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A Rapid, Economical and Hazardous Organic Solvent Free Method for DNA
Extraction from Cassava

F3ms wiunind" sund Ay’ And ulsnd’ gamif Sy’
gaanel azariad® Useiia deaidien’
Jeeraporn Kansup" Tanavadee Kumchoo® Vipavee Chanroj' Suphawadee Ngorian'

Suwaluk Amawan® Prapit Wongtiem®

Received 21 Nov 2020/Revised 1 Feb 2021/Accepted 2 Mar 2021

ABSTRACT

The extraction of good quality DNA from leaves of cassava is a complicated process
due to the presence of interfering substances such as polyphenols and polysaccharides that
affect the quality of DNA. In hexadecyltrimethylammonium bromide or CTAB method which
is widely used for DNA extraction, hazardous organic solvents such as phenol and chloroform
are required to remove these interfering substances. The whole process does take
approximately 130 minutes making it unsuitable for extracting large number of DNA samples.
The objective of this research was to develop a DNA extraction method from cassava leaves
which is rapid, free of harmful organic solvents, does not use liquid nitrogen, as well as cost
and time effective. The DNA extraction method developed in this research was based on
sodium dodecyl sulfate/sodium chloride or SDS/NaCl method. The SDS/NaCl+PVP method
yielded DNA amount in the range of 1,431.4 - 1,510.3 g per 1g of leaf sample with absorption
ratios AQGO/AZBO of 1.74 - 1.90. Agarose gel electrophoresis showed the intact, sharp and clear
DNA bands with little degradation. The extracted DNA could be used in restriction analysis
and as template in polymerase chain reaction (PCR) using many types of primer including
housekeeping gene, universal, SCAR, EST and SSR primers in both of single and multiplex
PCR. It indicated that the DNA extracted by SDS/NaCl+PVP method had purity, good quality
and was suitable for molecular analyses such as restriction digestion and PCR
amplification. The whole process of DNA extraction using SDS/NaCl+PVP method took about
48 minutes.

Keywords: DNA extraction, cassava, interfering substance, sodium dodecyl sulfate (SDS),
polyvinylpyrrolidone (PVP)
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UNARE

nsaneAEueaNuusUsnae vl
AuMWATTuRUTigasnFutou ilpsandans
sunu WEud ndfuea uaslnduzaailss
ﬁawanizwuﬁia@mmwmmﬁLﬁum N13ENA
MOULDMIBAT hexadecyltrimethylammonium
bromide v38 CTAB fifial#laesialy fnsls
fvhazapduniddunsiedng q wu fiuea
AaplsWasy Wi Ra13IUNIY Uasiinanedu
aauv W lHiauuyseanas 130wt Falsl
WA UNSEAIRALDUEINAIDENTIUIUNIN
udntl Fnqussasdiiiaiaunitnnsain
fButaanlusudysndefiazainginiga
Unannsvhazaiedunidsunsy lasniu
iavlFlulasaumiad Ussndam Fauazinan
ABn1sateadidueiivaunduififtuganis
sodium dodecyl! sulfate/sodium chloride %138
SDS/NaCl 33 SDS/NaCl+PVP T#i5uneu
Abulutie 14314 — 15103 lulasndw/
ety 1 niN uasidmmaumaganiuuas
A /A, oElute 174 - 190 azmlsaian
5L@ﬂiﬂ'ﬁw%mmmﬁﬁlﬁuLm‘uﬁLﬁumﬁaugiﬁﬁ
warANTalasfin1stasaanuvaIfEuLBLREN
dniley ABuefiadaldarnnsaldlunis
Swszitiueulsddndimnng wazlhdumbue
funvuludfisengnldlndweiss (gens) loe
THlwsieseine g lud wswasvasdudtiu
piiviesuzalwawes swfolwamesuilaams
(SCAR) Saadl (EST) uazlaataaod (SSR)
munulwuummﬂm (single PCR) WRZUL
\lW'iLuaiwmﬂ@"luwuaﬂgn%m (multiplex PCR)
1% uansdofiBuafiaingeds SDS/NaCl+PVP
fanaudgnd aunwd uazimanzdmiulilu
m'ﬁm‘m:ﬁszﬁﬂmaqa U N19EREAY
wulsdsndinizuarnisiinysuufiBuie
fuwmailafdes nszuaumsaiafEuedls
ATz 48 Wi

ANIAY: NMINNAALIUE, FuaLrdy, 819

sunmu, Iodenlawdatama (SDS), Inalila
Twlsalau (PVP)
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uNn
JUR1Uenay (Manihot esculenta
Crantz) uiwevnsvan waziduunasuile
fuduasvzalanpsaindalne madiulye
WuﬁW“ﬂIﬂﬂI"ﬁLV]ﬂIﬂIﬁQEJ’Ii’Jﬂ’]WﬂNEII‘I{‘IN i
naamﬁa'mm‘wmﬂauuauumwuumma
PITUATLNBATNTINTTI B Y (Hautea and
Escaler, 2004) dymailanigmnaluladfinim
i o 1By nsldedasmneluanalunisde
\RaniusWY (marker-assisted selection, MAS)
mmummmu‘luLaﬂml,a”wummmiu #ofl
mumauwumuwmﬂm Town nsafedduie
m@mmw mmuuﬂ,ﬂ’lﬁquﬁimmmaum

v

euffsegnldlndmeisaniendens naarn
Adueanludussnaolildaunmaianm
0 ilpsanluiudvsrdefiangsuniu 1un
ndfluea uazlwduoarilan luyinuge
(Sharma et al, 2008) viliudunounisue
fntiizianiafiBue a15Usznauiupan
thﬂﬂﬂﬂ’ﬁ\lﬂ"g UasUAUNIALIARDNULAY
Tusfunvutioundulalld naneduugedou
(gelatinous complex) LLN”VI’]TW@LEJuLaLUu
faa (Sahu et al, 2012) EmSulnAuzARY
lsfazanaznausaniuiidunludunsuids
LOANBEDR ﬁﬂiﬁﬂuLﬁaulﬁﬁ’uﬁLﬁuLaLLa L1im
Wuansas mﬂmaul,amum'mwumm (Do and
Adams, 1991) msﬂuLﬂaummmssumummu
v‘l’ﬂﬁmmLﬁmuua:@mmwmamLaul,aamao
uazdaremavhufisezeaeulsdsi o de
Mfue iy mMsnUsuaufSuedieeulsd
TnAwasa nsdapfdutadiuauloddn
1wy wIansAesnziarsusianilalng
Taglusudenisviuseseulsdindweiss
ipeulainafea (Khanuja et al, 1999:
Kim et al, 1997)
A8nsaiaBueunDaeLAndld iy
pEnIUNIENER SRS TA MR UToTNA ST
TFa15anuws9fvAaszquan (cationic
detergent) 1#un CTAB (hexadecyltrimethy
lammonium bromide ) ANA28 AuUda-
Aaslswasy ausnlusuaanainnaniiiadsn

D.
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NIANAZNDURLDULDAIBLDANDEDR NITAI
Aoufldule (DNA pellet) wazn13vinl¥use
AAnstidenAs CTAB (Murray and Thompson,
1980) 35 CTAB lLaitfiaussinnslfinazane
sunsdsunsneiiduRwsascuudszam n9
wumelauasinmis usdefnanssunauyili
ey Feldmunsdunsatafidueain
frediidsnuiunin A3nsaiafiBuenuy
smSlaalalls CTAB gniauslae Dellaporta
et al. (1983) fiauladlay Edwards et al. (1991)
LLlaz Kotchoni and Gachomo (2009) #iann13
293854 1Eun nsuaBenasmiuasazans
TiasainfSuefisl SDS 0.5 - 2% g
Usznay Imﬂ SDS ﬁﬁﬁﬂﬁ[um‘zﬁ'}mmﬁaﬁu
imaduazifoviuiledes Lwaﬂaﬂﬂaaﬂmama
DONNINE ms’iumsa sanpies nasaniu
Adutaazgnyinle wonapnatlasdunauiy
wssAan1sanaznau laslndusaailss
wazlusfusulnaazduduwiuiy SDS il
avmmfw wazanaznauluserinnatumie
adouan mﬂl,aul,aaﬂ’luuﬂamuuu (supernatant)
dhlasduuudonan ax sgnielufvasnlna
LLE\]uﬂLﬂuLE]ﬁ)ygﬂVI’]ﬂ[ﬂﬁlﬂﬁl.,ﬂﬂuﬂ’Jﬂ isopropanol
atialafiony audeifaqiu dolaifisneauns
annfBueNTuRUzna e (435 SDS/NaCl
%3935 SDS/NaCl+PVP
BnsaiamifueanlusiudUsnded
feoudnlng  Hunmsadaildans CTAB
\fuiugiu (CTAB-based) 13U 51891UDDY
Devi et al. (2013); Osena et al. (2017) Laz
Sharma et al. (2008) Tasfanuuaneiudis
nsuinANr3afinySunuasuTin
PVP, NaCl uas EDTA Judiu vwided f
FaquszaeAiovhnsfnsSsuiisunsario
fueanlusugUzvas 3 5 léun 35 CTAB
95 SDS/NaCl uax33 SDS/NaCl+PVP Faifix
PVP Tussazarstniasainfiduiasile
SDS/NaCl isWmurdin1sanafifuiaann
Tusuddenaslfazaingiagy Usiaanga
acaedunaiiunse Ussndamidneg waza

gunsaluazIsng

1. nmsanaABuEIN luTusUenaiae
SDS/NaCl + PVP, 35 SDS/NaCl uag
CTAB

Wisuisunsanadidue 3 35 Tauls
fpgiusendy 3 sewug ldud CMR
62-51-01, CMR 62-49-03 Liaz CMR 62-29-09
Falesuanusyasizilududzndeain
Audideiinliszees nadmainens

1.1 nsanaaduean lusiuailsras
Tnefae35 SDS/NaCl + PVP lagsnuiadann
25299 Edwards et al. (1991) uazidoed
Kotchoni and Gachomo (2009) IﬂLWN PVP
Tuapsa autasaiamdue uasidunau
grafl

35
35

1.1.1 fnlududyzvnasdszana 0.07
nsu aldlulnge nansazaetwasann
ALBULD (200 mM Tris-HCI pH 7.5, 0.5% (w/v)
SDS, 250 mM NaCl, 25 mM EDTA pH 8.0,
2% (w/v) PVP) U3uas 400 lalasins um
shatelvaziBuadielngs Wunar 15 Juii
ﬁqmwgﬁﬁm Y hnssazaesimed
afafBwedn 200 lulasdns uafIE19IY
\ouazBoauazgaansiiua 400 lulasdng
Taluvaparunenssg 15 84, LLﬁaﬁﬂﬁﬂuLﬂm
finna52 12,000 seu/ANT igaumgiivies
1387 3 Wl LLammuﬂamuuu (supernatant)
300 lulmsans Ta’lumam’[wmmmmw 1.5 4A.

1.1.2 LN isopropanol VILLﬁLﬂuﬂimm
300 lulas@ns waswaNILN 1 mﬂuu a5
gamgiviesduian 2 uiil eanAznau
mama (DNA precipitation) LLmu’]\lﬂﬁuLWJﬂ\‘l
finasa 12,000 seu/ANi figungivies Wy
a1 5wt uasmilasui

1.1.3 N 70% (v/v) ethanol 500
Tulasang iipdnznaumiduie (DNA pellet)
mnﬁuﬁﬂﬂﬁum%oﬁmmﬁa 12,000 8L/
wammwaa Huan 5 wift wazintilasu
Vued1sANTzTasz e tinlildnnau
FBuieanviausenly gairduiiivassenly
e waiviBu L
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1.1.4 Wadndarilifidedies
(nuclease-free water) 120 Tulasing aslu
Yiaan Lwaaq,mﬂmvnaumaummﬂwaLmﬂﬂ'ﬂﬁm
Ustuatifhe Aiswoarazaslu uilwausaanlsd
Tiagmenh anfuvhmasanagnauwiizaals
Tasmsiluimdsfinnasy 12,000 sau/A0
figungfivios huan 5 it uazgeilagu
vuifimduessapegldlunasalmanunnuss
15 uA. ﬁ'}ﬁlﬁuLaﬁ1ﬁu1msaaaauqmn1WLLa:
Saanudnduglsndosaidnlaslnlafines
Biodrop (UK) udufiuansasanafiduieil -20%.
g nsulflunsfnenifusialy

1.2 nMsanaaduean ludusadevas
#e33 SDS/NaCl (AswSeuiey) v usiu
f1Usnaedszane 0.07 nsu T¥a1sazais
iasainfifueniin SDS/NaCl filsifiau
Usznavaes PVP (200 mM Tris-HCI pH 7.5,
0.5% (w/v) SDS, 250 mM NaCl, 25 mM EDTA
pH 8.0) tazAduNIAINTD 1.1

1.3 Maananduean lusiudlsrias
f835 CTAB (35WSeuiisy) U5uanisns
afafBue luisdudy (order) Zingiberales
Tael# CTAB (Devi et al, 2013) Gviidunau
oot

1.3.1 dnlufuddendsyszana 1 n5u
aldlulngs nsuandeniululasiaumal
auazBaamdunsuily uiwnsetwiiualels
VRDATUIALTTY 15 A iANETasauinmes
aimAduLeYla CTAB (2% (w/v) CTAB, 1.4 M
NaCl, 20 mM EDTA pH 8.0, 100 mM Tris-HCI
pH 8.0, 4% (w/v) PVP 4Lfix mercaptoethanol
Tudnsndan 500 : 1 (USHL 7 NR.) wazywd
grumgdl 65 . Lua 30 wndl nauimm N
s nan el 7 figoungi 65%.
Huraan 30 wift Tawizgmn 9 10 Wil uds
mmmwrﬂawamwnwm

1.3.2 LW chloroform : isoamyl alcohol
24 : 1) 7 ¥8. NNl Taensnauriasn
s q w3alHiaTaa shaker 1w o Huiaa
10 Wit mnﬁuﬁﬂﬂﬂum%mﬁmwﬁq 8,000
sounit figungivies Wua 10 Wil ga
dladuny 5 wa, lWlunaoslvd wdaka
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isopropanol fiutifu 3 Na. (0.6 11189
Asazawfliule) uaz snduvaaalduu o
miutind 20 ‘o, Wisugluihuge 30 wndl
sepvilavifiunznoudiduoduduionls
133 pndufidueduan (hook) Td
MRBATUIALTTY 1.5 WA, Awnznaufiiuiadae
washing solution (70% (v/v) ethanol, 10 mM
ammonium acetate) 400 lilasans 2 Ay
wazd e 70% (vAv) ethanol Auzifiu 500
Talasans 8n 2 a% ambuieiiBuelu
TugpuanFougningi 65 ‘g1 durian 20 wnfl
1.3.4 aranensnaufiduedie TE 300
lulas8ns wazs@n RNase A (10 NN/Ha)
1 lulAsans ﬂuﬁqmwgﬁ 65 %. utan 10 udl
lunsdiftarsazaefiduedianunialild TE
disdnaulsifinnamila Selusuisedlels TE
Tumsarafidueiiannseds CTAB fat
az 720 llasans axmiuhAsuesnsasey
aumwiaz Jamadnduimoedosanlnsly
Tnfitwas Biodrop (UK) wddLAUa1ITALans
Aduad 20y, fwmsullumsdnendsesialy

2. MINTRIDUAUNMNTDIFEULD

NIATIREBUAMMNTBIAEULD 2 35
1éun 1) myTadmaganiuuas (absorbance)
Toena3avainlasinlafnes Biodrop (UK) 4
Lﬁumﬁmﬂ%mmmi@ﬂnﬁuu,awmnm
faeddnuaclysfufinnnueniniy 260 way
280 WIULNAT WAY 2) NSwenuwauALSue Y
pzmlsaaadianinswida lagltaanznlsa
1% wasynBidnnsnass Wisuifisuuaiy
ABuNNATTLANTIUIUA fonsneiasifuy
Twslad uwinhlusesguoufiBuiewionudin
MWEELASEY Gel-Doc UV Transilluminator
(Bio-Rad Laboratories, USA)

3. manseFauaMA HldvasRidua lun1svin
Ufiseniueuladdasuwi:
ifiueNdnfaeulsiiad g
EcoRI LUy FastDigest™ (Thermo Scientific,
usA) Tudsums 10 lulasdns Usznaudiae
Mdue 1 lulasnsu, 1X FastDigest™ Buffer,
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EcoRlI FastDigest™ enzyme 1 lulasans Usu
Usanastiasuseh ihasfinsuudrlusnd
grungdl 37 . 1fiunan 30 Wil sednsia
‘wamwnu 65%. 10 w7t aMiu AsI9EEULOY
fiSwamenlsmaadiininsnisa Tould
AL 1%

4. MmansrasauA [Hlfvahiduelunnsin
Ujisngnlolnamaissuuy single PCR uaz
LUy multiplex PCR
1w3mmm‘[?‘ﬁuﬂgmmwmmﬂumu
Auiis s 8 lwswes 1dun rbcla, ITS
(ITS2-S2F/ITS4), RME1, NS158, SSRY28,
NS169, EST-R waz EST-K (Table 1) rbcl
Wududrthudindaswaiulysfuniivdas
yp9eulsd ribulose bisphosphate carboxylase
oxygenase (RUBISCO) & 3u ITS (Huaeu
fhndlalndfiegszwitalats 3 fulas 5 709
furmuanssmbedoszselslulsuuasgn
T dugfivieiuoalnaiwes \A3DvINEALEULe
RME1, NS158, SSRY28, NS169, EST-R L.ay
EST-K fi5ne91u3n fanufsndasiuainy

Fumnulsalusnsiug v viaiedaetu
ﬁuﬁmauauamaL%'amm@maﬂ'm’lmhaﬁu
f1uznay wazinisiunldlunsnsiasey
ulnTiiagrodnfeniugdudiUsngs
Frumulsaluane 335 wazAue, 2563;
Carmo et al,, 2015) N15¥ single PCR 1Juns
inysauiduelesldlwswesides 1 ¢
el Wlwaies rocLa, ITS (ITS2-S2F/TS4),
EST-R uaz RME1 2aausiazgiun13vi single
PCR lngld Taq DNA Polymerase, recombi-
nant (Thermo Scientific, USA) ForwaziBun
AUUILNAUTIRNTAN LLa:qmwgﬁﬁ"iﬂu
UNNFEIMINIIUVDY 3T INT WATAE (2563)
LLAZLLEAN Table 1

#§1M35UN19Y multiplex PCR 1Huns
quﬂsuwmmtautaimﬂTﬂWiLuasmu,m 2 ¢ duly
Foouisuil Tmlwmummsawmamama
EST-K 32U NS158 (2 6) waziASaaviang
SSRY28 31U NS169 (2 ¢) §ulsznaused
f17uYsuns 20 lulasdns Ysznaudie
AU 100 wlunsu, 1X Tag buffer with
(NH). SO, 02 mM 815U dNTP wsazsiin,

Table 1 List and sequence of the primers used in single and multiplex PCR

Primer name

Annealing
temperature (°C)

Sequence (5’ — 3’)

rbcLa F : ATGTCACCACAAACAGAGACTAAAGC 60
(Kress et al, 2009; Levin, 2003) R : GTAAAATCAAGTCCACCRCG

ITS ITS2-S2F : ATGCGATACTTGGTGTGAAT 60
(White et al, 1990; Yao et al, 2010)  ITS4 : TCCTCCGCTTATTGATATGC

RME1 F : ATGTTAATGTAATGAAAGAGC 56
(Fregene et al., 2006) R : AGAAGAGGGTAGGAGTTATGT

NS158 F : GTGCGAAATGGAAATCAATG 55
(Fregene et al., 2006) R : TGAAATAGTGATACATGCAAAAGGA

SSRY28 F : TTGACATGAGTGATATTTTCTTGAG 55
(Akano et al, 2002) R : GCTGCGTGCAAAACTAAAAT

NS169 F : GTGCGAAATGGAAATCAATG 55
(Okogbenin et al.,, 2012) R : GCCTTCTCAGCATATGGAGC

EST-R F : TGAGAAGGGAAATCGCAGGA 55
(Jeeraporn et al,, 2020) R : GAGGACTTCAACCATGCCAT

EST-K F : ACTTGCTCATGGCCATGCTC 55
(Jeeraporn et al., 2020) R : CAGAGCCTTGTTCTGAAGAAG
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0.2 M forward primer1, 0.2 M forward primer2,
0.2 M reverse primer1, 0.2 M reverse primer2,
1.5 mM MgCI Tag DNA Polymerase 15U
ﬂiUiJ‘iN’]ﬁl‘ﬂﬁﬂiUﬂ’]EJu’] U vrETANEN
WAL Lﬂ‘iﬂd LWN‘]J?N’]ELIG]LE]NLB ‘[ﬂﬂﬁl\ﬂ‘ﬂi LLNIN
ammu Pre-denaturation 94°%4. 5 u’Wl mmu
198U LAY miﬂﬂNﬂ‘i@aWﬁu 3 "ﬂumau mu
Denaturation 94 4. 40 U1, Annealing 55 .
40 U1, Extension 72 %. 30 - 60 Ju11 31U7U
40 300 MNFITUADY Final extension 72°.
5 u1fl 8n 1 98U AT IATTIRAF BB LSE
wadlannslnada leelaaasnlsa 2%

5. MsanNAAUEAI835 SDS/NaCl + PVP
quuaﬂﬂvnaaanwau 41U 60 FEWUS

ilagan fasmmeraumsainfidue
#7835 SDS/NaCl+PVP fufaeeadIuIuNIn
Fevinrsadadduteanlurasiud Uz nae
gnassiiiau3lng ngs CMRES2 fifinannis
NNNLL‘U‘UTJQ (cross pollination) uazngu
OMRE62 MitNnann1INaNLuLLa (open pol-
lination) 32aviedu 60 aeug Beldsuena
BULATIY ﬂuuumﬂmmmnﬂumwwﬂi
52u99 NMIY ATIIABLANNWIBIALBULDH Y
N137AAINI9ANAULEY wazpzNlamiaa
Siennslnida

6. NMINANBUNI5MIA RNA fi2a RNase A
TussazanefBuefiannge33 SDS/NaCl
1waz35 SDS/NaCl+PVP

Adue 2 lulasnsu NN RNase
A (2 un/ua) 0.3 Izﬂﬂiam nfigaumgi
65 . A 10 wfl 9Nt ATeEaULOL
fiwaisaznlsaeadiininglnida lasld
wanzMlsa 1%

ARNIINAaDN u.az'“amstﬁ
1. ﬂ%mmuazqmmwmmﬁL5uta17iaﬁ’ﬂﬁ'm“i§
SDS/NaCl+PVP wW3suiiisuiiuis CTAB Laz
35 SDS/NaCl
AN udufiBulafitnainia3ag
aunlasWlafiiwes Biodrop (UK) wuin

194

=

Afuafiainainis CTAB 35 SDS/NaCl uas
35 SDS/NaCl+PVP fAiadeanadindu 1.924,
0.485, 0.859 lalasnsw/lulasdng auaey
(Table 2) wazfiUSuUNaNAARLEULDIINID
CTAB uaz35 SDS/NaCl+PVP \ady 13855
way 1,473.1 lulasnsusalusiuddends 1 nsu
PNRGU 20U135 SDS/NaCl THnananfiiue
fnd1 2 35 Fenan lewdfiAadedl 830.9
TulasnSusalusiustenads 1 nsu (Table 2)
famam A /A Festyanausgnivns
Sifwafiaiadania CTAB 38 SDS/NaCl uay
A5 SDS/NaCl+PVP Nﬂ’]LQﬁQEJ 1.822, 1.836 LLaT
1.820 MNEFU (Table 2) LLammmauLamnm
1#anite 3 58 ummmammaﬂmmwm
umiﬂumaumﬂﬂsmuuaﬂwaLLmﬂﬂﬁliﬁTu
3EHuen Luaamnmamawuqmmwwuu fiail
AN AJA agﬂu“ﬁ'a\i 1.7-2.0 (Maniatis et al,
1982)

nsvstifiuquninassfiiiuelag
armlsaaadidninglnids wui ffuediatn
fe35 CTAB ﬁLmuﬁ'LﬁuLaﬁaugid (intact)
ANTA (sharp and clear) agwilauaufiduLe
NIATFIUTUIA 10,000 bp wazlifidus
ABuiafiausans (Figure 1 Lane 1-3) su33
SDS/NaCl+PVP Usinguaufidutadiasysnl
LasANTALEULARIAY widwunstspaay
Ia9piduLatinuiNealantias (Figure 1 Lane
7-9) uaes iU fetafiBuafiaingsis
CTAB LL@t%%‘ISDS/NaCHPVP HERIBRIEN
YuzifioueNaindieid SDS/NaCl Juau
Auteiegndauoufiduleninsgiuauia
10,000 bp 919n3135 CTAB uaz35 SDS/
NaCl+PVP uanasiivn19dftduiatioanin
(Figure 1 Lane 4-6) Fuaanadadiunan1sin
mmmmswuﬁﬂﬁm’JﬂLﬂsaamﬂnTm
Tlafiwos uonanil wuin mstessaiewes
ALduBNINNNAS CTAB WazA3 SDS/NaCl+PVP
satsngiiunaunitelutae 500-750 bp
(Figure 1 Lane 4-6) ﬁ\fﬂw%’mmuﬁﬂiﬂng U
FuvaLsER 250 bp TusatfiBuied
ainfI835 SDS/NaCl Laz35 SDS/NaCl+PVP
A8 RNA (Figure 1 Lane 4-9) i18431n
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Table 2 Yield and purity of genomic DNA isolated from leaves of three different cassava

lines using three different extraction methods

DNA Weight of leaves for

Volume of TE or

DNA conc. quantified by DNA yield

extraction Cassava line DNA extraction ddHZO to dissolve  using spectrophotometer (9/g of (APu;iy )
method (9) DNA (I) (g/ul) sample) 260 280
CTAB CMR 62-51-01 1 720 1.511 1,087.9 1.886
CMR 62-49-03 1 720 1.978 14242 1.839
CMR 62-29-09 1 720 2284 1,644.5 1.740
Average 1.924 1,385.5 1.822
SDS/NaCl CMR 62-51-01 0.07 120 0513 879.4 1.872
CMR 62-49-03 0.07 120 0.453 776.6 1.883
CMR 62-29-09 0.07 120 0.488 836.6 1.752
Average 0.485 830.9 1.836
SDS/NaCl CMR 62-51-01 0.07 120 0.835 14314 1.902
+PVP CMR 62-49-03 0.07 120 0.881 15103 1817
CMR 62-29-09 0.07 120 0.862 14777 1.741
Average 0.859 1,473.1 1.820

[}

Figure 1 Electrophoresis of genomic DNA extracted from leaves of different cassava lines
using CTAB (1 - 3), SDS/NaCl (4 - 6) and SDS/NaCl+PVP (7 — 9) method. Lane M = 1 kb
DNA Ladder, Lane 1, 4, 7 = CMR 62-51-01, Lane 2, 5, 8 = CMR 62-49-03, Lane 3, 6, 9 =

CMR 62-29-09
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Figure 2 Analysis of DNA digested with restriction enzyme EcoRI and separated by 1%
agarose gel electrophoresis. DNA was extracted from leaves of different cassava lines using

CTAB (1 - 3), SDS/NaCl (4 -

6) and SDS/NaCl+PVP (7 —

9) method. Lane M1 = 1 kb DNA

Ladder, Lane 1, 4, 7 = CMR 62-51-01, Lane 2, 5, 8 = CMR 62-49-03, Lane 3, 6, 9 = CMR

62-29-09, Lane M2 = 100 bp DNA Ladder
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Figure 3 Single PCR amplication using primer rbcLa (A) and ITS (ITS2-S2F/ITS4) (B)
separated by 2% agarose gel electrophoresis. DNA was extracted from leaves of different
cassava lines using CTAB (1 - 3), SDS/NaCl (4 - 6) and SDS/NaCl+PVP (7 — 9) method. Lane
M1 = 50 bp DNA Ladder, Lane 1, 4, 7 = CMR 62-51-01, Lane 2, 5, 8 = CMR 62-49-03, Lane
3, 6, 9 = CMR 62-29-09, Lane 10 = TME3 (DNA was extracted from leaf using CTAB method

in the study of Jeeraporn et al. (2020) and used as a positive control), Lane 11

= ddH O
2

(negative control), Lane M2 = 100 bp DNA Ladder
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Figure 4 Single and multiplex PCR amplication using primer EST-R (A), RME1 (B), EST-K with
NS158 (C) and NS169 with SSRY28 (D) separated by 2% agarose gel electrophoresis. DNA
was extracted from leaves of different cassava lines using CTAB (1 - 3), SDS/NaCl
(4 - 6) and SDS/NaCl+PVP (7 — 9) method. Lane M1 = 50 bp DNA Ladder, Lane 1, 4, 7 =
CMR 62-51-01, Lane 2, 5, 8 = CMR 62-49-03, Lane 3, 6, 9 = CMR 62-29-09, Lane 10 = TME3
(positive control), Lane 11 = ddHQO (negative control), Lane M2 = 100 bp DNA Ladder
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Figure 5 Electrophoresis of genomic DNA extracted from leaves of different cassava lines
for consumption using SDS/NaCl+PVP method. Lane M = 1 kb DNA Ladder, Lane 1-15,
51-60 = Hybrids generated by cross pollination (group CMRE 62), Lane 16-50 = Hybrids
generated by open pollination (group OMRE 62)
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Figure 6 Electrophoresis of DNA extracted from leaves of different cassava lines using CTAB
(1 - 8), SDS/NaCl (4 - 6) and SDS/NaCl+PVP (7 — 9) method, and treated with RNase A.
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