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Transformation of Heat Shock Protein Gene HSP90 of Rice into Soybean
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Abstract: Soybean is an important food and oil crop in China, and is vital to the national economy. However, the soybean
production is limited by drought and salinization. In order to breed the transgenic soybean variety with drought tolerance, the
heat shock protein gene HSP90 from rice was first transformed into soybean mediated with Agrobacterium tumefaciens in this
study. The transgenic plants with tolerance to drought can be further selected through over-expression HSP90 gene driven by
TMV35S promoter. In this experiment total 4 000 cotyledonary node explants infected and 128 independent transgenic plants
were obtained by PCR and Southern blot analysis combining PPT selection. The transformation efficiency was 3. 2%. Fifteen

transgenic plants with drought tolerance were selected. The transgenic plants obtained in this study would be important for fur-
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ther drought tolerance breeding of soybean.
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Table 1

Copy levels of the HSP90 gene in transgenic lines of soybean

1% U1 % Copy number

1 2 4 5 6 7
BHMEAE K No. of transgenic plants 36 28 28 11 11 10 4
E 433 Percentage/ % 28. 1 21.9 21.9 8.6 8.6 7.8 3.1




244 TR AR KRR S HSPOO SR LTS

225

500 bp

A00 L
FUv op

300 bp

a: FEALAARE HSPOO JEH PCR A3l (646 bp); b: FEALAEM bar JE[H PCR £l (441 bp) ; M: DNA marker;
+ 0 BHPERTR H, 00 K5 — ¢ ARBESEDIRIRR ;L ~ 7 BEIEINRIRE
a: PCR for HSP90 gene (646 bp); b: PCR for bar gene (441 bp); M:DNA marker; + : Plasmid; H, O: Negative
control; — :Non transgenic plant;1-7 ; Transgenic plants.
3 E{LHERR PCR &
Fig.3 PCR analysis of transgenic plants

kb M + - 1 2 3 4 5 6 7 E
10 =2 e 3

7.5 — — [ :
>

50 T
3.0 x g

M:DNA marker; + : PHVE R -« ARF FE R AR
1 ~7: FILHAERE

M: DNA marker; + : Plasmid; —: Non transgenic

plant;1-7 ; Transgenic plants.

4 $E{L#E#k Southern Z: 35 43 #f
Fig.4 Southern blot analysis of transgenic plants

2.3 HUpEHTMEREEEE — AR ERRIAERR 51 ~ 7 TR R AR
){%E'E%%*E*ﬂi %H%%*ﬁ*ﬂ&ﬁ @J ﬁi , ﬁﬁ? — :Non transgenic plant;1-7 ; Transgenic plants.

T 28 d e A G L 45 BRI 28 d S5 AR B AR 5 FHALHER bar EEFIEERIKXEKSEKRN

BRI AR S A FE 4 T T PR R 3 B4 (1 6) Fig.5 Quick strip detection for bar gene of

transgenic plants

R R R

Transgenic plant

R R I MR

Nontransgenic
plant

6 FeiLiEREITRMEEE

Fig. 6 The drought-tolerance identification of transgenic plant



226

fal

il

i

234

3 i iR

RFFHEAN TR s e, KRR
HMEAR AKT B BRI AR e A 3 | e 1k R RG24
RS W R AL SR B R E R £ W
(K R Rl Willimas 82 il Jack , /M &k —F it
A, e AT 1 1 bk 9 EHAL105 . EHA101 I LBA4404
a0 A DARGE R AT S Willimas 82 Al
Jack BB AL ROCR B =, 43 R 3. 7% ~ 4.39% Fl
1.7% ~4.8% "2 | Song %5 P\ FR H 1y T4k Ak
&b B R 0 6 O Yuechun 04-5 (B 4k Ak R
2.42% ) Fl Tianlong 1 (4. 59% ) &5 %5 41 it 5% K I b
Bl RIRE R G R B T B Al . A
WFGE T FH A2 R B By Bert, 5 T35 AL AN 4y
T KT R bR EHAL05 #5408 R 3. 2% , 5
Paz 210 fl BIF 5T 45 5 ( Bert (55 AL AR K 3. 8% )
M o

TEAEYBAL AL b | SN IR L R B 4 3] 32 Ak R
R HE D1 BICR 52 e 7 S DR 3R K Rl A% FR
PRGN B S AR FE DL RO 4 i 4
PEFE AL BA B i 2 IR OR D T B H 8 A%
Gy FRasE T R, v E B L R R rh AN R
RN DB RN FEMEXEE, OfF
WFFE 2 I ARFF R A T 1 K 5L 9 1AL 55 4k Ak
TR A48 DR AR AR K (R 1 ~T A H500) (K45
DUEC(T ~2 8 DU F AR IR 29 5 65% , 245 D1 (3 4~
DAL #5 0080 e fb ik b A R 0t i, 2908
35G% 19203220308 AR i A AR R A0 R P L
OB MEN 1~ 7, [ © 308 A 0F 5 45 A0 — 2 545
DU (1 ~2 35 DUK0) e AR |5 50% , 245 01 (3 4L
- DUR) B AR LBl i, 50%

HSPOO |1z St A K & & i i, feAi e 4
KEBHRPESEZXLEENMEM, Bio &80T
HSPOO a] LA i 5 45 2K (1 (16 21 . HSPOO 7&
155 0 W %k A 2R W 1 3 B e 7 5 R sl
2 T KRG HSPOO ik R 7 4 25 h i 2 3, s 3
DRI R R s R T B B . AR E Y RO K
& HSPOO BEPH 5 A\ K Sk 35 i Ay, 3045 1 R0 18t
TR SE AT RL, 2o 28 0, 3RA5 15 i Sk 45
B AR, LT S 2 B S T R PR A B
LD Ry 1t — 2 35 T 5 A DR K T3 o 2
T ARG SEA

S 3k
[1] Lindquist S. The heat-shock response[ J]. Annual Review of Bio-

chemistry, 1986, 55; 1151-1191.

(2]

(3]

[4]

[5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Lindquist S, Craig E A. The heat-shock proteins[ J]. Annual Re-
view of Genetics,1988, 22, 631- 677.

Horwitz J. Alpha-crystallin can function as a molecular chaperone
[1].
USA, 1992, 89: 10449-10453.

Proceedings of the National Academy of Sciences of the

Picard D. Heat-shock protein 90, a chaperone for folding and reg-
ulation[ J ] . Cellular and Molecular Life Sciences, 2002, 59
1640-1648.

Wegele H, Muller L, Buchner J. Hsp70 and Hsp90-A relay team
for protein folding[ J]. Reviews of Physiology Biochemistry and
Pharmacology. 2004,151; 1- 44.

Jackson S E, Queitsch C, Toft D. HSP90; From structure to phe-
notype[ J]. Nature Structural & Molecular Biology, 2004, 11;
1152-1155.

Shinozaki F, Minami M, Chiba T, et al. Depletion of hsp90beta
induces multiple defects in B cell receptor signaling[ J]. Journal of
Biological Chemistry, 2006, 281 :16361-16369.

Sangster T A, Salathia N, Undurraga S, et al. Hsp90 affects the
expression of genetic variation and developmental stability in quan-
titative traits[ J]. Proceedings of the National Academy of Sciences
of the United States of America, 2008, 105(8) : 2963-2968.
Young J C, Moarefi I, Hartl F U. Hsp90: A specialized but es-
sential protein-folding tool [ J]. Journal of Cell Biology, 2001,
154 267-273.

Wegele H, Wandinger S K, Schmid A B, et al. Substrate transfer
from the chaperone Hsp70 to Hsp90[ J]. Journal of Molecular Bi-
ology, 2006, 356 802-811.

Pirkkala L., Nykanen P, Sistonen L. Roles of the heat shock tran-
scription factors in regulation of heat shock response and beyond
[J]. The FASEB Jourbal, 2001, 15 1118-1131.

Pareek A, Singla S L, Grover A. Immunological evidence for ac-
cumulation of two high-molecular-weight (104 and 90 kDa) HSPs
in response to different stresses in rice and in response to high tem-
perature stress in diverse plant genera[ J]. Plant Molecular Biolo-
gy, 1995, 29 293-301.

Liu D, Zhang X, Cheng Y, et al. rHsp90 gene expression in re-
sponse to several environmental stresses in rice ( Oryza sativa L)
[J]. Plant Physiology and Biochemistry, 2006, 44 . 380-386.
Yamada T, Satoshi W, Maiko A, et al. Cotyledonary node pre-
wounding with a micro-brush increased frequency of Agrobacteri-
um-mediated transformation in soybean[ J]. Plant Biotechnology,
2010, 27 217-220.

Nishizawa A, Tainaka H, Yoshida E, et al. The 26S Proteasome
function and Hsp90 activity involved in the regulation of HsfA2 ex-
pression in response to oxidative stress[ J]. Plant Cell Physiology,
2010, 51 486-496.

Sangster T A, Queitsch C. The HSP90 chaperone complex, an e-
merging force in plant development and phenotypic plasticity[ J ].
Current Opinion in Plant Biology, 2005, 8(1) : 86-92.

Takano T, Liu S. Nucleotide sequence of a rice ¢cDNA similar to
heat shock protein 90 (HSP90) of barley and Catharanthus| G ].
Published Only in Database, 2000, GenBank: AB037681. 1.
Gamborg O L, Miller R A, Ojiama K. Nutrient requirements of
suspension cultures of soybean root cells[J].

Research, 1968, 50(1) :151-158.

Experimental Cell



244

TREMSE OKREPHE BB HSPOO B AL R RIRTSY

227

[19]

[20]

[21]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

Paz M M, Shou H, Guo Z, et al. Assessment of conditions affect-
ing Agrobacterium-mediated soybean transformation using the coty-
ledonary node explant[ J]. Euphytica, 2004, 136(2) : 167-179.

Santarem E R, Trick H N, Essig J S, et al. Sonication-assisted
Agrobacterium-mediated transformation of soybean immature cotyle-
dons; Optimization of transient expression [ J]. Plant Cell Re-
ports, 1998, 17 752-759.

Zhang 7, Xing A, Staswick P, et al. The use of glufosinate as a
selective agent in Agrobacterium-mediated transformation of soy-
bean[ J]. Plant Cell, Tissue and Organ Culture, 1999, 56(1) .
37-46.

Song Z Y, Tian J L, Fu W Z, et al. Screening Chinese soybean
genotypes for Agrobacterium-mediated genetic transformation suita-
bility[ J ]. Journal of Zhejiang University-SCIENCE B ( Biomedi-
cine & Biotechnology) , 2013, 14(4) . 289-298.

Meurer C A, Dinkins R D, Collins G B. Factors affecting soybean
cotyledonary node transformation[ J]. Plant Cell Reports, 1998,
18(34): 180-186.

Somers D A, Samac D A, Olhoft P M. Recent advances in legume
transformation[ J]. Plant Physiology, 2003, 131 892-899.

Liu H K, Yang C, Wei Z M, Efficient Agrobacterium tumefaciens
mediated transformation of soybeans using an embryonic tip regen-
eration system[ J]. Planta, 2004, 219(6) : 1042-1049.

Paz M M, Martinez J C, Kalvig A B, et al. Improved cotyledonary
node method using an alternative explant derived from mature seed
for efficient Agrobacterium-mediated soybean transformation [ J ] .

Plant Cell Reports, 2006, 25(3) : 206-213.

Liu S J, Wei Z M, Huang J Q. The effect of co-cultivation and se-
lection parameters on Agrobacterium-mediated transformation of
Chinese soybean varieties[ J]. Plant Cell Reports,2008, 27(3) :
489-498.

Wi TR, T AR B A Sk T PR
IR ZEMSE[T]. TR E R, 2008, 6(1) : 3240. (Ying S,
He X W, Wang X R, et al. Assessment of factors affecting the
transformation efficiency of soybean cotyledonary-node Agrobacteri-
um-mediated transformation system [ J]. Molecular Plant Breed-
ing, 2008, 6(1): 3240.)

Mariashibu T S, Subramanyam K, Arun M, et al. Vacuum infil-
tration enhances the Agrobacterium-mediated genetic transformation
in Indian soybean cultivars [ J ]. Acta Physiologiae Plantarum,
2013, 35(1) : 41-54.

WS, XIESE SR ZE, 45 . IR Ak 5 1 3R AT 1o e ok DR A
TESNIEHE DN P8 DURCr [ ] Al A= W HR 27 41, 2011, 19
(2):221-229. (Yang X J, Liu C L, Zhang C J, et al. Copy level
analysis of transgenic cotton obtained by different transformation
methods[ J]. Journal of Agricultural Biotechnology,2011, 19(2) .
221-229.)

Flavell R B. Inactivation of gene expression in plants as a conse-
quence of specific sequence duplication [ J ] . Proceedings of the
National Academy of Sciences of the USA, 1994, 91 . 3490-3496.
Vaucheret H, Beclin C, Elmayan T, et al. Transgene-induced
gene silencing in plants[ J]. Plant Journal, 1998, 16 651-659.

Hiei Y, Ohta S, Komari T, et al. Efficient transformation of rice
( Oryza sativa L. ) mediated by Agrobacterium and sequence analy-

sis of the boundaries of the T-DNA[J]. Plant Journal, 1994, 6

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(2):271-282.

Ishida Y, Saito H, Ohta S, et al. High efficiency transformation of
maize ( Zea mays L. ) mediated by Agrobacterium tumefaciens[ J].
Nature Biotechnology, 1996, 14(16) ; 745-750.

Cheng M, Fry J E, Pang S, et al. Genetic transformation of wheat
mediated by Agrobacterium tumefaciens [ J]. Plant Physiology,
1997, 115 971-980.

Xing A Q, Zhang Y Z, Sato S, et al. The use of the two T-DNA
binary system to derive marker-free transgenic soybean[J]. In
Vitro Cellular & Developmental Biology - Plant, 2000, 36:
456-463.

Olhoft P M, Somers D A. L-Cysteine increases Agrobacterium me-
diated T-DNA delivery into soybean cotyledonary-node cells [ J].
Plant Cell Reports, 2001, 20(8) ; 706-711.

Ko T S, Lee S, Krasnyanski S, et al. Two critical factors are re-
quired for efficient transformation of multiple soybean cultivars:
Agrobacterium strain and orientation of immature cotyledonary ex-
plant [ J] . Theoretical and Applied Genetics, 2003, 107
439-447.

Zeng P, Vadnais D A, Zhang Z, et al. Refined glufosinate selec-
tion in Agrobacterium-mediated transformation of soybean [ Glycine
max (L. ) Merrill ] [J]. Plant Cell Reports, 2004, 22.
478-482.

Yamada K, Uchida A, Fukao Y, et al. Cytosolic HSP90 regulates
the heat shock response that is responsible for heat acclimation in
Arabidopsis thaliana[ J]. Journal of Biological Chemistry, 2007,
282, 37794-37804.

Arun M. In vitro regeneration and transfer of y-tocopherol methyl-
transferase gene into Indian soybean cultivar[ D]. Doctor Thesis,
2012 208.

Prasinos C, Krampis K, Samakovli D, et al. Tight regulation of
expression of two Arabidopsis cytosolic Hsp90 genes during embryo
development [ J ] . Journal of Experimental Botany, 2005, 56
(412) ; 633-644.

Sangster T A, Salathia N, Lee H N, et al. HSP90-buffered genet-
ic variation is common in Arabidopsis thaliana[ J]. Proceedings of
the National Academy of Sciences, 2008, 105 2969-2974.

Yabe N, Takahashi T, Komeda Y. Analysis of tissue-specific ex-
pression of Arabidopsis thaliana HSP90- Family Gene HSPSI1,
Plant and Cell Physiology, 1994, 35(8) :1207-1219.

Pareek A, Singla S, Grover A. Immunological evidence for accu-
mulation of two high molecular weight (104 and 90 kDa) HSPs in
response to different stresses in rice and in response to high tem-
perature stress in diverse plant genera[ J]. Plant Molecular Biolo-
gy, 1995, 29 293-301.

Liu D, Zhang X, Cheng Y, et al. rHsp90 gene expression in re-
sponse to several environmental stresses in rice ( Oryza sativa L)
[J]. Plant Physiology and Biochemistry, 2006, 44 . 380-386.
XN, KRR, BEERE, 55 . Wi KRS (Oryza sativa 1. )
rHsp90 FER W SE e K D BE X HT [ T]. 23 FHE %) & F,2006, 4
(3):317-322. (Liu D L, Zhang X X, Cheng Y X, et al. Clo-
ning and functional analysis of gene rHsp90 from rice ( Oryza sativa
L. ) in stress[ J]. Plant Molecular Breeding, 2006, 4(3) . 317-
322.)



