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pMDI19-T vector ( TaKaRa Code: 6013) .DNA 2 x PCR Solution Prime STAR HS ( Premix) ( TaKaRa
RO40A) PrimeScript RT reagent kit with gDNA Eraser ( Perfect Real Time) DRR047A
( ) ) Green Tag Mix  ( P131-AA) Vazyme ; RNA
( RNAprep Pure Plant Kit DP441) ; Plasmid DNA Mini—
prep Kit( Cat RTP2102-02) ; PCR Cycle-Pure Kit( D6492-01)
OMEGA o
1.3 MeNRT2.5 RNA RNA w=1.2%
o PrimeScript RT reagent kit RNA cD-
NA. GeneBank AtNRT2 ( https: // phytozome. jgi. doe.
gov/) Blastp NRT2 o Primer Premier 5.0
MeNRT2. 54 5" ATGGAAGTGGAAACTGCTGG-3"; MeNRT2. 5R: 5'-CTAAGCTCTTCTGC-
CTCTTTCA-3~ o 94 °C 5 min 94 °C30s 58 C30s 72 C
90 s 35 72 °C 10 min, PCR w=1% o
pMD19-T vector ( TaKaRa Code: 6013)
DH5a ( TransGen Biotech CD-201-01) o
1.4 MeNRT2.5 Protparam MeNRT2. 5 o
SOPMA o TMHMM MeNRT2. 5
o NCBI BlastP  MeNRT2.5 NRT2 ;
MEGA 7.0 ( Neighbor-Joining) o
1.5 MeNRT2.5 RNA cDNA
RT-PCR. MeNRT2. 5semi-F ( 5"-TGCGAGCATTTCAACTGTCTT3")
MeNRT2. 5-semi-R ( 5"-GCCTCCTGAAGTTCCCATCT3") . Actin¥ ( 5°-GCCTCCCAAGG-

TAGCTTTCA3")  Actin-R ( 5-GGTTAATGCAGGGCTCCACT3") *' . Green Tag Mix  ( Vazyme P131-



2 MeNRT2. 5 113
AA) . PCR 94 °C 5 min 94 °C 30 s 58 °C 30 s
72 °C 1 min 28 72 °C 10 mino. w=1% o MeNRT2. 5
MeNRT2. 5 qRT-PCR
MeNRT2. 5 0.3 mmol * L™" 3 mmol * L' KNO, o MeN-

RT2. 5-qRT=F ( 5"-GCTGATTATGCCGCTTGTGTTTG3")
CCATCT3") .

Actin¥ (5°-GCCTCCCAAGGTAGCTTTCA-3")

MeNRT2. 5qRTR ( 5" -GCAGCCTCCTGAAGTTC-
ActinR (5-GGTTAATG-

CAGGGCTCCACT3") *' & ABI 7500 Real-time PCR System NOVA Taq
SYBR Green qPCR Premix ( code: EG15135R2S) . 2 maaw AACt =
Treat( Ct -Ct ) -CK( Ct <t ) P
2
2.1 MeNRT2.5 NCBI AINRT2
( https: // phytozome. jgi. doe. gov/) 1 NRT o (1
( Hevea brasiliensis) HbNRT2.5 (94%) ( Jatropha curcas) .
( Ricinus communis) ( Theobroma cacao) . ( Populus trichocarpa) ( Prunus persica)
NRT2.5 89.84% 87.40% 85.95% 86.38% 83.27% NRT
NRT2.5 MeNRT2. 5. cDNA MeNRT2. 5
( 2 1 1479 bp . T
A MeNRT2.5
HbNRT2.5 M 1
JcNRT2.5
RcNRT2.5
PtNRT2.5 ——
GhNRT2.5 - — 479 bp
DzNRT2.5 e
TCNRT2.5 -—
HuNRT2.5 —
PPNRT2.5 -,
:NNRT2.5 -
BnNRT2.5 ’
|:AtNRT2.3
AINRT2.6
AINRT2.4
AINRT2.2 .
AINRT2.7 Bl 2 MeNRT2.5 35 1 5o b

—
0.06
1 AFE Y NRT2 25/ )7 51 09 2 AL 53 B
Fig.1 Phylogenetic tree analysis of NRT2 protein
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1 MeNRT2.5
Tab.1 Composition number and proportion of Me/NRT2. 5 amino acids
Name Number Proportion/% Amino acid type
Ala( A) 49 10.0
Arg( R) 23 4.7
Asn(N) 13 2.6
Asp( D) 16 3.3
Cys( €) 1 2.2
Gln( Q) 12 2.4
Glu( E) 14 2.8
Gly( ) 52 10.6
His( H) 5 1.0
Tle( 1) 35 7.1
Leu(T) 50 10.2
Lys( K) 18 3.7
Met( M) 15 3.0
Phe( F) 43 8.7
Pro( P) 17 3.5
Ser( S) ) 8.5
Thr( T) 26 5.3
Trp( W) 9 1.8
Tyr( Y) 1 2.2
Val( V) 31 6.3
SOPMA ( 3) o - ( alpha helix Hh)
46.75% ( Extended strand Ee) 16.26% B - (Beta turn Tt)  6.10% ( Ran-
dom coil Cc¢) 30.89% -
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Fig.3 Secondary structure prediction of the MeNRT2. 5 protein

h: Alpha helix; e: Extended strand; t. Beta turn; ¢: Random coil
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Cloning and Expression Analysis of MeNRT2.5 Gene in Cassava

REN Ning CHEN Xiuzhen XIA Youquan BAI Xueyang JIANG Xingyu ZHOU Yang

( Institute of Tropical Agriculture and Forestry Hainan University / Hainan Key Laboratory for

Sustainable Utilization of Tropical Bioresources Haikou Hainan 570228 China)

Abstract: Cassava ( Manihot esculenta Crantz) is characteristic of high yield drought tolerance and poor soil
tolerance. To probe into the molecular basis for tolerance of poor soils and enhance the utilization rate of nitrogen
in cassava two years old mature plants and 1 month-old tissue cultured plants of cassava cultivar “Huanan 8”
were collected and cultured for 30 days in a medium as the experimental material from which a high-affinity ni-
trate transporter gene NRT2 was isolated by using homologous cloning technique. Sequence analysis revealed that
the open reading frame of this gene called MeNRT2. 5 is 1 479 bp and encodes 492 amino acids. Bioinformatics
analyses showed that the MeNRT2. 5 protein had 10 transmembrane regions and had a a high homology with the
NRT2. 5 protein of Hevea brasiliensis Jatropha curcas and Theobroma cacao with its amino acid sequences be—
ing 94% 89.84% and 87.4% in similarity respectively. Semi-Quantitative real-time PCR analysis showed
that the MeNRT2. 5 gene was expressed in root stem leaf flower and other organs with its expression being
higher in the roots of mature cassava plants and in the leaves of tissue cultured plants. Quantitative real-time
PCR analysis showed that transcript of the MeNRT2. 5 in root had a peak expression at 6h under the treatment
with low concentration NO; (0.3 mmol * L™") but its expression did not change significantly in the root stem
and leaf after the treatment with high concentration of NO, " (3 mmol * L™") indicating the transcript of the
MeNRT2. 5 gene is inhibited by high concentrations of NO, ~. All these results provide a theoretical foundation
for further analysis of the functional verification of the MeNRT2. 5 gene in cassava.

Keywords: Cassava; high affinity nitrate transporter; gene cloning; expression analysis



