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Expression Characteristic of Translationally
Controlled Tumor Protein during The Interaction
between Wheat and Puccinia Triticina
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Abstract: Translationally controlled tumor protein ( TCTP ) is an important regulator involved in plant
growth and development as well as responses to biotic and abiotic stresses. By taking use of Puccinia triticina
physiological race 260 and four wheat near-isogenic lines ( NILs ) that form combinations with different affinity
degrees, we investigated the expression of TCTP at transcription and translational levels using RT-qPCR
and Western Blotting, respectively. The transcriptional level of TCTP was significantly up-regulated in the
incompatible combination, but this was diverse in NILs with Lr gene. No obvious change trend in the affinity
combination was observed. Gained from the results of TCTP mRNA and protein levels, the expression of
TCTP was found to be modified at both transcription and translation level during the interaction between wheat
and Puccinia triticina. It is speculated that it may play a positive role in the defense response of wheat against
Puccinia triticina infection. This will lay the foundation for further research on the function and mechanism
of TCTP.
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B 2 45 1 s & 11 (TCTP, Translationally
Controlled Tumor Protein ) & #% Q23"", B T I
cDNA $5 55 B Ao 40 i rp A5 31, HOH SR 7E Bl i
K v, RS 4. K&, TCTP
FE A KOF b B B RS IT 8 B I 240 i o
VB T2 HUAFAE T S 4 R W) R L T T S R A
Ji v 3 ) Y S g A B G, I B
AT R M R IEIN . FEsh¥h, TCTP AT LA4R = 41
P A T AR BTS2 s RS B R
EEE SV i ) PR s ST oo IS A 0} ]
TRONGHOE 5 S5 240 L S0 4 R A 3
ﬁ@{ﬂo

Y TCTP MIWFSEEA T 1992 48, A BFFEE
S B TR R IR AN 4% 1) cDNA SCPE 43 i
3 TCTP 4K, itk — 2 Wik o5 e B AT DL 4 i 157
ANGEIERR , 570N BURT S B F i Fif e 28 11 A ) D8
PE 43 5] 85 3K 42.70% F140.80% 7, Betsch Z5'% %
BT RS T A S ) CSN4 Al G1/S 5 SER
AR N TCTP 5 SRR 0 A 5 v #i R
dCSN4 1 dTCTP I, FELZN BG5S A CULL 2 &4k
() RS S AEAE ZEAL I BB 5 SR dTCTP AU pg I
AtTCTP W] L) A 52 35 DR e 2 1 3 o %) 240 B 1 .
B, sl L2 B S ALY =2 1] ) TCTP A
A Irte LRLRSFHLE] . BARXTHEY) TCTP R
e, (H B 2830F B TCTP 7ERLY (A [F) AR 42 1ok
FEh i AR

Tao 45" FEMRH h R R, % M5-S040 NETCTP
5 32 (R B NTHK I REf e 45, S 2
S AR SN, I T 440 18 B, A1 32E A 40 4 1K 5 Toscano-
Morales 25" " (ITFIE K IR, AT B4 Ab AtTCTP2 (1)
I R A A B e AR AR A RE 5 A 4
5 1 AtTCTP1 XUl RE TF AR A= KA — 2 PR R
121 Chou 2"l 3 FSY TCTP [RIVESLH Rpf4l 1%
ARSI B A e VR, UESE Rpf41 2 5 RHE
YR G U R RN T, EAME R
B, OSTCTP [ i@ i F& Ak ROS 7K, 345k K A % 7R
(AT 52, AEL X SR 78 AR H 18 IR WA R R 52 6 B & 41 i)
YER ) s MaTCTP 7E 514 % 4 CARIRA 35 “CRii
it 25 198, GmTCTP 5 GmCDPKSKS
A, IR 2 5 K X I A a2
AtTCTP REMSIE PRSI ST P k7 5 CsTCTPI
H1 CsTCTP2 1F [} i 45 3 IO 1 Jiip 38 FNFRB A 1)
25 AR T PR T SR AR M 5
Jie 44 v, HPTCTPI 5 HbTCTP e % i 2 HIL A 45 173

AR 052 B AT R P R A R, HL7E &R EfL R
LRGeS 5XHBIZIE DNA ff o2

TCTP & T = 54 6 A1 A= 4 3 55 1 v 25, 1
AIREHIE TCTP FEAHY AL P36 o 7 v 4 4%
HEMEM., BUATE R, TCTP G Bk i 2
Tl AL R AR R R AR e T A M 2
WO RN R R FENE S A TE
YEad B2, R VIGS U8k TaTCTP W] DL 4T %
UL Hy i

ARSI 2 — BT/ NG R AR A1 5y
THLHIBEFE , T/ INZZ XoF 455 B A B/ INF ) e S BT
PEFF G 3 PR SE PR, 55 B/ N 1) 28 S0 5 380
AR PE AR B e 2 1) E BRI . SRATT IR/ N BT
590 4> T LTI T 4 AR ) S e (5 5 P 45 ) F
FATMARIE LA HE PO 2 G EH S, Ji T
VEUEBH, 6 /N2 HIRPU I 45 1 4 Y B v TaTCTP 1]
BEZ 5 T X7 TR RL RV & 2, 3 HAEW] TCTP 78
YA R AT TLP' R SnRK 12 % AEAH B AEFH .
I FER BT R S5 I R TeLr26 545wk
FH/INRP 260 T JBIASSE FIZH S 45 TCTP Zhfignt &
B, 24 TCTP BLUTERIG FEAR T /N XTI 455 BT (R Bk
SO T A E RN HR TR, R E TSk &
(REZR ) SR, AR /INZZ SRR 455 B I B 1k 22
SEH, N T R4 B TCTP 78453 51 & 1Y
28 R TR AR AR 56 R FH RT-qPCR il Western
Blotting /773 , %% 55 A1 B0 % 9 A~ 7KSF-AF 52 AS ) /N
YU SR N R SR EAEL D TCTP
()R, DO it — 2501 5E TCTP 1Ty RE$2 44t
RIS EAE , IR AR ATRT/INZZ HBT 55 TR AR G 1) 43
T B He itk

1 #RERE
1.1 Rt

HE /N E ( Triticum aestivum 1.) 95 FH T M 45 i
45 3 R 2 TeLrl [ TeLrl0, TeLrl9, TeLr21, i 32t it 55
B ( Puccinia triticina, Pt ) A=/ NFh R 260, /N2 Fh T
-5 TR A3 Hy T b Aol R 2 A Bl 22 B
) 300 8 A P 2 S B AR A, AN [R/NAE 3 A B T
Z ST AR B IVRR 260 2H 16 AR BEAN A B 24
(%£1)
12 REFHE
120 NEMESEMEM R Qiao 25 KTy
PR NEREAE N TR R AERKRE L
e A T, R4 i AR B IVRE 260, 0 T 4R
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Table 1 The combination of wheat near-isogenic lines with Table 2 Primers used for RT-qPCR analysis
Pt race-260 EIETVA S JjERCS
A o IS5 —3 ) e
I H BRI {1 YLy Primers . Primers
Primers sequences
Item Degree of affinity Pathotype name purpose
TeLrl = 0 it-TCTPF  GTTGTGTTTTGGTTGAATCAAGAG RT-gPCR i
Feill TCTP
TeLrl0 = 4 ENESSY
TeLrl9 w 1 rt-TCTP R TTCTTGATTTCAAATGATATTATC
TeLr21 7 0 1t-GAPDH F CTGCATCATACGATGACATC RT-qPCR
N - SRl
O HUfi, A7 HR SR, I 480 JG M55 40 5400745 12 47 HR S, CAPDI "
W A E RN TR R A T s 4 8, BRI UE 15d A TE Tk
. e i
I 2R EH AT 5 S T4 :
rt-GAPDH R TGTCACCGACAAAGTCAGTG

0: Disease resistance ( incompatible ), HR response, No urediniospores
of Pt on the leaf surface, 1: HR response, and there were scattered
small urediniospores of Pt on the leaf surface, 4: Susceptible
( compatible ), a large number of P7 urediniospores on the leaf surface

at 15 days after inoculation

Ji0h.8h.12h. 16 h.24h . 48h.72h. 96 h, 120 h
S BAERI F RR RIS T -80 C YR AR vk
O

1.2.2 RNA BYIREUE cDNA BIE R /NZ 5 RNA
) HE IS cDNA 16 2 B A T4 7 (1) UNIQ-10
# 32 Trizol &L RNA il #3457 & A1 TaKaRa 4= 7= 1)
PrimeScript RT reagent Kit with gDNA Eraser ( Perfect
Real Time ) % 5855 & va B 51 7

1.2.3 RT-qPCR5I¥i&itRRE #4E/NE TCTP
FEH (IWGSC £ i) : Traes CS4A02G169100.1 ) J¥
51, % 3+ RT-qPCR 5| ¥ 1t-TCTP F Hl rt-TCTP R ( &
2), LA R A B cDNA AR, LSRR 514
HEAT PCR 414, LI TaGAPDH 314 5 45 kE
AR 3T R 200 Ok B R s
AT

1.2.3 ZEHRAIREUKR Western Blotting 787 =
AR TF 952 07 U, T4 R 1 BORE  HEAT SDS-
PAGE H ik , i 5 H BT SRk FH 9 SDS 28 73 4 Ik Jie #5¢
e G5 — H 5% W 45 e R 10% 53 85 e, HAL Uk 58 B,
¥ & A % % = PVDF I ( 52 [E Millipore /A 7] ), A
b5 7S AR IR A ALl 48 B e bt TaTCTP $T 1
H N —¥0, HRP AR W EHi A 1gG 2 —dt, LI/NE
Rubisco K%Lk N 2 85 11, F1| ] Western Blotting
X} TCTP 75 Bk V- 3Rk 5 (B A7 58 e . W
XM R R BOGHE T Mg, i Imaged 3K 7
X 2 G 9 BRI R S R AT R AT I R B A B A
T

2 FER5HM

2.1 TCTPEFEENEREEERRZSHEREED
R RIEFHE

& 1 AT, 78 B TeLrl0 5 W45 T A B /N Fil
260 TE 110 3 ML A b, TCTP (1) 3¢ 3 1 Fifi 422 b Bisf
(i) 14 S0E A< W A 15 0, (H AR AR G ORI i, 7R
TeLrl TeLrl9 Fl TeLr21 5 M55 &A= # /N FF 260 1
WA E R A, TCTP 1 3% 3k 2 [ 2 R st a] (1)
JE AR RN B S T R A A R e T
Ja N R AR e T . e, TeLrl
FTeLr21 Hz 0 it 55 0 5, 23 5 6 H2 70 J5 24 h Al
48 h ik B Feik e, R 5Z 0 h 19 4.92 f%
1 3.82 %, B J5 AL G348 T N R JF 423K 0 h 9%
IR 5 T T 5L R 2R TeLrl 9 55455 1 A= B/ N
260 IS SEFNL A, TCTP (%K B [ia]
Y E A 22 B b ¥, 78 16 h 5 TCTP 3Rk
AR ETE, AE 24 h (R EJE 0 h 19 10.01 f5, 2
JE2et8 ETF, IEAE 120 h AR ERR(H, 8 0 h Y 13.12
A ST TR

TaTCTP W s K- AEAN [ AL G T R 300 22 5%
FEIR LR EE R 2 5 /N2 X5 B AR RO, I
XN BT A IE R EAE . BRI Lr JE
PRI 3 14 B TR I mT e & FE P E A T ASA], fA
15 —4R1 =, TeLrl9 h TCTP BEH )32 3K8 2 #F
LG R R, Ry LA TN, X FTRE S Lrl9 XA
[F) 45 TR A B VR B T RS TR B VA DG . X
TE—EREE LU TCTP ¥ TeLr19 HhBR T Wi Iy i
G| & WAL BT DR N AMA S Lrl9 5 ST
PER N o
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Fig. 1 Transcriptional characteristics of 7CTP gene in different combinations
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W LRI AT, TaTCTP 7855 55w g it A5zl oA AL 2 AT FEAR SR AL & v, TeLr!
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Fig.2 Translational characteristics of TCTP in different combinations
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o TCTP 2 H7E 42 M 5 8 h i ik HF bn B I+ A
FE 12 h IR R 2 S5 5425 16 h, 24 h J§ TCTP
EHMRIAE D E TR, TcLr2] H7E 8 h RILH
TCTP fE ik L, Z )53k T, 24 h ik
FEAT 0 h K-, Bl 48 h ik X FFF, 76 72 h &
IR, 120 h MR E 2 0 h kK, 155
FLR TeLrl9 Wk THEHERNG 16 h KR IE Z A1,
HTCTP 8 110 28 35 1 76 45 B 0] s 3 DR FF 3 i 7K
-, HAE 48 h ikl i, Z e kA B MR, I
FE 120 h 23 0 h KF-. AEE MG TeLrl0
FEAS B ] S L TR A 3] TCTP 2 Y 335,
JUETEHERNG 12 h A Prgeak (K BE(E XA 5000
%, M TCTP H H W RIAEE AL, & HAEF Sk
ik, BB RIEAE ML A TCTP Wi o7 45 7
G, AT REXT/ N BTN A IE RV E ] (HTEA
[F] Lr ¥ 5 TCTP RPN, kg A%
YRR EEAIAIL I o] BE AR TA] , I 78 3 f 4l & TCTP
JUFAZ 575 R ARG A iR 1
3 itig

B g 85 I FE DD RE B PRSP, A
YK EZERERN T, S 50K i
i o7 76 P ) 2 P AR P 2sad i RV KT T R R
FEH) TCTP 7E 55 S5 /K- 10 o7 338 5 1938 , {H 7E 454
i [va] X 2 S5 R0 3B 28 R > KT R BF 9 B A G . AR
ifF5¢ RT-qPCR 455 ([l 1) Fll Western Blotting %5
(1 2) B A /N DU 453 4 L TR R 5 g T A
/NI 260 FE R A 25 FLl A, TCTP TGigfEf%
SR KT I 2 B R KT X6 5 TR A AR e 34— i)
JNF, #BE BRA = I R KO LR TR Lrl9 5t
TCTP SIS B[] A i K -2 58 X AT B 5 Lr19 Xf
ASTR] Az BEANFP ) T3 Bk 6 (H I S L R R
TeLr10 545 5 A= B/ 260 JE RSB AL G,
TCTP JCie7E 5% s /K Vi & 2 11 B K a4 sy
(] 9 44 AR AL AN B i FIAEIER, TCTP 25
TN S R e R RN B A
EPEEER

EL A W 58 2 0 TCTP [ 1 36 35 18 5% s K F
FUEPEAKOF- #0832 B8 45, 24 75 Lk 1 2 41 fif
TCTP /KB, 407 40 A R 840 1 Hp, B3 7K e
HA AP A AT /DN B PR R K 40 i 2 BR
TCTP mRNA L) K& A $3 1 mRNP JkL 1) JE =X
FEAEY KW TCTP 2R 194 1 1] g2 B K P
file LN TCTP A mRNA &5 FEZ5F 1Ly,

ELA B B4 ] mRNA FERE, 7T LLIE PKR
BH 1l F1 & %), TCTP mRNA (1) Bl 3%t 25 B 4K
fi T eIF-4E ), 3f H TCTP % 11 7] 5 ¢EF-18 H.
VEDT, FEREFKE b R T SRR TCTP 15 %% 3
IR S 30 85 B 3 A, A ST & BN 26 4 i TCTP
) 5L X TPT1 %% 3% % CREB 41 % 1) cAMP-PKA {5
SRR MR MR & PS3 5 TPTT N I
WFHY PS3 R4 A, oA A 4N i v ) %
S0 A6 IF R 40 e ( HCC ) ¥ CHDIL 5 TCTP 3%
YR BT IX G54, T H 0

BARA KEF 5T R W] TCTP 335 52 §5 5% Fl B
B2 AKOFR R s iR 2, ZEAE A 5 1w, FA T %
T TCTP FERFRk A ALH] 1 ff e A5 —42
(e , AR SE F s B SRk 75 B KT (45 51
KI TCTP 19383532 B F S A B 2 KRR,
0] DLER A A E AR R Lr SR A5 00/ N2 3R
BRI H, — 5 THT A B AR G /INAE B R I R A
SO E S RIS T TCTP FER % 5%
KB FRIR , 3 — 7 TR BRI K T R 4 LA PR e A
Kig TCTP & H k2 5 B AL BT b, 2T
TCTP M EAARAE AL A 75 2 F 5 22 9056 in DA
ek,

T X Ty S S TR IR K £ R AE
1ot A% 2wy PR 4 2 2 T A 5 3 PR A 2R T 3 i )
SER TN T 40 A 72 b 2 28 45 1 58 AH X R ik
A BB BT TR 00 S 0 VAT I 28 R AR 4
T4 AL S T P4 TR e PR N I S
HBHRAIIT R 2 25 R A IK7E 8 h Sk
fih B 5 . B35 & A O, 7E 24 h 5 Lr A i Bl
P 52 ( HR, hypersensitive reaction ) it & 4= % VI A
Ko N T2 TCTP E/NE P45 R e
T B AR R ASBIFSE DU SR RN R A )2 T
AT X 4 AN SRS ) R 5 S TP B AN 55
5 2R MALA H TCTP YA Edb AT 1 SEt W,
45 FAE B TE A SE AL 5 vh TCTP W) iy -5 B 1) 4=
PeAg 55 KO A 2Rk, HEAR R 32 355 SR BRI 2 4
K . XA B IR A TX TCTP ik
TR ATRZ /N IS5 T B TR N L],
PRI FRATLERE N ARA T AR h it — 4 JF & TCTP 1EAH
Wz VR I 2% v i D e S HAE P B AE ST,
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