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antarctica genes in development of functional crops

o4 A Cf &t i



OH

Al

10

010

-

i

ol

#
o

A2

=

HRg)”

=

il

o1 (

L

I

0D

Ll

JANZE

T
|

=
o

PRS2 =

=

PR

=
wr
Ok

r

7 (

)

i
Bl

-

oll

oh
RI

o

<l
0

—_

m O

31

2016. 01.

0

A AICHEr W

ol
i

f)

-

wr

Ok

80

al



et T8 HE-Ed 2 WA #H ESSAE FAAE 283 Vs AE T
LSS CEANE I R 39 AT sowwa
Joit N P L LS el 7141
FATEAT | Ay e ERESEE
QOHATARE FHOE )24 50070l Elﬁ 30
SAANEE ST @A A3E  Ae 71AS BEAstal o] AEo ndd &4
of thgh g ATl F2 AR 2d F A= 7heAol AT & 24 HEE9
His| A5rd vb7h 538 F53 w23 A9tz QI3 7| $FHste sintnt A=At
of & J&iE F1 Aol B 2EH 2 tig Aol =2 A=s JMEst= Ao
AA B2 ArEEe BAAZE HaL Qs meps] B ATE SA S A A ESHE
w3 o dA A& E=E A E(Antarctic hair grass, Deschampsia antarctica)®] -F-2 2}
dAE &8t A 2Ef 2 tid AFAHS FAII= B A AEAE N
weto] 2w YA FAI Ao A s AY Fool st Ae RRE S
I e AV W A AEAE HAA AR NA AuFoEzN FSFEFNE
A Apdde] mE AR, T F23E 5o Y3 FE W Jd=AE dEs)
Ave. 1 AR} sHHo2E oFTH BT AR, T4 FFES FAENS FEA
g B A EA Y SAEY 2o U AR Jee B4 fsted dx, A2 59
2Ef 2o g A3 WstE ofdETH Hlw BEAsIom wHE APS T dx,
A& T 2E# 2z 3 A WstE FA A2 1 A3 DaCBF49| it
d FAHE W HAEAE AL 2E#FH 2 giE ofFTRT A3 AFPE el =
W Az 2Edg 2o gisiAe ok Fol vl @ AEES UEAS. DeADF 3
e FAAS ¥ AEAe AL 2Ed 2 dis) ofFERG A3 AFAEE UE
Wels. L 9, DaGols #AHad FAHS ¥ AEAe Adx 2E# 2 dis] ofdF
Hoh 3 AdAde et E53AE 732 Aol d A EAoA e 2Ed 2~
71 £48H 1A qRT-PCR= T3l AARIALR 283 = 9l= DaCBF49] 715
2 B S
@ 3| FTEAE M JBIE NEA, ALUEH AAUA, 22d 2 AR
A ol o N715A 2E, 37 2Ef X~
(Zt 570 o)) Abiotic stress-tolerant plants, Antarctic hair grass Deschampsia
4 o |antarctica, DaCBF4, DaADF, DaGolS, Environmental stress,
Transgenic rice plants




%0

o]
e

=K
T
Hr
o}

el

B

B

1

ol

(1) A7

)

NJo
pul
0

JJo

o

o
o
Hr
;ofu
ol
oy

—_

<

)

%

ﬁo
B

o}
all

R

™
N

o

)

A ake] 2

=]
=

Z}-
=

i}

sk

Codl

1%

o

0

a
ol

B

Deschampsia

(Antarctic hair grass,

ST
=

FSEA

489l

A

7}

Njo

el

antarctica)

o] A €]

A

e

ol A oFA

e

N

7

4

ﬁo

A A



il

o

o

i)

)

ﬁo
B

oo B4

=
o

oFA

S5

Codl

to

o

3
.

A A=

=
=

3}

)

ﬁo
B

AN A2

Ioole 7HA 22 2

9]

)

I FRA R AA Ao

DaCBF4 (T4), DaADF (T4), DaGolS (#1-T2,

sto] DaCBF4, DaADF,

o

‘(H

[e)

o] O
.

B

o

e BF

ez}

H

2]

il
(S

i

—

<

=

3

NV
0

)

B
~

| DaCBF4 (T5), DaADF (T5), DaGolS

I

el
_

HE DaGolS Fa=&A
W 21279 #1akel 3} #2z}ele] o

s}
ol

Fle. A=

O o =
55 gHs

A

3l

)

k!

S
Tl

37

(#1-T3, #2-T6) =2+

ﬁo
B
o)

X

i

—_

<

B

X
U
0

—~

il

- A% 2EHUZX DaCBF4 dopbdd W

[e)

I

7 )3

[}

=

AEES oMY

DaGolS Zepitd o

il

LHEHL

ojn
7
—_
fite)

o
o

el

A

A 2(4°C)

=

=

- A ~EY X DaCBF4, DaADF ¥}thid B A& )



DaCBF4 3}opdrdd v 2 Z A

?;51_

7} AL ~EH 2

il
70

il

o)
NV
=

W
B

N
hin

L.

ap
(e
)
L

_

W
<

ﬁo
B

of &

S Ao 2] target %A}l

- DaCBF4 s

2249 Az 2 RNA-seqiAl &

?;51_

% 9

)=
4

- DaADF

o
NI

N3

o
i

o

o

B

ﬁo
B

=K



L

1L

IIL.

SUMMARY

(3 B 2 o B

Title

Application of abiotic stress-related Deschampia antarctica genes in
development of functional crops

Purpose and Necessity of R&D
1. Purpose

Functional analysis of abiotic stress-related Deschampia antarctica genes
and application of functional crops to demonstrate the capability of

Antarctic living organism resource.
2. Necessity of R&D

Deschampia antarctica is a flowering plant which grows naturally in the
Antarctic, where is harsh condition for living organism. The adaptive
mechanism that enable them to live in such damaging growth condition
is valuable to be studied. Although the necessities were recognized for
many years, researches on the Antarctic living things, especially plants,
are still rudimentary.

Contents and Extent of R&D

To evaluate the agricultural value of these transgenic plants, we fertilized
the transgenic plants with wild type plants on the real field. For further
analysis of enhanced resistance to abiotic stress in transgenic plants, we
treated cold and drought stress on overexpressing plants (DaCBF4,
DaADF, DaGolS) and analyzed the stress phenotype with multiple
experiments. To investigate the characteristics of stress-related
Deschampia antarctica proteins in plants, an qRT-PCR analysis were
performed.



IV. R&D Results

DaCBF4-, DaADF-, and DaGolS-over-expressing transgenic rice plants
displayed similar morphology to wild type plants in the field under
normal growth conditions. Transgenic plants of DaCBF4 and DaADF
displayed more tolerant to cold stress and transgenic plants of DaGolS
displayed more tolerant to drought stress as compared to wild type rice
plants. The qRT-PCR analysis showed that expression levels of OsBI-1,
Cytoplasmic malate dehydrogenase, CCDC53, 0s03g02470, 0s10g22630, and
TLP were markedly upregulated in Ubi:DaCBF4 transgenic rice plants than
in the wild-type plants under both normal and cold-treated conditions.
These results suggested that stress-related antarctic hair grass genes

played an important role in response to cold and drought stress.

V. Application Plans of R&D Results

Overall, our results suggest that it is valuable to isolate new resources of
Deschampia antarctica for practical purpose. Furthermore, we may
preoccupy the resources of stress-related Deschampia antarctica genes

through patent application and presentation in conference.
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DaCBF4, DaADF, DaGolS & F5%ME A5 Jrhdddsts 48
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6 weeks old plants Drought 7 days Recovery 1 month
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Ubi:DaADF A1

Cold 0 day Cold 5 days Recovery 5 weeks

Ubi:DaADF B
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e mEz FH AL o WMol Wi APL Bl HAstyl. T
[e]

ol whE¥ A3 AHRE TAAHUE WAFoEN A2 2EH2E AHgst
o Ko

=4
A= W oRAFl Hle Hed AEHOE Holu e

9).
Wild Type 8.8
Ubi:DaADF A 62.3
Ubi:DaADF B 44 1

(298 9) °kAEH DaCBF4 s 2 2A4(T4 Aol A2 2Ef = st

AEE Al

_22_



7}

r 0
o,
[
[m
)
[

o

e
ot
41
=
=
1
AV
=
i
lo,

J{m
oX,
M

1%

FEEANE G0 HepnE A2 A oA o

>
frm
>
o

o 72 A
DaCBF47}y AARI A =2 283 4~ 9)
7124 real-time qRT-PCRZ #4s

elementE 7FA3L A= oSk {2k

s
1_1{0 J{m

AE 7HA A Qem g 1 &9
A HolA4 DRE/CRT cis—acting
of Hd H=E oM¥FTH DaCBF4
by A=Al gRT-PCRE glatdls (29 10). L 23 670 F+4=
(OsBI-1, Cytoplasmic malate dehydrogenase, CCDC5H3, Os03g02470,

Os10g22630, TLP)7} kA Fol W8l DaCBF7 Ithitd A E Ao A 1t o]
Z7ke AL gk

-/

il

I v
I uviDacBF4#

I ubi:DaCBF4#2

160 OsBI-1 10 - Cyloplasmic malate dehydrogenase 8 CCDC53
140 B 7
© Ds =z
£ 1m0 2 £ s
< c’ c
S 100 26 g 5
U o o
3 o5 3
E® = £
2 & 2° 23
= w3 =
T 40 ] T 2
o 2 [
20 1 1
0 0 A o
0 day 1 day 6 days 0 day 1 day 6 days 0 day 1 day 6 days
Cold Treatment Cold Treatment Cold Treatment
300 -
050302470 2000 Os10g22630 16 ne
- 4
5 =0 5 5000 1 5 1
\-IE [ [
5 20 S 500 - 5
2000
o E 2.
2 2 o 2
5 100 g g os
2 3 2 2 o
50 1000 1
0z
0 07 0
0 day 1 day 6 days 0 day 1 day 6 days 0 day 1 day 6 days
Cold Treatment Cold Treatment Cold Treatment

(29 10) °FAF(WT)¥ DaCBF4 A% AZA 9 target 32
gRT-PCR #4



xr
i)

i~

)

@l 2 DaADF, DaGolS <] 7]

ST
=

1

=EA
2 2 RNA-seq #4&

)

=
=

on
B
—_
fite)
%
rou
el
oy

i~

‘mwo
B
<

o

‘(H

_24_



A1 A

TP
R X o
‘WE( W/
=
Mo N
uumm.%% S
Y = o) =
L,ﬂmﬁﬁu P 25 Z2E -
?Dﬁﬂﬂ g aEr 23 S
=o XY X0 N_r,w alh] "N M Hr o %
X ,aouo% Al iy LT 9 zn -
do |° & =M WX T . X o TN
= = NS BN o P o M N® o
e Q T nal ) TR No < oA To-
o ACNPX ® e @7 o Nlo éT 2 T
= o T N N oo ) B R o a = ©
ZT Jl_._Dwvmuﬂ‘Ll oﬁl XE)A ujvﬁll_/ ‘flo.ﬁ _E .HﬂO_E
I 5 o : o = ~l %o X! o No o B X !
o ~ — EO]J;O ) Lf ,A_| :c
o Calg eI " e DT T o E
i ) RS % o L@_om%ﬂa %JF%Q]
Zxﬂlo_a oI iy B _1@,_.5,_1_1 L..Z_onmo <5 ﬂoH
i~ X O = A 2y B MV el o = = - ol < do %
s T n = B 5 P ANTL
T mp X° "o ERL = | Tw y B e B L&
2 od EIEA &Wﬁr el 7o) o ol
= \C/umﬂ_x BXO < & A ﬂrﬂd;um ﬁoatﬁﬁo_a
T WS " 3 o ﬂiﬂﬁ}ar = o
Aeﬂnﬂw_xmﬂﬂuﬂu_mu BE MEE ﬂ__,oﬂué x_.muvﬁ EamﬂL.
N augﬂuoa% S A BE@FE% ~ Péﬂuﬂ_é_g
anﬁl_sDﬂr 3 SRR <+ Lo i_ﬂﬂanﬁ
o T AE ™" QN S L._;Mé S Wl ﬂlTELI;oTDJﬂ
Ho 2 Y ol = w g Rews )
B R Kb Dotoﬁm NrQiNﬂVuSo_E
E.__v \_flo.ﬁ ﬂE o T | T ® vﬁ J O_E o :l%; ns e 3o
i gl o
5 Lzl o % W & 1
o ; = il
< o K %aﬂyﬁ/ _MJ_ xS
— . n =
T o o
" Nﬁﬁoﬁlxﬁ (ae :)_Aﬁ
" i ﬁoﬂﬂ% r
[aN] =
- _f]%éAdﬂ
= Mo R %
0 ‘W_Ibo [ao) wA_|
~X ﬂ‘lﬁT.c)A (9]
_,dﬁJU_xﬂnEﬁ
— O
muﬂ@.zuaﬂ@.
_ouiatm_.ﬂeat
< Luﬂﬁ
g

- 25 -



A2 A AT FHEEoF Ve VA%

B

<]
W
<]
ﬁo
i

!

3

—~
fite)
il
0

%
=

ojn

R

+

o

eav

il
(=)

)

R

+

o

o
el
o
—_

X7

X

oF

[
)

0
~
;OO

—

S

)

o}

Tor

o
)

fite)

™

oo H

ojn

R

+
i

!

B

R

AN G

_26_



=¥E

S A

vl
=

i=]
4 84

¢}

e

9l

A

=]
=

]

8w A

%

d

44

o

SR EE

tol AA| AzA 230 A ofEF

ZAA ) E

gk

e

oFA

=
=

3y A EA

oﬁ
+

ol

—_—

0
o

EEES EREE

%

)l
_En

Gl

44 2EY L o= A

3|
Z|

22!

Lo
<
W
<]
o}

_—

N
e

—_
"o

o
el
!

0

e
22

%

oﬁ

R

+

ol

o

il
oF
TR

JJo

olo
o
o

X

i

—

<

B
G

Y
K

N
hin

.

Ay

TR
T
i)

o
ToR

el

A 2 A el dFoe $&

B

—
fite)

bol Al

)

o

oﬁ
R

+

ol

o

_27_



i~

olo
&
o
o

o
B
N
hin

=

!

B 3}e] thd 4

-
1

3

ol 4 44

o

el

%0

il
)

ox

+

o

oﬁ
R

+

o

0

_ZTI

AAe =

[e)
IT

=9

=

1} =L
&=

U}, s

A s

=
=

A

}

;OL

o

A& 712kl

74 ol o]

~

R

B

B

el

%7

X

oF
)
W

<]

W
<

ﬁo
i
o
el

A

i1

E

o)
o
)

o

w0
o
</

il

i)

T
i
[
)

Ea

|

T

]

E

A2k eke] A

=
=

AEA

_z_o

o]

3] Lz} &},

W

el

Uz

)
B

o

!

™

—
fite)
e

-

_28_



He6&T s

Agrawal G.K., Rakwal R., Jwa N.-S. Agrawal V.P.,, Effects of signaling
molecules, protein phosphatase inhibitors and blast pathogen (Magnaporthe
grisea) on the mRNA level of a rice (Oryza sativa L.) phospholipids
hydroperoxide glutathione peroxidase (OsPHGPX) gene in seedling leaves,
Gene 283 (2002) 227-236.

Bae H.,, Kim SXK. Cho SXK. Kang B.G, Kim W.T., Overexpression of
OsKRDCPI, a rice RING domain—-containing E3 ubiquitin ligase, increased
tolerance to drought stress in rice (Oryza sativa L.), Plant Science 180

(2011) 775-782.

Byun M.Y. Lee J., Cui LH, Kang Y. Oh TXK. Park H. Lee H., Kim W.T,

Constitutive expression of DaCBF7, an Antarctic vascular plantDeschampsia
antarctica CBF homolog, resulted in improved coldtolerance in transgenic rice plants,
Plant Science 236 (2015) 61-74

Choi ]J.Y., Seo Y.S., Kim S.J.,, Kim W.T. Shin J.S. Constitutive expression of
CaXTHS3, a hot pepper xyloglucan endotransglucosylase/hydrolase, enhanced
tolerance to salt and drought stresses without phenotypic defects in tomato
plants (Solanum lycopersicum cv. Dotaerang). Plant Cell Rep. 30 (2011)
869-877.

Fleury D., Jefferies S, Kuchel H, Langridge P., Genetic and genomic tools to
improve drought tolerance in wheat, Journal of Experimental Botany 61 (2010)
3211 - 3222

Hirayama T. and Shinozaki K., Research on plant abiotic stress responses in the
post-genome era: past, present and future, Plant J. 61 (2010) 1041 - 1052

Jang I.-C., Oh S.-J., Seo J.-S., Choi W.-B., Song S.I, Kim CH., Kim Y.S,, Seo
H.-S., Choi Y.D.,, Nahm B.H.,, Kim J.-K., Expression of a bifunctional fusion
of the Escherichia coli genes for trehalose-6-phosphate synthase and
trehalose-6-phosphate phosphatase in transgenic rice plants increases
trehalose accumulation and abiotic stress tolerance without stunting growth,
Plant Physiol. 131 (2003) 516-524.

Jeong D.H.,, An H., Kang H.G., Moon S., Han ]J.J., Park S., Lee H.S., An K., An

_29_



G., T-DNA insertional mutagenesis for activation tagging in rice, Plant

Physiol. 130 (2002) 1636-1644.

Jeon J.S., Lee S, Jung K.H., Jun S.H. Jeong DH. Lee ], Kim C., Jang S.,
Yang K., Nam J., T-DNA insertional mutagenesis for functional genomics

in rice, Plant J. 22 (2000) 561-570.

Lee ], Noh EK, Choi HS, Shin SC, Park H, Lee H., Transcriptome sequencing
of the Antarctic vascular plant Deschampsia antarctica Desv. under abiotic
stress, Planta 237 (2013) 823-836

Moons A., Prinsen E. Bauw G., Van Montagu M. Antagonistic effects of
abscisic acid and jasmonates on salt stress-inducible transcripts in rice
roots, Plant Cell 9 (1997) 2243-22509.

Saijo Y., Hata S., Kyozuka J., Shimamoto K., Izui K., Over-expression of a
single Ca2 -dependent protein kinase confers both cold and salt/drought
tolerance on rice plants, Plant J. 23 (2000) 319-327.

Yang L., Zheng B., Mao C.,, Yi K,, Liu F., Wu Y., Tao Q., Wu P.,, cDNA-AFLP
analysis of inducible gene expression in rice seminal root tips under a water

deficit, Gene 314 (2003) 141-148.

_30_



KI-

A L

2. 0] E3M U

deh AT

0

AL
T

ATFAL0M fIEHEFANZE

S 0F L

Ol

0l
0{0

o




