VNU Journal of Science: Natural Sciences and Technology, Vol. 32, No. 1S (2016) 184-188

Study on Polymorphisms of OsHKT2;4 Gene
in some Vietnamese Rice

Nguyen Tien Dat, Do Thi Phuc”
Faculty of Biology, VNU University of Science, 334 Nguyen Trai, Thanh Xuan, Hanoi, Vietnam

Received 15 July 2016
Revised 25 August 2016; Accepted 09 September 2016

Abstract: Salt stress leads to serious inhibiting of the growth and development of plants. The
selection and generation of plants resistant to salinity is effective and sustainable way to overcome
the saline soil. It has been proven that the HKT transporter is involved in salinity tolerance in
plants. OsHKT2;4 gene is a member of class II of HKT gene family in rice encoding protein
which mediates Na™-K" cotransport and at high Na* concentration preferred Na® -selective
transport. In this study, the natural variations in OsHKT2;4 gene sequence was investigated in
some Vietnamese rice cultivars. The full length of gene sequence was amplified by PCR, followed
by direct sequencing of PCR product. Analysis of obtained sequences among cultivars revealed the
11 single nucleotide polymorphisms, consisting of 8 sites in exons and 3 sites in intron. Further
analysis showed that these 8 substitutions in exons were non-synonymous which caused changes
in amino acids at signal peptide (S11F and N17T), at the loop (T66V, T84I, S133L, S342N) and

the transmembranes (V53M, L253F).

Keywords: Genetic polymorphism, HKT, rice, OsHKT?2,4.

1. Introduction

Specific plant membrane proteins HKTs
(High-affinity potassium transporters) transport
ions across the cell membrane. The members of
HKT protein family were found in many plant
species and had been shown to play roles in
salinity tolerance [1-5]. Based on the ability to
transport specific ions, HKT proteins are
divided into two groups: the Na' carrier
selection group (group I) and the Na® - K*
symport group (group II) [6].

The number of HKT gene members varies
between species [2, 3]. In rice (Oryza sativa),
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there are 9 genes coding HKT proteins,
dividing in two groups: group I consists of
OsHKTI;1, OsHKTI;2, OsHKTI;3, OsHKT1I;4,
OsHKT1I;5 and group II consists of OsHKT2;1,
OsHKT2;2, OsHKT2;3, OsHKT2;4 [7-10].

The OsHKT2;4 gene has been determined
to express in vasculature of root cells, leaf
sheaths, mesophyll cells and the base of stem. It
is proposed that OsHKT2;4 plays possible role
in K" transporter involved in both nutritional K*
uptake and long distance K" transport, and also
can transport Na*, Ca", Mg" [11].

Analysis of genetic polymorphisms in HKT
genes recovered the functions of genes involved

in the salt adaption mechanisms of the plant
[12, 13]. Study on OsHKTI;5 in two rice



N.T. Dat, D.T. Phuc / VNU Journal of Science: Natural Sciences and Technology, Vol. 32, No. 1S (2016) 184-188 185

cultivars differing in salt tolerance showed that
in the coding region the four amino acid
substitutions were linked to the functional
variation of these two alleles [12]. Recently, it
showed that the V395L substitution present in
Nona Bokra could directly affect the Na®
transport rates [13].

In this study, we analyzed the presence of
natural variation in the sequence of OsHKT2;4
gene in Vietnamese rice cultivars. Several
single nucleotide  polymorphisms  were
identified.

2. Materials and methods

Plant material: In this research, we used 12
rice cultivars which were provided by Vietnam
National University of Agriculture, including
Nep vai, Chanh trui, Ngoi, Hom rau, Nep cuc,
Re nuoc, Cuom dang 2, Nep non tre, Te tep,
Nep oc, Nuoc man 2 and Chiem cu.

DNA extraction: Frozen leaf samples were
ground to powder using a Mixer mill (Retsch,
Germany) for 1.5 min at 25 Hz. DNA
extraction was performed using CTAB as
described by Doyle and Doyle [14].
Concentration of DNA was quantified by
determination of ODy using Nanodrop
Spectrophotometer (Nanodrop Technologies,
USA).
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PCR and DNA sequencing: The OsHKT2;4
gene was amplified by PCR using a specific
primer pair, including OsHKT2;4-Fw (5°-
ATGCTCCAGTGCTATCGATTGGT-3’) and
OsHKT2;4-Rv (5’-CT
TGTGGTTGCTTGGCCTGAG-3"). PCR
reaction mixtures consisted of 1 pl DNA (50-
100 ng); Sul 2mM dNTPs; 5ul 10x Taq Buffer;
2ul OsHKT2;4-Fw primer (10 pmol); 2ul
OsHKT?2;4-Rv primer (10 pmol); 0.4ul 5U Taq
polymerase and 34.6ul HO. The PCR reaction
was performed with thermocycle of 94°C for 7
minutes; 35 cycles (94°C for 30 seconds, 56°C
for 20 seconds, 72°C for 60 seconds) and 72°C
for 5 minutes. The products were examined by
electrophoresis with 1% agarose gel and stained
with ethidium bromide.

The PCR products were purified and
conducted DNA sequencing by Ist Base
Company, Singapore using ABI PRISM 3730x1
Genetic Analyzer system (Applied Biosystems,
USA).

Data analysis: The specific primers were
designed by Primer-BLAST in NCBI webpage.
Gene sequences were analyzed using Bioedit
and Clustal Omega. The 3D model of
OsHKT?2;4 protein was predicted and analyzed
by Phyre 2.
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Figure 1. Electrophoresis of PCR amplification of the OsHKT2;4 gene.
M: 1kb marker, (-) negative control, lane 1-12: PCR products from Nep vai, Chanh trui, Ngoi, Hom rau,
Nep cuc, Re nuoc, Cuom dang 2, Nep non tre, Te tep, Nep oc, Nuoc man 2 and Chiem cu, respectively .
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3. Results and discussion

3.1. Amplifiction of OsHKT2;4 gene by PCR

The rice plants were grown in soil for 2
weeks, then the leaves were collected for
genomic DNA extraction. The extracted DNA
was used as template in PCR reaction for
amplification of OsHKT2;4 gene (Fig. 1). As
shown in Fig. 1, the PCR products were
specific with corrected size (expected PCR
product length of 1998 bp). Therefore, the
OsHKT2;4 gene was successfully amplified in
all 12 investigated rice cultivars.

3.2. Polymorphism in nucleotide sequence of
OsHKT2:4 gene

To investigate the polymorphism in
nucleotide sequence of OsHKT2;4 gene, the
amplified PCR products were purified and
sequenced. In total, we could detect 11
nucleotide substitutions, including 8
substitutions in exon regions and 3 substitutions
in intron regions (Table 1). As shown in Table
1, all 8 substitutions in exon regions were non-
synonymous that lead to amino acid changes.

A

1-25 Signal peplide
N-Terminal

Extracellular

Cytoplasmic

Based on these polymorphisms, the 12 rice
cultivars were divided into 2 groups: Group 1
consists of cultivars having no polymorphism
(Nep vai, Re nuoc, Nep cuc, Hom rau, Ngoi,
Chanh trui) and Group 2 includes the rice
cultivars having all 11 nucleotide substitutions
(Cuom dang 2, Nep non tre, Nuoc man dang 2,
Chiem cu, Nep oc, Te tep).

Table 1. Polymorphism in the OsHKT2;4 sequence

Nucleotide polymorphism gcﬁl;ﬁfo‘rzchlim
site substitution Site substitution
50 C/T 11 S>F
68 A/C 17 N>T
175 G/A 53 V>M
214 A/G 66 T>V
416 C/T 84 T>1
663 C/T 133 S>L
775 C/T 253 L>F
1043 G/A 342 S>N
1185 Addition of C Intron

1189 G/A Intron

1510 G/A Intron

iu m {,—r - Terminal
% G

ASN342

Figure 2. Topological model (A) and 3D ribbon model (B, C) of rice OsHKT2;4 protein. A: The numbers in red
indicated the position of substituted amino acids. B: 3D model of original amino acid sequence, C: 3D model of
substituted amino acid sequence.
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3.3. Prediction of potential subsequence
change caused by nucleotide substitution on
protein structure

The protein structure of OsHKT2;4
transporter was predicted by using PHYRE2
webserver. Among eight non-synonymous, two
were placed in the signal peptide (S11F, N17T),
two were in transmembrane (V53M, L253F)
and four were in the loop (T66V, T841, S133L,
S342N) (Fig. 2A, C). The predicted 3D protein
structure of changed amino acid sequence was
similar to the 3D protein model of original
amino acid sequence (Fig. 2B, C). However, the
two substitutions V53M, L253F might cause
affect on protein folding. Thus, further
investigation on the subsequent influence of
these changes on protein functions should be
experimentally carried out.

4. Conclusion

We have succeeded in amplification and
sequencing of OsHKT2;4 gene of 12 rice
cultivars. We could detect 11 single nucleotide
polymorphisms, out of them 8 ones in exon
regions and other 3 ones in intron region
occurring in 6 rice cultivars. These 8 nucleotide
substitutions are non-synonymous leading
changes in amino acids which were placed at
signal peptide (S11F and NI17T), at the loop
(T66V, T84I, S133L, S342N) and the
transmembranes (V53M, L253F). These
changed amino acid should be further analyzed
to determine the influence on protein functions.
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Nghién ctru da hinh gen OsHKT2;4
& mot s6 gidng lda Viét Nam

Nguyén Tién Pat, D5 Thi Phiic

Khoa Sinh hoc, Truong Dai hoc Khoa hoc Ty nhién, PHQGHN, 334 NguyéNn Trdi, Ha Noi, Viet Nam

Tém tit: Dat nhlem man gy tc ché nghiém trong dén sy ting trudong va phat trién cia thyc vat.
Viéc chon tao ra cic glong cdy trong c6 kha nang chiu man la hudng di hiu qua va bén viing dé khic
phuc tinh trang dat nhiém man. Céc nghién ciru chi ra rang kénh van chuyén HKT tham gia vao kha
ning chéng chiu min cia cdy trong. Gen OsHKT2;4 12 mot thanh vién cia 16p II thude ho gen HKT &
lda ma héa cho protein c6 kha ning déng van chuyén Na+ - K+ va van chuyén Na+ khi ion nay ¢ nong
dd cao. Trong nghién ctru nay, su da hinh cua gen OsHKT2;4 dugc xem xét ¢ mot sO glong lda Viét
Nam. Toan bo chleu dai gen duoc nhén ban sir dung phuong phdp PCR, sau d6 san pham PCR duoc
giai trinh ty tryc tiép. Phan tich két qua trinh ty gen thu dugc giita cic gidng lda cho thdy c¢6 11 vi tri
da hinh, trong d6 c¢6 8 vi tri xay ra & ving exon va 3 vi tri & viing intron. Tiép tuc phén tich sau hon
cho théy ca 8 da hinh & viing exon déu la da hinh sai nghia, ddn dén sy thay doi axit amin tai doan tin
hiéu dan ((S11F va N177), tai cAu tric loop (T66V, T841, S133L, S342N) va tai vung xuyén mang
(V53M, L253F).

Tuwr khéa: Pa hinh di truyén, HKT, lda, OsHKT?2:4.



