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ABSTRACT

DREB1 (Dehydration-responsive element binding protein 1) gene expression
analysis of drought tolerance Hybrid Maize Nakhon Sawan 3 cultivar under water
depletion had been identified and analyzed by Annealing Control Primers (ACP)-based
polymerase chain reaction and by Quantitative Real-Time polymerase chain reaction
methods. The experiments were conducted at the Biotechnology Research and
Development Office, Department of Agriculture during October 2011 to September 2014.
To study the DREB1 gene expressed during drought stress, DREB1 gene sequence encoding
661 bp of transcription factor DREB1 and gene sequence encoding 519 bp of transcription
factor AP2-EREBP DREB1 were isolated. Both sequences were deposited in the Genbank
database with accession number KY678233 and KY678234, respectively. In addition,
comparative gene expression analysis of DREB1 gene in comparison to ABRE (ABA-
responsive element) binding protein and Elongation Factors were analyzed. Furthermore,
DREB1 gene expression profile of drought tolerance Nakhon Sawan 3 cultivar and the
control plant at 24, 48, 72 and 96 hr under water depletions from three weeks old of
maize leaves following early water deficits were analyzed in this study. Considering the
Quantitative Real-Time-PCR analysis of DREB1, ABRE and eEF (the housekeeping gene), the
results showed that the gene expression level of DREB1 was higher than that of ABRE and
eEF genes. This result suggested that transcription factors DREB1 genes were expressed
during water depletions in drought tolerance hybrid Maize Nakhon Sawan 3. Based on
these findings, this information may lead to the further study in molecular markers, and

candidate genes for drought tolerance traits in plants in the future.
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878 ACP-based PCR Method
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fiifldifumauan (control plant) Trhiwvie
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afinansiugnssuesioue (Aurum™ Total
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USA; TRIzol™ Reagent (Thermo Fisher
Scientific, USA) waz/vsameni1sidynann
Plant RNeasy mini kit (Qiagen, CA, USA)
AUALUL YA DEHER a¥ansuuloud
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Aushwfegeondiduesiy nelussesdud
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nszualnin (Gel electrophoresis) vu19 80
Tad w1y 30 - 45 w1l laeld 1.0 %
Denaturing Agarose Gel {Jufnans uagiial
2x RNA Gel Loading Dye (Thermo Fisher
SCIENTIFIC, USA ) aslufiag1ee1siduesiu
a1amglefenluslun uuussui 1
Uil LLazﬁuﬁﬂmwﬁwLﬂ‘%laaﬁaa@uauﬁtﬁuw
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289 RNA ﬁaﬁﬁlé’é’wm%aﬁmﬂmi@jmﬂﬁu
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{Ausnw RNA Tifigamgdl -80°
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stranded cDNA Synthesis) laaidulayd
Reverse transcriptase
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Catalog No. K1021-K1026) Sudiuéienis
FuA51E9% CONA @18USNAINAIBE19815OULe
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virus reverse transcriptase (200u/lulasans)
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wfl Judsanaeaiung wdniudiasly
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(Annealing Control Primers) 9747u 20 L&u
2 lailasans) Wundy uaz 2X SeeAmp™
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lulasans newvufATeadeiaToaiiy

Usu1u DNA Gene Amp PCR system 9700
(Applied Biosystem®, USA) alusunsunis
el 94°% 5 Wit 50°% 3 Wil T1%% 1
I 94°% 40 U 65°% 40 TUIN 72°% 40
W9l 40 S8V Ay 72 °9 5 U1 1 SOV Wavau
UFA3e17 4 °% (Kim et al., 2004)
2.3 NSATINABUNITUANIBBNTBIEY
DEGs (Differentially Expressed Genes)
Yinawdn PCR fildande 2.2
Usums 2-3 lulasdns 1ns2auu 2% oz
Taaea afauau PCR wasiiuduiulnglnay
Wwau PCR 101 TOPO TA cloning vector
(Invitrogen, Calsbad, CA, USA) anufliuzin
AdeRHaAn mamuanNatalinfauelag
THin3eenarduiua ABI PRISM® 377 DNA
Sequencer My M13 Insies (5°-CTG
GCC GTC GTT TTA C-3’) Aasisharduiua
pelUsNTN DNASTAR Lasergene software
(Lasergene sequence analysis software)
Wisuisudduluatildfugiudeyadanim
ana NCBI Taglalusunsy BLASTN (https:/
www.ncbi.nlm.nih.gov/) wagnsaaauuay PCR
U 1.5% 9zn1ladlaa (WauBu DREB1) Al
specific primers WiguifiguwnuAdueiuTINg
A8 100 bp DNA ladder JuiinaiauLuanazal
AunTAzdluvesdy DREBL way AP2 EREP2

transcription factors maqsﬁniwmﬁuiumamﬁ 3

3 N153LATITHITAUNISUEANIDNVDIBY
DREB1 lu@eUsune #2835 Quantitative
Real Time PCR
3.1 ppALUUlNSIWes
Tunsdnendl vinisesnuuulng
WesnINTinUesdu lasul Full-length
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cDNAs wpausiazaiinduiituiinlilugudeya
NCBI Taeldlusunsy SIGMA-ALDRICH
OligoArchitech™ Primer and Probe Design
Online, Beacon Designer™ Premier Biosoft
2013 (http://www.oligoarchitech.com/
SYBRGreenSearchServelet, SIGMA-ALDRICH )
Udeyadrsuluadu DREB1(target genes)
NU8LaULUIEY GenBank Accession

AF448789.1, 8u ABRE %u18LavL0109
GenBank Accession :NM_001197011.1 wag

Table 1

gullSuuiisu  Elongation  Factor
(Housekeeping gene) #UIHLATLIID
GenBank Accession:NM 001156938.2 R
Wuduiidnisuanseenasiiieldlunig
Normalization 5£AUNITULAAIDONVDIBU
WATIEVTOYAF T ULUAYNEUAIY reverse
and complement (transformation options;
http://www.cellbiol.com/cgi-bin/
complement/rev_comp.cgi) YUIALaZIUA

Ya9bnsasAltlunsnaaaukandly Table 1

Sizes,Nucleotide sequence and Length product (bp) of Primer names used in the

PCR and Real-time PCR analysis. The sequences were accessed from deposited genbank

accession numbers and primers designed by OligoArchitech™ Online (SIGMA-ALDRICH); SYBR® 1)

Nucleolide| Nucleolide sequence Lensth GenBank Accession
Primer name product
Position (bp) number
(bp)
DREB1 945 ACAATAGTAGCAGTGGTA 125 NM 001111611.2
(Sense Primer) (18) Zea mays
DREB1 1069 | AAGAAGAAGAAGAAGAAGAA | 125 |DREB-like protein
(Anti-Sense Primer) (20) (dreb1), mRNA.
ABRE binding protein 1227 TTCCAGTCCGCTTGCTTA 75 NM 001197011.1
(Sense Primer) (18) Zea mays ABRE
ABRE binding protein 1301 | TGTTACTAACGGTGCTGCTA 75  |binding protein,
(Anti-Sense Primer) (20) mMRNA
eEF (Sense Primer) 661 AGACCAAAGAGCACATTC 79 NM 001156938.2
(18) Zea mays elongation
ekEF 689 ACCATGTCCTTCTTGTTG 79 factor, mRNA
(Anti-Sense Primer) (18)

(v § @ Y ] ~
3.2 @NMDISLHULDTINFIYNNINAADS
o LY} 1 = Q‘I 9/96’ a
1ineg19luienanassniuung
uarluszazumfssyznaInig q 9nde 1.2
1NANAIS AU TN UREIAUTD 2.1 1Nt
1191510 ULDIIUAILIFUATIEHA B TALDULD
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Reverse Transcriptase Supermix for RT-
gPCR, BIO-RAD, USA) aueliuziigile
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Jlne U nJundRunlunsieseiseaunis
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wansoan@eUsunaluaninase vesduidn
wneleuiuBuifisyfureansuanieanad
(housekeeping gene) 1330154 a5 3o
@135 (Fluore scence dyes) lgin SYBR Green
Tunsduiuluianafduieasdans (double-
stranded DNA) vasBuitaula@inen n1sifiy
PUveHandn PCR Tuumazseu nollin
A uYeIaTSonasfiausatanay
senuNalalulsazseu PCR
3.3 m3vU§iisen Real-Time Polymerase
Chain Reaction
Uf{ATe1 Real-time PCRs lu
019 96 Yoy laun1sly SsoAdvanced
Universal SYBR Green PCR Master Mix
(Applied Biosystems, Foster City, CA, USA)
feLA3es CFX96 TOUCH™ Real-Time PCR
Detection System (BIO-RAD, USA) ) Ussa
nalany CFX Manager™ Software 3.1 uag
Precision Melt Analysis Software Tunism
Agaumgifvsnzanlunisduiisenindns
WwosAumuwan (Gradient temperature
38 Thermal gradient) snueuuzineilen
nan luwragiednalddiog1so1sidue 25

1%
aaa Y

wlunsy ludrunandfisennavua 20

a A

lulasans Insiwesunazviaiinnududuy 0.5
Tulaslua wasiudsuiefinvaslaann
fegne 815due Usums 2 lulasans agluy
PCR master mix i 96 fowiau PCR Lwaw
FnsFaman Juniss wazidiaies PCR
farn Thermal Cycling auguugiigiior
Nam (CFX96 Touch™ Real-Time PCR
Detection System) LW38uLWan negative
controls (lut@utnuinan DNA, NTC %38

Non Template Control) fne35n15LABAY

MnsBudunauIngsdd laun 1) dueund
AU PCR products uIN1uULAadLaAlAS
WoLsTd waztNouvuInLoUNAADUAUDU
\A3aE 100 bp DNA ladder wag 2) #539019
UsIngA1 Melting curve dausiganil 65°%
e 95° lagiin1sianivigesisalgudagia
deLloann 9 1 % Lﬁaqmmﬁlﬂmqﬁu 13
AAT1EVteya Aeyadwls Bio-Rad CFX
Manager 3.1 (BIO-RAD)
fvuansiasunlasesgamyl
uiazdumau Fail Gudufiguunil 98°w 3
Wit 98°% 15 Fuiit 52°% 30 undl et
audenseuisensevaenlusiuiy
39 sou lusavsouvesufisen PCR fAmun
qmwgﬁuasnm e denaturation 98° \Ju
na1 30 W7 annealing 56°% 1Julian 30
T aume final extension 65° 1Hulan
0.05 AU 50°% 30 AU 95°% WAIU
UAAzend a°w T¥8uitmane DREB1, ABRE
way BulUTsuliuu eEF (Elongation Factor)
\Ju Housekeeping Gene Ity
AATITRUIAINITUAAIDDNUDIBULTIUTUIU
(normalized gene expression) AEeNELIT
Bio-Rad CFX Manager 3.1 (BIO-RAD) U
UjAunfigunnll 98°w 30 3unit 98°w 15
Ui 60°% 30 Fuil warmuAEn1SYEn
Uffsenseuany (Budud 98°w 15 Junit 60
30 Aud) Wudwau 39 seU MUY 65%
Wunan 30 Judt 65° Wunan 0.05 und
Loy 95° 5 Uil uarauufasen 7 4°w
ymsnaassaut Tuusasdlnaiued usas
nsvaaesdaseaedtu iedunismaaeunadi
1A9nn1vaaedUTB UL UAUAIULLANGN
Fausaaenisnaaastuly (reproducibility)
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NANISNAADILLAZIAT
1 m3szyvesduiinausussdeaniizBudu
289N1591187835 ACP-base PCR method

nsszyBuiinanseonainludinlna
ftugunsanssd 3 Aliunfuasealiiiuy
7 $u wuin wauRdueiifinisuansesnvestuy
Fiuwmneng Toua wauiidue ACP2 fu ACP12
(Figure 1a) waviilonsivaeunau PCR Uu
1.5% azniladlaa (woudu DREB1) Ay
specific primers W3suwiaufuiiduied
UsIng#ie 100 bp DNA ladder 1vinail
Qndiendegs (Figure 1b) WeiUSsuiiiey
awuilipdlelua wuin denumileuduiu
DREB1 waz AP-2EREBP lugiudeyadinin
ana laedaunaugnvesaauiinalelng
7 661 (Figure 2a) wag 519 bp (Figure 2b)
fi A1 e-value 0.0 way ArAILINTOY
(Identity) 100% wutuiinlilugnudeyaves

(a)
ACP 2 ACP 12
M1 2 3 4 5 6

600 bp

100 bp DNA ladder

NCBI (http://www.ncbi/nlm.nih.gov) aela
nUYLAY GenBank accession numbers
KY678233 way KY678234 AMNEINU WU
srdufianalelndnsaesdinaueying
(Conserved domain) AuBu transcription
factor weadu DREB #ldduiinlilugudeya
Fanawaina NCBI 9nA1SNAADILAAIINID
ACP-base PCR method mmsa’t%‘lumaszu
u DREBI finanioanluszezi3uusn109nis
vt ludinlnafusuasaissd 3 16 4q
A40AAADINUTIBIIUTOY Qin et al. (2004),
Owji et al. (2017) waz Li et al. (2017) fiwu
11 fYsingnIsuanseanvesdu AP2/ERF
Transcription factors luiy Brasica napus
wagsreaulutlng Zea mays (Liu et al.
2013) Tuies Eucalyptus grandis (Cao, 2015)
wazludundes (Kidosoro et al, 2015) lag
NMTAATIERIUTZAUI LU

(b)

Figure 1 The result of DEGs (Differentially Expressed Genes) analyzed by ACP-based PCR in leaves. Total

RNA was extracted from leave samples and subjected to PCR with various ACP primers. (a) The DEGs

(arrows 600 bp) were cloned, sequenced and for further analysis. (b) Showed agarose gel (1.5%)

electrophoresis showing amplicon sizes for six PCR products of DREB1 using specific primers. M = 100 bp

DNA ladder. Lane 1 - 6 ; DREB1 amplicons
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a

1 ctactggtac togtqectat gogtoqaegy chgetcete GREIEIIIE GEH09CHY
61 coceqtectt ggeagepeqe tecteghoeq cgeeogegee ggeqeequns toogataeny
12! gogacqtqaa cqeageggee aatgoggegy cogectygac gtocthgyys googegyacy
181 cagegegogy cagegegeey graaggterg ggasgiigag gtgegeagey eqgeccttgl

Mransitire:
AAPATRE RO EAEAEAEA GOEEEEEEEE GLAGNK AAPAHKRPRGSEGHHPTFRGVRMRANGKIVSEIREPRKKSRING
TEPTAENAARAHOVAALAIKGRAAHLNFPOLAGALPRAASAAPKDVOAARALANNFTSPSSEPGAGAHEEPRAKDGARPEE
AAADAQAPVRY

b

1 atgcegeqee cqeqacangy 2a0cqueagy CQUtouagne Cgagqecyag geegaqeeny
61 geggtgagge aagegeag gaggaggaag getgtqetag taataaggey gogecngees
121 agazqegace qeggogeaqe QRQdg0EaC accogangtt Cogegueaty cggatgeqy
161 cqtogagesa gtogutatoy gagatocqey aqeogogeas gaagteqege atatggetog
241 qeacgttoce caccoceqaq atQqeog00e gogoecacda catcacauey ctogecatca
301 agggecgoge cgegeacete aacteocegy accteqoogy cgegereoey ogogeogegt
361 cegeqqoqee cazggacgte caggcageoy cogeattgge cgetgegtte acgtegecgt
421 catoggagee cygegeeqge qogeacyagy anecegetqe caaguacaye geogegeeey
481 aquaqacage cgcegacges cagacaccaq taccagtag

ransbiens
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Figure 2 The result of two DREB1 Nakhon Sawan 3 genes isolated with its nucleotide sequences and

deduced amino acids (a) Nucleotide and amino acid sequences of Zea mays cultivar Nakhon Sawan 3

transcription factor DREB1 mRNA, complete cds 661 bp with genbank accession number KY678233.

Nucleotide spans at 240 to 656 positions. (b) Nucleotide and amino acid sequences of Zea mays

cultivar Nakhon Sawan 3 transcription factor AP2-EREBP mRNA, partial cds 519 bp with genbank

accession number KY678234. Nucleotide spans at 1 to 519
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Figure 3 (a) Melting Curve with varied temperature (°C) to identify gradient temperatures during
efficient specific RT-PCR amplification (Melt Curve Chart). Curve represents fluorescents detected in
each round of PCR amplification. Threshold line (green line) is an appropriate position following
program determination for Cq identification. RFU represents Relative Fluorescence Units defined in the
Log Scale Quantification Menu analyzed by the program. (b) Melt Peak Chart of RT-PCR gradient TM
primers used in the reactions. Curve green line represents declined fluorescence detected during
varied period of time in each PCR cycles against increasing temperatures. Green curved line shows
fluorescence amounts declined at period of times against increased temperatures, and indicate the
area for which the Melt peak is defined Melt peak values. Straight line represents threshold value
during each PCR cycles. d(RFU)/dT means delta Rn (reaction) of the RT-PCR. (c) Real-Time PCR Cycles in
Real-time PCR reaction and Amplification of DREB1 (Amplification Chart). Curve green line expresses the
quantification of fluorescence detected in each round of PCR cycle amplified in each wells. Straight green
line shows baseline threshold during each trace run cycle. (d) Amplification Curve and threshold level
reported during each Real-Time PCR run of DREB1 gene. Straight green line shows baseline threshold
during each trace run cycle. Ct (Threshold cycle) value is the spot where the reaction curve intersects
threshold line. Baseline represents PCR cycles prior to Ct value of the reaction is reached. Straight line at

the base line is no template control (NTC)
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Table 2 Analysis of DREB1, ABRE and EF expressions at various time points based on

mean Cq data

Target Sample Expression | ExpressionSEM | Corrected ExpressionSEM | Mean Cq
ABRE |NS3 Str 24h 0.96044 0.29024 0.29024 26.95
ABRE |NS3 Str 48h 1.07530 0.03275 0.03275 28.70
ABRE [NS3 Str 72h 0.98590 0.32951 0.32951 29.53
ABRE |NS3 Str 96h 0.83346 0.08984 0.08984 27.23
ABRE |NS3 normal 1.00000 0.08900 0.08900 25.33
Drebl |[NS3 Str 24h 295763 1.96445 1.96445 30.72
Drebl |NS3 Str 48h 0.23406 0.27792 0.27792 36.28
Drebl |[NS3 Str 72h 0.18544 0.11602 0.11602 37.32
Drebl |NS3 Str 96h 2.24950 2.32190 2.32190 31.19
Drebl [NS3 normal 0.07901 0.07583 0.07583 34.38
eEF |NS3 Str 24h 1.85099 0.39555 0.39555 24.97
eEF |NS3 Str 48h 3.14310 0.06778 0.06778 26.12
eEF |[NS3 Str 72h 2.56676 0.60662 0.60662 27.11
eEF |NS3 Str 96h 1.90461 0.14534 0.14534 25.01
eEF  |NS3 normal 1.00000 0.06294 0.06294 24.30
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Figure 4 Quantitative expression analysis of DREB1 and ABRE genes in Nakhon Sawan 3 in comparison

with the housekeeping gene eEF (Elongation Factor) under various water depletion periods. (a) Showed

the expression analysis of control plant under normal water application (b) Showed the expression

analysis at 24 hours under water depletion (c) Showed the expression analysis at 48 hours under water

depletion (d) Showed the expression analysis at 72 hours under water depletion and (e) Showed the

expression analysis at 96 hours under water depletion
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