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Survey and Surveillance of Cassava Mosaic Disease Caused

by Plant Virus
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Abstract

Cassava mosaic virus (CMV) is the causal agent of Cassava mosaic disease (CMD).
CMV caused the serious damage to cassava production in Africa, India and Sri Lanka. In May
2015, Wang et al. (2016) reported the incidence of Sri Lankan cassava mosaic virus (SLCMV)
infecting cassava in Ratanakiri Province, Cambodia. CMD has not yet been found in
Thailand. The surveys were required to confirm the status of CMD in Thailand as Thailand
shares boundary with Cambodia. This research was conducted to determine the status of
SLCMV in Thailand. The specific surveys had been done during July 2016 - June 2017. The
total 602 cassava samples showing CMD-like symptoms were collected from 215 cassava
plantations (areas approximately 68,880 hectares) located in 18 provinces. CMD-like
specimens were diagnosed for SLCMV infection using specific primers to SLCMV. The results
from this research showed that SLCMV was not detected. It can be concluded that
Thailand is free from SLCMV. During the surveys, others cassava diseases had also been
observed. The symptoms of Anthracnose, Root and tuber rot, Brown leaf spot and
Witches” broom were found in some plantations. It was not only the diseases were found,
but also damages caused by chemical injuries, nutritional deficiencies, whiteflies, mites and

mealybugs were found in all planting areas.
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Polymerase Chain Reaction (PCR) wausnngitlimuidfe SLCMV Tunnéeesinga
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wuidinmsszuiavestsaiudiusndsiidndny 1iun Tsasnuagiaui lsasndy o1mswuudves
fudends uarlsafinanidelada Tun Tsaludnaiudends (Cassava mosaic Disease : CMD)
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musnidemazanandaen Wusiu dnllue@ewumsszueiies 2 wiia e ndan cassava mosaic vius (CMV)
Uae S Lankan cassava mosaic virus (SLCMV) I@EJﬂ'ammLﬁﬂ%ﬁaﬁawamamawgﬂﬁu

dleradlulseimaduieLazAIaInININga 88% (Brown et al, 2015; Jose et al., 2008)
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dzndainannide SLOMV %GL%UL%@lﬁﬂuﬂﬁjmamﬁU African  cassava mosaic  virus
(ACMV) wazldineunsasluansans Plant Disease (Wang et a(2016) faitsalusesiudrusmds
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luiRoununius Sok et al (2016) lneandrsialsalusisiudusnaslundasugniu
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MeuaudnseseiUssmdlnouaz sy aduuinadsdioneslimsunsszuinvedsadunds
Uszwilneld naivmmmnstugnzdussd nsmsensnuniiaumiani (National Plant Protection Organization)
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1 fregaiudsvdsiivansonisadnelsalialusesiuduends
2. @Al
- galwswedmiudueaseituidue
- Tulnsiauman
- 4a@nA Plant Genomic DNA Extraction Mini Kit (Favorgen, Taiwan)
- Green PCR Master Mix, 2x (Biotechrabbit, Germany)
- 100 bp DNA Ladder with 6X Loading Dye (Biotechrabbit, Germany)
- Agarose gel (SeaKem, USA)
- RedSafe Nucleic Acid Staining Solution (iNtRON Biotechnology, Korea)
- 10X TAE Buffer
3. iesesileuargUnsalinermans
- Tnssuafae e
- w3asdunnazneu Mini Spin (Eppendorf, USA)
- Lﬂ'%"aa@jmiwaﬁasmaé’miuﬁa PipetmanKit (Gilson, France)
- gnathmunugumgd
- Lﬂ%‘laammuqmwgﬁ Thermo cycler
- Lﬂ%‘aaLLaﬂaWiﬁuqﬂiim Wide Mini-Sub Cell GT Basic System (Biorad, USA)
- 1383 ChemiDoc Gel Imaging System (BioRad, USA)
- \3psmuARuLS GPS eTrex-10 (Garmin, USA)
- Lﬂ%‘lamaums Vortex mixer (Fisher Scientific, USA)
- Lﬂ%‘laa@mmamﬂimamqu (Aspirator)
- viaANge159U1A 200 lulasdns
- vaealulasiaduun 1.5 wa. uag 2 ua.
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3. duiuigndudenduiensialsalundazdamin IngusasTaninguiunugndu
d1uznaslaidosndn 10 9a vn 9 2,000 15 du 0.25 wWesidus (Wudl 5 1) Aadu 1 90 Teaiiu
Joya 1 woavneu viu 5 won dnvasdeyaiivliwn dnwareinsiiasdeuuasivnynszey
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2. MIATINIATITIIRIRE TN aIewalla PCR

2.1 msanmnduleanfedrsiudusna

afmAswoanlutudzndafiiuandae Plant Genomic DNA Extraction Mini Kit
(FAVORGEN, Taiwan) aufuuzthwosudom fiuneudsil

1. unalutiudgusurdunasaiogalidusuna 100 Jaansu melulasiaumailiaziden
wardeunldlunasnauin 2 Taddns LaANTMNDS  FAPGL USu1ms 400 Hadansuasiiy
RNase A U315 8 lulasans wanlwdniu wanhluvafl 65 *Cury 10 undl

2. Futhumled FAPGT Usinas 130 lalasans naslidniuudinnsuutiuds 5 undt gne
druvesiisunld Filter Column wdrtluwiesiinanuda 13,000 rpm WU 3 W mnﬁ'?u@mﬁq
druvesviadldldlu Collection tube 1w 2 Hagans

3. Huthined FAPG3 USums 1.5 winwesisdiuvosvadladile wanlidniundadnemn
Tdlu FAPG Column tumiesiinnnuiga 13,000 rpm wiu 2 undl fednula

4. dudwwles Wi Uunms 500 lulasang duimieeiiannmss 13,000 rpm wiu 1 wid
Pedrureamarlaudadnsdistnmes Wash Buffer Uunas 750 Tulasans Jumisefinniungs
13,000 rpm w1 1 Wit salaudrumisaiiannngs 13,000 rom iy 3 wndl

5.1 FAPG Column umnuunasaludvuin 1.5 1addns uwaldy Elution Buffer
U315 50 Talasdns duwieafinanunda 13,000 rpm wiu 2 wnd wadaudaiiu DNA filglald

nulutunounald
2.2 asvdeumegniuduznasmneinatin Polymerase Chain Reaction(PCR)

nsifiaUsina DNA Welh3alushehafudUsndslagld Decenerate primers 7
annsansiaiel3aluiia Becomovirus warlnswesfisimzseido SLCMV wag ICMV il
Degenerate primers siotelisaluita Becomovirus S1unu 2 A
A7 1 wuInTu DNA 600 fiud (Alhudiab et al, 2014)
AVcore 5'-GCCHATRTAYAGRAAGCCNAGRAT-3'
ACcore 5'-GGRTTDGARGCATGHGTACANGCC-3'
A7 2 wuInTu DNA 1,200 fiud (Rojas et al, 1993)
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PALv1978 5-GCATCTGCAGGCCCACATYGTCTTYCCNGT-3'
PARc496 5'-AATACTGCAGGGCTTYCTRATACATRGG-3'

Tnswesismeaedelida SLCMV aun%u DNA 600 Awa (Jose et al, 2008)
SLCMV-F 5'-TGTAATTCTCAAAAGTTACAGTCN-3'
SLCMV-R 5-ATATGGACCACATCGTGTCN-3'

Insesisunzsie@olaSaICMY wu1aTL DNA 780 ALa (Dutt et al, 2005)
ICMV-F 5'-ATGTCGAAGCGACCAGCAGATATCAT-3'
ICMV-R 5-TTAATTGCTGACCGAATCGTAGAAG-3'

lnglddunanvesGreen PCR Master Mix (Biotechrabbit, Germany) viujfsenluvasaPCR

Usum597u 20 lulasansusenausig

2x master mix buffer 10 lulpsang
Forward primer (10 pmole) 1 lulasdns
Reverse primer (10 pmole) 1 lulpsang
Nuclease-free water 5 lulasans
DNA template 3 lulasdns

randunaliiniuf udrluinIesriuangumgil (Thermo cycler) lngvidisentunis
duns1en fsil
. o) o~
1) Predenaturation 94 °C  5um

2) Three step-cycling 35 cycles

Denaturation 94 °C 20 Ju¥l

Annealing 56 °C 20 3l

Extension 72°C 45 il
3) Final extension 72°C 7w

Houfftunadaauysalindy nyvaoufidulenandnie1.2% agarose gel electrophoresis i
L@y RedSafe Nucleic Acid Staining Solution, 2000x (iNtRON Biotecnology, Korea) Tu 1X
TAEbuffer  Tdnszualniin 100 Toad urw 30 uriuaidausie GelRed UAINTIIQUAUALIULD
melFuas Uviewdes ChemiDoc Gel Imaging System(Biorad, USA)
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megaiudznaafibinailuuindugalnswesidinegsade SLCMV waz ICMV 910
UA%81 PCR aziundmsigimanduiiandlalnanie BigDye  Terminator  v3.1 Cycle
Sequencing Kit (Applied Biosystems) ialaainuiinndlolnauaiazinaniiasiziniglusunsy

Blastnua Blastp (http://www.ncbi. nlm.nih.gov/Blast) wierUieuifisufiudduianalelng
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waznsnesiluveude SLCMV 3o ICMV  fieglugudeya GenBank uawllAs1enidayaniy
Wugnssuvetehiannteyadurselusiumelusunsy Clustal W mntiudnsenanuduiug
wazdnnauveyalisaludta Begomovirus ¥llaf1e 9 91nN13@319 Phylogenetic tree #a

TUswnsd MEGA 7 (Kumar et al, 2016)

=
LIALASENTUN

sgegIAALiuNG NSNIAN2559 - JU18u2560

%

A J a ¥ a wa U a I av & o a o LY g A
agnunatuunig 1. ﬂax‘lﬂaUGlﬂ’]{L'}iﬁ'}WEﬂ ﬂq@J’Jﬁ]EJIiﬂ‘W“U AUNIVYNAIUINTITRIINVINY

o o

2. wUaslgndudriendeveunyninsnionaivnannenuuseinanungd
u

a s [ (% =

6 Yminlaun Jainguasesnll d3uns asvum Asasiny YISud uasdunys

q 3

3utvaslgndudivzndivennuasnsndAgvesdsemelng 12 Janin

[ =

Iaundandan1wdus enss1il 1ag vauLNY UATIIVANITEERY YaUT AvBUNTT 1WEeI1Y AN

9 9

NYAUYT UAZIUNGNTYS

NALAEINTANANITNAGDY

A 4
1. NuNd19799

Tugaaifiounsngiay 2559 dafeuiguisy 2560 ladnfiunisdisialsaluang

Y

fudgndsluiunugnng 18 Jwdn dnunvansiudsyanm 6,333,814 15 lavinisdsiasiuna

a o & 4

au 215 3m ANLTUNUATINT9EY 430,000 L53NUIUAUSTUF1ULNANA1539M9UA 334,000 AU

9

De

FIUIUADYNNFIFYTINNEY 602 38819 (AN51991 2, NN 2) LaBwUINUNNISE1579 Aadl

[ ' '
A A o ) v a

1. WunUgndudrdgndeniion

(%

waRadefuUsEmaiunyl 6 Jamin lawd Janin

a [ 14 =

AUATIVEIU dSUNT ATLWN AIALLNY UST: "

SR

q 3508 wazduny3 d15799198U 94 90 Anduiuiisay

9
v v ' (% '
U 1 o ¥ 2

VN9@U 188,000 15 SnuiudusiudUenaandnsiananue 150,400 AU 31UIUAIDE1NAIFETIUN

De

AU 210 §0819 (AN5797 3)

o W s =

2. NunugndudrsnaandAgyuesUsenalne 12 Jwda laud Janinniwdug gassiil

v 3 9

a a

LAY VOUWNU UATITITANT S2899 VAU RLLTUNTT W51y ann ﬂ’]iyﬁuu% LaZAMLNILNDY S

9

[V Y]
v a

d1929%9EY 121 90 Anduiiuiisiuvisdu 242,00015 Srurudududrvsndeidrsravianun

193,600 AU ITUIUAIBENNAIFYTINNIAUY 392 FIE19 (AN5197 4)

mmuwmw%’é/ifsmﬁ?ﬁgé@%[ %%3@“?1%“{?}1%77775@7%71/771/7/

ﬂ
ﬂmfa'/vmsmym



2 mammamidelasalusatudenddludegwlutudwende

Mm@ Takanivieg i Ugnd sautaausiuiy 602 foeis ’Luﬁuﬁﬂ@nﬂu
dgndeis 18 Fauta fuansernisluvse lumsdaau Tuangy Wdegunssadielsaludng
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Tselusafudusvaduynsedne Ssamnsaduduaniunmnislivsnguaznisunsssuinves
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1. Tsaweuunsnluaiinainide Collectrotrichum gloeosporioides  (Glomerella
cingulate) omsvaslsnsinazusngliifiuiadiueduasdiy dmneinisgunssiagyinly

a

dudUgundenele (nsudvinsinens, 2556; Reddy, 2015) 91n1581593ASIHNUSNWLDINTS

Y o W
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(Thottappillyet al., 2003)

Virus Genus/Family Symptoms Vector | Distribution

African cassava mosaic virus Begomovirus/ | Mosaic, leaf distortion Whitefly | Africa

(ACMV) Geminiviridae | and stunting

East African cassava mosaic Begomovirus/ | Mosaic, leaf distortion Whitefly | West Africa,

Cameroon virus (EACMCV) Geminiviridae | and stunting Tanzania

East African cassava mosalic Begomovirus/ | Mosaic, leaf distortion | Whitefly | East Africa

Kenya virus (EACMKV) Geminiviridae | and stunting

East African cassava mosaic Begomovirus/ | Mosaic, leaf distortion Whitefly | Malawi

Malawi virus (EACMMV) Geminiviridae | and stunting

Fast African cassava mosaic virus | Begomovirus/ | Mosaic, leaf distortion Whitefly | East Africa

(EACMV) Geminiviridae | and stunting

East African cassava mosaic Begomovirus/ | Mosaic, leaf distortion Whitefly | Sub-Saharan

virus-Uganda (EACMV-UG) Geminiviridae | and stunting Africa

East African cassava mosaic Begomovirus/ | Mosaic, leaf distortion Whitefly | Zanzibar,

Zanzibar virus (EACMZV) Geminiviridae | and stunting Madagascar

Indian cassava mosaic virus Begomovirus/ | Mosaic, leaf distortion | Whitefly | Togo, India,

(ICMV) Geminiviridae | and stunting Sri Lanka

South African cassava mosaic Begomovirus/ | Mosaic, leaf distortion Whitefly | South

virus (SACMV) Geminiviridae | and stunting Africa,
Malawi,
Madagascar,
Zimbabwe

Sri Lankan cassava mosaic virus Begomovirus/ | Mosaic, leaf distortion | Whitefly | India and

(SLCMV) Geminiviridae | and stunting Sri Lanka
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ISPM No. 6 Guidelines for surveillance

REQUIREMENTS
1. General Surveillance
11 Sources

Within countries there are many sources of pest information. These sources may include: NPPOs, other national and
local government agencies, research institutions, universities, scienfific societies (including amateur specialists).
producers, consultants. museums, the general public. scientific and trade journals. unpublished data and contemporary
observations. In addition, the NPPO may obtain information from international sources such as FAO, Regional Plant
Protection Organizations (RPPOs), etc.

1.2 Collection, storage and retrieval of informartion

To utilize data from these sources, it is recommended that NPPOs develop a system whereby appropriate information on
the particular pest(s) of concern is collected, verified and compiled.

Components of such a system should include:

- the NPPO or another institution designated by the NPPO acting as the national repository for plant pest records
- a record keeping and retrieval system

- data verification procedures

- communication channels to transfer information from the sources to the NPPO.

Components of such a system may also include:
- incentives to report such as:

. legislative obligations (for the general public or specific agencies)
. cooperative agreements (between the NPPO and specific agencies)
. use of contact personnel to enhance communication channels to and from NPPOs
. public education/awareness programmes.
1.3 Use of information

Information gathered through such general surveillance will most often be used:

- to support NPPO declarations of pest freedom

- to aid early detection of new pests

- for reporting to other organizations such as RPPOs and FAO

- in the compilation of host and commodity pest lists and distribution records.

2. Specific Surveys
Specific surveys may be detection. delimiting or monitoring surveys. These are official surveys and should follow a plan
which is approved by the NPPO.

The survey plan should include:

- definition of the purpose (e.g. early detection, assurances for pest free areas. information for a commodity pest

list) and the specification of the phytosanitary requirements to be met

- identification of the target pest(s)

- identification of scope (e.g. geographical area, production system, season)

- identification of timing (dates. frequency, duration)

- in the case of commodity pest lists. the target commodity

- indication of the statistical basis, (e.g. level of confidence, number of samples, selection and number of sites,
frequency of sampling. assumptions)

- description of survey methodology and quality management including an explanation of:

. sampling procedures (e.g. attractant trapping. whole plant sampling. visual inspection, sample
collection and laboratory analysis): the procedure would be determined by the biology of pest and/or
purpose of survey

. diagnostic procedures

. reporting procedures.

21 Pest surveys

Surveys for specific pests will provide information to be used mainly:
- to support NPPO declarations of pest freedom
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but also:

- to aid early detection of new pests
- for reporting to other organizations such as RPPOs and FAO.

The selection of suitable survey sites may be determined by the:

- previously reported presence and distribution of the pest

- biology of the pest

- distribution of host plants of the pest and especially of their areas of commercial production
- climatic suitability of sites for the pest.

The timing of survey procedures may be determined by:

- the life cycle of the pest

- the phenology of the pest and its hosts

- the timing of pest management programmes

- whether the pest is best detected on crops in active growth or in the harvested crop.

For pests which are only likely to be present as a result of recent introduction, the selection of suitable survey sites may
in addition relate, for example. to points of possible entry. possible pathways of spread. sites where imported
commeodities are marketed, and sites where imported commodities are used as planting material.

The selection of survey procedures may be determined by the type of sign or symptom by which the pest can be
recognized, and by the accuracy or sensitivity of techniques used to test for the pest.

22 Commodity or host surveys

Specific commodity surveys can provide useful information for pest lists of commodities produced under specific
cultural practices. Surveys could also be used for the preparation of host pest lists where data from general surveillance
1s lacking.

The selection of suitable survey sites may be determined by:

- geographical distribution of production areas and/or their size

- pest management programmes (commercial and non-commercial sites)
- cultivars present

- points of consolidation of the harvested commodity.

Survey procedures will be timed in relation to crop harvesting and will depend on the selection of a sampling technique
appropriate to the type of harvested commodity.

23 Targeted and random sampling

Surveys should normally be designed to favour detection of specific pests concerned. However, the survey plan should
also include some random sampling to detect unexpected events. It should be noted that if a quantitative indication of
the prevalence of a pest in an area is required. the results from targeted surveys will be biased and may not provide an
accurate assessment.

3. Good Surveillance Practice

Personnel involved in general surveillance should be adequately trained in appropriate fields of plant protection and data
management. Personnel involved in surveys should be adequately trained. and where appropriate audited, in sampling
methods, preservation and transportation of samples for identification and record keeping associated with samples.
Appropriate equipment and supplies should be vsed and maintained adequately. The methodology used should be
technically valid.

4. Technical Requirements for Diagnostic Services

The NPPO should provide appropriate diagnostic services to support general surveillance and specific survey activities,
or ensure access to such services. Characteristics of the diagnostic services include:

- expertise in disciplines relevant to pest (and host) identification

- adequate facilities and equipment

- access to specialists for verification where necessary

- facilities for record keeping

- facilities for processing and storing of voucher specimens

- use of standard operating procedures, where appropriate and available.
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Verification of diagnoses by other recognized authorities will provide increased confidence in the survey results.

5. Record Keeping
The NPPO should keep appropriate records derived from general surveillance and specific surveys. Information kept

should be appropriate for the intended purpose, for example support of specific pest risk analyses, establishment of pest
free areas and preparation of pest lists. Voucher specimens should be deposited, where appropriate.

Information in the records should include to the extent possible:

- scientific name of pest and Bayer code if available

- family/order

- scientific name of host and Bayer code if available. and plant part affected or means of collection (e.g.
attractant trap. soil sample, sweep net)

- locality, e.g. location codes, addresses, coordinates

- date of collection and name of collector

- date of identification and name of identifier

- date of verification and name of verifier

- references, if any

- additional information, e.g. nature of host relationship. infestation status. growth stage of plant affected. or
found only in greenhouses.

Reports of pest occurrence on commodities need not be so specific on locality or verification. but should refer precisely
to the exact type of commodity. the collector and the date. and if appropriate the means of collection.

Reports of new occurrences of pests should also include information on any measures taken, and such reports made
available on request.

6. Transparency
The NPPO should on request, distribute reports of pest presence. distribution, or absence derived from general
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