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Salt-stress tolerance of transgenic plant over-producing gene

FABIANNE

AN
f

Gene and souice

Transgenic plants

Reference

E.coli milD

Apple Sipdl
A.globiformis codA
E.coli betd  berB

Arriplex hortensis BADH

Vigna aconitifolial L. P5CS

E.coli ofsA ,otsB

Barlay HVAI

Arabidopsis SOS1

Arabidopsis SOD

Tobacco GST/GPX

CBF of LEA-tvpe gene

Compatible osmolytes

Tobacco/Arabidopsis/wheat

Japanese persimmon

Arabidopsis/rice

Tobacco
Wheat
Rice/tobacco
Rice
mulberry
Arabidopsis
Arabidopsis
tobacco
Transcription factors

Arabidopsis

Tarczynski et al, 1993/ Thomas
et al.L1995/ Abebe et al, 2003
Gao et al ,2001

Havashi et al ,1997/Mohanty et
al ,.2002
Holmstrom et al ,2000

Guo et al ,2000
Zhu et al ,1998/Hong et al ,2000
Garg et al ,2002
Lal S et al ,.2007
Shi et al ,2003
Alscher et al .2002

Roxas et al ,2000

Shinozaki et al ,2000/
Pellegrineschi et al.2002




FERUA

Planta {2007) 225:575-588
DOT 10,1007/ s004.25-006-0373-2

ORIGINAL ARTICLE

R T A

Proceedings of the National Acaden

Honghong Hu, Mingqiu Dai, Jialing Yao, Benze Xiao. Xianghua Li, Qifa Zhang, and Lizhong

Xiong

PNAS 2006:103:12987-12992; originally published online Aug 21, 2006:

do1:10.1073/pnas.0604882103

This information is current as of March 2007.

The barley ERF-type transcription factor HvRAF confers
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Abstract We isolated HvRAF (Hordewm valgare root
abundant factor), a cDINA encoding a novel ethylene
response factor (ERF)-type transcription factor, from
young seedlings of barley. In addition to the most
highly conserved APETALA2/ERF DNA-binding
domain, the encoded protein contained an N-terminal
MCGGAIL signature sequence. a putative nuclear
localization sequence. and a C-terminal acidic tran-
scription activation domain containing a novel mam-
malian hemopexin domain signature-like sequence.
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The Plant Cell, Vol. 18,1292-1309, May 2006, www.plantcell.org © 2006 American Society of Plant Biologists

Functional Analysis of an Arabidopsis_Transcription Factor,
DREB2A, Involved in Drought-Responsive Gene Expression™*

Yoh Sakuma,® Kyonoshin Maruyama,® Yuriko Osakabe,” Feng Qin,® Motoaki Seki,” Kazuo Shinozaki,”>4
and Kazuko Yamaguchi-Shinozaki®d&1
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dCore Research for Evolutional Science and Technology, Japan Science and Technology Agency, Kawaguchi, Saitama
332-0012, Japan
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Transcription factors DREB1A/CBF3 and DREB2A specifically interact with cis-acting dehydration-responsive element/
C-repeat (DRE/CRT) involved in cold and drought stress-responsive gene expression in Arabidopsis thaliana. Intact
DREB2A expression does not activate downstream genes under normal growth conditions, suggesting that DREB2A
requires posttranslational modification for activation, but the activation mechanism has not been clarified. DREB2A domain
analysis using Arabidopsis protoplasts identified a transcriptional activation domain between residues 254 and 335, and
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A MAPK gene from

Dead Sealfungus confers stress

tolerance to lithium salt and freezing—thawing:
Prospects for saline agriculture

Yan Jin, Song Weining, and Eviatar Nevo*
Institute of Evolution, University of Haifa, Haifa 31905, Israel
Contributed by Eviatar Nevo, November 9, 2005

The Dead Sea is one of the most saline lakes on earth (=340 g/liter
salinity) and is =10 times saltier than the oceans. Eurotium her-
bariorum, a common fungal species, was isolated from its water.
EhHOG gene, encoding a mitogen-activated protein kinase (MAPK)
that plays an essential role in the osmoregulatory pathway in yeast
and many other eukaryotes, was isolated from E. herbariorum. The
deduced amino acid sequences of EhHOG indicated high similarity
with homologous genes from Aspergillus nidulans, Saccharomyces
cerevisiae, and Schizosaccharomyces pombe and contained a TGY
motif for phosphorylation by MAPK kinase. When EhHOG was
expressed in S. cerevisiae hogTA mutant, the growth and aberrant
morphology of hogTA mutant was restored under high osmotic
stress condition. Moreover, intracellular glycerol content in the
transformant increased to a much higher level than that in the
mutant during salt-stress situations. hog 7A mutant complemented
by EhHOG outperformed the wild type or had higher genetic
fithess under high Li* and freezing-thawing conditions. The
present study revealed the putative presence of a high-osmolarity
glycerol response (HOG) pathway in E. herbariorum and the sig-
nificance of EhHOG in osmotic regulation, heat stress, freeze stress,
and oxidative stress. The Dead Sea is becoming increasingly more
saline while the fungi living in it evolutionarily adapt to its
high-saline environment, particularly with the extraordinarily high
Li* concentration. The Dead Sea is potentially an excellent model
for studies of evolution under extreme environments and is an
important gene pool for future agricultural genetic engineering
prospects.

Eurotium herbariorum | HOG | salinity | genetic resources | crop
improvement

compatible solutes, mainly polyols, have been the major feature
of fungi osmoregulation (5).

Mitogen-activated protein kinase (MAPK) is a key compo-
nent of the evolutionarily conserved signal transduction cascades
consisting of MAPK/extracellular signal-related kinase (ERK)
activated by an MAPK/ERK kinase (MEK), which in turn is
activated by an MEK kinase (6). Eukaryotic organisms use
different MAPK cascades to regulate various aspects of cellular
function (7, 8). MAPKSs that specifically transmit environmental
stress signals are also known as stress-activated protein kinases
(SAPKs). This pathway is called the high-osmolarity glycerol
(HOG) response pathway in Saccharomyces cerevisiae (9). Mem-
bers of this MAPK subfamily include Hogl in S. cerevisiae, Spcl
(also called Styl) in Schizosaccharomyces pombe, SakA in
Aspergillus nidulans, and p38/JNK in the mammals. Indeed, S.
cerevisiae hogl mutants are sensitive to high osmolarity, whereas
spel mutations in §. pombe result in sensitivity to high osmo-
larity, heat shock, and oxidative stress. Activation of the HOG
pathway increases the transcription of some proteins, including
enzymes involved in glycerol synthesis (10). As a result, a high
accumulation of glycerol inside the cell occurs and leads to
increased internal osmolarity and restores the osmotic gradient
between the cells and their environment (11). Therefore, HOG1
gene holds a key position in osmo-adaptation of the yeast
S. cerevisiae.

The presence of HOG1 homologous genes has been reported
in fungal species (12, 13) and mammals (14), indicating that this
pathway is conserved among eukaryotes, However, no informa-
tion is available for the HOG pathway or the molecular mech-

P PR LR S [P —— N PLE P S R [ (NPRp———— N ] -

FABIANNE



1432] 7338 FABIANNE

FABIANNE

i 45 5 7 55 BR B8 (Deinococcus

radiodurans)

LR R BN I N

B2 RIS
195657 &

IR YINLLE

o AER I s T
e

V 4




S FABIANNE

; FEAR
%@ﬁ%%ﬁ

%K>$%%E%ﬁﬁ
TSR R
<O RY

-

@



e 2,500,000 /\ \*“T ”I"Tlm;ﬁ}[ 200,000
\\\\\g‘ﬁ\\}ﬁ\“‘wx%\l}\m rlkl‘lwgy/,’g%/i// oo
SN 777,
\&\\ \\\i\ | /, ///// //////& 7\ 400000

IRV ANCY
I I/ /Y
W Z,
N\ VY
N L

Chromosome |
2,648,638 bp

Megaplasmid
177,466 bp

. \
7 )
AR W\
1,700,000 ///’///// ’I Il \‘,
Dy 1Y

Wy AL T
N7 i S

- Plasmid -
45,704 bp

1,400,000

'1.300.000
400,00410.000 1 10,000

390,000 —
380,000 L [T i

| /]
G Ny

20,000

30,000

P
- Chromosome Il
412,348 bp

FABIANNE

19994 58 Fi M 48 & 7 5 BR B8 & 2 R W
HERHEH 2 etk 2/ kL
WM &4 31874 ORF

All proteins B eukaryota

2% 4%

DOarchaea
DOaquificales|thermotogales
B cyanobacteria
Bfirmicutes (Gram+)

20% B protecbacteria (Gram-)
Wother bacteria
DOunique

Oundiscriminated

&

e

Kira S. Makarova et al., 1999, MICROBIOL.
MOL. BIOL. REV.



SEEIPPE R T 48 S BR B

 J
ssDNA—P»|Bind

Actived
RecA

|

limhy

Regulation

: T [IDNA 158 L8 R TR Mt

NNE

\l

End-joining Repair

)

Damaged DNA @ Regulation._

Enhancement of
the pprA promoter

activation
*Regulatlon

Co-protease activity \

SRR Recombination Repair

@ Regulation '
\ nknown
@

Katsuya Satoh, Microbiology, 2006



FABIANNE

%DR_MWE%&@%hE@ﬁ%

Deinococcus radiodurans R1 Chromosome 1: DR_0167

||||||||'|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
200,000 400,000 00,000 00,000 1,000,000 1,200,000 1,400,000 1,600,000 1,500,000 2,000,000 2,200,000 2,400,000 2,600,000

genome

Zaom * Out

Bl start (bp): [146190 End (bp): [194552 Go | Gene name: | Show Tracks | @

Left b 1‘b M fichit|  Legend: [ Proteingene ™ Transcription Start {3ene color indicates operon membership.

Operans

- ¥ =~ BNA gene B Terminator Mouse over genes and operons for more information.
; To center gene in display, click on tick mark under it
sitesm Zoom ¥ In
DR_0147 DR_0150
I | L L | L L | | L LI L | L L
147,000 148,000 143,000 150,000 151,000 152,000 153,000 154,000 155,000

DR_D162

DR_0157 : off DR_0160 : orf DR_D161: orf DR_0163

156,000 157,000 158,000 158,000 160,000 161,000 162,000 163,000 164,000 165,000
DR_063  DR_0170
DR_0163 DR_0164 DR_0165 % 2, |
L | L L | L L | L
166,000 167,000 168,000 169,000 170,000 171,000 172,000 173,000 174,000 175,000
DR_0177 DR_0131
’ rpM )i ps] DR_0176 DR_0178 DR_0179, DR_0180 DR_0183
LI L | [
176,000 177,000 178,000 179,000 180,000 181,000 182,000 183,000 154,000
DR_0185 DR_D191

DR_0183 .|||...|||Ku|u|<u|lll"|'"'I""Im

185,000 186,000 187,000 186,000 168,000 140,000 191,000 192,000 193,000 194,000




A FABIANNE
irrE3E PRI WIS 8E F

acyl CoA
binding protein (DRO16

irrE

acyl peptide
hydrolase

DRY —5 §fik I B /~DRO167 KL B \

i EARL ET AL. JOURNAL OF BACTERIOLOGY, 2002
: A FABIANN



%)??IJH_’J@ FABIANNE

sueciesl{j‘hhrv + e ka ek +|*F|* | + kel kol e ke e ke + |+ + |+ 3 +|*|* | + |+ + + |+ el bl e ke e ke *

l. gnl|Deinococcus radiodurans B1 TILTI FEIL2A AILL L]
?. gi| Deinccoccus geothermalis HIHIII.IAY.III.VULIIII?III.IIF.LAIIIIIALLLI.IILLIIL.IAY.IIILIIVIIILI.TJIJI
3. gilDeinococcus deserti nl B YRR r . - AR r B B B e BEEE . B EEETEEEN . Bl - EH . Bl B
4. il Deinococcaceae il EENEE . s ANEEE . cHEE - AN AN H o B8 B oo o EEEE. . BH . EEETEEEN. B8 B0 EEv 8-
5. gil|Deinococcus gobiensis i EEREE . FEREEE v . c B - B ER N s B nEE BB . EEEE . . BE . ERE - EEEN . BEv : B EE-E:
5. gilThe Irre Protein & <l EHNEE . v ENEEE v o c HEE - DNENEN - B 2 BE B8 o o EEEE. . BE . EEETEEEN . B8 BH. EEE-
7. gi|Deinccoccus proteolyticus vl EEREE - FEEEE r . c B - BN s B B BB e . HEEE . c BE Bl r EEEN . Bl - Bl Bl - B
8. gi|Deinccocous maricopensis BRI Y EREEE v r o v - AR r B B Bl e ot BE R B EEETEEEN . Bl - BH L Bl B

il il Demnaucqﬁdlntnng . EENEE . RSy r . v R AN r . - B EE: o A EEE L BE . EEE - BEE: . B B EE

Jivecies/Abbry = | |t | ][RR | + | | [ £ [£| [%] |t + +
ll. gl [Deinococous radiodurans Bl TLETRL TRERL L LALLLLAMENET TTRF MBLEVRLT ITLAVERFEFRELEL

L AL
2. gil Deinoroceus geotherualis -LIAIIIIIILIII---ALIWIAIAIIIIVIYILIIIILIlllllmmIIILIIIIIIWIFIIIIIHIAWIAFIIIIIVLUIFALLI ----- N: NERRARRRR: - --

3. i [Deinoroceus deserti -NENAE- - BEEEN--- B Bvl: B8- 8. Aoz l: B RN MAORN: .. DRN.0:  AR8EH-NRCMM:N: £vl: - HANAN v 1 vBr .l 6- - -- NERNE- BANA- NEARE
4. il Deinocorcaceae -NEHAE- - REEEN--- B fvl: BH- 8. Bvlel: B RNV MROEN: .. OBN. 0o 2 R8%H-NAEMNN: £vl: - HANANv 1 vBr .ol E- - -- NERNE- BRNA.- NEARE
5. gilDeinoconsus gobiensis - ARRRRAEE: (BEH. . fvlvAREE: BxMe MNGHN: N- D80vA. .- R8N D AENGE N NACMNN: Bul o aN v B Do HEN- - BEH-------------
6. wilThe Trre Protein - NOHAE- - REEE.N--- B Bvl: BH- 8. Bvle 8. B RN MRRRN: .. DRN. 0o 2 R H-NRCMM:N: tvl: - MANANy . vBr .l 6- - -- NERNE- BANA- NEARE
7. gilDeinococcus proteolyticus  |-------- auBHE---- Bl B BNE MR BEE: B DR R DB N B B e MR R R BB vinr s B M Bl B B BE---
3. gilDeinoroccus maricopensis  |----------- 0----olol B BB Ml REE. HONAN R0 00 BBl O D BB Do BE v BB BE- - - - - - DRBRRRNERD: -- -
9

~avesmsccecss pesassintorss - NEMR oA s B NN RGR A NG B OGN NN BN
C ¥

Sweciessfibbrw

l. gl |Deinococcus radiocodurans Bl M

Z. gil Deinococcus geothermaliz  |-=-=—----=-=—-— - - - — - HlllllllllLlﬂlllllllﬂLAlaﬁ-lAlHll
3. gi|Deinococcus deserti 0 - - s s o s mm e e e e e m e mm—m——m—— — - - — i || BN | [ | PN B i |
4. gil Deineococcaceas 0 |- ——m-m-mm———————— - HllllllllllllllL‘fFllHlllﬂllllﬂLﬂﬂﬂlﬂlHll
L. gi|Deinococcus gobiensis === O |-F--- - - - - - - - - — - m m —— - — R m m m — — m m = — lI
6. gilThe Trre Proteim & |- -—-------oo-omo <IN EE RN T M AN NENE- o 2 2 2 W B H
7. gilDeimococcus proteolyticus |- - - - - e e m e e e e e e e e e e m—— - = - HllelAFllLlAlHl
'B. gil|Deinococous maricopensis |- - = mmmmmmmm e e e niER: B8 -~ HEN- N0
=1

gi |Deinococcus beraridiliteori= - ------"—-"—-"-"-"-"-"-"-"-"-" - - - - - - - - - == — - ————— H.A.......F .A..A.H.j



A FABIANNE
&j@ﬁirrEﬁ HRGA KB IHAH

MDHH Deinococcaceae

01031 D'D]gﬂThe lrre Protein A

028 D'UJBHDEinucuccus deserti
',1 Ll D333 gil Deinococcus geothermalis
naerd 02256 { gnl|Deinococcus radiodurans R1]
0.0402 01472 _ -
gilDeinacoccus gabiensis
00354 0.2730 A .
gilDeinococcus protealyticus
0.2040 g . .
gilDeinococcus mariconensis
TrE gllDeinococcus peranidilitoris

0.05



FABIANNE
IrrEFE H 4544 35

Zn-PROTEASE
Domain

i i i

1-115aa 116-124aa  125-180aa 181-198aa 199-218aa 219-233aa 234-328aa

HTH-Domain PEST Domain

olFUES- o1 ob4i 8] 71 FABIANNE Guanjun Gao &\
7



YR R EIREIrE EH EHTZIK%VJ(Vujmc Zaﬂgf al., 2009)
o2l lerE SSRNLAARE B (b) IrrE B HHISK ﬁEﬁx




)

rE EORREHRERIAEH. Xt
E H )= 2R 751 4TBLASTp b
T, ZRER, IrrfE EHH3 MR

FABIANNE

otlf) Hik. EPaHE1NMEE
FHR T 22 FREF AR (1-162 frad Z

%) , 1 MR- A1 (HTH) &
& (163-204 fLEEER) F1 NEF /D
5T 4558 JTRGAFELAE (205 3281‘
IR ) -

@




FABIANNE

BK AT

FrotScale output for user sequence
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Using the scale Hphob. | Kyte & Doolittle, the individual values for the 20 amino acids are:

OIS L o8] 73 Rnia 1.800 Arg: -4.500 &Asn: -3.500 RAsp: -3.500 Cys: 2.500 @Gln: -3.500 \
Glu: -3.500 Gly: -0.400 His: -3.200 Ile: 4.500 Leu: 3.800 Lys: -3.300
Met 1.900 Phe: 2.800 Pro: -1.600 BSer: -0.800 Thr: -0.700 Trp: -0.300
Tyr: -1.300 WVal: 4.200 : -3.500 : -3.500 : -0.4390
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FrotScale output for user segquence

T T
Transmembrane tendency
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Using the scale Transmembrane tendency, the individual values for the 20 amino acids are:

olsirh e ' ol ) 733k | Ela 0.380 Arg: -2.570 Asn: -1.620 Asp: -3.270 Cys: -0.300 Gln: -1.840
o ' Glu: -2.900 Gly: -0.1%90 His: -1.440 TIle: 1.970 Leu: 1.820 Lys: -3.4&0 ‘
Het 1.400 Phe: 1.%80 Pro: -1.440 BSer: -0.530 Thr: -0.320 Trp: 1.530
Tyr 0.4%0 WVal: 1.400 : -2.445 @ -2.370 : -0.T715
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FrotScale output for uwuser sequence

T T T
beta—-turn ~ Deleage & Eoux
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Position

Using the scale beta-turn / Deleage & Roux, the individual values for the 20 amino acids are:

Ala: 0.788 Arg 0.212 Asn: 1.572 Asp: 1.187 Cys: 0.965 Gln: 0.9397
NI Glu: 1.145 Gly 1.8 His 0.970 Ile: 0.240 Leu: 0.670 Lys: 1.302
o} Ty opge Met: ©0.436 Phe: 0.68249 Pro 1.415 Ser: 1.316 Thr: 0.739 Trp 0.546 \
Tyr: ©0.795 WVal: ©0.387 ¢ 1.385 : 1.073 : 0.95944
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