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ABSTRACT

Saline soil affects both plant growth and productivity especially sugarcane which is
an economic crop but sensitive to saline soil. One of sugarcane breeding program’s goals
is to improve salt tolerance in sugarcane cultivars. The objectives of this research were to
clone and identify the NHX7 gene from a commercial sugarcane cv. KPS94-13 and wild
sugarcane, and to study the expression pattern of the genes in salt stress condition. It was
found that the full length of the gene was 1,623 bp. The comparison of the sequence to
nucleotide data base of GenBank found that the sequence was similar to that of NHX7 gene
of many monocotlydon plants. We named the sequence cloned from KPS 94-13 and
wild sugarcane as SONHX1KPS and SsNHX1WT, respectively. The sequence encoded a
polypeptide of 540 amino acid residues. There were 5 amino acid residues difference
between the amino acid sequences deduced from the genes of the two sugarcane species.
The phylogenetic tree analysis indicated that the SoNHX7KPS and SsNHX1WT were
closely related to AtNHX1. The analysis of hydrophobicity found 11 transmembrane domains
in both polypeptide sequences. Gene expression study of NHX7 in the two kinds of
sugarcane used in this experiment revealed that when subjected to 100 mM and 200 mM of
NaCl for 5 days the expression patterns of the NHX7 gene depended on the concentrations
of NaCl. The expression levels of the gene in roots and leaves of wild sugarcane were
higher than those of KPS94-13 and the expression levels of the gene in leaves were higher
than those in roots.

Key words: gene identification, gene expression, antiporter, sodium chloride, sugarcane
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nalnazfimarheulusziviu Tasfinguiui
WAediaedunalneing q 1dun HKT1 azifended
funsinfusasdulmdenlllimingeiauinedh
guoad nBazmuANANENAaTBIlNLNELEEN
Tuamazﬁﬁimﬁﬂu (Maathuis and Amtmann,
1999) SOS1 azfivrdasiunistulaifsnean
uanlglawanaduiiinanssfuanudindunes
Todeal¥denas Seazgnnsziumaineudion
wAaLgaN (Deinlein et al, 2014) was NHXI
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uansinefuannwetasiuduatiuioul s
N3LFAUNTN9IUB9EY (Shabala and Munns,
2012) Fafu FaguizasAvasn1sAnunil
Wisuenuaztiedfu NHX1 Tueswugniedn
KPS94-13 uazdast sanfednsguuunis
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1. Azl lunrmaans

Anviaunusdauuin1IAn KPS94-13
(Saccharum officinarum) uazdasil (S.
spontaneumn) \Juviauenviouazysean 3 ou.
wiasviaudl 1 a1 wnrlunssusnaeaunseiis
wangen adunddennny 1.5 heu et
Ugnuuulalasiniing lawldasazas 1/10
Hoagland Tunszuznaafnauina 60x120x30
7N, W 3 NITUT wRaznIzuziisoui
2 #ila viaay 18 fu (§ U 6 FeuLlIan
flEsuinasuazsuiu 3 1) wasussazans
Tvsinn 7 5 Fu 99ntfu S1apean1izieiunan
AN Taewaninda NaCl fianudindu
0 100 war 200 mM uazlidaulésuan1ie
fana Wuszeziian 5 u

2. NM5EANATI5IAUE (RNA) ULASNSHILATIEH
first strand cDNA
afmesidutesinanlusaunazsn
2098 pTennriladie3s CTAB mndan1s
284 Laksana and Chanprame (2015)
ATI9FBVYTHIUUATAUNINTDIDTLEULD

fedsaadiaalnsnida lasldaznlsa A
Wi 0.8% wazanusnedndlndn 100 Taad
WU 40 Wil uaznTIRAINSYANAULEIGIE
1A389 Nanodrop spectrophotometer 8000
(Eppendorf) #i79A111E1AAY 280/260 nm
Niud A1 first strand cDNA 991875
Buasmiainniugauuarinzaedesiily
5u NaCl anwudindiusing q dousiudl o v
ufl 5 FIBYANILATIEN first strand cDNA
LLa=A5N19799U58N Thermo Fisher Scientic
(Thailand) tialfiiu cDNA wluwUURIHSY
mslaaudu waslddmsusmsudnensesy
NILEANEINTDIEU NHXI

3. nseanuuulwswe iAW iUEY NHXT
fumansuilndlandvaiiu NHX1
gpinaewilaiiianulndidesiudasain
g udaya NCBI (https:/blast.ncbinim.nih.
gov/Blast.cgi) wazi1ansuiiinalalndan
Wisuisuiemsunisiinedlalndaysnd
V3nuduiiiaiu 5 UTR way stop codon
1w 3 deldsunss MEGAS antupsnuuy
Twsiwa$yila degenerate primer THawn iy
ynusana felusunsueaulall Primer3
(http://simgene.com/Primer3) WanUfn5en
AFonSiiamnUSuaiu NHXT andussly
Sinnehanduiiedlendlasussm 1% base
Laboratory (Malaysia) #43ia31:%ilasld
BigDye® Terminator v3.1 cycle sequencing
kit chemistry ¥ wan1sAansiansuiinile
Indueanuuulnsinasiisumwiziviu NHX1
wuuLSNEY (full length) Tevdppviaasnila
Snass (Table 1) WiplddmsumainYsu
SunasilUAlmeidnuucdu q daly
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Table 1 Primer sequences for amplifying partial and full length of NHX1 gene and partial

of the reference gene (GADPH)

Primer Nucleotide sequence Remark
GADPH F: 5-CAC GGC CAC TGG AAG CA-3 Reference
(200 bp) R: 5-TCC TCA GGG TTC CTG ATG CC-3 gene
NHX1 F: 5-TGC TCC ATT TCA GCG AGG AC-3 For real-time
(150 bp) R: 5-AGC GCC AAG GGA TAT CAC AG-3 PCR
NHX1 F: 5- GGA GAA CCA TGG ATG GGG CTG GCG CTG GGC GA-3 For full
(1,632 bp) R: 5- GGA GAA GGT GAC CTC AGT TCT CAT TGC CTG GAA-3’ length gene

4. mslaauiiu NHX1 @nduuasnisinsieh
fayasiuiindlalng
UiAseigansdmsumslaautiu NHXT
LNBUUIENaUAIBET ANTP 0.05 mM, MgCl,
5 mM, Twsiwesuiln forward WAL reverse
(Table 1) anNdntusiinas 05 uM, Tag
DNA polymerase 0.5 U first strand cDNA i
FuATzAly 1 pg uasUSuUSIIATTInEh
finumatieznideliiu 10 uL ddutuney
2091758115067 pre-denature # 95°%.
2 U mnﬁ"’uﬁmﬁﬁ%mLi‘juiﬂm%umn
denature 71 95°%. 45 3unl annealing i 60°%.
30 Jundi extension i 72°%. 45 Jundl Fauu
30 98U Uae final-extension 7 72°%. 5 w1l
inananfiinanUfisefigensingrames
PGEM-T® easy vector (U38% Promega; USA)
mu’j%'miﬁLLu:ﬁﬂusgjﬁamaw%ﬁw LR
Wguuaiitis E. coli anuWug DH5a
frewaila heat shock IipifinsuILTUTY
wdF9lUAms1zimatduansuiandlaing
Tapu3sm 1% base Laboratory (Malaysia)
ihdeyassuiindlanainiusesiu
NHX1 9 ndopvs 2 oila awdauifisuii
Tael#lUsunsn GeneDoc i luwssuiisy
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anumisuiuiduinilalnalugudays
GenBank #2lUsunsy Blast 310 http://
www.ncbi.nlm.nih. gov/cgi-bin/Blast/ Qﬂﬂ&u
AT FelUsunTn MEGAG iiauya
sﬁ’aﬁ’uqnisuLfludﬂﬁunima:ﬁiu LaIEF9
phylogenetic tree #28lUsunsN MEGAG
TaeAs neighbor-joining (1,000 bootstrap
replications) LiavnAMNENRUSTBIEU NHXT
we9donte 2 vile fufulu Arabidopsis
$yuiD alignment aneuasiilulysiu iivadusi
ANENIWUS 9101l 31AT19¥ hydrophobic
plot \WipAun1 transmembrane domain
gelusunsa TMpred (www.ch.embnet.org/
software/TMPRED__form.html)

5. N1SASIINDUILAVNITUTAIDDNVDIBU
NHX1 fqemnaila real-time PCR

M99 NUTLAUNTUEAYDDNTDIEU
NHX1 Tulugaunazsinvesdenie 2 wia
AlFsuinda Nacl anuidudu 100 way
200 mM dousiudl 0 BoTufl 5 Fewaila
real-time PCR T#nsuansaanaaviiu GADPH
(glyceraldehyde-3-phosphate dehydrogenase)
\HuBudn9dy (reference gene) urazfjizen
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1J9¢nauUAIY first strand cDNA 300 ng Uas
819 SensiFAST SYBR No-ROX mix buffer
(U3¥N Bio line reagent) ANMNLTNTU 1X
lwsiuas forward WAy reverse (Table 1)
AnNdinturileas 0.4 M tasUSudinnsaie
dhitnunsivindalimndu 10 w Funsu
2091]jA587115068 pre-denature i 95°%.
2 Wit .ty viuAA5eN 40 seu fisznaude
denature # 95°%. 15 3u1#l annealing i 60°%.
15 3U1#l UL extension 7 68°%. 20 Judl
#a81A389 Mastercycler®ep realplex4 (U3¥m
Eppendorf) TuisastnnaigaslFuanuid
nusazanNdinduananis NacCl 14 cDNA
MNDBUUARLBIA 31U 3 AU (biological
replication) wazuAazAuazindisen

real-time PCR 3 %”1 (technical replication)

6. NMSAATILHNFDRA
FNULHUNIINARDILLY CRD H3UU
3 11 Taefisnusiu Ao seduamudadu uas
FALUAN AD NSLAAIERNULARTEIILIAN
(1) Ltaz%Lﬂsﬂ:ﬁﬁagamaaﬁﬁﬁaﬂimumu
R (version 3.4.3) SAUAATIZRAMNLANGNY
29a1aalaald DMRT (Duncan’s multiple

range test) P<0.05

NANISNARDILAZIINTAL
1. nmslaauiiu NHX1 uazn9iaTsideya
avuinalalng

a5Buenfiainaniisidesadly
uazIINTBIdEUE KPS94-13 uardouiug
11 @iohluasrasauauamlagistidalns
Tw3%a wu or5BueilEivsinaanudingu
gouazfiquamd avanliuauensifue

UR 28s WAL 18s (Figure 1A) LaziilanTIa
"J’mﬂ‘mmwﬁnﬂ%oﬁdﬂm%m spectrophotometer
ANIRIIEIU 260/280 Uay 230/280 agluta
18-20 fianauigninumannstuiiou
yp9lUsAu uazanswInludneg g auaay
AuanTRTaseidutefimsnzanlunisfinem
n3uaaveanzeddufadliorsiduiaiiaiiu
uiqnd Tawen 260/280 azagflutie 18-2.0
(Hillebrand and Bendzko, 2000; Laksana and
Chanprame, 2015)
onStBuesamgnuasudu first strand

aaa

cDNA @wUfji5e1 reverse transcription
fwsulHidudiswesuuunluyiisenisdia
YsunaudBuaiulnsiwesinwnziviiu NHX1
Toendolflwsinasdwmiulinsen real-time
PCR azlfunufiiiuienune 150 giua (Figure 1B)
uazilalFlwswasimsumslaaudniuacly
woudBuleua 1,632 AL (Figure 1C) 1l
nsnziaduiindloinduesuaufiduleild
nnUfAseRdenfidaldlwsunsdmsunis
Taauifindu wudn fauie 1,632 g ludos
Wenpeia uasilmhasuiaeilendsena
luwSeuiisuiudegasiduiaedlondlugiu
doya GenBank wuin danuwmllauiuiu
NHX 1 gsiislayn 91.55% (PgNHXT;
DQ367852.1) 417814 84.95% (TaNHX1:
AY461512.1) 41015ta8 84.82% (HBNHX:
DQ285410.1) ‘Vii]jﬂ Tall fescue 84.38%
(SaNHX1; AY945806.1) Wasviajn Japanese
lawn 75.78% (ZNHX1; EU333827.2) 39l¥ii
svuiledlalndiiléiandeeius KPS94-13
11 SoNHX1KPS uaziild#aindauiiin
SSNHXIWT uwaziilaudasduindlolng

T dusrdunsaezfiluldans polypeptide
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2um 540 napsdly Wahawunsnasily
289818 polypeptide TassLLSHUTiBUU
wuI1 flinvedninesdilulianuuandneiu
5 UL (Figure 2A) LAZAINMITAATIZRAIIN
FuiuSi393 Taunispadlusiu SONHX1KPS
war SSNHX1WT daufiungulusfiuainiu
AtNHX1-8 filgan Arabidopsis 8 isoform
wda¥afhi phylogenetic tree B Arabidopsis
Fadudzlueanldlunis@nsnieity salt
stress LAZANMIANMILATILUNEU NHX BN
1% 8 isoform futiu FeldSeuiieusisy
aviiluzaslusiuiaulainacimuduiusing
wAeiu NHX Tu isoform e84 Arabidopsis
unfiga Taswudlusiu SoNHX1KPS

3,000 bp —»

1,000 bp —»

250 bp—»

waz SsNHXTWT fanuduiusindfanuunn
wazfianulnaddaiulysfiu AINHX1 uas
AtNHX3 w1nn311Usfu isoform du
(Figure 2B) F9fiadnudulyldaiu
SONHX1KPS uaz SSNHXTWT anadaiiudiu
NHX1 ilasani Waisudduiadlalng
paviiusindopivassiaiainumiiouiy
fu NHX1 Tufsvansadaninnin 80%
waziilpurdrdunsaasilureslysiu
SoNHX1KPS, SsNHX1WT, AtNHX1 Las
AtNHX3 11 alignment #a8lusun53 Clustalw
WUI1 SoNHXT1KPS uar SsNHXIWT
fanuwnilaulndidssiu AINHXT annin
AtNHX3 Uszanal 10%

1Kb KPS WT

- =
-
= 2
]

Figure 1 Total RNA extracted from leaves and roots of sugarcane (1-2, KPS94-13; 3-4 wild

sugarcane) (A), PCR amplication product with primers specific to NHX7 for real-time PCR

(B), full length of NHX71 (C)
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o0 | SUgarcaneipsi4-13)

L sugarcane{wt)

AINHX1AYBAOT40 1)
ol AN N 124929 3)

AN (KF

5021)
AHHXANM_111812.3)
MNHKENM_ 104315 5)

ATNHIG(NM_106600 4

ADNRDCT (NI _ 126268 4)

AtNHXBIMNM_101333.5)

A

B

Figure 2 The deduced amino acid sequences and the alignment of SoNHX7KPS and

SsNHX1WT by using MEGA6 and GeneDoc program, respectively (A) and the phylogenetic

tree among the amino acid sequences of NHX7 derived from sugarcane (KPS94-13 and wild

sugarcane) and amino acid sequences of NHX7-8 from Arabidopsis thaliana were analyzed

by neighbor-joining with 1,000 bootstrap replication using MEGA6 program (B)

WnrnaduansnsnesAlusaslysfiu
NHX1 3 ndasiaassdanndnsziiionsie
WIU%L’JmﬁLfJu membrane spanning region
gaelUsunsn TMpred wuii ldsfuandu
SoNHXTKPS uas SsNHXTWT fiusiiaui
Uszneudasnsaerdlusdaiin 11 U
Tun vSufiuaasdiednes A-K (Figure 3A)
WATLRANAWALIUUEFUTRINIn: AluTida
ulils (Figure 3B) U31anufiiihi transmembrane
9 11 domain Lﬂuﬁmd’ﬂﬁaﬂumiﬁaﬁmﬂ
ﬂstﬁm%mwmiLﬂﬁauﬁﬂﬂImLﬁﬂum”'lgmsﬂu
wiRalouaziadeuinelusesngneusnizad
wardaidunuaniiAzas Cation/Hydrogen
antiporter (Apse et al, 1999; Chen et al,
2015) wazfineeuidulungs ANHX Hu
mjuﬁuﬁgnmzﬁuéﬁmamazLﬂ%mmnmm
LA (NaCl) (Rodrguez-Rosales et al, 2009)
wazinaldfadauasiugnssuilisuiulu
n@:uﬁmumuﬁiaam's:Lﬂ%ﬂmmﬂmwmﬁumn

ﬁa"ﬁu (Jiang et al, 2010; Leidi et al, 2010)
wsana i ﬁowuﬁu‘[unﬁjmﬁuﬁ%ﬁﬂﬁu 7 17U
fnang (GmNHX1) (Luo et al, 2005; Li et
al, 2006) 911 (OsNHX1) (Zhang et al., 2008)
Ta1e3 (MaNHXs) (Cao et al, 2016) uaz #u
WoUWa (PpNHXs) (Tian et al, 2017) (dudu
Tasaswulusufidainsiziantu NHx1 16
nusalnlunaia (tonoplast) (Blumwald,
2000) Tusfudifntinaniunisdanislodios
meluad Feezidunisuenlofosdnlufu
Tuwrdrlawdiaiinananinzanudufises
Tndsulosaunelulalasseanisldaniie
LASIANANNLAN (Jiang et al, 2010) SnNWu
Tufisfinuify (halophytes) lasulfdals
aranInIpsiuUsnalmienldge Tunaln
fanan aziinsdaiaseieulesl H-ATPase
WAz H'-PPiase ansusdwlysnau iiausu
anenelulslagealdangs (Blumwald
et al, 2000) I1NNALNFINEIYTERNEA W
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Tumsiedeudslsidsulassugonduagiu
JLAUNMIUEAIBBNDBIBU NHXT TTULAZIIN
fleLABUAUBIABENILIASEARININAD QI 22
LIAIAN 7 (Venema et al, 2002; Hernandez
et al, 2009)

2. MSATINEDUSEALUNSUARIaNTaYEU NHX

nMaRnENULULLAZSTAUNIUNASEBN
w098 NHX1 Tuluwazsnzesdosiugnisd
KPS94-13 uasdosthilldsuanudaduzainie
NaCl 100 waz 200 mM {uszeziian 5 Ju
WU NMILEAYEBNTa9EU SONHXTKPS Tuly
wazsnvesieiug KPS94-13 #iléisuinia
NaCl 100 mM figiununisuasveandindoiu
Ao flszdumsuanseangeiigaluiuil 1 nds
NFSUTNWATEAIININGD LasAaAYDY
seFuMsuaadaanluud 1 Fanuuansieii
naadfeeiiyidusisuiuARaEYey
srfunTuasveentaviuluiudu 9 ades
165uinda NaCl 200 mM SFuUMTLaAIEBN
yaviuiluszanasiiuiiilasufuiud o
(Control) LAZTAI NI FUMILAAIDNTS
Aoudiasfl (lifruuanaefunieain)

1 =~

funsuaaseanaviufieafuidisnnay

a

fisvununisuaasesnilaiasitiass Ao
finsusaoniinty anas wasiinduiiols
Sunde NaCl gnuiuidu suseuiiiey
JrAUNTuEAYeaNasBuRluRUAsIN Wudn
fanudndurasndaieniuiuiisniisseu
nMsuaaseangenIfily uazanudndunos
in&afl 100 mM n3zdunsuansaanveaduls
gondil 200 mM (Figure 4A)
nMsusaseanTiil SSNHXIWT sty
Tuwarnasdeethfilésunda NaCl 100 mM
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fisvununsuaaveanfindeiu An Hszey
nMsusapengefigaluiudl 1 uazsziunis
waavaanazanasnNadulutud 2-5 Tay
ARAYBITEAUNTLEAIRBNDIEULARY T
fanudntureania NaCl wienfuiainu
waneiunaifntWltus A faudauih
l#5u NaCl 200 mM WU NMSURANDDNYD
BussnanluluuarandgUuuunisuansesn
fad1eadeiu wAszwAnAINaINNIENLFSY
W@ NaCl 100 mM lagsediunsuaneaan
gasfufuwrlddnduidodonldsuanin
LASIAIINANMNANEIUUTY uaziiioey

WWussrIeTefunIsuaaseanoaviufi 100

a

mM U 200 mM Wud1 91 200 mM &850
nszfunisusavasnuesduldainndti 100
mM wazmsuaasesnsasiuiiluazgenitfisan
(Figure 4B) lawSuuifisunisuandaanaas
fuszwivdengnuasdopinfildsuansba
Wiy wuda 7 NaCl 100 mM n13uaasesn
gavdufinnuazlusaedeniug KPS94-13
szgenidosihlasiawmzluiun 1 waaldsy
gnwiasen walilalinseauadaidsdu
200 mM nsuaaveanzasiuefisnuasly
po98ppihfiunlinginindosiug KPS94-13

NIUULUNUNAIBDNTHNINDFLNY
1 demslisuanudaiussntogeazing
wasuielmfvunszawlufulilunifale
ANEIUAS 7 DRI Y IS AUNSILAAYREN
YavBuABY 7 anadluszaaaN Wavaning
Usuangamelulzlamealvoyluannzuni 4o
finpauhldeninsiedeutihelgnsiues
frlasanzansnluiaaiusenensyie
Fmiuzetiu SOST uay HKT1 Wusiauaw
N15LARPUEIBFINKIY plasma membrane
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Figure 3 The hydrophobicity plot of amino acid sequences of NHX1 from 2 species of
sugarcane, SONHX1KPS and SsNHX1WT (A). The 11 putative transmembrane domains (TM)

were underlined and were analyzed by TMpred program (B)
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Figure 4 Relative expression of SONHX1KPS and SsNHX1WT gene in leaves and roots of
sugarcane cv. KPS94-13 (A) and wild sugarcane (B) subjected to 100 and 200 mM NaCl
for 5 days. Different letters and letters with underline on the boxes indicate significant
differences among the number of the days receiving stress at the same NaCl concentration
at P<0.05 according to DMRT
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