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FEE: VA2 B BABE Bl 2 B (CsTK) 35 AR Z T2'-242T2/-4vA B 2T 4 A NC08-1" A X p, AFR CsTKI Bk AT 278 (40°C) T
HING G % A (P, HERAE-1,5- B BR # A0/ A0 B (Rubisco) &t B mRNA K Lk S Aert 45 & A A 09 Frh, 4
R AU, 5 AR AR, 24N KU £ 6955 B0 B2 B (TK) 7%t A2 CsTK mRNA#) £ A 5 2 F A%, SR Mia2 e, R4 et
K #P,. AT E(G) A BABOB R FE h Hah 6 Al F M 4848 8(Plygs). Rubiscoi® P4 & mRNA KA & % & 40 (PSI)#
M3 B E K, T CsTKA mRNA R X & TKE AL CO, (C)IRE A B FT 5, 1224 R Xk A& S48 AT LR T A R AR
R, LET2-4 %A%, CsTKREKAnB) T &im 4 T %K% v RubiscofaPSITE H 64 FA{K, A fn 55045 R L CsTK N4 1 44

FAAE R ARk B A K, 3F & imd b T A,
KR CsTK; R, &0 ek &, HK

FIGEAE T HOGiR = F R —,
TERSE R R 4 288 =R (>35°C) RIRFIE
IR SRRV A, T8O 5 16 A RE 7T
BRPEGKRITLLAE2015; XIfH452009; A B 5%
2004), B I A K 52 21 B 2], S0 = =R
JURHE PG PR, B9 il T 3 TR0 & R 1k,
PR BF R P2 LB B2 2 2 T e = A A i
TR L.

AN FE 48 H, B R IR SC-ARRRAE R 1)
2 Tl A T A R0 2 DR 3R 0K T 35 I P L P de
AR B R R (R SR 52008 B
I252011), & EREE B (transketolase, TK)Jg& —FfifE
ot PR I i 2 IS IR Il L e R AR A TR Dl W T
L HE SR AR WALy, ARG . &I IR A4
HERINAEDE AR LY (Kochetov 2001); £ 5=
Y2 5 Calvinf§ 35, R T 06 A0 T e -3- 05 IR
VIR WE - 6- T R S 87 7= A R T B - 5 - B TR R 7 gk
W -A- Tl TR A8 3 T Vi RS - 3 - Tl e AR 5 T B R - 7- B
T 2 A8 DR R B AR - 5- T T R A B - 5 -1 IR (S chenk 55
1998). Henkes%5(2001)F5 i, 4 TKIEPEFFK20%~
40%I0}, st 2 FH 4% S CHH B RuBP I B ARG G A
FHRIEEAT, 1245 BAERT 1 TK 5681 FHBR [ 2 2 18]
(R BEDIOG AR, TR 7~ A5 3 i TR 14 7T g BN 3G Ik
W AR K 1A R0& 15 (Raines 2011).

W TR IR, TKAM 2 5 1 45 e S5 18 47 1 sk [
S, W 1] 2 5 m SR AR AR A iy 3a e B, 3 T
Mo H PP . BernacchiaZ(1995) #7845 Hi,

TR = ZE 3 8 F AW b ) = ) s R A R
SKIREHED PR . ARSI = AR T I A R
L, R R 5506 1 5 TKEE [H (CsTK) I mRNA %
ik, HEERIA CsTKI B TAEMRAE 20 58 TR I H
B P AR TN B (MDA) & &, R B 74 B
3 R O A AR R I 45 SR AH R (Bi%52013,
2015), AT CsTKYTER A 15 23 B 28 R4 i (1 1
B, BANEARERE. AR, FIFHALS
i 25 HEAT eI 2R A FOASEA0L, DAAE & i 0l o R AT
B SRR (05 Cs TK 2 SUHE TR IR 41 BB
2:2015), W55 B 4 BRI Cs TR Bk 3 TN i 1 6B
BTG PEATPSIL B ARy R84k, 5 TEAR B el A 1R
NCsTKZ 58 TG A AR RINLE], K5 &S
RLPEZ AR R
MR 5

1 #5155

BIG T20 1647 11 R A Ml K 2 i 255056 ik gt
17 PR 3E IN(Cucumis sativa L)FEF T H08-1"H
AT 2 L CsTKRR R T2/-201T2"-4, H s Ak
CLAH S DNAK I (Bi%52015). 45 10 H #% 7 (5F
AL FERISORY), HOGIR = A 8 cmx8 cm& 77

ks 2017-03-06  f&E  2017-09-22
BE LARE E R A (BS2015NYO011), HE [ AR S
(31701909) 1L A BUARAN P2 B AR 2R 855 175 4
(SDAIT-05-10)F1“ XU — i "2 4h ¥ 4:(SYL2017YSTDO06) »
* O IER (E-mail: axz@sdau.edu.cn).




1860 T A P )

BLIEEY. §HHEN: bETEE%EPFD)H
PIME 21580 pmol-m™-s™", B/ IR AL N
27°CN8°C. B NH KA = — O, UK A —
BFEAT AT . FHAL T2 d, S fth s R R i
25°C/18°C, PPFD 600 umol-m™-s”, Jt:i5 i #4711 b/13 h.
i 2544 Hg: T 40°C, YRR 600 pmol m™s™ oAb
P2 hfE B 4h i i) BRI, AR R S R AT
T-80°C, HT-I5E FHOCHIS 14 A RNARHR I B4k
PRWSIREE, BCFIME.
2 MEFHE
2.1 KEERE

| Ciras-3 % 6 54 (32 [E PP-Systems 4 7))
D52 v I B 8 R S 25 AL BE B A B BB 3
JEE#(P,). PFD (600 pmol-m*-s™"). CO, (390
uL-L) R R RL(25£1)°C 43 T A 28 F R i
. WERCOMIRG AR 455 8 %,
2.2 PURMRRRAF SN E

| H 9% [E Hansatech 2y &) [\JHandy-PEA I %€ 15
T o 38 R FS 3R AN () 5k R 28 B I &) i ) PR e £
R 8 )5 i & (OJIP i k), OJIP i 2k
3000 pmol-m™ s 41317 S, W E R (M M2 s, K54 1
O3 S A R FH I S SR 1 R AR 30 min
JE AT A OGN AE, DAS () KA 1 J Strasserd$(2010)
(1) 77 136 OJIP i £ 1 O - B it A7 b Ak Ab 3 . 3
o, OB/ N IOBME, KA 2300 usye G1E, TR &
2 msBOGME . FRNSEE LS AR5 (2005)
Jiik. (1) O-JBUhRHELL: WeO-TB AL IR W =(F ~
F)/(F,—F )AL G I 2R, AW 2 il A BE2 his
5 AEPRO hify # 2 0 ZZ B (AW t=W 0~ W,,); (2) PSII
KBTI PP, =F, /F,,=(F,—F)/F,; 3)LARIOE
HE N LAtk 1) P BE 4R P\ ps=(RC/ABS)x[p P,/ (1~
QP )X, /(1= )]; (4)FArmt AR DG HEABS/
CS,; (5) AT FHH IR 1 JERE TR/ CS, =P < (ABS/
CS,); (6)F AL AR (1) WL & 38 (1) & P BET,/
CS,=pE <(ABS/CS,); (7)5Aor [ ARA % 1 1) S B
O I EERC/ICS =P < (VJIM,)<(ABS/CS,).
2.3 1ZEIHE-1,5- —WEEEFR 1L/ I E BB (Rubisco) Fn%%
iz Eg(TK)

K FH Bifg 3% 2 98 34 e vk @ =4S M Rubiscoi
P, RS RZS R Bl ARERNE AR AR
F AP R AL B - 1,5- BRI IR A B Rk

WEPEI R A B (P 5 GMS16015. D . TK
TR E 2 B BIZE(2015) 1K) 5 .
2.4 RubiscofITKEE FKiA

AW B E A TRECKE) EMA R~ 5 K
Trizol I G T RNASRER, 2 J8 HAH N 8 B 3k
ITHTEEAE. Bl s =Rt el
1. FTaKaRa/Z\ ] ffJSYBR® PrimeScript™ RT-PCR
Kit IHR 1 &, BIO-RADA 5 fiCycler iQ5 5L % )6 &
FEPCRAKE MIRubisco iy /NI FE AN CsTK I mRNA
FBE, R B S i 2 AR S U B AT

R LI P57 51

Table 1 Primer sequence used in the experiment

ek RN 517

rbcL RL1 5" GCTATGGAATCGAGCCTGTTG 3’
RL2 5" CCAAATACATTACCCACAATGGAAG 3’
rbcS RS1 5" CGCATTCATCAGGGTTATTGG 3’
RS2 5" AAGAGTAGAACTTGGGGCTTGTAGG 3’
TK TK1 5" ACGATGAGGTCATGAAG 3’
TK2 5" CCAGCAAGATGAAGCAG 3'
Actin aF 5" CCACGAAACTACTTACAACTCCATC 3’
aR 5" GGGCTGTGATTTCCTTGCTC 3’

3 BRSO

FHMicrosoft Excel 3 147 H 4 b B, HY3
WE P ME, F)F SigmaPlot# 415 K, FIDPS
A B 1R AT B R 2K 5 2290 M, FFIiEDuncaniks
B0 Et i 3 1 22 7 (P<0.05) 3T £ E LA

SMUTESES

1 EREH TR XAEFFERENYECTKHIR
B
1.1 SiRMNBEXTEE R XFNEFE R TIH A GTK mRNA
FIEEWNT

MEIVE H, 7 m e fl, %2 F vk R T2-4
FIT2'-2 CsTKJmRNAZRIA & 7351 °50.389410.592,
I3 B A B RR(WT)BRAR T 61.1%F140.8%. 1=
BE S, T2'-4. T2'-2AIWTH CsTKIF)mRNAZ
KREYEE B, =F a0 i EErg i 72.2
. 3.5 H014.84%, T2"-4MIT2'-21 CsTK f\JmRNA %
IA b TR B R T W, 145 SR Ul B R
I 7] LAS 3 CsTK [ mRNA R IA, (HAH| CsTKR I
I, %5 3 RN N P
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Fig.1 Effect of high temperature on Cs7K mRNA abundance

of antisense transgenic and wild type cucumber seedlings
B Bl 3 ik B AME, ANFNS TR R R Z ik 3K
F(P<0.05). N R,

2 SiRMMBXTEE R XA E R EIM A TKEY
EI"J,?/ 1]

S5 H(K2) R, T2-481T2'-2 TKIFHPERY 31K
TWT. i a T, T2-4F0T2'-2 TKIE 145 548
WTFEIK T 23.0%F111.6%; 1 =i iE2 hfg, T2'-4.
T2'-2FIWT I TKE 14 73 5] L e 5 T+ 5 17 19.2%-
31.7%152.8%, i T2'-4 1 TKIFE M Tt s i 5 /)8,
X 5 Ho6 B [ Cs TK i mRN A FH G} 25 1 B (1) 25 1k i#a
P2, B CsTKAImRNAFH X} 2Rk i, TG PE
R/, 7R R A SR AR R R ) BRI R )N
2 EEMEECSTK R X FEF 4 B E 41 Rubisco
mRNAZFRIEFE M RS20
2.1 SiRBXTEE R X FNEF4 B 4 E Rubisco
K. MEEmMRNARIZHIE N

MPE3EH, miE ar, # s CEPRT2 -4
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Fig.2 Effect of high temperature on TK activities of antisense

transgenic and wild type cucumber seedlings

T2'-2\JRubisco K V. % (Rubisco large subunit, rbcL)
mRNAF ik 8 3 F LT WT (E3-A), ffiRubisco/)s
I #£(Rubisco small subunit, rbcS) mRNAZR X & 5
WTE 2 5 (E3-B). il 5, T2'-4, T2'-2F
WTH Rk rbeLFlrbeS mRNAYY 52 R %, (HCsTK
FIE B AR [ U AR T2 -4 T2 -2 181 rbe LA
rbcS mRNA) N [FIEE Y K TWT. 2 &k iia2
hitf, T2"-411rbeLFlrbeS mRNA%Y 5L e § T~ F&
156.1%#160.0%, T2'-2ff)rbcLMrbecS mRNAZFKIA
BT T B T 44.5%H143.7%, TiWTHIrbcL
FlrbeS mRNAZRIA 5= 73 H B W a8 |7 T % 1724.5%
?F[l26 5%

2 SIEMBEXE R X FNEF 4 BV E 41 Rubisco
,ﬁ =051

MEIAFE H, mEEa Er, T2 -4RT2'-2 % Uk
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os)

14r BWT BT2-2 OT2-4

rbeSHHX Rk

B[R] /h

PI3 e Ui o B e SORNES A R B TR Bl i rbe L (A)RlirbeS (B)FE PRI 3254 52
Fig.3 Effect of high temperature on rbcL (A) and rbeS (B) mRNA abundance of
antisense transgenic and wild type cucumber seedlings
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Fig.4 Effect of high temperature on Rubisco activities of
antisense transgenic and wild type cucumber seedlings

CERTWT. S5ibanisitt, WT. T2-4f1T2"-2/)
Rubiscoiif %7 5 T B 1713.1%. 41.1%F131.1%, Ef
TKIEPERFRER 2, AR R Rubisco 3% M T B 1
R .
3 EERNER XAEERRNYEEESHAIRm
KI5-AZR Y, miE M E AT, CsTKUTER 124N ) X
BNRE R A6 AR B R T HAREK, &
HWE2 b, T2'-4, T2'-2FIWTH)P, 3 5 b ia
HIPEAS 7 67.9%. 64.2%F135.1%, 24 Xk &P,
(R B L R B T B AR Ak bk . IR, AL S
(G,) FF%(E5-B), HlEICOLMKEE(CHME 20 &8 2% Tt
(EI5-C)o XUt AR PRI v P T B2 AR = fL
RN, HCsTKIUERINE T il T 5 5 R ik
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Fig.5 Effect of high temperature on net photosynthetic rate (P,),
stomatal conductance (G,), intercellular CO, concentration (C;)

of antisense transgenic and wild type cucumber seedlings
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Fig.6 Effect of high temperature on Pl,54 (A) and F,/F,, (B) in antisense transgenic and wild type cucumber seedlings
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6 =IEMIBXTEE R AN B 40 B 15
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KI8R B, wril i 7T, N4 1 He A5
E AT, HERNE2 b, SRS H fA4BS/
CS,. TR,/CS,. ET,/CSHRC/CSH I FI%, H2
AR AR RS TR N BEREE S TWT. T2'-411)
ABS/CS,. TR,/CS,. ET,/CS,FIRC/CS W Tk
5% 7%, 13.7%#110.1%, T2'-2(KJABS/CS,.
TR,/CS,. ET,/CS,J1RC/CS B WTHIFEI1%6.3%.
7.3%- 9.8%F17.9%. W] UL, Wil e 2 EURAL
L WTTRAYSE AL RIS =t N I 3 i g A ST
ENCRERUNAD oA L& O ) R R el S0
Ko CsTKUTERANE T il 18 06 35 R4y i = vy H
OB REGRIGE . X ] RE R OUREETHR
JEI B R AR AL 2 —

Wi

B — PO iR AR U ) Wt B3, TE R
Z NS BRI, 2% IEZ35°C KL
I G I ZE2014), 0] T HEER KA, 6
ER ARG A VAN M RN DR TE i N P NS
Borh, 2 hJs A R R 2 B R &) i )P, B L
X, HP, T B[R I Bl E G FRAR AT C Y T
(PE3), 5 B %6 3 e b 38 P, R B R B R
SALHE R GIRH, %45 R 55K R 22 KK (2005) 1)
BF T — 3, T2 4% ) bk R P I T B B2 2 25 v
FHP A RURE AR . R A R G A Bk R AL RE D IR B
2 A EH FREMEZIR I, JEH 2 RubiscofE
B R DG B, 7E4ERF 0 58 N OLAER B IE
W 1z i TR B 1R 2 H (Flexas$2006) . -
MEEQOIDMF ALK B, TIEH 5996 T 3 RP, FEK T
2 B[R] 2 o B iR DR 3R B R PR 1 T B S
LA (2013) A I, W5 2 I 32 0 A sl T 14
B 2 W AT 0T R, 5 i AT v T 300 5 4
T HRubiscoif . ARG b, mriE b IE AT, ]
CsTKZZIR AL BEAR T T2-4FNT2-2 [ TKiE 1, i85
ECRubiscif M T B, FEP,BUK, Iz, GAICIHF
INf T P, 150 A e T B R s SR TR P P I PRI
AILEREAMIESILR R A ER ML R, Bi%
(01370 &I, FE AR I8 2 5 CsTKRIA &
BT, GRS OC SRR B, AEAR SO E 5%
PR, RIFE R I Cs TKER K B AE =i a2 hj5 2 3
BT, TRIEMEIR 22538 00, 2200 Cs TKR i S AR iR
A, BT RIS S, 1H CsTKITER 2 BRI FiFs 5
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Fig.8 Effect of high temperature on ABS/CS,(A), TR,/CS,(B), ET,/CS,(C) and RC/CS, (D)
in antisense transgenic and wild type cucumber seedlings

BN, PMVEFEZEQOII LR H, 536 E Frbel
FlrbeSHIMRNAZR L Z | H0H], FFRubiscoiif 1%
TR, SIERFE A REREAK . A SCH EiE b e
T, 24 S SUHERR I rbe LIV e 567K ~F Fl Rubisco i 14
F— 8, AT B A AR, PRI, SR a2 h
FTWrbcL%uiiTV rbeSTRIk F AR . 3 FEAIL,
A 8 & A rbe LI §5 5 K 22 5 rbe ST 1)
éﬁk%l FEE [ (WostrikoffHIStern 2007), H24N & S
PR A 0 BRI P K T B AE R X UL CsTKUTER AR
A FEAR T e 0 TR 1 155 5 28080, I8 I 1
rbeLHIrbeS ¥ 5K V1) T B, Rubiscoid AU, i
KU I U N P, B B T AR AL
ATABER ORI, miR AN, RERS. B
55 4R (OBC)FIPSII R ¥ 10 ’J 5 B F R EE
S, R PSR &) 52 B 500, A i 0 45 1) 1 2
{347 S (Havaux 1996). W58 K IN, PIL,HIFIE,/
F 35 A Js =l A= 40 3 358 ol 36 %o 0l A WL A £ 2
H.PI 1) RIS & T F /F,, (Christoph flHeinrich
2004; Appenroth%$2001), ASZIGEE FAHUEIH 11X
— 8, iR ENE2 hE S IPL3 B R,

FJF WA RAEV RN, X500 N4
— 3, HEIE B2 hist, T2'-2 1 T2-4 () P 5t B
TWT, U B e i i 55 0 e SR AR PTG PE 1) 477 55
T BE KT B A A Mk . OJTP il 28 rh KA1 L1 B
B FHAE I WP STLR A A4 ] R SR 5 & 7R (OEC) 1) 52
157 F F2 ¥ (SrivastavaZ51997; ChenZ2004). 4371
S (2015)HF Fu B, AL RN AN SZ A4 [ i 52 320 45
F N, a0 SRPSIIHEAAR (U 5247 35 A2 K TS A, K
BT, 22, WK S ARANA S, o A, s
182 hF R A BEK s ) B s BT, RIS, sz 44
MIFIET,/CS, %35 B, 6B 30 el A 22 5 35 PSTT
AR A 52 A4 00 [ ) 52 38 493 5 EL AR 1 5240 55
FERE RT3 M . X542 (2015) 8 7L 45 R
—3, WAL HIERC/CS,. ABS/CS,MTR,/CS,
AR, BLBAPSILR B Loy VETR 32 24 . 5L
HH TR 1 B8R A 1) 2 e SRR TR s T v A2 2 DA L
ET,/CS,. RC/CS,. ABS/CSFITR /CS, 1T WFepE
Yo TR AR, U RA NS Cs TKER L Ja IR 1 =il
X PSILS B H L 5 5, B FA5 158 R B B R R
AHE TR I, ADH CsTKZR B AL FEAL 1 IEH
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IG5 AF N AR 6 A B IR RE 70, I T
7R Rubisco K /N7 3 5L R 2 5A 1) T B, Rubisco
TG T 3 PRI, RIS, AERPSILEEARM s B O
RS2 A B 4 35 K, 1 SR TR R AR G &1
FHBEAI, i v R % .
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Effects of transketolase gene silencing on photosynthesis in cucumber seedlings

under high temperature stress

BI Huan-Gai, LI Fu-De, DONG Xu-Bing, AI Xi-Zhen'
College of Horticulture Science and Engineering, State Key Laboratory of Crop Biology, Key Laboratory of Horticultural Crop
Biology and Germplasm Innovation of Agriculture Ministry, Shandong Agricultural University, Tai’an, Shandong 271018, China

Abstract: The two anti-sense transketolase gene (CsTK) transgenic lines T2'-2 and T2'-4 as well as the wild
type (WT) ‘08-1" cucumber seedlings were used as test materials to study the effect of Cs7K silence on net pho-
tosynthetic rate (P,), the mRNA abundance and activity of ribulose bisphosphate carboxylic enzyme (Rubisco)
as well as the chlorophyll fluorescence parameters of cucumber (Cucumis sativa) seedlings under high tempera-
ture (40°C) stress. The results showed that the mRNA abundance of CsTK and TK (transketolase) activity were
significantly lower in CsTK suppress-expressing cucumber seedlings than those in WT. Following 2-h exposure
to high temperature, we assayed a lower P,, stomatal conductance (G,), photochemical performance index based
on the absorption of light energy (Pl,;s), the mRNA abundance and activity of Rubisco as well as the activity
of photosystem (PSII), while a higher CsTK mRNA abundance and TK activity and intercellular CO, concen-
tration (C,) in both antisense and WT plants. However, these parameters of the two anti-sense transgenic lines
were always lower compared to the WT, especially, the parameters of T2'-4 was the lowest. In general, the data
suggested that Cs7K silence exacerbated the reduction of the activity of Rubisco and PSII which led to the de-
crease of photosynthesis and high temperature tolerance in anti-sense Cs7K transgenic cucumber seedlings.
Key words: CsTK; antisense transgenic plant; high temperature; photosynthetic rate; Cucumis sativa
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