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W E. PRRB/BERR 12 8 A ( triose-phosphate/phosphate translocator, TPT ) J&— M BRI B 12 E 1, EREYBRAC
WA U R AEA Y h B EEAER . EEEA T2 ERMEMEENSTME, R R R R, R
di P E PR ) 80% LA I, BB H S S St B AR B E L, AU H IS M A8 22 5 (ROC22) Rk,
T BEARAR H IR RR TN B/ R e iz TR 1 R [ ShTPT, FIAHA: W15 B2 7 % ShTPT #1788 AU Efb 0T . (RSFE5 L. #5
JIES 255 i TN D K 3 80 He . 45 SR W . ShTPT &K CDS €K 1221 bp, 4ifd 406 NEILRR, HH TN 43.63 kDa,
Gl (pl) R 9.80, BERNEM . REM, FRERECH 42.51, FKRFRFH 0.583, B—FAREMBmAKEEA;
ShTPT EHAANEFZ R EA 9 NSRS, RFSWEBN &2~ ShTPT &F 1 4> TPT 4543, 6 TPT &K%t
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Abstract: The triose-phosphate/phosphate translocator (triose-phosphate/phosphate translocator, TPT) is a triose phos-
phate transporter that plays an important role in plant carbon metabolism pathways as well as abiotic stresses. Sucrose
has a wide range of edible value and important economic value. Sugarcane is the main raw material for sugar production,
and sucrose from sugarcane accounts for more than 80% of China's sugar production, so it is very important to achieve
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the goal of high yield and high resistance of sugarcane. In this study, the sugarcane variety ROC22 was used as the ma-
terial to clone the sugarcane triose/phosphate transporter gene ShTPT, and the physicochemical properties, conserved
domains, transmembrane structure prediction and protein sequence comparison of ShTPT were carried out by bioinfor-
matics methods. The results showed that the CDS of ShTPT was 1221 bp, encoding 406 amino acids, the molecular
weight of the protein was 43.63 kDa, and the isoelectric point (pI) was 9.80. It was rich in alanine and leucine, its insta-
bility coefficient was 42.51, and its hydrophilic coefficient was 0.583, which was an unstable hydrophobic protein.
ShTPT did not contain signal peptides but had 9 transmembrane domains. Conserved domain prediction showed that
ShTPT contained a tpt domain, which was consistent with the characteristics of the TPT family. The results of phyloge-
netic analysis showed that ShTPT was clustered with Sorghum bicolor SbTPT (XP_002454867.1) and Zea mays ZmTPT
(NP _001105497.1) with homology of 97.04% and 94.13%, respectively. Further subcellular localization analysis of
ShTPT showed that ShTPT was localized in chloroplasts. Tissue expression pattern analysis of sugarcane showed that
ShTPT was mainly expressed in leaves, and the expression level in roots and stems was very low. Under the drought
stress conditions simulated by PEG, the expression of ShTPT showed an upward trend, indicating that it responded to
drought stress. The results of this study suggest that ShTPT is a chloroplast-localized transmembrane transporter, which
may be involved in the transport of primary carbon metabolic compounds in sugarcane leaves and responsive to drought
stress. This study preliminarily determined that ShTPT gene plays an important role in the transport of carbon assimi-
lates in leaves and abiotic stress, which provides a theoretical basis for further study of its function.

Keywords: sugarcane; triose-phosphate / phosph ate translocator (TPT); subcellular localization; drought stress; expres-

sion analysis
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oA B R R SRR CO, [ AL
L&Y, FHEK b A AR dr B AL AN AT /D Y JE A
Yot , FEAEYIREESS T, [ R LB DI M Y
T = 38 i # BR 9 BE %% 48 1K ( triose-phosphate/
phosphate translocator, TPT ) MIH-Z¢{&% i . TPT
FEM SRR B AL TTHLBE R R (Pi) 5 =R
Tl (3-GAP), = NEI#ERR (DHAP) 5 3-
AR H I B 25 = MR IR (e iz it B R A
Hin KR T AR ER s Ik (pPTs ) Kk, fE
%5 Pi A BRI C3. C5 Al C6 fbam®,
ol B TR BT A GG A2 ) L AZ A ) RN Ho At B A o {4
WA Z oA, Z2EFEYERAD A 2
A TPT 2, 1M FF ( Amaranthaceae ) #1146
#} ( Brassicaceae ) ¥JJit H A 1 4~ TPT HERHE7T,
FEAEFEYIIA 4 4 pPT WA, 6145 BERR M/ R
Fam AR CTPT ), WA MG I PN /B PR 55 32 AR ( PPT ).
% e -6-BE TR /B IR i iz R ( GPT ) A B IiE-5-
WEIR /IR i ia ik ( XPT ), 4rillf%is A [F) 0 b
PR I AE 45 A R 48 rh R 35 G AR S R e
TR A T g VR W 7 o ) 2 R B g ) 2 2
H R0

fEat R LR, X TPT WA B REEA T
T AR S o S ERAE A TPT £
s/ AR IR &, R PR AR (1) 2 B0 JC B e iy AR
o HE—2LMWF5E &, TPT i MEREIRREE AL iE

[ A9 s B A7 D R e A, IR AE D IR B[R] it
HEANTERS B AR T RN T TPT 3 M il k2%
Ut BRI b ] P B OC AL (Pi), DIERRY
S B e KRS ( Oryza sativa) #Y
78 TPT SEPR MR T v ERRVR T . JE R Al
AR PR & b | A A R R, FLAE R
AR, I I I B U B A7 AN BE M K AR
TPT 245785 Sk iy s i

H 1 ( Saccharumspp. ) iR JE KD & f AH XT3
I, DA T B TG ¥R R FH 3 o 5 A0 it 25 SR A 2 Pi LA
%t 24 R A2 FR A (R A o] o ZE AR 5T
ST AU Hi A A 5 SR OB B 22 5
( ROC22 ) " 50 B 15 21 B Fe TN WE % 4z 1A 3 [
ShTPT, FIHAEYIE B 27 J7 B v iz 58 By ik v
JEEAT TN, 43 H H A0 E S L. R
K QRT-PCR AR 4341 ShTPT 3 K 76+ 5 e A
Yl aa 5 0F R kB, DU ShTPT 5%
EEHEEER R . A4 R0 o H bt
ot A% A R PR AL B B SR T I

1 R 5FE

1.1 ##

1.1 Hap At PRk S H R 5 A oE & b
22 %5 (ROC22 ), F#EHFIBTHA £ ROC22 AL
LY e R RS G A S = B S
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PEG Jila b BEAA R R ROC22 ARG, AR
R, TR MR TR AR R A
1.1.2 #HMARAH 4 DHSa JBZAM H i
ARG BRZA ], pMD-19T I [ TaKaRa 23,
pBWA (V) HS-ccdb-GLosgfp AN SLL = (/- AT
1.2 FHik
1.2.1 ShTPTAK 4K CDS £% H0.1 gROC22
MR, FEorBEES, A Omega /A ] RNA $HUL
M &L EUE RNA, JFH RevertAid First Strand
cDNA Synthesis Kit ( Thermo Scientific ) & i cDNA
Sk, BRI Gl 20 CIRfF
R T e S 20 B AT NCBI Ml 345 5 M
519 ShTPT-F/R (% 1), LA cDNA Sm#itk, FIH
=% EL i 2xPhanta Max Master Mix ( Vazyme )
7 PCR Y14, W FEJF: 95 C 1 min ;95 °C 20,
58 °C 30s, 72 °C 1 min, 35 /™ME#H; 72 'C 10 min.
PCR W12 1%IRNEWEEEI B UK IR, el 4l
RIEFIFH TA TifeS5 pMD-19T #iki&E#:, #1k
DH5a KGFFRIERZ A, E 2 R R ik L&
B PCR #EATH0IE, 24 TAY TR (L)
JBe A5y A PR W) HEA T Bk o
1.2.2  ShTPT £#15 &F 4541 X FAFHY ShTPT
Fr A AT A A5 B 2# 0 B o KL SnapGene 3k 7145
#| ShTPT Z LR 741, 7E NCBI Wk #E47 )7 41 A
P X FH DNAMAN $fF 47 2 5 5 91 He
Xt 20 FHE KSR 7E MEGA 7.0 )i
HARG A . F Prot Param ( http://web.ex-
pasy.org/ protparam ) 7EZ& 4K {1 #E 5 ShTPT 2K H 1Y
4y F B S FALYE R, 7 NPSA-PRABI ( https://
npsa.lyon.inserm.fr/cgi-bin/npsa_automat.pl?page=/
NPSA/npsa_server.html ) il SWISS-MODEL( https://
swissmodel.expasy.org/interactive ) 7F Z& K {4 %} H
TRET N R FEATHUN . ] NetPhos 3.1
Server 4% ShTPT AT R b 157 5 T
1.2.3  ##& ShTPT-GFP @& F & H kst ShTPT
WAT AL BT STPT FR R SEHEY 14 5|
Yy ShTPT-G-F/R (£ 1), 51¥Piim5| A Bsa 1 i
PIGE s, THF IR BRI T, LI ShTPT-19T
R, 28 PCR 471G R MED), SAAMEALR) pBWA
(V) HS-ccdb-GLosgfp B, b RIGFF i
Jeil IR FE e, PCR & fFik &L T4
TR R ) A BRA w AT
KokRERRZE 7~15 B, #%8 Yoo %
5 R BOK R i R 9 AR AR, KA A Y

pBWA (V) HS-ShTPT-GLosgfp fili & JFhi % A5
A FRSEA TR SR ik, Bn il i OB IR B
5% ( Nikon, C2-ER ) #FWi%E ShTPT £ H V.4 ffd &
(ISP S i Ehi
1.2.4 HE ShTPT 89 £ 5+ & A o4 dE A H )4
K Z AR ROC22 HFEIFFY ShTPT 78 H A
[FEBA A RGO, A BIICE-1 1 (IL ), +1 if
(ML), 1-29725 (S1), 4-5 7525 (S2), 7-8 1%
25 (S3). 10-11 1528 (S4), 12-13 1525 (S5).
14-15 7522 (S6) FIAR (RS ). T Wi b 3%
K E 6~7 MY ROC22 HREH I L, 7E S A 20%
PEG6000 ) MS & rh it A7 iiae Ab B, b 33As ] 43
B0, 6. 12, 24, 48, 72, 96 h BPHUEE, #PRHEL
FEE R R AR E . BB E 3 M EY R
2, PR RNA U sk 1.2.1,
MR 345 1 ShTPT J¥ 515145 55 51 9 ShTPT-
Q-F/R( & 1), LIRS H i 1 i &l 3 K GAPDH )
NS ER I HBENZS514 GADPH-F/R( 3%
1). FIH Roche &[G qPCR {¥ Light Cycler 96 i
T RT-qPCR, WA % : 2xQ3 SYBR qPCR Master
Mix 10 uL. /#5149 (10 pmol/L ) 4% 0.4 pL .
cDNA #i#g 1 pL. ddH,O 7 pL. WV FEF: 95 C
2 min; 95°C 10s, 58 C 30s, 72 C 30s, 404
PTEFR . BAEEMBEE 3 DA R 22 AT
B ShTPT M X} 3635 5 . R JH IBM SPSS Statistics 25
B A 3 PR R R Y O 22 40 BT X ShTPT 1335 7K 7
)22 53 B PRI TR K o

&1 5IMER

Tab. 1 Primer information
GIEYE S FI¥FE (5-3") ik
Primer name Primer sequence (5'-3") Usage
ShTPT-F CTCCCACAGACTCCACTTCC IR T
ShTPT-R GTCGACGATGTTGTGTCCGA
ShTPT-G-F  CAGTGGTCTCACAACATGTCGGC iy 4f Jifd 52 {ii
GCTCGGAA
ShTPT-G-R  CAGTGGTCTCATACATGCGCTCTT
TTTCCTTTTCTCC
ShTPT-Q-F  CATGCTGTCGGCAATGTGTT R
ShTPT-Q-R  CAAAGCAACACCCGCTATGG
GADPH-F  CACGGCCACTGGAAGCA A
GADPH-R  TCCTCAGGGTTCCTGATGCC
2 HRE5SMH

2.1 ShTPT EE=E
DUH BE SR ROC22 M A A cDNA AR #H ,
FEESEYES | W91, /45 1300 bp A4 U4
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i CE 1), gl Bon RS S P —2.,
H BioMX 2.6 Bt %t ShTPT R ¥ 513414097
CDS K 1221 bp, Zwfih 406 PE KR .

M 1 2!

1500 bp
1000 bp

M: DL5000 DNA marker.
E 1 ShTPT W=
Fig. 1 Cloning of ShTPT

1 50 100 150
Query Seq. |
Specific hits

Superfamilies

22 EYEERZESH

i@ ProtParam FEZR X ShTPT & H#E AT
ALY, 459 R, ShTPT A4 &N
43.63 kDa, “EHL 5 (pl )N 9.80, 43T 3K CaossHz1s4
Ns5120526S11, 5 A NZAFR( 13.8% ). ==& R(11.3% )
GF 20 PR LR, AFRUE RECH 42.51, KR
9 0.583, JE—FARE B KR .

ShTPT & HHA —4> TPT &ifglsk, &1k &5t
%N 103—401 {37, ShTPT P EAHY TPT X
JERE A MRS XS (8] 2), 7E NCBI M3t
AL S AT Xt & B, HRE ShTPT 5 i 3%
SHTPT./K#& OsTPT . WA # PvTPT . £ K ZmTPT
SR AR A MR RSP S RBR, (BRI 2
[ AETE DB SR i 25 5, Hoh HRE ShTPT 55
3% SbTPT A5 IS E] 97.04% (& 3 ),

A RTINS R BN, ShTPT &
i) a-42iE (alpha helix, Hh ) 7 bt 51.48%, JCHLM]
£l (random coil, Cc) /it 40.39%, ZEfH%E

(extended strand, Ee ) It 8.13%, JC B-#%4ffi( beta
turn, Tt ) FHABTT/E (K 4).

200 250 300 350 406

P

TPT Superfamily

B2 ShTPT3EBMRFLHHM
Fig. 2 Conserved domains of ShTPT protein

B =R R T 45 R i R ShTPT HAT 5
SER, AT o-BBNE . TORUINE i AAE R, H
B o-BRE I SE R BS I (1 S), SEA 9
S RL T 45 R —F

FIFHAEZ AR/ TMHHM X ShTPT £ 1 1) 5 i
SERHEAT RN, R BHEA 9 A~ S S RS54
B (& 6A), 5 ShTPT =gk 4546 Tl 4 S —3k .
FIH SignalP-5.0 £ LA HEAT 15 55 IR TR 45 5
INZEARNSTHE SR, F£W ShTPT &—4
ANEFAES IR B .

X} ShTPT B A HEA T 2534 &3, ShTPT
FAA 20 4 Ser (2242 ) 5. 94 Thr ( 2
) P, 24 Tyr (BRERR ) 1 i v] & AR B L
B4 (18 6B ), H#EM ShTPT $Hi%/5 Al Al i w iR
et & FE L D)RE
23 ShTPT EEM RS H LS

L Blast HoXf e PR EL T 10 25 H

B ShTPT AR EMHRSWEAITFS, i H
MEHA 7.0 #4388 o 2B #% 7% ( neighbor-joining
algorithm ) W RGN, RIBLEREW,
JE ShTPT 53 SbTPT [WVEMEM &, #R K7
—/NZ, PN HX R BRI E I R 97.04%. 55
A ShTPT 5 [A]J& RASFHY £ K ZmTPT . 3E SiTPT .
7% PmTPT. M4 PVvIPT. /KF§ OsTPT. /N
TaTPT MR R R, BRIAER —FHp. 1
J& T AT A 3 5 PSTPT . SR IT AtTPT 5
3% SoTPT WP T I —#E, S HEE ShTPT
FGXRREE (F 7).
2.4 ShTPT IFE40fE7E i

| H Plant-mPLoc 7F£E ™ 3 7t ShTPT f43F
YE L, 455 W HRE ShTPT a2 v 78 4Rk
RT BRI R, WE T pBWA (V) HS-
ShTPT-GLosgfp fillGRik#ik, 5 pBWA (V)
HS-cedb-GLosgfp ( X} ) 435l % A KRG IR A= {4
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HE_ShTPT
Ei% SbTPT
JKFE_OsTPT
Wk _PvIPT
AF_SITPT
J/NE _TaTPT
EX ZmTPT

S S S R

‘HBE_ShTPT
% _SbTPT
JK#E_OsTPT
HikeBE_PvTPT
#AF_SiTPT

3R . ...RAAFAPATAAFSHL . . . .FAGTAKCAA .LECAAFTIVIWCR!
R . RAAPAPAIAAPQLH .FAGTIKCTA. VPEAAPIVWCR

'R RAA PFPQGLATP AHLPPIKCAVLPEAFCIVWGR
3R . RAAAPPFPQAIASS....SHIPPIKCAAVFEACHLVWGR
3T . ...RRGPAIAS....FL....FARAR. . AGAVHCAGCLVKCR!
AR . RAAPAPAIAAPSHI .EAGTVKCAAAVECAAFIVIWCR

JN#E TaTPT  CAS,KRITIR
EK ZmTPT  LCGFARRHTL(

B ShTPT
% _SbTPT
JK#E_OsTPT
Wik:#E PvIPT
AF_SITPT
/NZE _TaTPT
EX ZmTPT

HBE ShTPT
TR _SbTPT
JK#E_OsTPT
Wik:RE PvTPT
AF_SITPT
JN#_TaTPT
Fk ZmTPT

HBE_ShTPT
=R _SbTPT
JK#E_OsTPT
Wik PvIPT
#AF_SIiTPT
/N TaTPT
FK_ZmTPT

HBE_ShTPT
E % _SbTPT
JK#E_OsTPT
MR PVTPT
#AF_SiTPT
J/NZE _TaTPT
FK_ZmTPT

TQNVQF A AVQFAHTTKATFFFF AAATCEUT G

TQNVQF AVQFAHTTKATFFF AAATPE:TG

IGF TNAMTSNTSFTYRSTYSKKAMTEMESTNVYAYTSTTR
CFINANIQNTQFTYRQIYQKKANTENEQTNVYAYIQITH

B 3 ShTPT SEERFF 5L XY
Fig. 3 Amino acid sequence alignment of ShTPT
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WO a-BRE, LLENIEMEE, SO R, EO TN .

The blue is a-helix, red is extended-strand, green is beta turn, and purple is random coil.

B4 ShTPT EBRZ-KLEHHN
Fig. 4 Prediction of secondary structure of ShTPT protein
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AGGLICEFTISESS
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2. .LILEAAILES
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400

406
406
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404
402
409

HEATWERT 335, BFSE ShTPT MY 47 o 45 AT EBL, ZEAN B R Rk, 2
K 9), f£ 20% PEG6000

WoN,

20 M

5 GFP 25 3344 7K R I A o4 1) 41 B A FAR A i 2 3k A (
2R AR S5 YA 9, ShTPT-GFP fill

FLA T 508 F , ShTPT Ay ik 2 TR+

FEA RS PO (B 8), RM %, 1624 hikFIEmE, N0 hFikEm 2.2

ShTPT J&—Fh &R iR e & A, 5 4 R —3%
25 ShTPT EEMRIESHT

kX H R ShTPT RN BEAT5O0E = PCR - filia .

fi5, 48 h BFFE O h () 1.3 £i%, 96 h B X [nl T+ &
0 h i 2504 F (& 10), B ShTPT Wi i + 5
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5 ShTPT ZEABR=REHH TN
Fig. 5 Prediction of the tertiary structure of ShTPT protein
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A: ShTPT transmembrane structure prediction diagram;
B: Prediction of phosphorylation sites.

B 6 ShTPT EEEALMERST
Fig. 6 Analysis of physical and chemical properties

BERRILER
Phosphorylation potential
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of ShTPT Protein
% PmTPT
61 L PVIPT
0 SiTPT
ZmTPT
05 — SbTPT
100l A ShTPT
— OsTPT
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PSTPT
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7 TPT EBRGHUM O
Fig. 7 Phylogenetic tree of TPT protein
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B 8 ShTPT il 48 %E i
Subcellular localization results of Sh'TPT
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Different lowercase indicate significant difference (P<0.05).
9 ShTPT EE#EHEARALRNREST
Fig. 9 Expression analysis of ShTPT gene in different

tissues of sugarcane
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10 ShTPT T EAB THIRIE
Fig. 10 Expressions of ShTPT gene under drought stress
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IR [E] € K3 (G A i 48 58 A pME2 , IR IR (e
o3 88 fift hy R 2 M R 22 ZE I X, I al o 22 25 0
izt (MEX1) MaE#sEE (pGleT ) H
HE R A, FERI T, TR Rt T
REA LR EIARTY, SRR RS R AT
LM B, RE W AN S e Ak 1 BE LT
SRR, HKRZE Y — RS EREZHER
pPTs (5~16 1) UV $URGIFA 6 4~ pPTs, fL4F 1
A~ TPT. 24 GPTs. 2 4 PPTs. 1 4> XPT), Tfif
MEAH 441 pPTs, HHH 24 TPTs, 1 AN
PPT, ULJ 1 ANEM ) GPT/XPT!™, TPTs 11K AE
HE A S o S R A A 3k AR R R R R
1M XPT &8 Uk WIFE OGRS OGS ia iy —
R H M, e — e BE FAME T TPT TIRERY it
S0V DR A R B R AR AR LA
VER), ¥ B AE Ao . B IR A0 — B R H i
OE TSy s B (T oY/ SER N DGR VA R AR AW B
FEAERZIA DT IR 45 R R R G 42 AR 1 R
WS BES AT ROC22 Hhafe T &4 52
# cDNA 751 ShTPT LA, f Hi 2 5 10 & FE 2
FEAVEAT WG B2t BT &3, ShTPT A HEA
1A~ TPT 53k, HA MY TPT ZIGFEAT 1) $L7
PRAFIX 3k, ShTPT (V. 4 A 2 437 45 SR A ol 7w e 2R
FIE D e 2R, At b aeak sy, 5 A
YEYI R RIFFE 45 1 — 30, vI BB RE A% PRl ma 17 3E A=
Py PO TR AR TSR, FIRR
IRCAGHAR IR T, A FRIESCR TR, &
Lok AL A AR T Fm i 3L HxK, FK,
SuT. GPT. FBPA, SuS, SPP. PFP %k %
O A 7 T R O R ER A N 5 2 N |
JiEL R ) = Wl R R A, TR BE i ( Withania
somnifera ) HB IR A % 42 R 1) 56 R AE T 2 i
FIAFE IRk Rrp B T, X R E T R
B, =R TR AP A
Wik B, TR S R S ARG 12 PR SE R R
FHE RS, AR A AR, HEN S
VRIFIIR A5 A, AR ] B4 6 DR 520 mT R A7 A P TR AL
i, AHIE A DD RE 2R FIAS [R] A S R SRk fE e 22 57
TEE K (Zea mays) Ay 5 Ab FR B R A W 4% 42 K
IR TR BN — B 50 S A R
FUER B BRI R, R RI R R TN
Wi 2 R D BE TT BE SRS TR A 22 51, Ak /s
R TR TN R 8 IR R AR BRI i R AU B R AR

k., M7EMLEG ST ( Arabidopsis thaliana ) HI4H &
(Nicotiana tabacum ) H & WL 21t A8 1p 1 2
DL BB DI H R ShTPT A RES 5 HEET 5
FER I am N 2F T HAE FHAILE A AT e e Pk
DRI RE R TE AT, KR TR T R
S TR A e BRI

AW H BE R e SnTPT JEIH, X H 3k
K 51) Ko %) o 2 1 &5 R - AT AT, 9 X
FEA [R] 2H LR 5r v i RG8 DA ST B4 F P Y 3R
IRBLA AT, MRS H R P A R
2%,

£ % Tk
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