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ABSTRACT: Boron (B) is an essential micronutrient required for plant growth and development.
In Thailand, boron deficiency is the major problem in oil palm (Elaeis guineensis Jacq.) plantation,
causes abnormal leaves and abortion of fruit which lead to decrease of crop yield. In recent
year, the channels for boric acid mediate boron uptake under boron deficiency (NIP5;1) had
been identified in many plant species. The NIP5;1 gene encodes a member of major intrinsic
protein (MIPs) family also known as aquaporin. The objectives of this study were to clone full
length of EgNIP5;1 gene and to study of expression pattern of EgNIP5,1 gene in oil palm during
boron deficiency, sufficiency, and toxicity treatments using real-time PCR technique. In this
study, we cloned an NIP5;1 like gene (named as EgNIP5;1) from Tenera oil palm. The full length
of EgNIP5;1 was 894 bp and encoded a protein of 297 amino acid residues. Sequence analysis
showed the EgNIP5;1 was highly conserved with NIPs gene in other plant species such as
Arabidopsis, rice, citrus and maize. The phylogenetic tree analysis indicated that £gNIP5;1 protein
belonged to NIPs subgroup II. For the expression pattern analysis, root samples were collected
randomly at 7, 14, 28 and 56 days after boron treatments. Total RNA was extracted and the
cDNA was synthesized. The specific primers were designed and real-time PCR was performed.
For the result, the EgNIP5;1 expression levels in root were induced and increased continuously

to 3 and 2 folds at 14 day after boron deficiency and boron toxicity treatment, respectively as

160 Agricultural Sci. J. 2017 Vol. 48 (2)



aoin.n. g

compared with that 0 day and the expression levels were decreased after that.
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nsavesn (boric acid, HBO) Lﬂumsﬁﬁmaqa
uaLan $iA1 molecular radius Wity 2.573 A
Tuanalufivszq \Junsndeulie pka wiriu 9.24
(Marschner, 2012) @sd@u1saasaieinlei
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lovau (Takano et al.,, 2002) wag Arabidopsis
channel for boron transporter (AtNIP5;1 Wag
ANIP6;1) Fidunmumvinntindidudemisdaasy
nsadeudieluseulusinuazlufioniugisu
(Takano et al., 2006; Tanaka et al., 2008) 34
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passive diffusion LﬂaﬂgﬂLL‘UULﬁ&n (Dannel et al.,
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AENIPS;1 wag AtNIP6; 1 1TulUsAuRSnet
Mﬂz-jmm Major Intrinsic Protein (MIPs) %38
plant aquaporin (Takano et al., 2006; Tanaka
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intrinsic protein (PIPs), the small uncharged
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nutrient solution (CNS) (Pinho et al., 2010) #ifi
s1emsasudauduiiat 1 ey wWasy
asavanelyainn 3 u leUSuanmdundn an
Huntsdundrrdudisiusenifu 4 dusienis
npaes WildsuTusouiunnsaiy 3 seetu fall 16
Suanmgvaluseu lasuanizluseuiie e way
Igsuannelusewduie Tnglvansazans CNS 7
Jlusou 0 1.0 uag 10.0 Hadnsusedns muainu
dAiusegdludeunazUaesinii 0 7 14 28 uax
56 TUNSINITNAAD

N5ENADISIOUAZANATIZN first—strand cDNA

anmosidueaIndeeg1sluseulazsin
MI5N19989 Laksana and Chanprame (2015)
ATRERUAM A UTINIYeIe fidwelde
\A3D4 nanodrop spectrophotometer 8000
(Eppendrof) fianuenapdu 230 260 way 280
nm Wae 1.2% agarose gel elecrtophoresis 310
Hurndamduoseeulel DNase | (Promega,
UsA) Tagvuilgumgil 37 ssmiwaldoa w1y 30
wi wavianldidudusuulunisdauasie
first-strand cDNA saglnsiues oligo dT (20~
mer) 37111U RevertAid Reverse Transcriptase
(ThemoScientific, USA)
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nstaawdu NIPS;1 annundutingiu

ponuuulnsesamsudunsigi full-
length wasu NIP5;1 Tuthdinu Teedenldiu
putative African oil palm NIP5;1 ey
lasluloy 4 wag 11 (Gene ID: 105043497 Wag
105054067 m1ud1dvu) Tugudeya GenBank
database (www.ncbi.nlm.nih.gov) tHuuuuu
(Table 1)

fuAsght full-length vos8u NIP5:1 oy
14 first—strand cDNA vesU dnisuugunuudng
wiataNge1s sauduteulesl Platinum Tag DNA
polymerase (Invitrogen, USA) warlnswesiiuans
TuTable 1 TupSoufinysuaiiduie (Biometra T1
Thermal Cycler, Germany) ﬁmumﬂﬁﬁ%mﬁﬁﬁ
initial denaturation ﬁqm‘wqﬁ 94 paALIALTYE U
2 1n#i audny denaturation Migauminil 94 o3
WAy U 303Ul primer annealing figamias]
56 93F@ALTEd WY 30 U WAy primer
extension igaungil 72 esmieailua U 2 Uil
117U 35 59U Uag final extension figamail 72
semwalua w10 undl asavaeunandniililag
n1591 1.0% agarose gel electrophoresis W&234
afnTuABueildan agarose gel Tagld PCR
cleanup and gel extraction kit (Nucleospin®
Extract Il, Mecherey-Nagel) f\]’mﬂy’uiﬁaul,%jﬂgi
PGEM-T easy® vector (Promega, USA) Wagangian
draundwmuswaduuailise Escherichia coli
(E. coli) anyitus DH50. Inewmadla heat shock Lo
WiuUsina wazdsilmaduinalelndlae sy
1" base laboratory Usgineisnialae

Table 1 Primers for full-length amplification of NIP5;1 gene

Primers

Sequence

FullEgNIP5;1F
FullEgNIP5; IR

5 —ATGCCGGAGACGGAGACCG-3
5 —CTAGCGGCGGAAGCTTCGG-3’
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bioinformatics

iannuiaralolnaues full-length ves
Bu NIP5;1 Aldanunduigiu wWasudude
nsnozfiludaeldsunsy MEGA6 arnduyily
AT multiple sequence alignment 2
lUsunsu Protein BLAST lugiudaya GenBank
(www.blast .ncbi.nlm.nih.gov) wtag Clustalw2
(www.ebi.ac.uk) @519 phylogenetic tree f1g
TUsunsy MEGA6 1agds neighbor-joining
(bootstrap value 1,000 replicate) uaz3LAs1z4
hydrophobic plot aeTusLns1 TMpred (www.
ch.embnet.org/software/TMPRED form.html)

n1sAnIFULUUNISUARIRRNVRIBY NIP5;1
Tuthduthiudrewmada real-time PCR
sonwuulnsiuesAsniza ons
fauasrevianemduiedmiudu NIP5; 1 uag Actin
TutrduridudaeTusunsy primer3 (httpy//
simgene.com/Primer3) (Table 2) laglwane

v oa

Adueiidunszildiigsuiedlolndaun 156
WAz 150 ALUAATNEGIU ANw1SEAUNITUERdBen
vasdu NiP5:1 Tuluwagsinurdudnsudilasu
annzvialusey luseuiieans wavluseuidu
Awdunan 0 7 14 28 uay 56 Tu faegneay
3 6123;’1 neld8u Actin 10U internal control
(reference gene) Inglly cDNA Usineu 300 wilunsu
Wuduwuu sauiu SensiFast SYBR No-Rox kit
(BioLines, USA) wazlnsiuasiiuansly Table 2 v
Ufi3en real-time PCR feiadadiiuyIunm
fLouLe Masterclcler® ep realplexd (Eppendrof,
USA) ﬁ?ﬁuﬂﬂﬁﬁ%’]ﬁmfu initial denaturation
flgauundl 95 ssmiwaldoa Ui 2 udl A
denaturation ﬁqmwﬂuﬁ 95 peALTALTYE WU
15 319 primer annealing ﬁqm%gﬁ 56 94"
\walded uw 15 3und ua primer extension 7
gauuQil 72 aarwalfd U1l 20 W9 91U
45 sau lagsgaunsuanieenvesdullssuiiay
FUseE197 0 Ju (control) wazils1wau technical
replication 971U 3 A

Table 2 Primers for amplification of partial EgNIP5;1 and Actin used for real time PCR

Remark Primers Sequences
Amplified partial EgNIP5;1 for real RTNIP5;1F 5 ~CATACATAGCTGCCCAAGTC-3’
time PCR RTNIP5;1R 5 ~CGAACAAGAGATTGAAGGTG-3’
Amplified partial Actin RTActinF 5 —AGGGAACATGGTTGATCCTC-3'
for real time PCR RTACtinR 5 _TTGGTGCAGAGAGATTCAGG-3"

NAN1INNaBN

mslaaugu NP5 Mnnthdaninsiu Ainsieidaya
afuilndlelng uaz bioinformatics
nslaaudumiemaianiseainguayly
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Tnsiwesdumg awnsalaau full-length vesdu
NIP5:1 ansheehdlunassinindaisiurinmeus
wazliadn EoNIP5;1 dlediszviranismgns
Thndlelndnuiiivuawingu 894 evua (Figure 1)
Tnedvane 5 way 3 Wudduiiedlelndves



start way stop codon muaWy Wewdsudsu
andlelnddudidunsaesiily wuin laaie
WaWUlndung 297 nsnezdly (Figure 2) Wioth
araunsnerilunnmaAinunileunelusLns
Protein BLAST uugnudesya NCBI wud didady
willoufuiu NIP5;1 fisnenulufissiady laun
BunNan (XP008803617.1) nale (XP192776.1)
ayen (XP012086588.1) du (AT1137617.1) uag
Arabidopsis (NP192776.1) iU 95%, 86%,
82%, 79% Way 79% AUa1AU
dlethdsunsaesdlundiasizisae
1Usunsu TMpred WioTnsgvidnTes membrane
spanning region WU a@1AuUnIneilluvesdu
EgNIP5;1 #d1uusgnauved transmembrane

domain $1131 6 domain Inewdeusieriugie loop
A-E wazdl NPAs (Asn—Pro-Ala) boxes 911U 2
box (Fieure 3) Sufudnuvaanzfianunsanuls
Tulusiiuaiia aquaporin 3 MIPs Wil
A199LAT18% multiple sequence
alignment Y83aAuUNIAEILUVDIEU EGNIP5;1 ¢t
Tsunsu Clustalw2 wud drdunsmezdluiiua
FAATUENTTUAINGU EGNIP5; 1 Tudunsiu S
willoufudu NP5;1 fisnenulufissiedu laun
Arabidopsis (Q9SV84) du (AFN37617.1) 917
(QO1WF3) wagd1ilng (QOATN1) wavUsynaume
NPAs wa A, |, G, R residues @5 ar/R (aromatic/
arginine) selectivity filtter WWudenfuiinulugu
NIP5;1 w83 Arabidopsis (AtNIP5;1) (Figure 4)

ATGCCGGAGACGGAGACCGGAACGCCGAACGTGTCGGCTCCGCCGACGCCCGGCACGCCGGGTGCGCCAL
TCTTCTCGTCAGTCCGAGTCGACTCGCTGTCCTACGATAGGAACTCGATGCCGCGGTGCGGCAAGTGCTT
GCCGGTGGACTCCTGGGCCTCCCCTGGCACGTGCTTCACCGAGTTGCCGAAGCCCAACGTGTCCCTCGCC
CGCAAGCTTGGAGCAGAGTTCGTGGGCACCTTCATTCTGATATTTGGTGCCACCGCAGGCCCCATCGTGA
ACCAAAAGTACAACGGAGCCGAGACTCTCATCGGCAATGCTGCGTGCGCCGGGCTTGCGGTCATGGTGGT
CATCCTCTCCACCGGCCACATCTCCGGTGCCCACCTCAACCCCTCCCTCACCATCGCCTTCGCATGCCTC
CGCCACTTCCCCTGGGTCCAAGTCCCCGCATACATAGCTGCCCAAGTCTCAGCATCCATCTGTGCTTCCT
TCGCACTCAAGGGCATCTTCCATCCTTTCCTCTCCGGCGGCGTCACGGTCCCTTCGGTCACCACCGCCCA
GGCGTTCTTCCTCGAGTTTTTCATCACCTTCAATCTCTTGTTCGTCGTCACTGCCGTCGCTACAGATACT
CGAGCCGTAGGAGAACTGGCCGGAATAGCAGTTGGCGCTACGGTTATGCTTAATATCCTCGTCGCTGGGC
CATCGAGCGGTGGATCGATGAACCCGGTGAGGACGCTGGGCCCGGCGGTGGCCGCCGGGAACTACAAGCA
GGTGTGGATATATCTGGTGGCGCCCACTGCAGGGGCCATCGCTGGAGCTGCCACCTACACCCTTGTGAAG
CTGACAGACGAAAACGGGGTGACACCACGCTCGGCCCGAAGCTTCCGCCGCTAG

Figure 1 The full-length of EgNIP5;1 of tenera oil palm (Elaeis guineensis Jacq.)

MPETETGTPNVSAPPTPGTPGAPLESSVRVDSLSYDRNSMPRCGKCLPVDSWASPGTCET
ELPKPNVSLARKLGAEFVGTFILIFGATAGPIVNQKYNGAETLIGNAACAGLAVMVVILS
TGHISGAHLNPSLTIAFACLRHFPWVQVPAYIAAQVSASICASFALKGIFHPFLSGGVTV
PSVTTAQAFFLEFFITFNLLEVVTAVATDTRAVGELAGIAVGATVMLNILVAGPSSGGSM
NPVRTLGPAVAAGNYKQVWIYLVAPTAGAIAGAATYTLVKLTDENGVTPRSARSEFRR

Figure 2 The deuced amino acid sequence of EgNIP5;1 of tenera oil palm (Elaeis guineensis Jacq.)
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190a
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a 58 1a8 158 zea 258 308

Amino acid number

Figure 3 The hydrophobicity plot of EgNIP5;1 amino acid sequence of tenera oil palm (Elaeisguineensis
Jacq.) analyzed by TMpred program. The x-axis represents the amino acid 1-297residues.
The areas above the x-axis indicate the hydrophobic amino acid residues.The protein

composes of 6 hydrophobic domains and 2 NPAs (Asn—-Pro-Ala) boxes
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Figure 4 Multiple amino acid sequence alignment analysis of EgNIP5;1 protein using ClustalW2

compared with NIPs proteins reported in certain plant species such as Arabidopsis (Q9SV84),
citrus (AFN37617.1), rice (Q01WF3) and corn (Q9ATN1) using ClustalW2 program. NPAs indicate

the Asn—-Pro-Ala boxes

dlethdwunsaesdluvesdu EeNiPs;1
NIATIEAMIAIAMNFURUSLTI TAUUIN1ITINAY
fu NIPs isreanuluiissiiasne q anduadn
phylogenetic tree Wu31 1UsAY EgNIP5;1 dnog

lungu NIPs subgroup | Feusznavludae
AtNIP5;1 (Q9SV84) OsNIP3;1 (Q0O1WF3)
ZmNIP3;1 (Q9ATN1) wag CiNIP5;1 (AFN37617.1)
(Figure 5)
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OsNIP2,2

ZmNIP2,1

OsNIP1,3

OsSNIP1,2

sNIP4,1

NIPs subgroup II

EgNIP5, 1
tNIP5,1

OsNIP3, 3
OsNIP3,2

AtNIP7,1

AtNIP6.1

Figure 5 Phylogenetic tree among different species that was constructed based on deduced amino

acid sequences by neighbor—joining method with 1,000 bootstrap replication using MEGA6

program

miﬁnmjﬂLmummamaanmmﬁu EgNIP5;1
Tuunauusiunaemaiia real-time PCR
N15AN¥IFULUUNITUANIDDNUDITY
EoNIP5;:1 Inamaila real-time PCR Tuluuagzsin
yoaduthsuildsuanznisusluseu Tuseu
Wigane wazluseutdufiv wuli sedunns
WARINUDIBU FgNIP5;1 Iuimﬁﬁhqaﬂdwﬁ%
Taglusindidnisuanseenvesiiugsgadl 14 Ju
ndalasuanzaluseu dawiiiu 3.61 Aadu
16 Wvesnn1swanseanvesdululufidan
WinAu 0.213 (Figure 6B)
LmawmimwsﬂLmeiLLamaaﬂmawu
EgNIP5;1 Iusmmauumumlmuama YU
TusaulSsuisufusindilasulusowfivane
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waglusouduiiz WUt syAuNISUARIBBNYBY
Bu FoNiP5: 1 Tusanfivnsluseuiiainisuansoan
YBIBUFIAR I@smmmmmaanawuamamamaa
dlowSeuidlsuiusudi o auqqqmmum 14 183
lasvannmzalusey dAnviiu 3.61 uavAndu
1.88 war 1.71 wihwessniildsuluseudissme
warluseuduiunuasu (Figure 6A)

uag Luawmmﬁ‘uLLUUﬂmLamaaﬂﬁuaq
81U EgNIP5;1 ”Lumﬂmauu’muwlmuamav
Tusouduiiy wudn JUsuUNIsUAAIDBNTRIBY
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Figure 6 Relative expression of EgNIP5;1 gene of tenera oil palm (Elaeis guineensis Jacq.) by real-time
PCR (A) relative expression of EgNIP5;1 in root receiving boron deficiency, sufficiency, and
toxicity for 0, 7, 14, 28 and 56 days (B) The comparison of relative expression of EgNIP5;1 in
root with leaves of oil palm subjected to boron deficiency for 7, 14, 28 and 56 days
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