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Identification of IPT Gene in Psathyrostachys juncea
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Abstract: In order to verify the function of IPT gene in Psathyrostachys juncea , provides experimental
materials and theoretical basis for further functional verification of IPT gene in P. juncea, we used the
tillering nodes of DT type and ST type as materials. The relative expression of IPT was verified by RNA-
seq analysis and qRT-PCR test, and GO enrichment analysis was carried out. The IPT gene was cloned by
PCR method, and the 1300-cYFP-IPT overexpression vector was constructed and analyzed by bioinforma-

tics. The subcellular localization and expression of IPT protein were identified by tobacco transient trans-

s B #.2022-04-17 & B FR Y0 2 B #7 . 2023-05-26

HEEWMB  BHE ARSI H (31860672) ; Wl BTG X A0l A8 # KR i TR #5854 i35 H (2022]BGS0040)
EHZ A ATBRA1998—) , & g A, ZEMNF RIS FAI . E-mail:2937923090@qq. com
*BEEE = KB W EA RN, FENFEBOEF TR S B EF MU . E-mail: yunlan@imau. edu. cn



1442 ode Moy % iR 43 4

fection and Western blot. The results showed that IPT was related to the activity of tRNA dimethylallyl
transferase and up-regulated in the tillering of Psathyrostachys juncea. The full-length IPT gene of P.
juncea was cloned, and the 1300-cYFP-IPT overexpression vector was constructed with an open reading
frame (ORF) of 1 362 bp. Multiple sequence alignment and conserved domain analysis showed that the
IPT protein of P. juncea had a conserved domain of PLLN02840 protein, which was closely related to the
IPT protein of Triticum dicoccoides, Triticum aestivum and Triticum turgidum subsp. durum. Protein
secondary structure prediction showed that the secondary structure of IPT protein was composed of alpha
helix, extended strand, beta turn and random coil. Analysis showed that serine phosphorylation sites were
most likely to be potential phosphorylation sites for protein function. Transient transfection of tobacco
showed that IPT protein was normally expressed and localized in chloroplasts. Western blot results
showed that the target protein IPT of the connected vector was normally expressed, with a size of 76. 8
kD. The results showed that IPT gene up-regulated the number of tillers during the tillering process of
P. juncea, and the 1300-cYFP-IPT vector could be normally expressed in the chloroplast of plants.

Key words: Psathyrostachys juncea; IPT ; gene cloning; overexpression vector; subcellular localization;

expression analysis
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SPSS Statistics 23 FIZEZ M3k (http: //www. gene-
ontology. org/) 43 H#4T IPT #HE 7 DT K& ST #
¥ 3 % ik RLEE AR MR (GOD 43 B, A AT Primer
Premier 5. 0 BB 519 (] 1), LLB & By BET
S pARE R AR ) & B RNA JIF i 5% eD-

NAL UL 4 DN RS 1 L cDNA SHHHR,
T ¥4 0. 6 pul, 2 X Talent qPCR Pre Mix 10
pL,RNase-free ddH, O 7.8 pL, SRR 20 pL. 47
qRT-PCR % §iE, i 34 qRT-PCR 9 47 o 1 25 3F
IPT (4 8 3cR 2 =7 kb3 IPT 4350 7E
DT #1 ST F iy Rk i, I A AE (http: // www.
bioinformatics. com. cn) ¥ & #E1717E K 5317 .
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Table 1

IPT gene primers of Psathyrostachys juncea

N4 Gene name 5|4 Primer (5'—3")

51# %1 Primer sequence (5'—>3")

qRT-PCR-F GCTGCGAGTCATCGAGAGAT
qRT-PCR-R AGAACGCTTCCCGAACTAGC
. PCR-F ATGTGCTGTGAAATGAGGCCAC
IPI PCR-R CTTCCCCTGTGTCCTTCTAATCC
1300-LJ-F CCGAATTCGGAGTCGACACTAGTATGTGCTGTGAAATGAGGCCAC
1300-LJ-R TCCACCTCCGACCGGTGCACTAGTCTTCCCCTGTGTCCTTCTAATCC
Actin-F TGGTATGGAAGCTGCTGGAA
WS HH Actin
Actin-R TCAGCAATACCCGGGAACAT

1.2.2 IPT EEEEREREZEHE

P DT BUHT 22 B RH3 BESY /9 5 RNA, I I
% ¢cDNA L8 73 SnapGene 6. 0. 2 {31 PCR
Je 1300 #AZGI Y (FF DL LA 2 pl B9 cDNA J A H
2 X Phanta Max Master Mix 25 }LL,J:T%?%I%% 2
pL.ddH, O % 2 8] 50 pL # 47 PCR & . PCR X
MAFH:95 °C 3 min 1 MEH,95 C 15 5,56 C
15 .72 °C 1 min 30 s 3 35 ME#,72 “C 5 min 1
MG 4 Coo, A HRE M 10 pL 6 X Loading
buffer HEAT 2 Y M I e 556 e Fi K, 4 JEOR AR ¢ [l i
TR & T R B Al AT I L, O A X 4
(9 Blunt & A v B 3500 &0 e 1™ 4 5 Blunt
T AL, R W Y% T 10 pLL ddH,O 1, LA
MI13F #1 M13R N 51 ¥ #F 17 B W PCR, 2 I % )7
H:94 °C 5 min 1 MEFF,94 °C 30 5,55 °C 30 5,72
C 1 min 30 s 3£ 30 PME¥,72 °C 5 min 1 PMEH .4
C oo PHUHME R W ME] 1 X LB 5 mL+50 mg/mL
FIBEEZR 5 L BYFE A o 385 T i BROR AR IR
& TR/ N TR & PR IRUBORL, JF U . IO Y GE
() T RO R A AR N 0. 5w, B RS9 4 1300
HAES Y4 2 pL, HA W PCR B, BMAAFR 50 pl,
HL UK 5 S LI, ) Spel i 1.5 pL Al Cut Smart 5
pL. 37 CORYEH P A REY) 20 L 1300-cYFP 44 i
ki 2 h, MK R 50 wls fin 10 pl 6 X Loading buffer
HEAT 2R TR 0 T P 56 Jg P YK & P YK 245 R J G Tl A o o 1

W2 AR AT S SRR AR, 2 pL 5 X CEl
buffer.1 pL. EX nase Il . & B ™ P73t 7 pL, SR
% 10 pL,37 “C R 30 min. B PCR 514 H S5
FERAEN 1300 b WES 19 5 Ak B 42 S5k I ) 7] 5
R .
1.2.3 1300-cYFP-IPT T RIEFHERFEHE L

B RAFAE — 80 “CUKAE I GV3101 & 3Z 25
PR T 0K Rl 0 2B JR K P TR 50 1K 1
#E 20 min, WA VKA 1 min, 37 C#Hili 5 min, 1K
% 2 min, FEREE ST IA 1 mL 1XLB,30 ‘CHE I
2 h,4 000 r/min &> 3 min, F/PF LIEEERIK,
TRTES Kan Al Rif BPidERR 1,30 CHFRFE 8 5% 2
d KBRS Kan 1 Rif 1R A9 5 mL 1 X LB
1,30 Cat /MR L 1 mL /NBE S B BT 20
mL 1 X LB(& Kan Al Rif) 41,30 “C 200 r/min K%
12 h, 7850 4 000 r/min B0 30 min, {8 T4
FIWEFEMA 2 mL 2% E A4 000 r/min .0 10
min, R 4% >~ 1 mol/L. MgCl, 500 pl., 1 mol/L
MES 500 p1.,200 mmol/LAS 50 pL,i# 4l /K & %5 £
50 mL,BIFELCE R BN 2 mL R EEG
VE R BE , % OB Y 50 mL B0 EIA 15 mL {54
W, A EE YRR, LR Y W) R A TR Y
ODyq » ODy fHTE 0.5~0.6 H'H.
1.2.4 HAEEE AR & 040 i 7E far

B E R B A B . 1 mL A9 3 S R B
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VRO G R R L VRS 2 MR R Ak 6 kT,
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BN MR,
1.2.5 SDS-PAGE %EZH ik & Western blot

K R A S A TR R R R T IR R B
WFEE ST 1.5 mL 808 H, In AR 2X SDS
loading buffer, i B 18 2J, W K % n # 10 min,
12 000 r/min B§.0> 2~5 min, B I HE A R
W o BB 12 AL T e, 22 A R KR L B 10X
SDS-PAGE HLJk 2% i » 1] i L A B 1 BRI
R A A5 2 X SDS loading buffer fit 4> 5 T 4
A0 1 Marker, B JE 120 V HL3K 1~1.5 h, £
TR S HOET . FH B2 PVDFE B, SR 5 A H 5%
W [ B DR AR A R A T LW 5.8 ¢
Tris 2.9 g H4#.0. 37 g SDS il 200 mL H ELf
Hmi, I H ddH, O EAZE 1 L, Bk 45 5 L K
WHET 1243 2Rz . 8% 1 )2 PVDF
JBE .3 JRURACA 1 R4 T H UK b 4°CHE s 100 V
MR 60~90 min, FEME5ERLE , B PVDE JE T i
Bah . mAE AW, Z R 40 r/min #& 1 h, B AR
B S YR WIRS 9 1 X TBST (20 X TBST, Tween-
20 A1 ddH, O 21 50 - 45 30 J5 8] 451 5 PR I A
GFP Hi 1 i 3 P WS AR 48 1 b, {84 1 34 3
W, A 1 X TBST iR 3 #7 JR PE % 10 min, 3£ 3 1%,
fBl451 1 >X TBST A & AR ic L 2FHe /0y By
Z ik 40 r/min # 1 h, #3335 A1, 1 X TBST ik
FEIRVEYE 5 min, 3£ 2 %, W] PVDF JEi% in ECL T
YEWR (Z5 & 1Y) BeyoECL Moon A WA BIRIES), T
WB B RUS
1.2.6 IPT ERXEYMERESH

DLTE R B TP T Sk DR 5L e 91) b
B, 8 a3 NCBI %4l 2 o () BLAST Chttps://blast.
ncbi. nlm. nih. gov/Blast. cgi) ¥ 17 [5] & 5 51 kb X,

PARINGE (Triticum aestivum) 5 9 YR A & FE R
JF 545 B (& 2) I DNAMAN #4110 4
YR HEAT P 51 EE X)Ll 52 NCBI H (%) Structure Cht-
tps://www. ncbi. nlm. nih. gov/Structure/cdd/
wrpsb. cgi) Xf B 2 H IPT i it 8 F Y f 57 45 48 15
AT 53 Hr . FIH PRABI ) SOPMA (http://npsa-
pbil. ibcp. fr/cgi-bin/npsa _ automat. pl? page =
npsa_sopma. htmD) #F 1787 2 51 IPT & H 1) R 45
FE TS , FF 38 3 7E 28 /4 NetPhos 3. 1 Server Cht-
tp://www. cbs. dtu. dk/services/NetPhos/) X} #r
R IPT 8 B AL AL s FE A7 700
x2 EZYH IPT SEBRFTIER
Table 2 Amino acid sequence information

of IPT from related species

Vi Fh B IRR AT

Species Sequence version

M Lolium perenne XP_051209981. 1

W H BAEH Lolium rigidum XP_047096434. 1
INFE Triticum aestivum XP_044436176. 1
BRUREIINE Triticum urartu XP_048539596. 1
WA Aegilops tauschii subsp. strangulata XP_020163508. 1
ZHEEHRGEE Brachypodium distachyon XP_003563223. 2
Wik /NZZ Triticum turgidum subsp. durum VAI94183. 1
TRi/NFZ Triticum dicoccoides XP_037463502. 1

KEZWA Hordeum vulgare subsp. wulgare XP_044958180. 1

2SR5

2.1 ¥EHE IPT £E GO o#f

WX H AR IPT EFETT GO B HE 48 (€
3D WIRIPT TEA0 M4 J3 b 3228 5 2Ok (4 7 BT 4 A
XL IFZ 5 (RNA B AEY 2 B W a5 (RNA
PP LU VR B B B I A G L BT 2 £ 4y BE A
PR B E A
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Table 3 GO analysis of IPT gene

GO 4»¥1 GO_annotation

IPT 3K 1D IPT gene 1D JA$E Regulation

41 L 20 4 28 ki f& Mitochondrion
Cellular component,CC JER Plastid
EX/ESuNity tRNA &1

Biological process,BP

4 F I1iE Molecular function, MF

tRNA modification

tRNA L% TN FE 56 B i % v

tRNA dimethylallyltransferase activity

BMK_Unigene_065650 34 Up

2.2 HEHEIPT EAREENW
3% RNA-seq BE8E 0 A (B D B8 IPT

TE 2 Oy BERY T 2 b Sk Bk v T/ 7 BE h i ek
i, qRT-PCR U5 45 R 5 RNA-seq F i 73 1 45 1
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Fig. 1 Analysis of IPT gene expression
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IPT #b Rk #k, HE % PCR Box ¥ H W B
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2.4 1300-cYFP-IPT i3 3% 3% &4 0 48 Al 7€ iz

TR AT H A HE IPT 8 A 40 G 2 kR
A& BB ALE DL, W 48 2 T B 1300-cYFP-IPT #f
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B2 B IPT BFwEX 1300-cYFP-1PT # &M PCR
Fig. 2 Cloning of IPT gene and PCR of 1300-cYFP-IPT vector

Wi
Bright field

1300-cYFP-IPT

MRS e
Chlorophyll Merged

Wi
Bright field

25 pm
MRS [Cifey
Chlorophyll

B3 IPT B30 40 i E fi7
Fig. 3 Subcellular localization of IPT
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2.5 Western blot 7347
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Fig. 4 1PT Western blot of P. juncea
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Fig.5 Amino acid sequence alignment of related species
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" 4 I £l “o -
Query seq.
Specific hits N2
Superfanilies PLNO2840 superfamily

Bl 6 HiEE IPT {55450
Fig. 6 IPT conserved domain of P. juncea
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Fig. 7 Secondary structure prediction of IPT protein in P. juncea
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Fig. 8 Phosphorylation site prediction of IPT protein in P. juncea
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