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SUMMARY

I. Title
Functional study of arctic/antarctic plant genes using cell-based assay and
transgenic plants

II. Purpose and Necessity of R&D

Plants that grow in the arctic/antarctic can inhabit and survive in an
extremely stressful environment through inherently established unique genomic,
physiological and developmental characteristics. Therefore, it i1s important to
obtain biological evidence of the genes involved in the molecular and
biochemical mechanisms of the adaptation in the arctic/antarctic environment.
However, because the reproductive allocation to seed production of polar plants
1s very low in the natural site and in the 7/n vitro incubation, a reliable genetic
approach to decipher the biological functions of polar plant genes has not yet
been applied, indicating that a novel approach is needed to study the function
of polar plant genes.

III. Contents and Extent of R&D

In this study, we optimized a method of mesophyll protoplast isolation from
fully differentiated leaves of arctic/antarctic plants and evaluated a transient
gene expression system using Colobanthus quitensis protoplasts as an
alternative, powerful tool for emerging research needs on rapidly expanding
genomics information from Antarctic plants. We also examined the biological
functions of six genes involved In low temperature resistance through
transgenic studies in Arabidopsis thaliana.

IV. R&D Results

Using isolated protoplasts, we transfected C. quitensis genes and showed
protein expression and the subcellular localization. We made several transgenic
lines through the introduction of C. quitensis genes into A. thaliana. Some of
transgenic lines showed stress resistance phenoytpe.

V. Application Plans of R&D Results

A versatile cell system via DNA transfection established from arctic/antarctic
plants will be useful for molecular and cellular studies, such as the subcellular
localization of proteins, protein—protein interactions, transcriptional activities,
signal transduction and gene silencing, to systematically determined functional
characteristics of genes of interest.
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Table I. Effects of important parameters such as enzyme cocktails, mannitol and pH
in the protoplast yield isolated from leaves of Colobanthus quitensis. SD means
standard deviation (n = 7-9) and *** indicates significant difference (one-way ANOVA

test, p<0.001). ns, not significant.

Cellulase Macerozyme Viscozyme Mannitol Protoplast yield
No RS (%) R10 (%) (%) (M) pH (mean + SD/gFW) p
1 1.5 0.3 - 0.5 5.7 36+19X10° ns
2 2.0 0.6 - 0.5 57 77+29X10° ns
3 3.0 1.2 - 0.5 5.7 1.2+04 X10* =
4 3.0 1.2 125 0I5 5.7 58+0.8 X105 ==
5 3.0 1.2 1.5 0.4 5.7 46+0.3X10° ==
6 3.0 1.2 1.5 0.6 57 32+05X105 ==
7 3.0 1.2 1.5 0.7 57 26+0.2X105 ==
8 3.0 1.2 1.5 0.5 4.0 8.7+05X105 =
9 3.0 1.2 1.5 0.5 5.0 52+0.6 X105 ==
10 3.0 1.2 1.5 0.5 6.0 42+0.3X105 =
11 3.0 1.2 1.5 0.5 7.0 1.7+0.2X105 ==

<ohR@ 27 wWake] whE G 9934 AL B £58>

© Ax &2 T8 a<ld

olofl & 33t enzyme cocktail, mannitol, pH 52 <
= OYshA A&stel HAstd 5 A 2dS AAsa

A FEE(vield) S FHIA S
Enzyme cocktail2 7]&¢] & <44 AW cellulase RS, macerozyme RI10
o]9lo] A FEA Viscozymes F71&E o]&3ste] 58+0.8 x 10° protoplasts/
gFW (gram of fresh weight) ¢ 582 X3+ (Table 1, No 1
—4).
o]|F F7F4 o2 osmotic stabilizerq! mannitol?] o8 FE=E FAStY I
oA 05 M ZHolA (Table 1, No 4—7) 18] acidic pH 4.0 Z71 ) 4]
(Table 1, No 8—11) 7}& =2 87+05 X 10° protoplasts/ gFW %9

558 %uE 5 S (Table 1, No 8).
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Conditions in Deschampsia antarctica (‘= SME)

- Efficiency of different enzvine mixiure for I

| anterviicd
- I.W +
0,80 1 1: 1.0% Cellulase RS. 0.50% Macerozyme
060 F B 2: 1.5% Cellulase RS, 0.75% Macerozvine
s ] l Joir- | 3:2.0% Cellulase RS. 1.00% Macerozyme
' i 4; 2.5% Cellulase RS, 1.25% Macerozyine
B2t 1 . with 0.5M Mannitol, MES pH 5.7
000
1 2 3 4
2.00 3.00
g : §.
S 150 1 2 I l
u l ¥ 200 i 1
1.00 1.50 {
1.00 .
"M . . ' I
0.50
0.00 0.00
0.5M 0.6M 0™ 4
Mannitol concentration MES pH gradient
2.0% Cellulase RS, 1.00% Macerozyme 2.0% Cellulase RS, 1.00% Macerozyme

0.6M mannitol

<ohR@ 27 WEd] e FEEAE YPAA AE 2o F5E>

G SEM E(Deschampsia antarctica)s GAF2A Eolng md 2] 59]
=)

A & 21
(rice) 948 A 2 W9 (Zhang et al, 2011)< 7|2 o2 dlo] AHS

Enzyme cocktail®] T4 Aol 3]d3t= cellulase RS, macerozyme RI10,

mannitol, 28] 32 MES pH gradient®] ThFdt 2718 2 &35te] AdAA| A
= wYsde

HEH A=, 20% Cellulase RS, 1.0% Macerozyme R10, 0.6M

Mannitol, 10mM MES pH 6.09] ZZ oA 6A17F &t A& %227 HHS A

ZgS w, oF 2 x 10° protoplasts/ gFW F&9 58S r3d + 9

Fel

o

o 7hekeksl= A Y. o] 1A s HA 5 AE pipette tipS = 109
Z+e pipettinge ZA2HA AFH 2FOoRREH dFAA Axe =
=& T s
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0.3% Macerozyme R10, 0.4 M Mannitol Z7 oA A A FEHo] =
AN gE5Ey Beld d824A AZ7F Fudez a7 wio] A

!
7l 5o enzymedt Aol AFSA ok AL AAE A7t wol

¥ B

i

T2 AS

E584Wel gl HEF5HUEUYEe Afde Sk 22 enzyme
cocktail Zxdoll A MEB o] =2 oo} Fo|¥ AFAA A7}t 4H 2
FEHE Holzl &S5

1A o] &l A= ) As7) 95 F7H4 <1 enzyme o=

Viscozyme(Sigma, Catalog No. V2010)S Al&3te] A2 &0 AE8%H+=
ukA o] WS =YL

Universal method for polar plants: 1.0%6 Cellulose R10, 0.2% Macerozyme
R10, 1.09% Viscozyme, 0.5M Mannitol, 20 mM MES pH 5.7, 10 mM
CaCly, 5 mM P - mercaptoethanol, 0.196 BSA

9 Z7AE& ol &3t Al £ AEAAM 2~4A7 HAEY enzyme cocktail X
22 E3lo] 15~67 x 10° protoplasts/ gFW +3¢9 FE5&5S g3t 4

[e3}

2
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O ME=3E 2DNA = e & =A

ol

2

21t 6

1 2 3 4 56 6 7 8 9

| m— -
b——g——-——‘

*

WD T —— e — o —— -

S LR I EX BRI

Jﬂ

Q>

© YE7miAte] fEAA AEE o]&3ste] PEG-CaCly-mediated DNA
transfection2 3] 3} A <.

® DNA transfectiong ¢33 159 plasmid DNATE  CsCl-gradient

ultracentrifuges ©]-&3t4] 23

® DNA transfection §, -2/ elollA] 6217t incubation A7l ¥, LFAA A
Fa& THAE

© =% fFdxe] @A Bd2 western blot analysis® T3S, o,
A= HA epitopel 2 tagging= 7] Wl anti-HA-antibody=
A dd &S gelstd

® Lane 2, 3% lane 4, 512 Z}Z} varianto] 7]+ SHATF e CgMKK6S}:
CgNPKI +AA=E transfection A7l A <. o] Z3}+= reproducible, reliable
Sk A 7]HE 24 WS R QS
0

® ThFH FAAEN met B 99 stability S ReIF I QOonE, Wyl

® Figure legend: lane 1: Control; lane 2: Cq_MKK6-HA; lane 3:
Cqg_MKK6a-HA; lane 4: Cq_NPKI1-KD; lane 5: Cq_NPKI1-KM; lane 6:
Cq_ADC,; lane 7: Cq_ERF1; lane 8 Cq_HVAZ22; lane 9: Cq_TSPO
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GFP
alone

AtWRKY29

CqERF1

CqHVA22

CqTSPO

<FEm R Al E o A o] @l subcellular localization 2 %>

ar

A 7 B QlolA s ZhE dEA A we gl
subcellular localizatione Z73sl= A,

t}Fst Colobanthus orthologous F+ZAAHE<S GFPE fusion AAA E=70
ke A AA AEANA B E

Control24 GFP alonee A E9, Al¥xd 1g]a oo H3d ¢XZ B
o131, o 7] Ad] AR ATWRKY20S dlof o] Falah whal 932 =

T JAS (Asai et al, 2002).
SElE S-S 355-CaMV ZEEEE o|&3sto] AAZL Zol7] ujiol
(Chiu et al.,, 1996; Yoo et al, 2007), ‘F=7lm] 22| A3z A
oJulA o2 ELT = rjorst wa wE o] ALLol 51

FEURE A AR CgERFIS: 3ol A Huw AR R AHEdhs
Aoz Hl olu & <lo A ZF& speckleEo] HolEt], o= 3 ¢to A=
splicing regulatorg°] 913 54 F oA 5 7tsAHES BT 9]
< (Reddy et al., 2012).
o2 Jd=70vAkE] orthologous FAAER1 CqgHVA22 (Guo & Ho, 2008),
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CqTSPO (Hachez et al., 2014) 1#]al CqADC (Fu et al., 2017)¢] 739l
= W71 d AR 7S Bael o] MY 52 AZFoA ddy
= YA HoFa Y5, of71Ago A HVA229 TSPO= AlX 2 U XA

oF 22 AT|HAA FEeteE Aoew dEAd S 2o wE AExy A
71 markerg ©]&3%k A8t 9% meto] Had] H ADCY A5+ F

2ol o7 AES AEAI} JEAo A= Aow HIFOoL
FZu RE] A ZAE F2 x| A= Aoz Hel
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21 8
Name Arabidopsis (AGI) Contig No. in C. quitensis Description
CgNPK ANP1 and ANP2, Nicotiana Contig_19538
protein kinase 1 (NPK1)
CqMKK6 At5g56580 Contig_46660
CqTSPO Tryptophan-rich sensory Contig_23283 benzodiazepine
protein (At2g47770) receptor-related
family protein
CqHVA22 AtHVA22E Contig_30198 HVA22 disoform 3
(At5g50720)
CqERF1 AtERF-1encodesa member Contig_14494 af245119_1ap2-
of the ERF subfamily B-3 of related transcription
ERFIAP2TF factor
(Atdg17500)
CgADC Arginine decarboxylase Contig_1381
(AtADC) (At4g34710)
<Add 63 F=Eviv A FAAE>
= = = ol Mke) =)
H71deell A et 2EL Adadde] S5 94¥S @@sts MAPK
Azolzel tis F=/luAkE] orthologous - HAAES AWsle] o1 7|5 &
#HS3sH a8 (Kovtun et al., 2000; Xie et al., 2012).

CaNPKI 382 % MAP Kinase Kinase Kinase(MKKK)ZA 71740 9]
ANPI13} ANPZ2 orthologous AL, o713t ANPL/ 2= el NPKI
of sjiggozn Fnl NPKI¥ A orthologous A AHE H =710 212
transcriptome data® B X3 (Contig_19538). NPK1¥# #& MKKK @
wl 2 O autoinhibitory activityZ7F 2o A wild-type ©¥ @& Abej= Al 57}
Sl 2ddAE Aol e wekA 240 e FHAASAE WE7] 4
3] autoinhibitory activityES A4 3d CgNPK1e] kinase domain®ts 24
ko] o] 8395 (CgNPK1-KD). ©]ol Ttk negative controlZ kinase
activity7F Al A ¥ inactive kinase domaing 7}%Z NPK1-KM <Al A 2HE

o
21\_]75-

CgMKK6 fr3 2= MAP Kinase Kinase( MKK)ZA 2~E# 29} 433}
A #E" )73 MKK4) 33tE orthologous FAAE FH Zol& #
ety st 2Eu olek P fFARgE E=UHwiAbE] orthologous
Cq_Contig_39737} full length®] Fd2F ME FRE 7FA 3 YA K&l oh&
o2 fAgE  Cq_Contig 46660 A®ste S=2Y3t9 . Lev, 9]
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contig_466602  of 7] &t MKKsE 39 phylogenic tree

2
& Hol CqMKK6= WHstdls. @448 7ls 245 98l wild-type
version® CqMKK69} active form¢! CqMKK6a® F 24 39S

U= CqTSPO, CqHVA22, CqERF1, CqADCE R+ A AF49 I=
Mu k2] transcriptome dataoll A A& A~Ed@ 2o o&] HAAH w3 o] =

Hehe Fo fAAES Adstel F2d A8

_18_




Y
A=
©

Constructs Cloning Expression test in protoplasts
HBT-CgNPK1-KD-HA Cloning 2t2 Confirmed in protoplasts (A, C)
HBT CaNPK1 KD-GFP | Cloning = |

HBT.CQNPKIKMHA | Cloning @2 | Confirmed in protoplasts (A, C)
HBT-CgMKKE-WT-HA Cloning &2 Confirmed in protoplasts (A, C)
HBT.CqQMKKE-WT.GFP | Cloning = |

HBT-CgMKKBa-HA Cloning 2t . Confirmed in protoplasts (A, C)
HBT-CqTSPO-HA Cloning 22 Confirmed in protoplasts (A, C)
HBT-CqTSPO-GFP Cloning 22 Confirmed in protoplasts (A, C)
HBT-Pp3C7-HA Cloning =

HBT-Pp3C7-GFP . Cloning =

HBT-CgAP2-HA Cloning 2t Confirmed in protoplasts (A, C)
HBT.-CqAP2.GFP | Cloning 2= | Confirmed in protoplasts (A, C)
HBT-CqHVA22-HA Cloning 22 Confirmed in protoplasts (A, C)
HBT-CqHVA22.GFP | Cloning @2 | Confinmed in protoplasts (A, C)
HBT-CgADC-HA Cloning 2t Confirmed in protoplasts (A, C)
HBT-CgADC-GFP Cloning 2= . Confirmed in protoplasts (A, C)

A Arabidopsisthaliana, C: Colobanthus quitensis
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d 39S (Yoo et al, 2007).
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A =
heterologous

M5 & A7 LEE e &8
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