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Céc khao ctru vé Sri Lankan Cassava Mosaic Virus (SLCMV)
& tai lugng virus thdp trén cdy sian (Manihot esculenta Crantz
1766), dic biét 1a gidng khang virus hodc gidng sach bénh thuong
doi héi cao vé hiéu suét tach chiét va phat hién DNA mach don cua
virus (ssDNA). Trong nghién ciru, bon quy trinh ly trich DNA tong
s6 khac nhau duoc dung nham muc dich tich dugc ham lugng
ssDNA cao. Dong thoi, sir dung quy trinh Polymerase Chain
Reaction (PCR) va Real-time PCR (RT-PCR) dé phat hién s hién
dién ctia SLCMV véi cac cap moi nhan ban gen Rep/AC1 cua virus
va cap mdi nhan ban gen ndi chuan Beta-Actin cua san. Két qua
cho thiy, quy trinh ly trich DNA cai tién tir Mason, Caciagli,
Accotto, va Noris (2008) va Osena, Nyaboga, va Amugune (2017),
tam goi la R-kit, cho ham lugng ssDNA tuong ddi cao tai vi tri thuy
14, dugc dé nghi str dung. Quy trinh PCR va RT-PCR kiém tra dugc
sw hién dién cia SLCMV trén vat liéu nhiém bénh. Ngoai ra, quy
trinh RT-PCR v6i ciip mdi SQPCR 1 va probe dic hiéu cho phép phét
hién tin hiéu SLCMV trong mau 14 bénh. Hé s6 nhan ban gen ctia cap
mdi SqPCR1 (1.851X) va Beta-Actin (1.896X) cho phép thuc hién
ddng thoi va phan tich két qua ciing nhau. Ngudng phat hién ctia RT-
PCR ciing & mirc pha lodng cao hon PCR. Py 1a co sé hd trg cac
khéo ciru SLCMV 6 tai lugng thap trén cay mo hinh va gidng khang.

ABSTRACT

Investigation of the Sri Lankan Cassava Mosaic Virus
(SLCMV) resistant cassava (Manihot esculenta Crantz 1766)
varieties requires high-efficiency single-strand viral DNA
(ssDNA) extraction and molecular detection procedures. In our
study, we tested four different DNA extraction methods to isolate
total DNA containing high concentration of ssSDNA. In addition,
using Polymerase Chain Reaction (PCR) and Real-time PCR (RT-
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PCR), we can detect SLCMYV from infected samples by amplifying
a region of the Rep/ACL1 viral gene anda cassava’s housekeeping
gene, Beta-Actin. As our results, a modified DNA extraction
method, from Mason, Caciagli, Accotto, and Noris (2008) and
Osena, Nyaboga, and Amugune (2017), namely R-kit, gained high
sSDNA content from young lamina tissue (from lobes) leaf tissue.
Therefore, R-kit is recommended to be used for further sSDNA-
using studies. The infection of SLCMV in cassava samples can be
detected by PCR and RT-PCR procedures. Moreover, in RT-PCR
optimization processes we figured out that PCR efficiency of
SgPCR1 primer set (1.851X) and Beta-Actin primer set (1.896X)
is compatiple for being processed and analyzed at once. The RT-
PCR procedure showed ability to detect lower level of SLCMV in
samples than the PCR procedure. Our results provide some

Keywords: essential ideas for studying on low virus titer circumstances,
Begomovirus; pathogen; molecular - especially for model plants studies, resistant varieties
virology; diagnostic development, or clean germplasm maintenance.

1. Giéi thi¢u

San (Manihot esculanta Crantz 1766) 1 loai cay trong sinh truang tét trong ving khi hau
xich dao (Yeoh & Truong, 1996). Trong d6, Chau A va Chau Phi chiém 70% tong dién tich trong
san trén thé gioi (EI-Sharkawy, de Tafur, & Cadavid, 1993). Tir nim 2013 dén nam 2016, dién
tich canh tac va san lugng san tai Viét Nam tdng qua cac nam. Trong nam 2014, téng san lugng
san tuoi xuat khau dat dén 70% (Le, Hoang, Nguyen, Nguyen, & Reinhardt Howeler, 2016).
Dén nim 2017 gia tri xuat khau sin dat hon mot ty USD g6p phan tang ngudn thu nhap chinh
cho cac ho néng nho 1¢ (Jonathan, Dominic, Rob, Erik, & Lava, 2019). Tuy nhién bénh kham I&
san (Cassava Mosaic Diseases - CMDs) da va dang gy ra cac tic dong niang né dén san luong
va chét lugng sin toan cau. Mot s6 dé& xuat ngan han khan cap duoc 4p dung nham kiém soat
anh huong cia CMD nhu kiém dich thyc vat, sir dung gidng sach, giéng khang, ngadm hom gidng
trong thudc trir sau, sir dung vi khuan noi cong sinh, con tring hay loai trir cac loai trung gian
truyén bénh (Dixon, Ogbe, & Okechukwu, 2010; Mubarik & ctg., 2020; Rey & Vanderschuren,
2017; Slakie & ctg., 2013) chua phai | giai phap ti wu. Céc nd luc cua International Center for
Tropical Agriculture (CIAT) trong chon loc gidng khang CMD cho tin hiéu kha quan nhung van
can thém thoi gian va phuong phap danh gia gidng khang hiéu qua.

Nam 2015, Sri Lankan Cassava Mosaic Virus (SLCMV) lan dau duoc ghi nhan tai khu
vuc Pong Nam A (Minato & ctg., 2019). Tai Viét Nam, bénh kham 14 sin tai tinh Tay Ninh duoc
xac dinh 1a do SLCMV gay ra vao nam 2017 (Uke & ctg., 2018). Day la loai virus thudc chi
Begomovirus, ho Germiniviridae c6 vat chat di truyén 1a hai phan td DNA mach don (single
strand DNA-ssDNA) dang vong (DNA A & DNA B) c6 kich thudc khoang 2.7kb (Leiva,
Siriwan, Lopez-alvarez, Barrantes, & Saokham, 2020). Trong d6, DNA A lién quan dén sy ma
hoa cho séu protein c6 vai trd trong qua trinh xam nhidm va lay truyén, DNA B ma héa cho hai
protein lién quan dén qué trinh van dong bén trong va ngoai té bao, va gia ting kha ning xam
nhiém, triéu chung trén cay bénh (Hanley-Bowdoin, Bejarano, Robertson, & Mansoor, 2013).
Trong nghién ciru SLCMV, ssDNA virus, c6 kich thuéc nho, dé bj that thoat khi sir dung quy
trinh tich DNA genome thong thudng (Mathieson & Thomas, 2013). Ngoai ra, cac gibng khang
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con c6 tai lwong DNA kha thdp nén c6 tinh trang am tinh gia (Korimbocus, Coates, Barker, &
Boonham, 2002). Do d6, cac phuong phap thu nhan ssDNA cua SLCMV véi hiéu suat cao gilp
ting kha nang phat hién sy hién dién cua virus trén cay nhiém bénh ciing nhu cdy mo hinh, va
day ciing 1a tién dé quan trong cho phép thuc hién cac nghién ctiru chuyén sau vé SLCMV.

Dbi vai gidng tap doan (foundation stock), nhitng virus nhu SLCMV budc phai duoc
kiém tra va danh gi4 bang phuong phap Real-time PCR (RT-PCR) nhu mét quy trinh chuan. Véi
d6 nhay cao, phuong phap RT-PCR cho phép xac dinh su hién dién cua virus mét cach dac hiéu
& tai luong thap. Bén canh do, tai luong virus phan bd trén cac bo phan caa cay 1a mot bién sé
phu thudc vao nhiéu yéu té khac nhau. Vi tri ldy mau (Vi du: vi tri cac 14 khéc nhau trén than, vi
tri trén cing mot 18), thoi diém lay mau (Vi du: cAc mua trong nam) c6 thé chira tai lugng virus
khac nhau dang ké (Monis & Bestwick, 1996; Nie & Molen, 2015; Tromas, Zwart, Lafforgue,
& Elena, 2014), phuong phap thu mau, do d6 c¢6 thé anh hudng dén hiéu suat cua phuong phap
tach chiét va chan doan dya trén PCR (PCR-based).

Ngoai ra, dé danh gid nong do ssDNA virus, quy trinh dinh lugng ssSDNA dua trén thudc
nhuom huynh quang dac hiéu (fluorometric quantification) ra doi dugc cho la chinh xac hon
phuong phép sir dung tia UV (spectrophotometric quantification) (Masago & ctg., 2021). Thuéc
nhudém huynh quang dac hiéu cho phép phan biét dugc tirng loai vat liéu di truyén ¢ trong mau
tach chiét tong sé (Morozkin, Laktionov, Rykova, & Vlassov, 2003; Schweitzer & Scaiano,
2003). Trong d0, ssDNA va dsDNA c6 thé phan biét thdng qua twong tac c6 chon loc cua thude
nhuém nhu PicoGreen (PG) (Schweitzer & Scaiano, 2003) duoc phén tich ky trong cac nghién
ctru lién quan dén DNA trén ngudi va dong vat (Nakayama, Yamaguchi, Einaga, & Esumi,
2016). Cac cong trinh vé ssDNA trén thyc vat con han ché nhung da bat dau duoc quan tam, dic
biét trong cac nghién ciru lién quan dén virus thyuc vat (Khan, Haider, Mansoor, & Amin, 2019).

Trong nghién ctru nay, ching tdi phan tich céc yéu tb co thé gia tang hiéu suat tach chiét
ssDNA va huéng dén chuan hoa mot sé yéu té trong quy trinh thu mau, tach chiét cho phép phat
hién su hién dién SLCMV trong vat liéu. Pay 1a tién dé quan trong cho cac nghién ctu vé sy
hién dién caa virus SLCMV trén giéng khéang, gidng tap doan, cdy mé hinh.

2. Phwong phap nghién ciru
2.1. Vit ligu sin

Hom cay san sach bénh dugc thu nhan tir Trung tim Nghién ctru Thyuc nghiém Nong nghiép
Hung Ldc (Trang Bom, Déng Nai). Hom cay san co biéu hién bénh kham duoc thu nhén tai rudng
sin & Tay Ninh (11°36'59,07" Bic,106°3'46,65" Dong) va Dong Nai (10°52'40,5" Bic,
106°58'57,84" Pong). Mau DNA virus duoc giai trinh tu trude khi dung 1am vat liéu nghién ciru.
Céc hom san dugc trong trong khung ludi chéng con tring (16 mesh) tai nha ludi Trung tim
Nghién ciru Ung dung Cong nghé Cao trong Nong nghiép (RCHAA), Trudng Dai hoc Khoa hoc
Tu nhién, Pai hoc Qudc gia Thanh phé H6 Chi Minh (PH KHTN, PHQG-HCM). Thuy 14 va
cudng 14 thu nhan tir cac hom san nay duge sir dung cho cac thi nghiém.

2.2. Cdc phwong phdp tich chiét DNA

Khoang 2g mau san duoc nghién trong nito 1éng va trir trong tu -80°C cho dén khi sir dung.
Trong dé tai nay, bdn phuong phap dugc st dung dé khao sat kha nang ly trich DNA, bao gém:
Phuong phéap Cetyltrimethylammonium bromide - Sodium Dodecyl Sulfate (CTAB-SDS), tham
khao tir Osena va cong su (2017); phuong phap Bot-Blot, tham khao tir Mason va cong su (2008);
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Kit tach chiét DNA thyc vat ciia Cong ty Abt (Viét Nam); phuong phap cai tién tir Mason va cong
su (2008) va Osena va cdng su (2017) dugc tam goi la R-kit trong nghién ctru nay (Mason & ctg.,
2008; Osena & ctg., 2017). Mau sin dugc thuc hién tach chiét DNA theo quy trinh cta nha san
xuét, khi str dung b kit cuia Cong ty Abt (Viét Nam).

2.2.1. Phwong phap CTAB-SDS

Khoang 100mg mau nghién sin duoc tron déu v6i 500ul dém CTAB [Tris-HCI 100mM,
pH 8.0, NaCl 1.4M, Ethylen diamine tetraacetic Acid (EDTA) 0.2M (pH 8.0),
Polyvinylpyrrolidone (PVP) 4% (w/v), CTAB 2% (w/v)] va 150u1 SDS. U & 55°C trong 20 phiit.
Sau khi ly tim & 13,800rpm va thu dich ndi, mét thé tich twong tng (1:1) chloroform - isoamyl
alcohol (24:1) dugc bo sung va tron déu. Dung dich & pha trén duoc thu nhan va trén déu vé6i hai
1an thé tich ethanol, bd sung 50p] ammonium acetate (NH4OAc) 7.4M. DNA tong s6 dugc két tia
bang cach @ & -20°C va ly tdim & 10,000rpm trong 05 phut. Taia duoc rira bang dung dich chira
75% ethanol va NH4OAc 15mM. San pham DNA ly trich dugc hoa tan va trir trong dém TE (Tris-
HCI 10mM, pH 8.0 EDTA 1mM) & -20°C dén khi st dung.

2.2.2. Phuong phdp Dot-Blot

100mg mau dugc tron trong 500ul dung dich ly giai (NaCl 500mM, Tris-HCI 100mM, pH
8.0, EDTA 50mM, beta-mercaptoethanol 10mM, SDS 1%) va u & 65°C trong vong 05 phdt. Sau
khi 1am lanh va bo sung 150ul potassium acetate (KOAc) 5M, mau dugc ly thm 12,000rpm dé thu
500pl dich ndi, 350 pl isopropanol lanh duogc bd sung va ly tdm lanh trong 10 phit. Tua dugc hoa
lai trong TE va xir Iy voi RNAse A trude khi thyc hién tinh sach bang chloroform-isoamyl alcohol
(24:1) nhu mo ta ¢ phuong phap CTAB-SDS.

2.2.3. Phuong phap R-kit (RCHAA)

100mg bt dugc hoa trong 400ul dung dich ly giai [NaCl 500mM, Tris-HCI 100mM, pH
8.0, EDTA 50mM, beta-mercaptoethanol 10mM, SDS 1% (w/v) c6 thém 15ul RNAse (10
mg/ml)]. Mau dugc trén va i & 65°C, 30 phut. Sau do, bo sung 120ul CH3COOK 5M, mau duge
ly tam ¢ 13,000rpm trong 05 phat va thu 300ul dich ndi. Dich ndi dugc tron v6i 450ul dung dich
WB1 (Tris-HCI 30mM, pH 7.5; Guanidine-HCI (GuHCI) 5M; Isopropanol 30% (v/v)) va dugc
cho qua cot silica (Biocomma, NP20-A). Cot duoc rira lai bang WB2 (Tris-HCI 10mM, pH 7.5;
Ethanol 80%), 1am kho bang ly tAm, trudc khi bd sung dung dich TE dé thu nhan lai DNA.

DNA sau ly trich duoc dién di qua gel agarose 1% dé kiém tra. Ham luong ssDNA va
dsDNA dugc xac dinh thong qua may Qubit (ThermoFisher).

2.2.4. Phwong phap PCR va dién di

Moi str dung cho phuong phap PCR va dién di trong bai bao duoc liét ké trong Bang 1.
Trong d6, cac trinh tw mdi dic hiéu gen Rep/AC1 ctia SLCMV va gen Beta-Actin cta cdy sin duoc
thiét ké bang bang phan mém CLC Main Workbench 5.5 (California, Hoa Ky); tinh ddc hiéu cua
mdi duoc x4c nhin bang Primer-BLAST (National Center for Biotechnology Information, n.d.) va
kiém tra lai bang OligoAnalyzer (Integrated DNA Technologies, n.d.) v6i cac théng sé nhu sau:
monovalent cation 10mM; divalent cation 3mM; dNTPs 1.0mM, annealing primer 50nM,
Santal.ucia/Santal.ucia (National Center for Biotechnology Information, n.d.).
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Bang 1

Céc trinh tu moi va probe dic hiéu cho trinh tu gen Rep/AC1 cia SLCMV va Beta-Actin cua cay
san dugc stir dung trong quy trinh PCR va Real-time PCR

ThJ Tén trinh tu Trinh tu Nl}lgtvd(‘)
nghiém bat cap
Actin-
AGCTCCTGTTCAAAGTCAA 58.50
Cassava-1R
Actin-
ACTGAGCGTGGATATTCT 56.90
Cassava-1F
Actin-
, TCTAGCTCCTGTTCAAAGTC 58.30
Sin (Beta- Cassava-2F
Actin) Actin-
ACTGAGCGTGGATATTCT 56.90
Cassava-2R
Actin-
GCCCATCAGGCAATTCAT 59.50
PCR Cassava-3F
Actin-
ATTCTTTCACCACCTCAGC 59.10
Cassava-3R
SLCMV-P1-F AAGAGGCTGAGAAGGGAG 59.20
SLCMV-P1-R AGCTTGAGTCTTCCGACA 59.50
sLcMVv SLCMV-P2-F AATGAAGAGGCTGAGAAGGG 60.70
(Rep/AC1) s| cMV-P2-R AGCTTGAGTCTTCCGACA 59.50
SLCMV-P3-F GGTCAAATGAAGAGGCTGAG 59.60
SLCMV-P3-R AAGCTTGAGTCTTCCGACA 60.30
San (Beta- AClN-  oqrToATGTCCCTCACAATTTCCCG  60.35
Actin)  Cassava-Probe
SqPCR-1f ACTTGACGTCTGAGCTGG 60.20
SqPCR-1r GAACCTCACCTCCATGCT 60.35
Real- SLCMV  SQqPCR-2f ACTTGACGTCTGAGCTGG 61.74
ggs (Rep/AC1)  sgPCR-2r TCACCTCCATGCTCTGCT 61.31
SqPCR-3f TGACGTCTGAGCTGGACT 62.38
SqPCR-3r TCACCTCCATGCTCTGCTT 68.23
FAM-
SLCMV ~ gPCR-F TGTTGGGGTGGAAACTGGTGCT-  68.23
(Rep/AC1) (probe) BHO1

Ngudn: Cac trinh ty mdi sit dung dwoc thiét ké boi nhom tic gia bang phan mém CLC Main Workbench 5.5
(California, Hoa Ky); tinh dac hiéu ciia moi dugce xac nhan bang Primer-BLAST (National Center for Biotechnology
Information, n.d.) va kiém tra lai bang OligoAnalyzer (Integrated DNA Technologies, n.d.)
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Phan tmg PCR dugc thyc hién trén tong thé tich 25ul chira 1ul DNA méu, 1pl cip moi
8uM, 12.5ul Master Mix 2X (Phu sa Biochem, Viét Nam). Chu ky phan tng PCR nhu sau: 95°C
trong 03 phut, 30 chu ky (95°C trong 15 gidy, 56°C trong 15 giay, 72°C trong 30 gidy), 72°C trong
05 phit. San pham PCR duogc dién di trén gel agarose 1-2% (w/v) trong dém Tris-Borate-EDTA
(TBE) 1X. San phdm PCR duoc bd sung Gelred® loading dye va dién di & 100V - 240mA trong
35 phut dé quan sat két qua dudi anh sang UV.

2.3. Gidi trinh tw

San pham PCR tinh sach duoc giai trinh tu tai Cong ty Sinh hoa Phu Sa (Viét Nam) bang
k¥ thuat Sanger hai chiéu. Két qua dugc phan tich bang BLAST va co so dit liéu NCBI (National
Center for Biotechnology Information, n.d.).

2.4. Phdt hi¢n nhanh SLCMV bing phwong phdp Real-time PCR

Phan tng Real-time PCR nham phat hi¢n nhanh virus SLCMV duoc phat trién dua trén
mau do probe (Taqman) di ciing v6i cap moi dic hidu (Bang 1). Trong do, cac probe st dung thude
nhudm va quencher 1a 5’FAM-3’BHQI.

Real-time PCR dugc thyc hién trong 10ul phan ing bao gém 1ul dich chiét DNA dugc sit
dung lam khuén mau, 1pl hdn hop moi (4uM mdi méi), 0.5ul probe gPCR_F, 5ul Master Mix 2X
(Bioline), 2.5u] nudc. Piéu kién cho phan tmg Real-time PCR duoc thiét 1ap nhu sau: 95°C trong
03 phut, 40 chu ky (95°C trong 15 gidy, 60°C trong 30 giay, doc tin hi¢u huynh quang & 61°C).
Két qua Real-time PCR dugc xuat két qua thd va phén tich chat lugng ciing nhu hiéu chuan dir
lidu bang phan mém LinRegPCR (Amsterdam UMC - University Medical Centers, n.d.).

3. Két qua nghién ctru va thao luin

3.1. Phwong phdp ly trich DNA bang R-kit va CTAB-SDS cho phép thu nhin ham luwong
ssDNA cao

Bénh kham 14 san (CMD) duoc cho 1a xuat hién & Pong Nam A vao khoang nam 2015, tai
Campuchia, va c6 bdo céo cong bd dau tién vao nam 2016 (Wang & ctg., 2016). Nam 2017, bénh
do SLCMV gay ra nay di dugc phat hién tai Viét Nam, ddc biét & gidng san HLS-11 va HLS-12.
Mot nam sau d6, trén gan 125 ngan hecta san ca nudc, hon 36 ngan hecta da nhiém bénh nay, véi
Tay Ninh 1a nang né nhit va c6 xu hudng lay lan nhanh sang cic tinh l4n cin nhu Binh Duong,
Binh Phudc, Ba Ria-Viing Tau (Cuyc bao v¢ thuc vat, 2021). Véi tinh hinh néu trén, viéc phat trién
cac phuong phép xac dinh nhanh, chinh xac sy hién dién cua virus gdy bénh trén cay sdn 1a can
thiét dé: 1) xac dinh muc d6 lay lan va khoanh viing nhidm; 2) ¢6 co s& cach ly va tiéu hity nham
kiém soat dich; 3) cung cap cong cu kiém tra cho cac nghién ciru sdu hon nham tao ra giéng sian
khang bénh.

V&i myc tiéu trén, cdu hoi nghién ctru dau tién dugc dat ra l1a phuong phap ly trich DNA
nao cho phép thu nhan dugc nhidu ssDNA tir 14 cdy san. Diéu nay cho phép ting kha ning nhan
biét sy hién dién caia SLCMV trong mau sén mang bénh kham. Dé tra 16i cau hoi nay, nghién ciu
khao sat kha nang ly trich DNA cua phuong phap Dot-blot (Mason & ctg., 2008), CTAB-SDS
(Osena & ctg., 2017) va bo kit Plant DNA Extraction Kit (HI-122) ctia cong ty Abt (Viét Nam),
so sanh v&i phuong phap R-kit, do trung tim RCHAA cai tién. San pham tach chiét DNA tir cing
mot mau 14 cdy san bénh di nghién bang cic phuong phap khac nhau dwoc kiém tra bang phuong
phap dién di trén gel agarose 1% (Hinh 1A). Tiép theo d6, ing dung phuong phap fluorometric
quantification, ham luong ssDNA va dsDNA duoc x4c dinh bang may Qubit (ThermoFisher)
(Hinh 1B).
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Két qua ctia thi nghiém cho thdy, phuong phap Dot-Blot cho hiéu qua ly trich DNA khong
cao, ndng d6 DNA thu duoc thip va kho thdy bang muc tiéu trén gel agarose; trong khi cac phuong
phap CTAB-SDS, Abt kit va R-kit déu ly trich duoc luong 16n DNA (Hinh 1A). Khi phan tich k¥,
phuong phap sir dung kit (R-kit va Abt kit) cho lugng DNA nhiéu ¢ mau 14 sin non (14 thir ba)
trong khi CTAB-SDS lai thu nhan dugc nhiéu DNA & 14 san gia (14 thi bay) (Hinh 1B). Tuy nhién,
lwong DNA 16n tir mau 14 sén gia lai dén tir san pham DNA bi dit gdy, phan 16n 1a cac doan duéi
100bp (Hinh 1A) va khong duoc khuyén cdo sir dung. Phuong phép R-kit, cho két qua ham luong
ssDNA kha quan hon phuong phap Abt kit (208.80 pg/ml so voi 170.53 pg/ml) trong thi nghiém
ban dau (Hinh 1B), duoc chon dé sir dung cho cac thi nghiém tiép theo.

Nhu vay, dé phat trién cac phuong phap xac dinh sy hién dién cia DNA SLCMV trong
mau sdn, viéc thu nhan dugoc DNA muc tiéu doéng vai tro tién quyét. Vi SLCMV c¢6 bd gen la
ssDNA, dé tai tap trung dé xac dinh phuong phéap c6 kha nang thu nhan dugc nhiéu ssDNA tir 14
san. Két qua khao sat cho thdy, phuong phap cai tién tir Mason va cong su (2008) va Osena va
cong su (2017) (R-kit) va phuong phap CTAB-SDS cho ham lugng ssDNA cao hon cac phuong
phap con lai (Hinh 1). Tuy nhién, CTAB-SDS la phuong phap cé sir dung hoa chat doc (CTAB
va SDS) & ndng d6 cao, va doi hoi k¥ thuat vién co kinh nghiém thuc hién. Trong khi d6, R-kit
dugc cai tién va phat trién véi muc tidu don gian hoa quy trinh va gia thanh ré, khong doi hoi ky
thuat phuc tap. Chinh vi vy, ching t6i tiép tuc ap dung quy trinh ly trich ssDNA nay cho céc
nghién ctru sau trén SLCMV.

3.2. Vi tri thu méu danh hwéng dén liwong DNA thu dwgc khi siv dung R-kit

Nhén thdy c6 su khac biét vé ham lugng DNA thu duge & cac vat liéu miu khac nhau,
nghién ctru tién hanh dénh gia vi tri thu miu trén 14 cay sian. Bang phuong phép ly trich R-kit va
danh gia san pham thong qua dién di trén gel agarose 1% cing may do DNA Qubit
(ThermoFisher), két qua so sanh cac mau vit liéu khac nhau duoc danh gia (Hinh 1C va D). Két
qua cho thiy phuong phap R-kit c6 thé ly trich dugc DNA tir cic mau khao sat. Tuy nhién so voi
cudng 14, DNA tir cac mau ly trich tir thuy 14 da phan c6 kich thudc 16n hodc & dang xoan chit va
khé di chuyén trén gel agarose (Hinh 1C). Diéu nay c6 thé 1a do miu cudng 1a cimg hon, dé c6
thé nghién duoc thanh bét, can thoi gian xur 1y co hoc lau dan dén tac dong dén do toan ven cua
DNA. Ly giai nay phi hop véi két qua vé nong do DNA thu duoc (Hinh 1D). Theo d6, nong do
DNA thu duoc ¢ cac mau thity 14 cao hon cac miu cudng 14 vi ban chat mau d& nghién (pha v&)
hon. Tir cac két qua thi nghiém trén, mau DNA thu nhén & thiy 14 thir 03 bang phwong phap R-kit
dugc chon stir dung cho céac thi nghi¢m tiép theo.
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Hinh 1. Khao sat diéu kién ly trich DNA tir 14 cay san. (A) Két qua dién di qua gel agarose 1%
sau khi tach chiét bang cac phuong phap Dot-blot, CTAB-SDS, R-kit, Abt kit. (B) Nong do
ssDNA va dsDNA trong cac mau ly trich DNA & hinh A. (C) Két qua dién di sau khi ly trich
DNA bang phuong phap R-kit & cudng 14 va thily 14 thir ba, nam, bay. (D) Nong do ssDNA va
dsDNA ¢ céc mau ly trich DNA ¢ hinh C. C4c thi nghiém da duoc thuc hién it nhat hai lan véi
két qua tuong tu nhau

3.3. Phuong phdp PCR cho phép nhin biét sw xidm nhiém ciia SLCMV trén mdu sin bénh

Pé bude dau xay dung phuong phap nhan biét sy hién dién cia SLCMV trong mau l4 sin,
nghién ctru lwa chon phuong phap PCR véi wu diém 1a gia thanh thip va dé thuc hién. Ba cap mdi
cho gen Beta-Actin caa san (Manihot esculenta) duoc thiét ké bang phan mém Primer-blast trén
trang web NCBI (Bang 1). Khao sat tinh dac hi€u cta ba cap moi Beta-Actin nay dugc thyc hién
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nham chon ra mot cap mdi tot nhat, ding lam nodi chuan cho phwong phép xac dinh sy hién dién
SLCMYV trong miu 14 sén. Két qua thi nghiém (Hinh 2A) cho thiy, ca ba cip mdi déu nhan ban
déac hiéu, chi cho mét bang rd dam trén gel agarose 2%, khong c6 bang ky sinh va khong c6 bang
trong mau dbi chirng 4m (nudc). Trong d6, cip moi Cassava-Actin-P3 cho vach dam hon. Ngoal ra,
cip moi nay cling c6 nhiét do nong chay cao nhat cho phép ning nhiét d6 bat mdi 1én cao dé ting
tinh dac hi€éu. Chinh vi vay, cdp mdi Cassava-Actin-P3 dugc chon cho cac thi nghiém tlep theo.

Nghién ctru cling dong thoi thiét ké ba cip modi dic hiéu dé nhan ban mot phan trinh ty gen
Rep/AC1 nhiam phat hién sy hién dién cia SLCMV trong mau 14 sin. Két qua thi nghiém khao sat
d6 dac hi¢u cua cac cap mdi nay dugc trinh bay & Hinh 2B. Theo d6, thi nghiém str dung nude va
1a san sach bénh dugc trong tai trung tim RCHAA 1a ddi chung am. Két qua cho thdy, gen noi
chuin duogc nhan ban boi cap mdi Cassava-Actin-P3 hoat dong tdt; cac cap mdi dic hiéu dé phat
hién SLCMV déu khong nhan ban san pham muc tiéu & cac dbi ching 4m va nhan ban rd san
pham muc tiéu & mau 14 sin bénh. Trong d6, cip mdi SLCMV-P3 cho rét it san pham ky sinh so
v6i hai cap moi con lai (Hinh 2B). Vi vay, cap mbéi SLCMV-P3 dugc chon cho cac thi nghiém
tiép theo.

Dbé danh gia liéu cap mo6i SLCMV-P3 nhan ban chinh x4c trinh ty muc tiéu la gen Rep/AC1
hay khong, san pham PCR dugc tinh sach va giri giai trinh ty. Két qua giai trinh tu dugc blast trén
co so dit liéu NCBI cho thdy san pham dugc nhan ban gidng 100% vdi trinh tu trén bd gen SLCMV
(M3 s6 NBCI KT861468.1). Cay phat sinh loai cta trinh ty muc tiéu trén mudi virus da duge cong
bd gdy bénh kham trén san duoc thiét lap. Trinh ty gen Rep/ACL1 cho théy c6 su khac biét giira cac
loai virus nay (Hinh 2C) va c6 thé dung dé xac nhan nhanh duoc SLCMV trong sb cac
Begomovirus gdy bénh kham. Tir cac két qua ndy, nghién ctru da bude dau sir dung phuong phap
PCR v&i gen ndi chudn 1a Beta-Actin cua sin, cip mdi Cassava-Actin-P3 va gen Rep/AC1, cip
modi SLCMV-P3 dé phat hién su hién dién SLCMV trong mau DNA 14 sén.

Nhu vy, phuong phap PCR 13 phuong phap don gian, chi phi thap, dé thuc hién, co thé st
dung dé phat hién SLCMV trong mau 14 sin bénh (Hinh 2). Trong nghién ctru nay, két qua cho
théy phan ung PCR véi mdi dac hiéu cho SLCMYV c¢o6 thé phéat hién sy hién dién cua DNA virus
trong mau ly trich DNA tir 14 san bénh. Quy trinh thyc hién phan img PCR khong qua phuc tap
nén tat ca cac phong thi nghiém sinh hoc phan tir déu co thé thuc hién duge. Véi cac cap mdi da
duoc sir dung trong nghién ctru nay (cip moi Cassava-Actin-P3 dung lam ndi chuan va SLCMV-
P3 dé kiém tra sy hién dién ciia SLCMV) va phuong phap R-kit, cic phong thi nghiém sinh hoc
phan tir c6 thé tu ap dung dé c6 quy trinh phéat hién SLCMV trong mau sin. Tuy nhién, vi phai di
qua céc budc dién di, phuong phap PCR mat thoi gian va kho ap dung trén dién rong véi sé luong
mau 16n. Bén canh d6, phuong phap PCR ¢6 d6 nhay khong cao (Hinh 4), do d6 c6 thé bo sot cay
mang bénh. Mic du vy, voi gia thanh khong cao va khong doi hoi trang thiét bi quéa dit tién,
phuong phap PCR hoan toan c6 thé ing dung rong rii tai cac dia phuong.
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Hinh 2. Ung dung phuong phap PCR phat hién SLCMV trong mau 14 sin. (A) Panh gia kha
ning khuéch dai gen Beta-Actin, ding 1am ndi chuén, ciia cac cip moi. (B) Danh gia kha ning
khuéch dai gen Rep/AC1, dung dé phat hién SLCMV, ctia cac cap mdi. Cac Thi nghiém da duoc
lap lai voi két qua twong ty. (C) Cay phat sinh loai virus gay bénh kham (vi tri danh dau) véi cac
lodi ¢6 lién quan di duoc cong bd. Mi s Genbank Accession dugc thé hién trong ngoidc don.
Céc trinh ty duogc sdp giong cot bang Clustal W véi cac tham sb mic dinh cay phat sinh loai
duoc xay dung bang phuong phap Neighbor-Joining Tree trén phan mém MEGA X. Thanh
thudc biéu thi sy phan ky trinh tu nucleotide 5%. Céc thi nghiém da dwoc thyc hién it nhét hai
lan véi két qua tuong tuy nhau
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3.4. Budc déu sii dung phirong phdp Real-time PCR nhén biét sy xam nhiém SLCMV
trong mdu san bénh

Mic du gia thanh cao hon, phuong phap Real-time van dugc xem 13 phuwong phép chuan
trong san xuit gidng cting nhu nghién ctru virus & thuc vét. Vi vay, chung toi tién hanh phuwong
phép Real-time PCR dé phat hién nhanh sy hién dién cia SLCMV trong mau DNA 14 sin. Véi
trinh tu trén gen Rep/AC1, ba cap mdi dic hiéu va mot probe duoc thiét ké va su dung. Véi trinh
tir trén gen ndi chuan Beta-Actin, cip mdi Cassava-Actin-P3, ¢ san pham nhan ban ngin va probe
dac hi¢u dugc sir dung (Bang 1).

Thi nghiém str dung may Real-time PCR khao sat kha ning hoat dong ctia ba cip moi phat
hién SLCMV dugc thyc hién voi thiét ké nhu sau: cdp moi Cassava-Actin-P3 va probe dic hiéu
dugc sir dung lam ndi chuén. Mau DNA 14 sén lanh thu & trung tam RCHAA dugc st dung lam
d6i chimg am. Cac mau dugc thyc hién dong thoi trong mot 1an chay may Real-time PCR vdi ba
lan l3p lai. Két qua thyc té trén man hinh may Real-time PCR dugc hién thi & Hinh 3A. Nhu vay,
cdp moi Cassava-Actin-P3 va probe dic hiéu cho gen Beta-Actin sin c6 thé nhan ban gen noi
chuan ¢ ca miu 14 san lanh va bénh. Céc cip mdi SqPCR1, SqPCR2, SqPCR3 va probe dic hiéu
cho gen Rep/AC1 cia SLCMV c6 kha nang nhan dién dac hiéu sy hién dién cia DNA SLCMV
trong miu 14 sin bénh va khong nhan dién sai trong mau 14 san lanh. Trong d6 cap mdi SqPCR1
cho dudng cong phat hién tin hiéu muc tiéu cao hon hai cip mdi con lai (Hinh 3A). Vi vay cap
moi SqPCR1 duoc chon dé tiép tuc cho céc thi nghiém tiép theo.

Nghién ctru ciing tién hanh khao sat hé s6 nhan ban gen ctia cap mdi Cassava-Actin-P3 va
SqPCR1 cho gen noi chuan va gen Rep/AC1 tuong tmg. Két qua tai Hinh 3B cho thiy & cc nong
dd pha loang theo thir ty ddm dac hon, chu ky phat hién trinh ty muc tiéu giam tuyén tinh. Dua
vao phuong phap tinh hé sé nhan ban gen (PCR efficiency), nghién ctru cho thiy hé sé nhan gen
Beta-Actin dat 1.896x trong khi hé s nhan gen Rep/AC1 dat 1.851x (Schmittgen & Livak, 2008).
Nhu vay ca hai cip mdi sir dung cho phuong phap Real-time PCR déu dat gia tri nhan gen trong
khoang khuyén céo tir 1.800x t6i 2.200x va c0 gia tri gan bang nhau. Diéu nay cho phép ap dung
quy trinh Real-time PCR nay cho cac thi nghiém sau. Bén canh khao sat hé sb nhan ban gen,
nghién ctru con khao sat nhiét d¢ t6i wru cho phan tmg. Két qua (khong trinh bay) cho thay nhiét
d6 tot nhat nén ap dung la 61°C.

Nghién ciru 4p dung thuc hién thir nghiém quy trinh ing dung Real-time PCR d4 phat trién
trén mau sin bénh kham ¢ T4y Ninh v6i d6i chtrng 4m 1a mau sin lanh va dbi ching duong 1a miu
san mang bénh kham & trung tim RCHAA. Két qua cho thiy, phuong phap Real-time PCR phat
hién miu sin ¢ Tay Ninh dwong tinh véi virus SLCMV (Hinh 3C).

Chinh vi mét s6 nhuge diém cta phwong phap PCR, nghién ctru nay phat trién phuong
phap Real-time PCR nham phuc vu cho cac muc dich nhu danh gid mac do nhiém bénh trén dién
rong, phat hi¢n sém vung cé bénh va phuc vu cac nghién ctru doi hoi do nhay phat hién sy hién
dién cua DNA SLCMV cao. Két qua cho thiy, phuong phap duoc phat trién kha ning phéan biét
dugc mau 14 lanh va 14 bénh kham cting véi hé s6 nhan ban gen ctia gen myc tiéu va gen ndi chuan
twrong dwong nhau va trong khoang 1.8 dén 2.2 (Hinh 3). Bén canh d6, phuong phap Real-time
PCR, cho thdy d6 nhay cao hon so v&i phwong phap PCR (Hinh 4).

Mic du c6 chi phi cao, phuong phap Real-time PCR véi mau do Tagman 1a phuong phap
mang tinh tiéu chuan, duoc chép nhan va sir dung rong rai tai cic trung tim gidng sach bénh. Do
nhay cao hon 1a mot loi thé cho phép phuong phap Real- tlme PCR tng dung nhiéu trong cic
nghién ctru chuyén sau, trong do co tim hiéu co ché 1ay truyén bénh ciia virus SLCMYV, so0 sanh
cac co ché khang va phat trién gidng sin khang SLCMV. Mic du phuong phap Real-time PCR
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trong nghién ctru nay duoc thiét ké dé dung duong chuan va dinh luong tuong ddi sé ban sao
SLCMV trong cac méu 14 nhiém bénh, ndng d6 virus chuan van con thiéu, luong mau can thir
nghiém con han ché, vi thé, chung t6i chua rut ra két luan vé tai lugng chinh xac cua virus trén
tﬁmg mau cu thé. Cac thuy 14 & vi tri th ndm ludn cho két qua ly trich ssDNA vé6i néng do cao va
on dinh.
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Hinh 3. Khao sat kha ning phat hién SLCMV trong mau 1a san bénh bang phuong phéap Real-
time PCR. (A) Két qua khao sat cac primer va probe trén 14 sin lanh va bénh. (B) Hé sé nhan ban
gen cua primer Cassava-Actin-P3 cho gen Beta-Actin (dung lam ndi chuén) va primer SQPCR1
cho gen Rep/AC1 (dé phat hién SLCMV). (C) Két qua phat hién SLCMV trén mau 14 san lanh va
san bénh trong tai trung tim RCHAA so sanh v&i méu sin bénh thu nhan & Tay Ninh. Két qua
duoc hiéu chuin béng phén mém LinRegPCR. Céc thi nghiém da dugc thyc hién it nhét hai lan
v6i két qua trong ty nhau

3.5. Phuong phdp Real-time PCR cho phép nhin biét SLCMV nhay hon phuong phdip PCR

Bén canh céc tiéu chi vé gia thanh, tinh don gian, kha nang ty dong hoa hay thoi gian phat
hién nhanh, d§ nhay ctia phuong phap dong vai tro quan trong trong vi¢c phat hi¢én sém bénh.
Chinh vi vdy, nghién ctru thyre hién danh gia kha nang phat hién su ton tai cia DNA SLCMYV trong
mAu 14 sin bénh dugc pha lodng nhiéu 1an. Két qua & Hinh 4 cho thay nuéc va 14 lanh (khong pha
lodng) & ca hai phuong phap déu cho két qua 4m tinh. O muc pha loing DNA 14 bénh 10°va 10*
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1an, phuong phép PCR van c6 thé phat hién su hién dién cua virus SLCMV trong mau. Tuy nhién,
tir 6 pha lodng 10° lan, ch1 co phu‘ong phap Real-time PCR c¢6 thé phat hién duoc sy hién dién
cia DNA SLCMYV trong méiu. Két qua nay cho thay phuong phap Real-time PCR da dugc phat
trién c6 kha nang phat hién SLCMV trong mau 14 san bénh ¢ nong ¢6 SLCMV thap hon so véi
phuong phép PCR.
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Hinh 4. Kha ning nhan biét sy hién dién cia DNA SLCMV trong méu 14 sin bénh pha lodng
bang phuong phap PCR va Real-time PCR. (A) Kha ning nhan dién sy hién dién cia SLCMV
trong mau pha lodng bang phuong phap PCR. Cip mdi dugc sir dung 1a SLCMV-P3. (B) Kha
ning nhan dién sy hién dién cia SLCMV trong miu sin bénh pha lodng bang phuong phap Real-
time PCR. Két qua dugc hidu chuan bang phan mém LinRegPCR. Cac thi nghiém da dugc thuc
hién it nhét hai lan véi két qua twong tu nhau

4. Két ludn

Trong nghién ctru ndy, chiing t6i da xay dyung va thir nghiém budc dau mot sé quy trinh co
ban, c0 thé dung trong nghién ctru khao sét sy hién dién cia SLCMYV trén mau thuc vat. Trong do,
viéc phat trién quy trinh ly trich DNA cai tién (R kit) cho phép thu nhan dugc ham luong cao
ssDNA virus tai vi tri thuy 14 tr cac mau sin bénh. Bén canh d6, két hop v6i phuong phép Real-
time PCR khi str dung cac cip mdi va probe dac trung c6 kha nang phat hién su hién dién cua virus
& tai lwong thap. Tir do, chung t6i cung cap mot quy trinh chan doan SLCMV hiéu qua hon tren
cay mang bénh, day cling 14 tién d& quan trong trong viéc hd trg quan 1y bénh kham trén cac gidng
cay mo hinh va giong khang SLCMYV tai Viét Nam.
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LOI CAM ON

Nhom tac gia chan thanh cam on Trung tim Nghién ctru Thyuc nghiém Hung Loc-Dong
Nai, Cong ty Cisbay Global Incoperation-Hoa Ky va Truong Pai hoc Khoa hoc Ty nhién, DPHQG-
HCM d2 hd tro hoan thanh nghién ctru nay.

Nghién ctru dugc tai trg boi Truong Pai hoc Khoa hoc Ty nhién, PHQG-HCM trong khuon
kho Dé tai ma s6 T2020-36.

Tai liéu tham khao

Amsterdam UMC - University Medical Centers. (n.d.). Truy cdp ngay 10/10/2021 tai
http://LinRegPCR.nl

Cuc bdo v¢ thuc vat. (2021). S0 NN&PTNT: Bénh kham la virus lai gdy hai trén cdy san trén dia
ban tinh Ba Ria - Viing Tau [Department of Agriculture and Rural Development: Virus mosaic
disease again harms cassava in Ba Ria - Vung Tau Province]. Truy cap ngay 10/10/2021 tai
Cong thong tin dién tr tinh Ba Ria - Ving Tau web: https:/baria-
vungtau.gov.vn/sphere/baria/vungtau/page/xem-tin.cpx?item=6188ec5d8ea5ccfc8db062b5
#:~:text=R%E1%BB%8Ba%20%2D %20V %C5%A9ng%20T%C3%A0u-,S%E1%BBY%9F
%20NN%26PTNT%3A%20B%E1%BB%87nh%20kh%E1%BA%A3M%201%C3%A1%20
Virus%201%E1%BA%A1i%20g%C3%A2y%20h%E1%BA%A1i%20tr%C3%AAN,t%E1%
BB%89nh%20B%C3%A0%20R%E1%BB%8Ba%20%2D%20V%C5%A9ng%20T%C3%
AOu&text=B%E1%BB%87nh%20kh%E1%BA%A3mM%201%C3%A1%20virus%20h%E1
%BA%ALi,thu%E1%BB%99c%20chi%20Begomovirus%20g%C3%A2y%20ra

Dixon, A. G. O., Ogbe, F. O., & Okechukwu, R. U. (2010). Cassava mosaic disease in Sub-Saharan
Africa: A feasible solution for an unsolved problem. Outlook on Agriculture, 39(2), 89-94.
doi:10.5367/000000010791745349

El-Sharkawy, M. A., de Tafur, M. M. S., & Cadavid, L. L. F. (1993). Photosynthesis of cassava and
its relation to crop productivity. In W. M. Roca & A. M. Thro (Eds.), International scientific
meeting cassava biotechnology network (pp. 314-324). Cali, CO: Centro Internacional de
Agricultura Tropical (CIAT).

Hanley-Bowdoin, L., Bejarano, E. R., Robertson, D., & Mansoor, S. (2013). Geminiviruses: Masters
at redirecting and reprogramming plant processes. Nature Reviews Microbiology, 11(11), 777-
788. doi:10.1038/nrmicro3117

Integrated DNA Technologies. (n.d.). OligoAnalyzer™ tool. Truy cap ngay tai 10/10/2021
https://sg.idtdna.com/pages/tools/oligoanalyzer

Jonathan, N., Dominic, S., Rob, C., Erik, D., & Lava, Y. (2019). Cassava value chains and
livelihoods in South-East Asia. Proceedings 148 Affiliation: Australian Centre for
International ~ Agricultural ~ Research.  Truy cap ngay  10/10/2021  tai
https://www.aciar.gov.au/publication/cassava-value-chains

Khan, M. Z., Haider, S., Mansoor, S., & Amin, I. (2019). Targeting Plant sSDNA Viruses with
Engineered Miniature CRISPR-Casl4a. Trends in Biotechnology, 37(8), 800-804.
doi:10.1016/j.tibtech.2019.03.015

Korimbocus, J., Coates, D., Barker, 1., & Boonham, N. (2002). Improved detection of Sugarcane
yellow leaf virus using a real-time fluorescent (TagMan) RT-PCR assay. Journal of
Virological Methods, 103(2), 109-120. doi:10.1016/S0166-0934(01)00406-2



Truong Thi Huynh Nhu va cong su. HCMCOUJS-Ky thuat va Cong nghé, 17(2), 5-20 19

Le, H. H., Hoang, K., Nguyen, M. T. T., Nguyen, M. B., & Reinhardt Howeler. (2016). The cassava
revolution in Vietnam. Truy cap ngay 10/10/2021 tai http://www.foodcrops.vn/

Leiva, A. M., Siriwan, W., Lopez-alvarez, D., Barrantes, I., & Saokham, K. (2020). Nanopore-based
complete genome sequence of a Sri Lankan cassava mosaic virus (Geminivirus) strain from
Thailand. Microbiology Resource Announcements, 9(6), 8-10.
doi:10.1128/MRA.01274-19

Masago, K., Fujita, S., Oya, Y., Takahashi, Y., Matsushita, H., Sasaki, E., & Kuroda, H. (2021).
Comparison between Fluorimetry (Qubit) and Spectrophotometry (NanoDrop) in the
Quantification of DNA and RNA Extracted from Frozen and FFPE Tissues from Lung Cancer
Patients: A Real-World Use of Genomic Tests. Medicina (Kaunas, Lithuania), 57(12), Article
1375. doi:10.3390/medicina57121375

Mason, G., Caciagli, P., Accotto, G. P., & Noris, E. (2008). Real-time PCR for the quantitation of
Tomato yellow leaf curl Sardinia virus in tomato plants and in Bemisia tabaci. Journal of
Virological Methods, 147(2), 282-289. doi:10.1016/j.jviromet.2007.09.015

Mathieson, W., & Thomas, G. A. (2013). Simultaneously extracting DNA, RNA, and protein using
kits: Is sample quantity or quality prejudiced? Analytical Biochemistry, 433(1), 10-18.
doi:10.1016/j.ab.2012.10.006

Minato, N., Sok, S., Chen, S., Delaquis, E., Phirun, L., Le, V. X., ... de Haan, S. (2019). Surveillance
for Sri Lankan Cassava Mosaic Virus (SLCMV) in Cambodia and Vietnam one year after its
initial  detection in a single plantation in 2015. PLoS One, 14(2), 1-16.
doi:10.1371/journal.pone.0212780

Monis, J., & Bestwick, R. K. (1996). Detection and localization of grapevine leafroll associated
Closteroviruses in greenhouse and tissue culture grown plants. American Journal of Enology
and Viticulture, 47(2), 199-205.

Morozkin, E. S., Laktionov, P. P., Rykova, E. Y., & Vlassov, V. V. (2003). Fluorometric
quantification of RNA and DNA in solutions containing both nucleic acids. Analytical
Biochemistry, 322(1), 48-50. doi:10.1016/j.ab.2003.07.009

Mubarik, M. S., Khan, S. H., Ahmad, A., Raza, A., Khan, Z., Sajjad, M., ... Elshikh, M. S. (2020).
Controlling geminiviruses before transmission: Prospects. Plants, 9(11), 1-12.
doi:10.3390/plants9111556

Nakayama, Y., Yamaguchi, H., Einaga, N., & Esumi, M. (2016). Pitfalls of DNA quantification
using dnabinding fluorescent dyes and suggested solutions. PLoS One, 11(3), 1-12.
doi:10.1371/journal.pone.0150528

National Center for Biotechnology Information. (n.d.). Truy cdp ngay 10/10/2021 tai
http://www.ncbi.nlm.nih.gov

National Center for Biotechnology Information. (n.d.). Primer-BLAST. Truy cap ngay 10/10/2021
tai https://www.ncbi.nlm.nih.gov/tools/primer-blast/

Nie, X., & Molen, T. A. (2015). Host recovery and reduced virus level in the upper leaves after
Potato virus Y infection occur in tobacco and tomato but not in potato plants. Viruses, 7(2),
680-698. doi:10.3390/v7020680

Osena, G., Nyaboga, E. N., & Amugune, N. O. (2017). Rapid and efficient isolation of high quality
DNA from cassava (Manihot esculenta Crantz) suitable for PCR based downstream
applications. Annual Research and Review in Biology, 12(2), 1-10. doi:10.9734/ARRB/2017/32195


https://www.ncbi.nlm.nih.gov/tools/primer-blast/

20 Truong Thi Huynh Nhu va cong su. HCMCOUJS-Ky thuat va Cong nghé, 17(2), 5-20

Rey, C., & Vanderschuren, H. (2017). Cassava mosaic and brown streak diseases: Current
perspectives and beyond. Annual Review of Virology, 4(6), 429-452. doi:10.1146/annurev-
virology-101416-041913

Schmittgen, T. D., & Livak, K. J. (2008). Analyzing real-time PCR data by the comparative CT
method. Nature Protocols, 3(6), 1101-1108. doi:10.1038/nprot.2008.73

Schweitzer, C., & Scaiano, J. C. (2003). Selective binding and local photophysics of the fluorescent
cyanine dye PicoGreen in double-stranded and single-stranded DNA. Physical Chemistry
Chemical Physics, 5(21), 4911-4917. doi:10.1039/b305921a

Slakie, E., Mckee, C., Gaffney, A., Anderson, C. L., Gugerty, M. K., & Anderson, L. (2013). Control
strategies for whitefly as a vector for cassava viral diseases. EPAR Technical Report, 233,
1-28.

Tromas, N., Zwart, M. P., Lafforgue, G., & Elena, S. F. (2014). Within-host spatiotemporal
dynamics of plant virus infection at the cellular level. PLoS Gentics, 10(2), 1-15
doi:10.1371/journal.pgen.1004186

Uke, A., Trinh, H. X, Mai, Q. V., Nguyen, L. V., Ugaki, M., & Natsuaki, K. T. (2018). First report
of Sri Lankan Cassava Mosaic Virus infecting cassava in Vietnam. Plant Disease, 102(12),
Article 2669. doi:10.1094/PDIS-05-18-0805-PDN

Wang, H. L., Cui, X. Y., Wang, X. W,, Liu, S. S., Zhang, Z. H., & Zhou, X. P. (2016). First report
of Sri Lankan cassava mosaic virus infecting cassava in Cambodia. Plant Disease, 100(5),
1029-1032. doi:10.1094/PDIS-10-15-1228-PDN

Yeoh, H. H., & Truong, D. V. (1996). Protein contents, amino acid compositions and nitrogen-to-
protein conversion factors for Cassava roots. Journal of the Science of Food and Agriculture,
70(1), 51-54. doi:10.1002/(SICI)1097-0010(199601)70:1<51::AlID-JSFA463>3.0.CO;2-W

PHU LUC
DANH MUC TU VIET TAT
CIAT: International Center for Tropical Agriculture
CMD: Cassava Mosaic Diseases
CTAB: Cetyltrimethylammonium bromide
EDTA: Ethylen diamine tetraacetic Acid
GuHCI: Guanidine - HCI
NH4OAc: Ammonium acetate
PCR: Polymerase chain reaction
RT-PCR: Real-time PCR
SDS: Sodium Dodecyl Sulfate
SLCMV: Sri Lankan Cassava Mosaic Virus
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