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ABSTRACT: Boron (B) is an essential micronutrient required for plant growth and development
which affects not only yield but also the quality of crop. Boron deficiency is major
agricultural problems worldwide and frequently observed because boric acid in soil is easily
leached under high rainfall condition as found in oil palm (Elaeis guineensis Jacq.) plantation.
Recent reports suggest that boron can be retranslocated from old tissues to young tissues or
can be preferentially transported to sink tissues under boron deficiency. The objectives of this
study were to clone full length of EgNIP6;1 gene and study the expression pattern of £gNIP6;1
gene in oil palm during boron deficiency boron sufficiency and toxicity treatment using real-
time PCR technique. In this study we cloned an NIP6;1-like gene (named as EgNIP6;1) from
Tenera oil palm. The full length of EgNIP6;1 was 858 bp and encoded a protein of 285 amino
acid residues. The phylogenetic tree analysis indicated that EgNIP6;1 protein belonged to NIPs
subgroup Il. Sequence analysis showed the EgNIP6;1 was highly conserved with NIP in other
plant species such as date palm, cotton, Arabidopsis, and soybean. For the expression pattern
analysis, root and leaves samples were collected randomly at 7, 14, 28 and 56 days after boron
deficiency, boron sufficiency and boron toxicity treatment. The result showed the EgNIP6;1
expression level in leaves was induced and increased at 7 and 28 days after boron deficiency
treatment as compared with that 0 day (control) and mainly expressed in leave as compared
with root.
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Lﬁuﬂ‘%mmﬁLﬁuLa Masterclcler® ep realplexd
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AAT1EH membrane spanning region AElUTLATH
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ATGGGCGAAGACGGCGCCTCTGCACTGGAAAACCCCGGAGTTCCACTCCTTGGAGGGCACAAGTCCAGTC
GGTTCGCCGATAGGTGGCGTTCACTACTTGGCCGCGGCAATTGCTTCGCAGTTAAGCCTTGGACCATCGA
CGACGATGGCCCAAGCATCCCAGCTTCCGGTTCCCTTGTAAGAAAGGTGGGGGCTGAGTTCATTGGCACT
TTCATGCTAGTGTTCGCCAGCACGGCTGCGGCAATTATCGATCAGCAGTCCAACGGTGCCGTCACCTTAT
TAGGCCTAGCAGCCTGTTCCGGCATCGCCGCCATGATCATCATCCTCTCGACCGGCCACATCTCCGGTGC
TCACCTCAATCCATCTGTCACTATTGCCTTTGCCACCTTCAAACACTTCTCTTGGGAGAAGGTACTGGTA
TACATCGCTGCACAATTGTCGGCATCACTATGCGCGGCATTTGCATTGAAGGCAATCTTTTATCCGATTT
TGGGAGAAGGTGTAACGGTGCCAAGTGGTAGTGCGGGTGCGGCGTTTGTAATGGAGTTTATTATTGGATT
CAATCTCATGTTTGTCACCACGGCAGTTGCCACTGATGTTAGAGCAGTTGGGGAGCTGGCTGGGATCACG
GTAGGAGCAACTGTGGCAATGAACAACATCAT TGCTGGGAGGATTAGCGGGGCATCTATGAATCCAGCGA
GGACGCTGGGCCCGGCGETGGCGGCAAACAACTACAAGGCCATATGGGTATACTTCACGGCACCAATCCT

Figure 1 Nucleotide sequence of a full-length NIP6;1 synthesized from first-strand cDNA of tenera oil

palm (Elaeis guineensis Jacq.)
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MGEDGASALENPGVPLLGGHKSSRFADRWRSLLGRGNCFAVKPWTIDDDGPSIPASGSLVRKVGAEFIGT
FMLVFASTAAAIIDQQSNGAVTLLGLAACSGIAAMINILSTGHISGAHLNPSVTIAFATFKHFSWEKVLY
YIAAQLSASLCAAFALKAIFYPILGEGVTVPSGSAGAAFVMEFIIGENLMFVTTAVATDVRAVGELAGIT
VGATVAMNNIIAGRISGASMNPARTLGPAVAANNYKAIWVYFTAPILGTLTGAGAYTAVKLTEDDGTPTM
RSFRR

Figure 2 The deuced amino acid sequence of EgNIP6;1 of tenera oil palm (Elaeis guineensis Jacq.)

TMpred output for EgNIP6;1 amino acid
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Figure 3 The hydrophobicity plot of EgNIP6;1 amino acid sequence of tenera oil palm (Elaeis guineensis
Jacq.) analyzed by TMpred program. The x-axis represents the amino acid 1-285 residues.
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

dlothawunsnesiluvesdu Fonps:1 andasieh  NIPs;1 isnesulufiavatseda Lown Ganies;1
multiple sequence alignment A28lUSUATN  (Gossypium arboretum) (KHG25640.1), PtNIP6;1
Clustalw2 wudn drdunsaesfilufinensia  (Populus trichocarpal) (XPO02297797.2) AtNIPG; 1
NUINITUIINGU EgNIP6;1 Tanuwniloufiudu  (Arabidopsis thaliana) (NP178191.1) and GsNIP6;1
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o

UsENoumMeusLIuiisenIT NPAs wulieniuinuluBu NPs:1 vee Arabidopsis (AtNIP6:1) (Figure 4)
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Figure 4 Multiple amino acid sequence alignment analysis of EgNIP6;1 protein using ClustalW2 with

NIPs proteins reported in certain plant species such

as GaNIP6;1 (Gossypium arboretum)

(KHG25640.1) (KHG25640.1) PtNIP6;1 (Populus trichocarpal) (XP002297797.2) AtNIP6;1
(Arabidopsis thaliana) (NP178191.1) and GsNIP6;1 (Glycine soja) (KHN22407.1). NPAs indicate

the Asn-Pro-Ala boxes
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WU AtNIP5;1 (Q9SV84) OsNIP3;1 (QO1WF3)
ZmNIP3;1 (Q9ATN1) CiNIP5;1 (AFN37617.1)
OsNIP3;3 (XP01564959.1) OsNIP3;2
(XP01564938.1) AtNIP7;1 (NP566271.1) uay
AtNIP6;1 (NP178191.1) (Figure 5)

sNIP4,1

NIPs subgroup II

OsNIP3,1
mNIP3, 1

EgNIP5,1
tNIP5,1

CiNIP5

EgQNIP6, 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

nsAnegULuUNsuaRsaanvasiy NP6l Tu
Undaisiudemaiia real-time PCR
NMSANWILERIDDNTYBIBU EoNIP6:1 Lngld
wAdla real-time PCR luluuazsnvesdndutigiy
Flesuanmznisvialuseu Tusoufiosne uay

Tusewduiiv WUt sEAunsLansoanvoIduy
Eenips;1 TuludiAngandnsin lagluludianas
uanvenuesBugigail 28 Juvddlasuaniza
Tuseu fAwiniu 72.4 Aedu 19 wiwesAnis
wanseanvasiulusinfidiawingu 3.69 (Figure 68)
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defiosanluluuduiniuilasuaniey
aluseu lusauiisane warlusewduiy wuin
sERuUNIsHAnsaanvasdy Eonips:1 Tulufivan
luseuilAn1suanieenvasdu EoNIP6;1 gegn 1ng
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0 @iy 1) vdmndumsuanseanisanas
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sggeniluaninluseuiiivawenaylusewduiy
TuAounndrsnan sniuluiui 14 faamilasy
lusauiiiganeaznsed ulidulanieangenin
anmaviseluseuduiy (Figure 6A)
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Figure 6 Relative expression of £gNIP6;1 gene of tenera oil palm by real-time PCR (A) relative expression
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subjected to boron deficiency for 7, 14, 28 and 56 days
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