper. This disease can be
transmitted via seeds and mechanical means. The global pepper seed trade is an important
channel for PCFVd dissemination from country to country. The effectiveness of seed
disinfection methods for PCFVd ranging from chemical to physical ones was evaluated. The
methods using sodium hypochlorite 3%, sodium bicarbonate 10%, hydrochloric acid 0.5 N,
trisodium phosphate 10%, hot water and dry heat treatment in combinations at different
temperatures and time periods were tested in pepper seed varieties P-74 and P-TV infected
with PCFVd 100%. After treatment, the infection rate was inspected by the reverse
transcription-polymerase chain reaction technique on the whole seeds, seed coats and
seedlings and the germination rates were determined. The results showed that soaking
pepper seeds in 50°C hot water for 25 min followed by 72°C dry heat for 24 hours was the
best treatment regime. It could get rid of 100% PCFVd while the germination rates remained

at 96-99%. This result can be used as a recommendation for seed disinfection for PCFVd.

Keywords: hot water treatment; dry heat treatment; seed viroid detection; seed transmission
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UNANED

Pepper chat fruit viroid (PCFVd) 1
TseadfivhliAnlsalundnuazaiusaaieven
Fomawdnlagiing 1etanunsounsnszans
nUszmenislUsnUssimaniernuniansen
wiiaiug Fevhmsveaeuiiiennisnsldansiad
wazaufeulunissidmie PCFVd Tuuda
fiugwinATuszansam laennsldans sodium
hypochlorite 3% sodium bicarbonate 10%
hydrochloric acid 0.5 N trisodium phosphate
10% thiou uaraudou smfuiigaungiuay
Franaisiulunsindadie PCFVA lulda
ftugwinitug P74 waw P-TV Aifinnsfinide
125986 PCFVd 100% ©89N1SNAABUATID
Sudusnsinisineluludanindlomaina
reverse transcription-polymerase chain reaction
Tuwvutande Wienvuun uasduseusiuia
NAFBBAIINITION NANITNAZBUNUIN NTTUID
fiffian Ao nisutmdaninluifeuiigumgd
50%. WWuian 25 Ui snumenseumgansou
7 72°0. Punan 24 2. annsafidaie PCFVA
¢ 100% Tnedansnilsnsnisanii 96 - 99%
naa1nnsAneiaunsat Ul Dumuust

\Weannshnde PCFV Tuwdniugninle

AdIAEY: N132LTRAIBUITOU; NITUTDAEY
ausau; MInsialseAlulLan; N1saNevan

<@
NIWUAR

UNUI

Uszwalneiinisdeoanuaziindnudn
WugnsnauauAs Ut ul w.e. 2565 4

Usanainsdseaniudeiudninenuny 60,459 nn.

§ a

yae 856.1 auum wazdnduudanugnin
AIUAY 26,064 NN. YyaA1 1403 d1UUIN
(@dnaruauiiviarTann1sinyns, 2566) &
189U Pepper chat fruit viroid (PCFVd)
Anluduuaaiuduzilomanaznindioan
(Chambers et al., 2013; Verhoeven et al., 2021)
lAnnsunsnszaevede PCFVd finly
Aulanludauszinanns 9 1o winldlanu
AszuIunsiIderiiussansam lisess
Judoalsefieiifoundnian fasaig
Juerdifueanaiiensda neldalsafudi
Ugnuatia fafiedn Tina wazliussdu
dealifinAnudemeniaasegia (Hammond
and Owens, 2006) laseensuunladu 2 19
Ao Pospiviroidae wag Avsunviroidae (Serio
et al., 2014) lasesnluasd Pospiviroidae
Winvianefialuaed Solanaceae \undn 1gu
uzidawne nin funss wazuzide lisesdly
dna Pospiviroid vaevilailseaun1Taenen
\WosuLNEn (Matsushita and Tsuda, 2016)
AazeauNas (Card et al,, 2007) #30UNAIUNNTTA
(Hammond, 2017)

o PCPVd (Julisesdiidnogluana
Pospiviroid fuunedlunusyanu 348 dandlelne
wupSausnlunsnmy (Capsicum annuum L.)
fgnlulsaFouludszimausesuaus vinls
NI YLAULATOINTARNET VUIATDINANT NARNAY
4 50% dazdeniswdululugd (Verhoeven et
al,, 2009) uenanil nauzTomALaL U
fide PCFVd 1ianeilauinana g uiy
(Verhoeven et al., 2020) Usinebnegdisneanuns
wuie PCFVd pdausnluusifawmai 2.87U0s

YA

(Reanwarakorn et al,, 2011) yluivfianwae
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onsieuase dululnd luRaund wazly
Wasud sieuaiesgeeamsidlisenunis
prranuile PCPVd luludnudusidomai
dvweanlagUszinelng (Chambers et al., 2013)
LA¥IIBIIUNITATIANULTE PCAVA FAnluiu
WwaniuduzilawmaLazninaInNuaIeUszine
(Verhoeven et al., 2021)
nsauaulsaisiiinanidolisoss
anunsaaniunislananeds wu n1sdesdiunis
YLudansodIuA 9 maﬁﬁjﬁam%m%"@wm
velsaFoulgnily Msufoafuguounse
LUU9IALAENITAITIVAARINDINITAAUA A
Yo7ty azgrelinismavanlsaduliagiadl
Uszdvisam eiiseemisnismdmdslasess
warh3avinsy W nsidnde Potato
spindle tuber viroid (PSTVd) Fuuideuuuila
wazgUnsalsing q saenisutluansazane sodium
hypochlorite (NaOCl) (Garnsey and Whidden,
1971, Singh et al,, 1989; Matsuura et al., 2010)
nsldansazansy 2% sodium hydroxide Wag 2%
formaldehyde Tun1sindn o Tomato chlorotic
dwarf viroid (TCDVA), Citrus exocortis viroid
(CEVd) wag Hop stunt viroid (HSVd) (Garnsey
and Whidden, 1971) nnsudiuanlu 10%
trisodium phosphate Wuian 3 au. use
nseuldnsmeaniouiigumai 80° . 1Uuran
24 Wy, way 74° 9. Uy 48 T, LilomdnTe
Pepino mosaic virus (PepMV) Tuluidaugidoime
(Cordoba-Sellés et al, 2007) uaﬂmm’f Olivier
et al. (2015) lavpgeuaisnatesianuin lina
dunnsinefunsld 0.8% Naocl lunsindmde
PSTVd si9u1 Sombat (2019) $1891un5 kY 3%

NaOC lutnSoungamai 50° @. {uvian 25 wil
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Fuludauzidowme Gawudn anunsanidaie
PCFVd wag Columnea latent viroid (CLVd)
Ialagliidanansenufesnsinissenveudn
IINTBUTINATINRENU ‘?J’EJ;JUaﬂ’l'iﬁ’l“ffﬂL%j@

PCFVd §9398199100U8n210T N1SA190AL0

AfaurTuLdaiusivateiiieteanaiyasa

Nerdlaiy Wugiy ¥iaveadis nssuIsuay

szoziia1izaulun1sANanLYe NdNan
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UseANSHALUNITANAALYD AITUNIT)

ayan1sldarsiaiuazanuieunisigany
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Tunslemdneliseeanaz saumegey way
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Walu1I5A19aLe PCFVd NRAUAATULLAANTA

WatdutonataziuInielunisindaae PCFVd

Y

Tunsudmudeiugninegneliuszdnsnm

< ad
QUﬂiﬂJLLﬂZ'}ﬁﬂ’]i

1. N15ATIVFIULLAANINAALYD PCFVd

s

Tdwaniugn3nfinge PCFVd @oaiug

loun P-74 uag P-TV lnendunsnffidnwauzna
811 (elongated) M1UN1TINILUNVDY IPGRI

(1995) FalAsUANUOYLATIENIIN 8.05.8U1NT

s

A9MNUS (1UITULTDY NISANWIAMUAIUNIU

P

uazdnuniransisafiinainide PCFVD Uu
UziWaing Win wasulloaeiugie 4 aele
Tassnsquéiteiugnssuiinuisusemalng
Yeudszanas 2561 - 2563) wdafitimnldlaile

v 6

Wun1sudansaile o wnew dnudansniugas
100 Wap/n35338 WANRDI13L0 U875 CTAB
Ueffries and Tina, 2004) 91nHutiensi5uLe
fafaldufinliunuasiugnssumeimaia
RT-PCR lnen5d4LAs1z94 complementary DNA

(cDNA) uagtiuUIunaansiugnssumewmaia
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PCR /178 GoTag® Green Master Mix (Promega
Corporation, USA) vinUfjAien PCR #nai3sn15ves
Kungwon et al. (2022) selwsies PCF-seq-F
(5" CCG TCT TCT GAC AGG AGT AAT CCC 3')
ey PCF-seqR (5" ACC CGC ACG GCG CTT CTC 3)
(Yanagisawa et al., 2017) fflanusumedede
PCFVd

U381 Reverse transcription (RT)
Usznouse 2 pmole PCF-seqR 5.0 lulasans
RNA sample 1.75 lsilasans dudia3es thermal
cycler Tapdalusunsunissyinau 96° &. uy
5 undt andu thuuglududeiuil Guaan
5 undl wdsaniuld RT buffer 2.0 Tulasans
10 mM dNTPs 1.0 lulasans 200 U/reverse
transcriptase 0.25 lulasdns Ydiasos
thermal cycler Tnedalusunsunsyineii 50 %,
e wiu 1 9w, uag 70° . w10 Wil 39
Funouiiazld cONA fianunsatildifinusuna
mewmalla PCR saly

U381 PCR ieLfinuTunas cDNA Tu
UFASe15w 10 lailesAns Usgneudetndudi
U517210 nuclease 3.0 lulasdans PCR master
mix buffer 5 lulasans 2 pmol/ul Twsiues
PCF-seq-F 0.5 lulasdns 2 pmol/ul Insiues
PCF-seq-R 0.5 lulasdns cDNA 1.0 lulasans
antu ddiiades Thermal cycler Tnads
LUsunsuufnsen PCR il gunNil 94° 9. U
397 U 1 38U, denaturation temperature
94° @. WY 40 U1 annealing temperature
60° %. WU 40 U9l extension temperature
72° 9. W 40 N1 §11U 34 59U Wag extension
temperature gAY 72° %, WU 7 U1 31U

1 99U 3NNUUATIVFDUIUIAVDINANEAIIN

U581 PCR Aigmaila gel electrophoresis
Lﬁa@LLauaLﬁmaL{‘]mm%umﬂszmm
348 fapdlelnd melduas UV fasiaded gel
documentation UV-transilluminator (SYNCENE
U: Genius3)

2. N1SNAFBUNTTUITNI5N1ALTD PCFVC Tu
< v ¢ a
WAAWLGWSN
nsnaaeludaNysel 11 N35uls
4 91 Tuuraniennasd 200 Was 1duaansn
ARALD PCFVA (WAANSNNIATI9d0UMAI1INTT D)

¥ 2 9ug Ao P-74 wag P-TV Aunssuisnng 9

N3IUIT T1 wiwdnly 3% sodium hypochlorite
(NaOC) tfutnan 25 undt figamg
Woufi 2542° %,

N354T T2 wdiwdnaly 10% sodium bicarbonate
(NaHCO,) 1unan 25 it figamgd
Woufi 2542° %,

n5513% T3 witudalu 3% NaoCl lutinZeud
50° @, 1Juran 25 Wil

n5513% T4 ugwdnly 3% Naocl Tuhdeud
50° @. 1Junan 60 w1l

55138 T5 wiwdnluthZeudl 50° 4. 1Wuan
25 uit mudieevaufeu @ 72° @.
Wunan 24 .

55138 T utwdaluthZoudt 50° @, Hunan
25 uft mudeevaufeu A 72° @.
Hunan 48 .

NSSUIT7 wiwdaly 0.5 N hydrochloric acid
(HCV WJwaan 15 u¥il auale 10%
trisodium phosphate (TSP) tJutian
1 9. flgauminivies 25:2° 9. wag ov

ausaudl 80° @. Wuan 24 .
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aa 3 & A
AT T8 INUUAAUUNTEATYLNILLUAAN

D

H1UN158USLYe Ngunined
25+2° %.

1% ' ¥
o A 1 IS

N55U5 T9 witudnlutnfieusdndonaiuiu
25 117 Tigaumgiiviesil 25:2° o,
55033 T10 Maudaund (wdansnanndud
hﬂé’%’umiﬂgmﬁa PCFVd) uunseay
wzdafikunseusde fgungd
Woudi 2542° %,
55U T11 wwdaUn® (Waansnandud
all#Fumsdgnide PCFVd) Tuthilou
siFouds wiu 25 il figamgiivies
7l 25+2° 9.
lunssiis TL T2 T7 79 wag T11 duuén
U5391d9991978 (9an389¥19U1INNTENY
el aunm 9 X 10 wu. udgeluihudeans
avaNvoILAaYNIsUIE Madnwurildtinie
miazmmzﬁu’wum%mmuamww%"uqmmﬁ
19 (magnetic stirrer hotplate) ﬁqmwgﬁﬁm
(25+42° %) dwsudniinaaoulunssuds T3
T4 T5 was T6 twdalanasafidiJafianelu
UsTEvE o sarMEve Az TILTE thluus
IuémﬁﬂmuamqmmmwLﬁush (water-bath
shaker) LiloAsuR vuaLIa v IAaz NS
thidaunanuisiigamgiives wdnildey
pgansaunely d1sunssuis T5 T6 way T7
ANNENFU NEI91nTY BNEnnduiaiie
LLazé’uﬁlﬂlé’%’UmiﬂqﬂLﬁ??ammﬂiﬁuﬁqﬁ
qmmﬁﬁmﬁ 2542° . WiteulunsI9deUn
o PCFVA lumidauassnsiniseen 3uAszsina
N19a8An1875 least significant difference

(LSD) mawlusunsu R (R Core Team, 2021)
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3. N15USTIAUUSZANSNaYDINTINITNISNAN9N
‘o PCFVd Tudan3n
Ynudainumsnageulunsaznssaiia
nstiaude PCPVd Tudastuswinludod 2
159 IEe PCFV Tapuvauday 2 du
Ao dudl 1 a9 iolisedaindauda
(whole seed) §1u2Y 100 LU&A (F1U3UW 25
Wwaa/9n) iensraaeuindiliide PCFV ag’ﬁl
waansnudolundeiunssuisnissidaie
wazdud 2 unesran e lisesdaindiu
183.UReniuLNAn (seed coat) hazAudau
(seedling) \lons19d0Udn 188 PCFV ag’ﬁ
dulvuvouudnansn azdnIIN1SIeNYDLNAR
TnguanNLNIEA835 top of paper (TOP)
(ISTA, 2016) Tuanumnzideiiinszmutiuilse
B350 UA ($119 25 WaR/A1) 11
4 41y 14 Yy anTufinduiuudaiaon w
Sasanusen Tnetusmduiiseniuluidesan
4 91 (100 Wan) Yundunaadudesazvosng
Amaeen MnTuldUNAL (forceps) uenifuden
VLA wazduseu (T 25 Wasniuiudn
730 25 Auseu sy 1 fhegre) Jasdunis
Uuidlouszminesnetne Tnevhanuazoralinay
freupanpgaaaziinlnneuldAusagglug
ud It uAaTAIDE 19U ILENANTABSLOULDAEAD
CTAB WazmsI9douniie PCFVd damadn

RT-PCR anadafilananiilude 1

NANISNAABILAZINT]

1. o PCFVd Tuudanugwiniifne
1 13 a & o ¢ a o
WU LWAANSNTIA 2 Wug Nty

ANSNAFDUASIUAALYD PCFVA 100% Lagnsaa
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wukauiduevun 348 dandlelng Juduy
YUPUBAE PCFVA 91nmsasianamidn (whole
seed) 3 4 1 vosviaLg P74 (audesil 1 - 4)
and P-TV (lawgeadl 5 - 8) (Figure 1A)

2. UszAnsnavasisnisindadie PCFvd lu
LAANSN
2.1 33mstdnadleansiad
WU waaditanfdede PCFVd Tu
55033 T1 uae ns3uA% T2 anwnsardade
PCFVd 19 w@ion1sves T1 viliensiniseen

[ [ s

VDUUAANUS P-74 wag P-TV anasagedl

9

(% I

Heudidg 19n351n1990nL980 49 Llag 71%
MUEINU d@7u T2 Anaresnsinissenidntioy
WU SNIINTTIBNVDINUG P-74 Uag P-TV An
Ju 91 waz 94% sudeu WiawSeuifisudu
WBaruauiwiafadoudludiiuig 25 und
Tunssuds T9 Afdns1n1530n 95% wazid
Auanfiudalifndoudluiium 25 unit lu
N30 T11 UoM31n15990 100% (AU
210 4 91 = 100 W) (Table 1) donndosiy
NunedevluludnusifoinAves Sombat
(2019) warfraenndoatusieaudild NaoCl
Tunisindaide Pospiviroids 16 (Singh et al,,

s

1989; Wang, 2022) fisiinadildtufiuanawus

3

o [ =

YOININNUUMAGDUAY (Wang, 2022) NSel

n55835N5ANTRLTBReasIATias T lANaf

fulteiegiiwadiivenudn wazlinesd

Uszansnniuidetiegniglumdn (Nakamura,
1982) FedonAd4iuNIINAGDITNI189IUTT
NaOCl ansnsaldmdmidelisessivuiouuu
A3 09ilar1 9 161 (Singh et al,, 1989) Matsuura
et al. (2010) wu31 NaOCL fimudiudiu 0.5%

“Iou1INNINITA1AdALTe TCDVd taog9d

Uszansamlaedfiansiaiidenanaztesaansy
215 0uevathisesd wardmudnin AnLLTUTY
wazAmNLLunIARe (pH) vesansavaieilna
lun1sgasaanyansidutevadlisess Lagdn
@15ara18 NaoCl #1431 pH drazidmie
sesnlapg1alivse@nSninainnin (Matsuura
et al, 2010)
2.2 33n15i1saLdiadaeasuaiisaufy
AMU3aU
n1snaaaunIsAIsaEelulEndae
anstafismAunisutindeulunssuds T3 uay
55333 T4 WU Teaesiaiiuszansninlunig
e PCFVA 1§ 9 nnisasiauuusiadalyl
WULT® PCFVd (Table 1) uAdINANTENUAD
Snsnssenlumdaniniisassansusesis
117 v liensInseentdu 0% (Table 1) Falyl
awnsoldisnsiananilunsidaie PCFV
Tuaaninld Feldnaunnm1991nT1891U89
Sombat (2019) #inudn nsld 3% NaocCl Tuth
gaundl 50° 9. w25 W1l Tun1sidndo
PCFVd 130 CLVd luwdnuzifewmainide 9z
Lildssansenusedns NN UNan ey
AsnageunseeluLdndieisnisee o
onaliinadiviloundounnsnafuld Juiueiia
vosfiy Wuifiy uagieaiing (Wang, 2022)
yena1ntu Audululuda Nl uag
svoznanlunsiinide aasnaumsyiliugs
angauugiilded1asimsimdanssuisnismda
ANANTENUMABEMIINITIBNVYBILUARNAIY
(Nakamura, 1982)
2.3 3¥msiandedeanulou
wann3nilaunsnadeumsindaide

PCFVd ARSI unsaunagnN1Saunganlsou
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Tunssuas T5 fUszansamlunisindaide
PCFVd waglaidananssnunesnsnn1sIanved
wianinitaesiug nemsialinuunuiiduie
gu1n 348 dandlelng voude PCFVA Tuiiy
2 Wus ludrmvesiaudn wWionduuda uas
Fugeu (Figure 1B) waeildnsnisseni 99 wae
96% v eug P-74 uay P-TV audfu 4
Tinalissnnnssuidauauluudniaide
(T9) warludnlsifnde (T11) fifignsinissen
7 95% uaz 100% AudEU (Table 1) Watinns
T¥anufeuiluseavsnmlunisidadolsadi
loanateaiin wardunuzauiun1suaniudn
Wuslukuuinwnssunsd (Nakamura, 1982)
athlsfinu Wodiunainiseudu 48 v, lu
55333 T6 Wudnanseuitiauiinanseny
ABAIILIDNVRUNAADEN9UIN (ANIBnLTU

4

0% ¥4 2 #ug) (Table 1) 9INT189UAHIUA
WU NSUTNSewUERT 50° @ w20 - 30
Wil Juditesld egrelsiny nssudsnisuly
ihfoutuazdesmuauliadn uiseehssn
wdansurlutinfou o niinaduaiusen
vouludn Fadudeifnanudniusiofiase s
yenandunisidenldniseudisanoud
gumiuazszeznafvanzauazdanalilsl
Ansunseiuwan esananutuluwgai
NaRaANIDNVaRUaR (Nakamura, 1982)
24 33n1s5isadedleansiindaniy
freAu5oU
dmsunssuda T7 Selslamnsoriinie
PCFVd 1 1099 nFaa1u1sansranuLde
PCFVd Tuths 2 ug Tudauvesiasdn (whole
seed) Tnonsranuidoluludaninius p-7a

way P-TV Tudnsi 25% wag 50% A1udisu

198

NIITIAINANTENUADONTINITIDNVDIULUAR

s

ag1aun vildadnusendu 0% s 2 Wug
(Table 1) Tuvaug Antignus et al. (2007) WU
10% TSP %30 2% sodium hypochlorite @158
Talun1sindaide Tomato apical stunt viroid
(TASVd) NUulauilwadiivoaudnuzitiomele
1NI1YINUNISANYIVDY Nakamura
(1982) WUIANLTUVDILNAANDULSUNTTUITTU
mMsmdaealutlatenaasniidenalunisiden
NSRRI NAAUIAULNAARI8AINS DU
LHID99INAINARDANNIDNVDWUAR LYY NITBU
v ¥ 1 Y & [y} [ @
frgaNsauvrdINa i Juduns1enuLLan tae
Ausendzanaslunsdiudniainuiugs
WUIBIUEATANNTY 10% T9n15aUMI8aN
% a" Y a 14' = o % <
Soud 75° @, wivilegldiunfianunsayinlmudn
pevselisenitaun Tuniewseiutnududnadl
AUTULBYNIN 5% @1U15LTN15BUMIEAY
v al' a [~ [ 1 =
Seungaumgiaslalasliidudunsieneniud
FAnveaudn (Nakamura, 1982)
leaannlunisnaassaseililaify
Joyanuuresdaneunaziumagau vin
Tilianunsadinsieideyaludnild agislsh

muannssEsmIvaNluudaiioie (T8) was

(%
=

Tuudalaifnge (T10) Mudaldsunisudin
aiiuldindnsinissenludis 2 fugdiaanu
umnshafulusie 2 nssuiSmuny wu Tu T8 @
Sn31nnssendl 77 uar 98% uazly T10 §isnsn
15907l 86 WAy 95% voswiug P-74 uay P-TV
AU (Table 1) BlAuinanuduluwsn
Suduresiaesitusiauuandiaty Jedema
TWsnsnssenvevaaesLETALLANAN T

9

NHWUAANIUNTTUATIUNT AT LD
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Table 1 Evaluation of seed treatments for control of PCFVd in pepper seeds of variety P-74

and P-TV
Seed Viroid detection rate (%) Seed
Treatment variety Whole Seed coat Seedling germination
seed rate (%)
T1: 3% NaOCl 25 min p-74 0 0 0 a9 f
IV 0 0 A e
T2:10% NaHCO, 25 min P74 o o o 91 bed
PV O 0 A 9abc
T3: 3% NaOCl + 50° C HWT 25 p-74 0 NT NT 0
min P-TV 0 NT NT 0
T4:3% NaOCL+ 50° CHWT 60 P74 o N NT 0
min P-TV 0 NT NT 0
T5:50° CHWT 25 min + 72°C P74 o o o 9a
DHT 24 hr P-TV 0 96ab ______
T6:50° CHWT 25 min + 72°C P74 o N NT 0
DHT 48 hr P-TV 0 NT NT O _________
TTOSNHCI 15 min+ 10% TSP1 P74 25 NT NT 0
hr+80°COHT24br PV 0 N NT 0
T8: No treatment p-74 100 100 100 77 e
e PV 200 100 100 9Ba .
T9: H,O 25 min p-74 100 100 100 95 ab
e PV 200 100 100 . 95ab
T10: healthy seed, no treatment p-74 0 0 0 86 de
PV O 0 0 ... .93b
T11: healthy seed, H,0O 25 min p-74 0 0 0 100 a
P-TV 0 0 0 100 a
CV (%) 5.21

Means in the same column followed by the different letters are significantly different at P<0.05 by LSD, CV = coefficient of

variation, *100 seeds test (25 seeds/sample); HWT: hot water treatment; DHT: dry heat treatment, HCl: hydrochloric acid;

TSP: trisodium phosphate; NaOCLl: sodium hypochlorite; NaHCOs: sodium bicarbonate; NT: no test

YBNAIINLUNTOUMTAN DU ULLAATI]
AnugugeluvsunTsIIsNsmMdngeuas 1y

11AINISANAIALTR NN TIdINalRLARAIY

a L% Y A

AaUnfifusunasents esingamalidig

ABNANTIUANS 9 Yogaa sgelsAnun1sou

v

srvauseumvuizaulundafivursviagadl
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Uszlovidrglunisnszdunissonvouuan
et msidenldnisidndedeanutounis
finMsnTainmutueLuannousuduns I
Msidne Welestusunsiefvziiniuidn
(Nakamura, 1982)
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Figure 1 PCFVd detection by RT-PCR technique and the PCR products were analyzed by 2%

agarose gel electrophoresis; A = whole seed test of PCFVd-infected pepper seeds of

P-74 (lane 1 - 4) and P-TV (lane 5 - 8); B =

seed treatment no. 5 (T5) of PCFVd-

infected pepper seeds of P-74 (lane 1 - 4 are whole seeds, lane 5 - 8 are seed coats
and lane 9 - 12 are seedlings) and seed treatment no. 5 (T5) of PCFVd-infected

pepper seeds of P-TV (lane 13 - 16 are whole seeds, lane 17 - 20 are seed coats

and lane 21 - 24 are seedlings); H = healthy seeds; RT = rt reaction products; BF =
buffer; and PCF = pepper chat fruit viroid used as control; M = 100 bp DNA ladder

markers

dyUnan1Inaasg

n1snadsuisnisiidadelasesd
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Mite Pest Species and Their Natural Enemies of the Cannabis Plants
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ABSTRACT

Currently, cannabis is allowed to be grown for herbal medicine uses in Thailand. It is
becoming a new economic crop with expanding planting area while there is very limited
knowledge of the pest species and their distribution. The survey of mite species, the
potential pests of cannabis, was carried out from October 2021 to December 2023 in 61
districts of 33 provinces of Thailand. We found 19 species in 7 families of mites and insect,
including 15 species of mite pests in 4 families, 2 predatory mites in 1 family, and 1 species
of predatory insect. They were: Aculops cannabicola (Farkas) in the family Eriophyidae,
Polyphagotarsonemus latus (Banks) in the family Tarsonemidae which caused the tops of
cannabis leaves to become small and curled, Brevipalpus californicus group in the family
Tenuipalpidae. The other 12 species were in the family Tetranychidae: Eotetranychus
suvipakiti Ehara, Neotetranychus sp., Panonychus elongatus Manson, Tetranychus kanzawai
Ehara, Tetranychus gloveri Banks, Tetranychus neocaledonicus Andre, Tetranychus piercei
McGregor, Tetranychus phaselus Ehara, Tetranychus truncatus Ehara, Tetranychus sp.,
Tetranychus urticae Koch and Tetranychus hydrangeae Pritchard & Baker. Spider mites were
found to cause damage to the lower leaves of cannabis, turning them yellow and eventually
dry. The most important mite species of cannabis was T. truncates which was found infesting
cannabis in almost every area surveyed. In addition, 2 species of predatory mites and
1 predatory insect were found in this study: Amblyseius cinctus Corpuz-Raros & Rimando,

Neoseiulus longispinosus (Evans), and Scolothrips asura Ramakrishna & Margabhandu.

Keywords: mite pest; mite; spider mite; broad mite; eriophyid mite; rust mite
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(1) 29 Eriophyidae wu 1 %lla Ao A cannabicola
(2) 29A Tarsonemidae wu 1 ¥fn fAe P. latus
(3) 24A Tetranychidae wu 12 ¥fa Ao E.
suvipakiti Neotetranychus sp. P. elongatus
T. gloveri Tetranychus kanzawai T. phaselus
T. neocaledonicus T. urticae T. truncates
T. piercei Tetranychus sp. Wag T. hydrangeae
(4) WA Tenuipalpidae wu 1 %iln Ao B californicus
wag (5) iiﬁuL%aiﬂﬁaegiuuaﬁ Tydeidae 1 %fin
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Table 1 Mite pest species attacking Cannabis sativa L. and their symptom of injury found in

various areas of Thailand

Specific name of

Symptom of

. Location . Latitude Longitude
mite injury
Family Eriophyidae
Aculops Mueang Nong Khai district, Vagrant, Rust 17°47.58 102°47.49
cannabicola (Farkas)  Nong Khai province leaf curve
Mueang Buri Ram district, 14°57.735 103°4.653
Buri Ram province
Mueang Bueng Kan district, 18°20.18 103°41.37
eeeeiieiee.......BuengKanprovince . 1872032 103°40.15
Family Tarsonemidae
Polyphagotarsonem  Chatuchak district, Bangkok Young leaf 13°51.07 100°34.31
us latus (Banks) curve
R Mueang Trang district, Trang province . ... 7°39.480 99739.554
Family Tenuipalpidae
Brevipalpus Chatuchak district, Bangkok 13°51.07 100°34.31
LCaUfOrnICUS QrOUD
Family Tetranychidae
Eotetranychiis Samoeng district, Chiang Mai province  White patches 18°51.29 98°45.38
suvipakiti Enara on the lower
leaf surface
Neotetranychus sp. ~ Samoeng district, Chiang Mai province 18°51.29 98°45.38
Panonychus Tha Sae district, Chumphon province ~ White patches 10°49.68 99°12.128
elongatus Manson on the lower
leaf surface
Tetranychus gloveri  Mueang Ratchaburi district, White patches 13°32.73 99°47.007

Banks

Ratchaburi province

on the lower
leaf surface
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Table 1 (continued)

Specific _name of Location Syrr_mp‘t om of Latitude Longitude
mite injury
Tetranychus Samoeng district, Chiang Mai province  White patches 18°51.29 98°45.38
kanzawai Kishida on the lower
leaf surface
Lat Yao sub-district, Chatuchak 13°51.07 100°34.31
district, Bangkok
Mueang Trang district, Trang province 7°39.48 99°39.554
Makham district, Chanthaburi 12°49.036  102°13.914
province
Laem Neop district, Trat province 12°14.58 102°17.37
Laem Sing district, Chanthaburi 12°29.976 102°8.826
province
Tha Sae district, Chumphon province 10°49.481 99°12.536
Thalang district, Phuket province 8°0.56 98°23.33
Kanchanadit district, Surat Thani 9°8.724 99°38.184
province
Ko Pha-ngan district, Surat Thani 9°44.802 100°3.271
province
Tetranychus Mueang Chanthaburi district, 12°34.08 102°3.11
neocaledonicus Chanthaburi province
Andre
Tetranychus piercei Nong Prue district, Kanchanaburi White patches 14°36.488 99°27.537
McGregor province on the lower
Khao Khitchakut district, Chanthaburi 12°52.985 102°01.153
i leaf surface
province
Tetranychus Mueang Buri Ram district, Buri Ram White patches 14°57.47 103°4.38
phaselus Ehara province on the lower
leaf surface
Tetranychus Mueang Uthai Thani district, Uthai White patches 15°24.44 100°02.04
truncatus Ehara Thani province on the lower
Mueang Uthai Thani district, Uthai leaf surface 15°24.43 100°02.05
Thani province
Phayuha Khiri district, Nakhon Sawan 15°37.491 100°14.934
province
Lat Yao district, Nakhon Sawan 15°48.633 99°49.355
province
Nonthaburi province - -
Pak Kret district, Nonthaburi province - -
Tha Tako district, Nakhon Sawan 15°42.894  100°27.713
province
Nong Bua district, Nakhon Sawan 15°51.939  100°36.415
province
Mueang Nakhon Sawan district, 15°38.131  100°15.554
Nakhon Sawan province
Phaisali district, Nakhon Sawan 15°31.900  100°36.854
province
Nong Ma Mong district, Chai Nat 15°16.229 99°47.060
province
Kasetsart University, 13°51.098  100°34.007
Chatuchak district, Bangkok 13°50.526  100°33.462
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Table 1 (continued)

Specific _name of Location Syrr_mp‘t om of Latitude Longitude
mite injury

Wang Muang district, Saraburi 14°47.13 101°04.04
province
Bang Pa-in district, Phra Nakhon 14°13.02 100°36.04
Si Ayutthaya province
Nakhon Luang district, Phra Nakhon 14°24.235  100°38.064
Si Ayutthaya province
Ko Chan district, Chon Buri province 13°23.583  101°18.109
Mueang Chanthaburi district, 12°41.898 102°6.402
Chanthaburi province
Kaeng Hang Maeo district, 12°56.574  101°49.404
Chanthaburi province
Khlong Yai district, Trat province 11°41.1  102°54.402
Kaeng Hang Maeo district, 13°4.342  101°51.897
Chanthaburi province
Nikhom Phatthana district, Rayong 12°51.406  101°10.344
province
Mueang Rayong district, Rayong 12°44.242  101°22.288
province
Bang Phae district, Ratchaburi 13°38.814 100°1.095
province
Dan Makham Tia district, 13°53.871 99°20.572
Kanchanaburi province
Tha Muang district, Kanchanaburi 13°57.32 99°39.06
province
Lang Suan district, Chumphon 9°54.381 99°1.823
province
Thalang district, Phuket province 8°0.56 98°23.33
Tha Bo district, Nong Khai 17°52.35 102°34.59
province
Mueang Udon Thani district, Udon 17°28.1 102°47.34
Thani province
Wang Nam Khiao district, Nakhon 14°21.343  101°55.557
Ratchasima province 14°21.333  101°55.554
Kantharawichai district, Maha 16°16.297  103°12.988
Sarakham province
Ban Dan district, Buri Ram province 15°10.699  103°09.511
Ban Dan district, Buri Ram province 15°05.504  103°10.378
Nong Ki district, Buri Ram province 14°40.453  102°33.274
Mueang Buri Ram district, Buri Ram 15°2.49 103°4.26
province
Mueang Buri Ram district, Buri Ram 14°57.761 103°4.655
province
Phra Yuen district, Khon Kaen - -
province
Mueang Khon Kaen district, Khon - -
Kaen province
Suwannaphum district, Roi Et 15°36.009  103°43.628
province
Changhan district, Roi Et province 16°09.427  103°38.198
Lam Khlong sub-district, Mueang 16°34.691  103°29.326

Kalasin district, Kalasin province
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Table 1 (continued)

Specific _name of Location Syrr_mp‘t om of Latitude Longitude
mite injury

Kantharalak district, 14°45.540 104°39.584
Si Sa Ket province
Khlong Hat district, Sa Kaeo province 13°26.811 102°19.408
Wang Nam Yen district, 13°35.177 102°08.116
Sa Kaeo province
Mueang Udon Thani district, 17°18.509  102°39.350
Udon Thani province
Mueang Nong Khai district, 17°46.86 102°47.59
Nong Khai province 17°47.58 102°47.49
Mueang Sakon Nakhon district, 17°01.020  104°07.013
Sakon Nakhon province
Mueang Bueng Kan district, 18°20.18 103°41.37
Bueng Kan province 18°20.32 103°40.15
Mueang Buri Ram district, 14°57.42 103°04.39
Buri Ram province
Mueang Buri Ram district, 14°57.47 103°04.38
Buri Ram province
Si Samrong district, 17°9.588 99°51.624
Sukhothai province
Chae Hom district, Lampang province 18°48.158 99°35.005
Ban Hong district, Lamphun province 18°19.353  98°45.089
Saraphi district, Chiang Mai province 18°44.334 99°0.094
Samoeng district, Chiang Mai province 18°51.517 98°45.651
Doi Saket district, Chiang Mai 18°54.603  99°14.024
province
Samoeng district, Chiang Mai province 18°51.29 98°45.38
San Pa Tong district, 18°31.285 98°52.285
Chiang Mai province

Tetranychus sp. Samoeng district, Chiang Mai province 18°51.29 98°45.38
Mueang Trang district, Trang province 7°39.480 99°39.554
Mueang Buri Ram district, - -
Buri Ram province

Tetranychus urticae  Mueang Nakhon Ratchasima district, 14°52.2912  102°1.5504

White patches

Koch Nakhon Ratchasima province on the lower
Saraphi district, 18°40.033 99°4.526
: i i leaf surface
Chiang Mai province
Pran Buri district, 12°26.025 99°56.314
Prachuap Khiri Khan province
Mueang Lamphun district, 18°35.7023  98°58.1205
Lamphun province
Tetranychus Ban Hong district, White patches 18°22.550 98°49.396
hydrangeae Lamphun province on the lower
_Pritchard & Baker ] \eaf surface
Family Tydeidae Kantharawichai district, Mold mite 16°16.297 103°12.988

Maha Sarakham province
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Table 2 Predatory mites and thrips found on Cannabis sativa L. in various areas of Thailand

Scientific name of

predatory Associated mite pest Location Latitude  Longitude
mite/thrips
Family Phytoseiidae
Amblyseius cinctus Tetranychus kanzawai  Thalang district, Phuket 8°0.56 98°23.33
Corpuz-Raros & Kishida province
Rimando
Neoseiulus Tetranychus truncatus Mueang Uthai Thani 15°24.44 100°02.04
longispinosus (Evans) Ehara district, Uthai Thani
province
Neoseiulus Tetranychus truncatus Mueang Khon Kaen district, - -
longispinosus (Evans)  Ehara Khon Kaen province
Thalang district, Phuket 8°0.56 98°23.33
province
Kantharawichai district, 16°16.297 103°12.988
Maha Sarakham province
Changhan district, Roi Et 16°09.427 103°38.198
province
Mueang Sakon Nakhon 17°01.020 104°07.013
district, Sakon Nakhon
province
Tetranychus  urticae  Saraphi district, Chiang Mai 18°40.033 99°4.526
Koch province
Tetranychus phaselus ~ Mueang Buri Ram district, 14°57.47 103°4.38
Ehara Buri Ram province
Tetranychus kanzawai  Tha Sae district, 10°49.4808 99°12.536
Kishida Chumphon province
Thalang district, Phuket 8°0.56 98°23.33
_______________________________________________________ ProvinCe
Family Thripidae
Scolothrips asura Tetranychus kanzawai  Tha Sae district, 10°49.4808  99°12.5364

Ramakrishna &
Margabhandu

Kishida

Chumphon province

9MSINT5LTNMINAE LAZANPUEZNISHTINNANY
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L3dmgioywn39d Tetranychidae 1Uuls
finutosdign nelsunamaion T, truncatus wu
snfigndls 64.95% vosiiuiidna sesasun fe
l3unafue1an 7. kanzawai (10.31%) lsao999
T. urticae (4.12%) wag T. piercei Anu 2.06%
vosfiufidrsna Tusdseinulsdvsye
A. cannabicola 6.12% vesituiids19 vaiinu
13@1”;1}’1 A. cinctus 1.01% Wag N. longispinosus
5.15% veaiuiid1379 dmduinas i

o [ a

S. asura wu 1.03% dmsulsdnseyrstinou o

Y
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ﬁwuiuﬁm%w loun P. latus, B. californicus,
E. suvipakiti, P. elongatus, T. gloveri, T.
neocaledonicus, T. phaselus Wag T. hydrangea

15919 8 vadnwuwied 1.03% YaINUNE1979

Lsfinginyun
lsdu1 Y129 Eriophyidae loun
A. cannabicola 13U319dn¥gAREUDY
dunlaniomanseou 9 (Figure 1A) liaunsa
=] v Y | <) A o 5
wouulamendan waziusiininuasansn
(first record) Tuuseinelne wagsinlwluigan

fdnwauridundu 9 wazdenisatuusiou
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Tlu Aavedluidnvazidususuzndibn o
(Figure 1B) n3aunensenuluiidnvarvinee
AAEDIN15LT1YINa1899415917 wazuinnuls
USHauu1nagynTiAULATEULNTUY dINane
nandndadnwazeinisidiiaievedlsdan
ﬁ’iymﬁﬁmawuﬁ A0AARDIAUIILITUTD
Hirsch and Kesheimer (2021) lsafiniidisneay

Wvihanefluityw Sgewind waesguadnasiile

Usgimaanizoluin lagidsiansiinigen
WaEAU1998INY 819V LALATELATULA AnU
ls3ruiuunagyinlvludounnianas way
LAAN13 Y gﬂﬂ?iLﬂ%mLaUIW%aﬂmﬂﬂaﬂLLaz

AU AR ULATLLNTY AINANTENUABNANAR

LagAMAI wle (Pulkoski and Burrack, 2020;
Villanueva et al., 2021)

Figure 1 (A) Hemp russet mite, Aculops cannabicola (Farkas), (B) Russeting of leaf

14 Tarsonemidae laun lsv11
Polyphagotarsonemus latus Wulg1vinaglu
Ayalagtdrvinateludysilussezuanly

gou ililuigyininee wazdlvuinidnas

(Figure 2A - B) Inglsvnadaiiduviinifeaiu
Anvlunsn dule uzag wazivAsughadn

Maevin (Tu) wazAy, 2544)

Figure 2 (A) Broad mite, Polyphagotarsonemus latus (Banks), (B) Leaves curl damage

19 Tetranychidae wu 12 wila laun
E. suvipakiti, Neotetranychus sp., P. elongatus
(Figure 3A - B) wag T. gloveri (Figure 3C - D),
lsfnsrisywnviin T. kanzawai (Figure 3E - G) uag
T. phaselus (Figure 3H - J), T. neocaledonicus

(Figure 3K - M), T. urticae (Figure 3N - P),

T. truncates (Figure 3Q - S), T. piercei (Figure 3T- U),
Tetranychus sp. W T. hydrangeae
dmsunisitvinatgeeelsiasluled
Tetranychidae wuushadlaludgw vinlwlu
fyuniiadn seuluazivios uazuis fiddey

wuviaghuiaunninui (Figure 3G, J, M, P, S)
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Figure 3 (A) Panonychus elongatus Manson (female), (B) Male; (C) Tetranychus gloveri Banks

212

(female), (D) Male; (E) Tetranychus kanzawai Kishida (female), (F) Male, (G) Injury to
hemp leaves; (H) Tetranychus phaselus Ehara (female), (I) Male, (J) Injury to hemp
leaves; (K) Tetranychus neocaledonicus Andre (female), (L) Male, (M) Injury to hemp
leaves; (N) Two spotted spider mite, Tetranychus urticae Koch (female), (O) Male, (P)
Injury to hemp leaves; (Q) Mulberry red mite, Tetranychus truncatus Ehara (female), (R)

Male, (S) Injury to hemp leaves; (T) Tetranychus piercei McGregor (female), (U) Male
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PNNMIETINUIN Lsunsilamduaadvinany
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Figure 5 Predatory mite, Neoseiulus longispinosus

(Evans)
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ABSTRACT

Cassava mosaic disease (CMD) is a major disease that causes damage to cassava
production worldwide. CMD-resistant cassava varieties obtained from the International Center
for Tropical Agriculture (CIAT) and the International Institute of Tropical Agriculture (IITA),
including 7 varieties, namely TME 3, C 33, IITA-TMS-IBA 920057, IITA-TMS-IBA 972205,
IITA-TMS-IBA 980505, IITA-TMS-IBA 980581 and TME B 419, are currently being used as parent
lines to create hybrids resistant to CMD suitable for cultivation in Thailand. The tetra-primer
ARMS-PCR is a technique for single-nucleotide polymorphism (SNP) detection. It has the
advantages of amplifying multiple alleles in a single reaction with the inclusion of a control
fragment, cost-effectiveness as well as simplicity in operation. The purposes of this research
were to develop primer sets using the tetra-primer ARMS-PCR technique to detect SNP
markers associated with CMD resistance for the selection of resistant varieties and to develop
a primer set for discrimination of variety within 7 CMD-resistant varieties being used in
Thailand. The resultant primer sets have been readily developed and optimized condition to
detect SNP markers Ex2-78, Ex2-157, Ex3-128, and S12 7926132 on chromosome 12, and can
be used to select CMD-resistant varieties. For discrimination of CMD-resistant varieties, a
primer set was developed to detect the SNP marker S12 8910428 in the DNA polymerase o)
subunit 1 gene, and could distinguish TME B 419 from the remaining six resistant varieties. To
our knowledge, this is the first report of using tetra-primer ARMS-PCR, which is cost-effective

and simple to operate, in SNP detection for CMD-resistance selection in cassava.

Keywords: cassava; cassava mosaic disease; detection; molecular marker; single-nucleotide

polymorphism (SNP)
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INTRODUCTION

Cassava is one of the important
economic crops of Thailand with an area
of 1.59 million hectares of plantations
throughout the country. Thailand’s cassava
production amount was ranked third in the
world after Nigeria and Congo. In 2022,
Thailand has exported cassava products
worth 172,593 million baht (Office of
Agricultural Economics, 2022).

Cassava mosaic disease (CMD) is
caused by the Cassava mosaic virus (CMV).
It can infect cassava at all growth stages,
causing a decrease in yield by more than
80%. Cassava plants infected with this
disease show symptoms such as spotted
leaves to yellow and deformed leaves,
short trees and stunted stems. The disease
epidemic is carried by the tobacco whitefly,
Bemisia tabaci, and can be transmitted by
infected cassava cuttings. The disease is
endemic in many countries in Africa and
Asia. The first outbreak of CMD in Thailand
was reported in 2018 (Maneechoat et al,,
2018). The causal virus was Sri Lankan
cassava mosaic virus (SLCMV) (Rakkrai et
al,, 2022).

Until now, three loci or genes
related to CMD resistance have been
identified, namely CMD1, CMDZ2 and CMD3.
CMD1 is a recessive gene originating from
the wild cassava, Manihot ¢laziovii Muell.

Arg. (Fregene and Puonti-Kaerlas, 2002). CMD2
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is the major dominant locus controlling
CMD resistance and is called the qualitative
resistance source (Akano et al, 2002). It
was identified in the cassava variety
TME3 and is commonly found in West
African landraces (Lim et al., 2022). CMD3 is
a minor gene that was identified in TMS
972205 (Okogbenin et al., 2012).

Molecular markers associated with
the CMD2 locus were reported. Sequence
Characterized Amplified Region (SCAR) marker,
namely RME1 and Simple Sequence Repeat
(SSR) markers, namely NS158, SSRY28
and NS169, are flanking near the CMD2
locus with the distances 4, 7, 9 and 16
centimorgan, respectively (Carmo et al,
2015).

Wolfe et al. (2016) reported 3 SNP
markers in the peroxidase gene (Cassavad.l
~029175) differentiating between the
CMD-resistant cassava genotypes having the
qualitative resistance source CMD2 (TMEBS3,
TMEB7 and 1011412) and the CMD-tolerant
cassava genotypes without CMD2 (130572
and TMEB1), namely Ex2-78 (the 78th
nucleotide of Exon2), Ex2-157 and Ex3-128.
The CMD-resistant cassava genotypes have
alleles homozygous GG, TT and TT at SNPs
Ex2-78, Ex2-157 and Ex3-128, respectively.
Rabbi et al. (2020) conducted a Genome-
Wide Association Study (GWAS) using a cassava
population of 5,130 clones developed at

the International Institute of Tropical
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Agriculture (IITA) in Nigeria and found an
additional SNP marker associated with CMD
resistance at position S12 7926132 in the
CMD2 locus on Chromosome 12 in Manihot
esculenta v6.1 of the Phytozome database
(https://phytozome-next.jei.doe.gov). Ige et
al. (2021) and Codjia et al. (2022) used the
Kompetitive Allele-Specific PCR (KASP)
assay to evaluate the effectiveness of the
SNP S12 7926132 in selection for CMD
resistance and found that the SNP
S12 7926132 provided 77 — 80% accuracy.
Recently, Lim et al. (2022) discovered
a gene involved in the loss of CMD2
resistance (LCR) after regeneration through
de novo morphogenesis in multiple landraces
but not in varieties developed through
a breeding program. The gene was DNA
polymerase O subunit 1 (MePOLDI). The
SNP marker that co-segregates with CMD
resistance was also identified. The SNP is in
the coding sequence of MePOLDI and
changes amino acid from valine to leucine
at position 528 (v528L) (Lim et al., 2022),
which is nucleotide position 8910428 on
chromosome 12 (512 8910428) in Manihot
esculenta v8.1 of the Phytozome database,
changing nucleotide from G to C. The
resistant allele of SNP in MePOLDI was
found in cassava varieties TME204 and TME
B 419 (Lim et al,, 2022), which are genetically
close to each other (Raji et al., 2009). TME

B 419 is one of the CMD-resistant varieties

that were used in breeding programs in
Thailand.

There are several methods for the
detection of SNP markers such as restriction
fragment length polymorphism (RFLP),
cleaved amplified polymorphic sequence
marker (CAPS), pyrosequencing, real-time
PCR and tetra-primer amplification refractory
mutation system PCR (tetra-primer ARMS-PCR).
Among these methods, the tetra-primer
ARMS-PCR has the advantage of speed
and cost-effective, simple to operate and
requires basic instrumentation (Lajin et al,
2013). Therefore, in this research, primer
sets used for the tetra-primer ARMS-PCR
technique were developed to detect
SNP markers associated with CMD resistance
for the selection of resistant varieties
and to discriminate variety within the
7 CMD-resistant varieties used in cassava

breeding programs in Thailand.

MATERIALS AND METHODS

Sample collection and DNA extraction
Thailand Department of Agriculture
(DOA) received 7 CMD-resistant varieties
from the International Center for Tropical
Agriculture (CIAT) and the International
Institute of Tropical Agriculture (IITA)
including TME 3, C 33, IITA-TMS-IBA 920057,
TMS-IBA 972205, IITA-TMS-IBA 980505,
IITA-TMS-IBA 980581 and TME B 419

(Rakkrai et al., 2022). These varieties were
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used as parents to develop varieties
resistant to CMD and suitable for cultivation
in Thailand. The cassava breeding program
has been carried out at Rayong Field Crops
Research Center, DOA, Ministry of Agriculture
and Cooperatives, Thailand.

Seven introduced CMD-resistant
varieties and a Thai-landrace CMR43-08-89
susceptible variety were collected from the
Rayong Field Crops Research Center. Leaves
were taken from 6-month-old cassava from
the top of the plant for DNA extraction
using hexadecyltrimethylammonium bromide
or the CTAB method (Devi et al., 2013). The
quantity and quality of DNA were measured
by using a spectrophotometer (Biodrop, UK).

Primer Design

To design primer sets for the tetra-
primer ARMS-PCR technique to detect
SNP markers Ex2-78, Ex2-157, Ex3-128,
S12 7926132, and S12 8910428, genome
sequences adjacent to each SNP obtained
from the Phytozome database (https://
phytozome-next.jgi.doe.gov) were used. A
primer set for each SNP detection was
designed by using an accessible primerl
program  (http://primerl.soton.ac.uk/primerl.
html) (Ye et al, 2001). The sequences of
primer sets for Ex2-78, Ex2-157, Ex3-128,
S12 7926132, and S12 8910428 detection
are provided in Table 1.

Table 1 Primers used in the tetra-primer ARMS-PCR for selection and discrimination of CMD-

resistant cassava varieties

SNP position Primer set and sequence (5’ - 3”) Product size
Ex2-78 Outer forward CCTTTGTTGAGAATGCATTTCCATGATT Control fragment: 416 bp
Outer reverse GTCCAGTTTTAACATCCCAAAATGGTCC
Inner forward AAAGAAGCAATCCCAAACCAAACCGTA A allele: 253 bp
Inner reverse TTCACAGCATCAATCACATTGAATCCTATC G allele: 220 bp
Ex2-157 Outer forward TTCAAAGAGAGGCAATCAAGCTGAGAAA Control fragment:296 bp
Outer reverse GACACTCTTCCATCTCTCCGTCCAGTTT
Inner forward TGGTGTGGTTTCTTGCGCTGATATCT T allele: 192 bp
Inner reverse AAACTGCATCTCGAGCTACTAAGGCCAC G allele: 158 bp
Ex3-128 Outer forward GTAGCTCGAGATGCAGTTTCAATGGTAA Control fragment:434 bp

Quter reverse
Inner forward

Inner reverse

CTTTGCCTGTGAAATTGTATAAGCGGTT
TAAGTGAGCTTAAACAAAA GCGGC
AAGGTCCTTAACATTTAAACCCCGGA

C allele: 231 bp
T allele: 257 bp

S12 7926132

Outer forward
Quter reverse
Inner forward

Inner reverse

CCAAGTTTTATGGACCTTTCGTGGTTCT
CCAATGGACTAAAATCTCAAGTTGTCCG
TATTTTCCATGTTTCCACCCTCAAACGT
GGAGTACAAGAATCTTGTCCTTTGTGACAC

Control fragments:291,240 bp

T allele: 204 bp
G allele: 145 bp

S12 8910428

Outer forward
Quter reverse
Inner forward

Inner reverse

ATTTCTTCTTTGAAACAAGGATTTGCAT
TAGCCTTCCTCAGGAGTTGAGAAAGTAC
TTATTTATAATTATGTAGAAATGGCCCCTG
AGGAAAGATAAAGGGACGCCTGTCAG

Control fragment:398 bp

G allele: 196 bp
C allele: 258 bp
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PCR amplification

For DNA amplification by single PCR
for RME1 marker detection, PCR was performed
using primers designed by Fregene et al.
(2006): F: 5’-ATGTTAATGTAATGAAAGAGC-3’
and R: 5’-AGAAGAGGGTAGGAGTTATGT-3".
The reaction was assembled in a total
volume of 20 pl containing 100 ng of
genomic DNA, 1X Taq buffer with (NHg),SO4
(Thermo Scientific, USA), 0.2 mM for each
dNTP, 0.4 pM forward primer, 0.4 pM
reverse primer, 1.5 mM MgCl, and 1 U Taq
DNA Polymerase (Thermo Scientific, USA).
The PCR cycling profile was 94° C for 5 min,
followed by 35 cycles of denaturation at
94° C for 40 s, annealing at 56° C for 40 s,
extension at 72° C for 1 min, and final
extension at 72° C for 5 min PCR products
were analyzed by 2% (w/v) agarose gel
electrophoresis.

For DNA amplification wusing the
tetra-primer ARMS-PCR technique for Ex2-
78, Ex2-157 and Ex3-128 SNP detection,
PCR was performed in a total volume of 20
ul containing 100 ng of genomic DNA, 1X
Taq buffer with (NHg),SO4 (Thermo Scientific,
USA), 0.2 mM for each dNTP, 0.2 uM of
each outer primer, 0.2 pM of each inner
primer, 1.5 mM MgCl,, 1.5 U Tag DNA
Polymerase (Thermo Scientific, USA). In
addition, 1% dimethyl sulfoxide (DMSO)
was added for Ex2-157 detection. The
mixture was then applied to DNA

amplification using the GeneAmp® PCR
System 9700 (Applied Biosystems). The
optimum PCR cycling profile was 94° C
for 5 min followed by 35 cycles of
denaturation at 94° C for 40 s, annealing for
40 s at 58° C for Ex2-78 and at 60° C for
Ex2-157 and Ex3-128, extension at 72° C for
30 s, and final extension at 72° C for 5 min
PCR products were analyzed by 2.5% (w/v)
agarose gel electrophoresis.

For DNA amplification using the
tetra-primer ARMS-PCR technique for
S12 7926132 and S12 8910428 SNP detection,
PCR was performed in a total volume of 20
ul containing 50 ng of genomic DNA, 1X
GoTag® Green Master Mix (Promega, USA),
0.25 UM of each outer primer and 0.25 yM
of each inner primer. The mixture was then
applied to DNA amplification using the
GeneAmp® PCR System 9700 (Applied
Biosystems). The optimum PCR cycling
profile was 95° C for 2 min, followed by 35
cycles of step for S12 7926132 and 38
cycles of step for S12 8910428, consisting
of denaturation at 94° C for 40 s, annealing
for 40 s at 58° C for S12 7926132 and at
59° C for S12 8910428, extension at 72° C
for 30 s, and final extension at 72° C for 5
min PCR products were analyzed by 2.5%
(w/v) agarose gel electrophoresis.

For DNA amplification by single PCR
for SSRY75 marker detection, PCR was
performed by using primers designed by Mba
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et al (2001): F: 5-TCTGGTAAACCTACTAGTGCTCCA3
and R: 5’-TTCATGCACGTCCTGATACA-3’. The
reactions were assembled in a total
volume of 20 pl containing 50 ng of
genomic DNA, 1X GoTag® Green Master
Mix (Promega, USA), 0.25 uM forward
primer and 0.25 uM reverse primer. The
mixture was then applied to DNA
amplification using the GeneAmp® PCR
System 9700 (Applied Biosystems). The
optimum PCR cycling profile was 95° C
for 2 min, followed by 35 cycles of
denaturation at 94° C for 40 s, annealing at
55° C for 40 s, extension at 72° C for 30 s,
and final extension at 72° C for 5 min PCR
products were analyzed by 3% (w/v)

agarose gel electrophoresis.

RESULTS AND DISCUSSION

CMD-resistant varieties used in the cassava

breeding program in Thailand

Most of the resistant varieties have
red leaf petioles, except TMS-IBA 972205
and TME B 419 which have green leaf
petioles. All varieties have similar leaf
shapes with an average of 7 lobes. The
genotype analysis using a SCAR marker
named RME1 associated with the CMD2
locus revealed that all CMD-resistant varieties
showed a DNA band approximately 700 bp
in size (Figure 1 lane 1 - 7), consistent with
the expected size found in CMD-resistant

varieties as reported previously (Bi et al,,
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2010; Carmo et al,, 2015; Houngue et al,,
2019). While the 700 bp band did not
appear by CMR43-08-89, a CMD-susceptible
variety, and distilled water control samples,

(Figure 1 lane 8 and 9, respectively).

Development of primer sets for detection
of SNP markers related to CMD resistance

The cassava varieties with different
genotypes of SNP Ex2-78 were used in the
optimization of tetra-primer ARMS-PCR,
including TME 3 (GG), Rayong 5 (AG) and
Rayong 3 (AA). The optimization for SNP
Ex2-78 detection was carried out by using
gradients of annealing temperature at 58,
60, 64 and 66° C, the addition of dimethyl
sulfoxide (DMSO) and increasing of inner
reverse (IR) primer concentration (Figure 2).
A suitable DMSO concentration improve
PCR amplification (Kang et al., 2005). The
best condition for SNP Ex2-78 detection
was the annealing temperature of 58° C
without DMSO (0% DMSO) and without
changing the primer concentration (Figure 2
panel D), which provided clear DNA fragments
at the expected size as described in Table 1.
The increase of IR primer from 0.2 ym to
0.4 um was tried in optimization, but this
condition did not provide the expected
bands (Figure 2 panel B). The product of
tetra-primer ARMS-PCR specific to SNP
Ex2-78 contained 416 bp as a control
fragment, 220 bp as the G allele and 253
bp as the A allele (Figure 2).

MIFNITITINTNWAT TN 42 21TUN 2 WaBAIAN - BINAN 2567



700 <700

500

250

(bp) (bp)

Figure 1 Genotype analysis of cassava varieties using SCAR marker RME1, M1: 50 bp DNA
Ladder; 1: TME 3; 2: C 33; 3: [ITA-TMS-IBA 920057; 4: TMS-IBA 972205; 5: ITA-TMS-IBA
980505; 6: IITA-TMS-IBA 980581; 7: TME B 419; 8: CMR43-08-89 (CMD-susceptible
variety); 9: ddH,0O; M2: 100 bp DNA Ladder plus

A 66C DMSO 2% B 64C IR DMSO 0% C 60C DMSO 3% D 58C DMSO 0% E 58C DMSO 1%

X . S A \l . \ A |
DW  TME3 RS R3S DW TME3 RS R3 DW TME3 RS R3 DW

(bp)

Figure 2 Tetra-primer ARMS-PCR optimization for SNP Ex2-78 detection with different
annealing temperatures and conditions, A: Annealing temperature of 66° C and
addition of 2% DMSO in PCR reagents; B: Annealing temperature of 64° C and
increasing of IR primer without the addition of DMSO; C: Annealing temperature of
60° C and addition of 3% DMSO; D: Annealing temperature of 58° C without the
addition of DMSO, which was the optimum PCR condition for SNP Ex2-78 detection;
E: Annealing temperature of 58° C and addition of 1% DMSQO; Lane M: DNA ladder.
DNA fragments generated by primers of SNP Ex2-78 include a control fragment
(416 bp), a specific fragment of the A allele (253 bp) and the G allele (220 bp)

The SNP Ex2-78 genotype analysis
showed that all CMD-resistant varieties used
in this study have genotype GG (Figure 3A
lane 1 - 7), consistent with the report of
Wolfe et al. (2016) that CMD-resistant varieties
(TMEB3, TMEB7 and 1011412) have alleles
homozygous GG at SNP Ex2-78. While CMR

43-08-89 had a genotype of heterozygous
GA (Figure 3A lane 8).

The optimization of tetra-primer
ARMS-PCR for SNP Ex2-157 and Ex3-128
detections revealed the best conditions for
SNP Ex2-157 and Ex3-128 detections by the

annealing temperature of 60° C with 1%
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DMSO and the annealing temperature of
60° C without DMSO, respectively. The
genotype analysis of SNP Ex2-157 is shown
in Figure 3B. The 296-bp band was a
control fragment and the 192-bp band
represented the T allele fragment. The
result showed that all CMD-resistant varieties
used in this study and a susceptible variety,
CMR43-08-89, have a homozygous TT
genotype (Figure 3B). The genotype analysis
result of SNP Ex3-128 is shown in Figure 3C.
The 434-bp band was a control fragment
and the 257-bp band represented the

A M

T allele fragment. In this marker, all 7 CMD-
resistant varieties and CMR43-08-89 have
similar genotypes, which are homozygous
TT (Figure 3C). According to Wolfe et al.
(2016), CMD-resistant varieties have genotype
homozygous TT at SNPs Ex2-157 and Ex3-128.
However, CMR43-08-89 also has the same
genotype with resistant varieties at SNPs
Ex2-157 and Ex3-128. Therefore, these two
SNP markers may not be as effective as
SNP Ex2-78 for selecting varieties resistant

to CMD.

GRS R g PN R Bt e e
T e o g— g — N —

Figure 3 Genotype analysis of cassava varieties using SNP Ex2-78 (A), Ex2-157 (B), Ex3-128 (C)
and S12 7926132 (D). M1: 50 bp DNA Ladder; 1: TME 3; 2: C 33; 3: IITA-TMS-IBA
920057; 4: TMS-IBA 972205; 5: IITA-TMS-IBA 980505; 6: IITA-TMS-IBA 980581; 7: TME
B 419; 8: CMR43-08-89 (CMD-susceptible variety); 9: ddH,O; M2: 100 bp DNA Ladder plus

For the detection of SNP S12
7926132, the optimum condition was an
annealing temperature of 58° C without
DMSO. The genotype analysis of SNP
S12 7926132 is shown in Figure 3D. The 291-
bp band and 240-bp band were control

224

fragments. The 204-bp band and 145-bp
band represented the T allele and the G
allele, respectively (Figure 3D). Rabbi et al.
(2020) reported that the T allele is a
favorable genotype found in CMD-resistant

varieties. Similar to this study, the T allele
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was found in all 7 CMD-resistant varieties.
Cassava varieties TME 3, C 33, [ITA-TMS-IBA
920057, IITA-TMS-IBA 980505, IITA-TMS-IBA
980581, and TME B 419 have genotype
heterozygous TG (Figure 3D lane 1 - 3 and
5 -7), while TMS-IBA 972205 has genotype
homozygous TT (Figure 3D lane 4). The
susceptible variety CMR43-08-89 has the
genotype homozygous GG (Figure 3D lane 8).

Development of a primer set for
discrimination of each CMD-resistant
cassava variety

Because the shape and number of
lobes of 7 CMD resistant varieties were
similar, it was difficult to differentiate these
varieties, especially among TME 3, C 33,
IITA-TMS-IBA 920057, IITA-TMS-IBA 980505

M1 1 2 3 4

500
250

(bp)

and IITA-TMS-IBA 980581 with similar red
leaf petioles and TMS-IBA 972205 and
TME B 419 with green leaf petioles. To
identify the cassava variety TME B 419, a
primer set for detection of the SNP
S12 8910428 was developed.

The optimum condition was an
annealing temperature of 59° C without
DMSO. The genotype analysis of SNP
S12 8910428 is shown in Figure 4. The 398-bp
band was the control fragment. The 258-bp
band and 196-bp band represented the
C allele and the G allele, respectively
(Figure 4). The C allele was uniquely
observed in TME B 419, which had genotype
heterozygous CG (Figure 4 lane 1), while
the other CMD-resistant varieties had
genotype homozygous GG (Figure 4 lane 2 -7).

6 7 g8 M2

<398

€ 258
< 196

(bp)

Figure 4 Genotype analysis of cassava varieties using S12 8910428, M1: 50 bp DNA Ladder;
1: TME B 419; 2: TME 3; 3: C 33; 4: lITA-TMS-IBA 920057; 5: TMS-IBA 972205;
6: ITA-TMS-IBA 980505; 7: IITA-TMS-IBA 980581; 8: ddH,O; M2: 100 bp DNA Ladder plus

This result was consistent with the
report of Lim et al. (2022) that the C allele
is found in TME B 419 and TME 204 but not
in other resistant varieties examined in the
research, such as TME 3, TME 8, TME 14, NASE
12, NASE 14 and TMS-9102324. Therefore,

SNP S12 8910428 can differentiate TME
B 419 from the remaining six CMD-resistant
varieties. Moreover, the SNP S12 7926132
can distinguish TMS-IBA 972205 from the

others because only this variety has a
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homozygous TT genotype at the SNP
position (Figure 3D lane 4).

In addition, using the SSR marker,
SSRY75, could differentiate ITA-TMS-IBA
980505 and IITA-TMS-IBA 980581 from
the remaining varieties. Analysis of the

genotype using the SSRY75 marker revealed

M1 1 2 3 B

500

300
250

(bp)

that TME 3, C 33, IITA-TMS-IBA 920057,
IITA-TMS-IBA 972205 and TME B 419 showed
only 1 band with the approximate size of
280 bp (Figure 5 lane 1 - 4 and 7), while
ITA-TMS-IBA 980505 and IITA-TMS-IBA 980581
showed 3 and 2 bands, respectively (Figure
5 lane 5 and 6).

<280

(bp)

Figure 5 Genotype analysis of cassava varieties using SSR marker SSRY75, M1: 50 bp DNA
Ladder; 1: TME 3; 2: C 33; 3: ITA-TMS-IBA 920057; 4: TMS-IBA 972205; 5: IITA-TMS-
IBA 980505; 6: IITA-TMS-IBA 980581; 7: TME B 419; 8: ddH,O; M2: 100 bp DNA

Ladder plus

CONCLUSION

Primer sets used for the tetra-primer
ARMS-PCR technique to detect SNP markers
associated with CMD resistance for the
selection of resistant varieties and to
discriminate variety within the 7 CMD-
resistant varieties used in cassava breeding
programs in Thailand were developed.
Four primer sets for the detection of SNP
markers Ex2-78, Ex2-157, Ex3-128 and
S12 7926132 were successfully developed

for selecting CMD-resistance trait. Another

226

SNP marker, S12 8910428 was developed
for discriminating TME B 419 variety. The
tetra-primer ARMS-PCR technique is specific,
sensitive, speedy, cost-saving and convenient
to carry out in a molecular laboratory for
cassava breeding programs in Thailand with

basic equipment.
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