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SUMMARY

1. Title
Establishment of rapid functional verification system for polar plant genetic resources

II. Introduction: Purpose and contents of R & D

Research on biotechnology crops, which are defined as improved crops by recombinant
DNA with genetic engineering technology, has progressed for the purpose to contribute to
securing agricultural economy by improved crop productivity and resistance to pests, and to
expanding cultivation areas by increasing resistance to climate change. Recently, polar plant
genetic resources have been attracting attention as a new genetic resource for the
development of biotechnology crops, such as the development of cold tolerant rice with polar
plant genes. In this research project, we tried to establish a customized rapid verification
system of polar plant genetic resources in order to facilitate the functional research on polar

plant genes.

IM. R & D results

1. Establishment of protoplast system: Among the transgenic methods, protoplast-based
transient expression systems are very easy to identify the characteristics of genes in a short
period of time by expressing recombinant proteins in plant cells in large quantities. In the
present study, we used a quick and accurate method to verify gene function by isolated
protoplast cells from polar plants, minimizing errors caused by heterologous expression. The
protoplast extraction method was established for five flowering species and two moss species.
We expressed twelve genes with various gene function in protoplast system and their cellular

localization was confirmed.

2. Model plant-based gene function analysis: A method to analyze the function of polar genes



selected by overexpressing polar plant genes in Arabidopsis thaliana (flowering plants) and
Physcomitrella patens (moss), well established model species. Through transcriptome analysis
of Colobanthus quitensis, two genes of MAPK pathway and four temperature responsive
genes preliminary tested in protoplast system were transformed in Arabidopsis plants and the
phenotype was analyzed. Among them, transformants of CqNPK1l, CqMKK6 and CqTSPO
were confirmed to have osmotic resistance. We also performed the functional analysis by
transforming selected genes from Antarctic bryophyte species, Sanionia uncinata. Sul EAI4
and SuDHN genes were transformed into the model species Physcomitrella patens by

PEG-mediated DNA transfection, and confirmed by genomic-PCR and RT-PCR.

3. Establishment of gene transformation systems for polar mosses: In this study, we aimed to
acquire and characterize the polar moss species and established them as a genetic
transformation system for functional study of polar plant genes. Axenic cultures of polar
mosses were obtained and their growth and developmental characteristics depending on
culture conditions were examined. Among them, KMR5045 (Bryum sp.), which is a relatively
fast growing one, was selected to test protoplast cell separation method and foreign DNA
transformation and it was successful. These results will be used as a basis for establishing

the transgenic system for polar mosses.

V. Plan to utilize R & D results

Research on polar plant genetic resources provides important findings to explain the
adaptation and evolution mechanism of polar organisms. The rapid functional verification
system will be of great help in securing an effective polar plant genetic resource, and the
results of this development will be used as a cornerstone for the development of biotech

crops using polar plant-derived genetic resources.
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o o]& DNA transfection@tH(I1¥H 8).
xuk AEF ge]a e id 9]

}OJ A AtWRKY292 doflA F58 dd S gled
7009, EEAuAE A CqERF1S oA, CqHVA22, CqTSPO 181
CqADC9] A9z Axut 52 AEzdor] FHHUTHIH 8).
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GFP
alone

AtWRKY29

CqERF1

CqHVA22

CqTSPO

CgADC

(23 8. @S mAe] Alzol Ao BARAAS] Azl 94 &1l]

d=EME (Deschampsia  antarctica)> GAAEo| B2 EE &2l ¥ 9

| e e FasiA AdS T3P (Zhang et al, 2011). AlE #¢
£ eQldl AEres Fil §49 FF, mannitol, pH 59 o8 X3S thgFsiA
goto] HAAstxie AAsty s5ES Hludt. HFA A3z, 2.0% Cellulase

RS, 1.0% Macerozyme R10, 0.6M Mannitol, 10mM MES pH 6.09] Zdo|A

647 Bk A% 22 AW AHPL W, ¢ 2 x 10° protoplasts/ gFW FF2
¥ SEES FRG A (29 9).

22



£

o - , _
o - v lv A '.
Jh: ] - _ ._

d me L T
1.40
§ — ¥ Efficiency of different enzvine mixture for I
] e iice
- 1m -
0.80 & I 1: 1.0% Cellulase RS, 0.50% Macerozvine
E 2: 1.5% Cellulase RS, 0.75% Macerozvine
3: 2.0% Cellulase RS, 1.00% Macerozyme
4: 2.5% Cellulase RS, 1.25% Macerozyme

0.60 ]- =
oo — B

il I I with 0.5M Mannitol, MES pH 5.7
000+ :

1 2 3 a
2.00 3.00
2.50
150 - E
" l ® 2.00 I I I
1.00 - I 150 S Il
-[ 100
0.50
0.00 - 0.00
0.5M 0L6M 07N 4 5 (3 7
Mannitol concentration MES pH gradient
2.0% Cellulase RS, 1.00% Macerozyme 2.0% Cellulase RS, 1.00% Macerozyme

0.6M mannitol

(28 9. &FFANE ASAZAA Eeld AF2A AE 2 OFd =00 e AF2A A=

gl £5& HA3

e

L S SAE A3 AN A AR T

wEet IEEANE 93dAAe]  sGFP J¥dAE  PEG-mediated DNA
transfection®] WH o2 THAZ & A|ZHE HHFS
12A1F o] % th&Fe] sGFP wiizo] AJAkE= Zlo] FRIE G o]F F=FAE
@l 5% sGFP FFTEWAe 22 constructE AF A Mze]
western bloto® WS st Ay olg EF F& FElE Hdye

AEHor gAag (29 10).
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Protoplast transfection — 355:5GFP

Haurs after transfection

o) & 4 12 20 (h) 10 -

*"= ant-GFP anti-GFP

coomassie blue ““ coomassie blug
-
50—

(2" 10. §53NF A3 dA D dS B A western blote = gQlg A} 2 sGFP] ARt
T Bl - FESAE FH A A¥EAA Az o 2 Z)l]

SE wwAds AEd A% S 98 IFVRAL AR 2 A
S5AE fFE daEe] WdS dn)
22 51= DaCBF72 Y= A1E A9

DaGolS28} DaRS4+= MEAANA = 5 Atk (I 11).

Bright field Chlarophyll GFP

235:0a8Gol52-5sGFP

335:0aR54-5GFP

(2" 11 @5FA= dF2A0 233 FFxA 2% dd s A=z 94A]
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Fol, H=A4el,

al
AE 2% st Tdds o)
1

z AA MEH] F3 FE AR
G AN, FeE dFAA AxE AdFo® 7] wiEel 47 5X9 enzyme}

an 2

[e)

©

ArEolo] A dralx] okol A|E7} A

rlr

RaFAgelsh HaAtEbEe] 4%, ¢ 99 AxuEsaz x4
A G T Fejs mol7 gsirh ol

ol zF =z ¢ro} Halw YA A M E7}
FAZT AAs) )

EE
V2010) & AMEst 5 2715 HZ st

. =2x|

iid
o

?lst universal method: 1.0% Cellulose R10, 0.29%6 Macerozyme RI10,
1.0% Viscozyme, 05M Mannitol, 20 mM MES pH 57, 10 mM CaCl2, 5 mM
B - mercaptoethanol, 0.1%6 BSA

=]
=

9 F=71E olgdtd Al £ BEFAENA 2~4A7F o] 1.5~6.7 x 10°
protoplasts/ gFW 9 F555 53 & QAH(I2d 12).

9.00
=

S 8.00
Ss.

=

= 7.00

"
6.00
5.00
4.00

3.00
2.00

¥
| - B
M .

12. ad&e aFxygo], HSgAde], H3dUuEy= 3T H524=°l Universal methods % &
bl
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S=ol= oF 1009959 AMEF7F A -$8ke] Bxstal Q7] wiEe AAS TS
7 F23E AEolth AT AEFY A AMAZ o R RAFEQ Physcomitrella

GFobM Aol W ool
T MFAE Wdem dYHEAE

FE5l= F71S  T%3F9Y.  PEG—mediated DNA  transfection® HHo =
%

=

1z

M

1o,

X

kel

N

2=

M

1%

o

L)

AL}
ST
m 2
30

D)

o]

1

T A7 5, e ddS FREvFeR

As AzAoR W Aum  494ded  @gwudo]

o
>
O
—
Q
=
=.
j]
o
o
=)
»
—+
=
jo
O
-
ry
b
=

r
i)
rlr
P
o

ngt

Polytrichastrum alpinum |

Ceratodon purpureus

(29 13 AFAA ) BN L BANNA FFAN Ao BHL 3]
5. =% 4% 53 =49

TR A& Ay AA o] 3k =% 2 9w E 7 : Optimized protoplast isolation
and establishment of transient gene expression system for the Antarctic
flowering plant Colobanthus quitensfs (Kunth) Bartl.,, (Plant Cell, Tissue and

Organ Culture Age] =% F1 % &
Gau A Ay A Feld #d U5 29 €x: IFEuAe] 43
A i

B8 G D o ogde HIAvARRY A3

(2018.05.03. =9 #110-2018-0051427%)
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i

AEol wekst AEHA AsdE T3 s g@Hshs MAPK Alslat

d= Ak oA Eeletal 7lsg& Aot oFltt (Kovtun et al., 2000; Xie et
al.,, 2012). A WA Z, CgNPK1l HF4dA+= MAP Kinase Kinase Kinase MKKK) &
dzsst: el71gde] ANP1¥ ANP2, ©wle] NPK1 el AFfdxzA]

S7hu A AARA dlolgHlo] oA ks 4= 2l tH(Contig_19538). NPK13} 2+
MKKK w2 autoinhibitory &Aool o WT w@iAde 54 As7F gle
AN E BEE A dv Aor dHA Qv wEkd g4o] Qe FAASAE
WE7] ¢ autoinhibitory activity® Al A% CgNPK19 kinase domain
(CgNPK1-KD) & Z&E4ste] o] §38k3lal, &4 tx=wCE kinase /4o #1714
inactive kinase domains 7}% NPK1-KM& #|&sksith (& 2).

CqMKK6 H#x+=  MAP Kinase Kinase(MKK)o|th of7] & el AEHA
WS- WA ddE FoE A AtMKK4° AERAAE gAsks gl A
250 03 (Contig_46660), G714 AtMKK69 7F& A 82% sequence
identity S H.S7] W&ol CaqMKK6® WHstsitt. 444N 75 245 i@l
WT 2] CqMKK6$} active form¢! CqMKK6a F 7k RFE F2slth(E
2).

[ 2. d=7lm=ke] MAPK pathway A5&22 8] ~E]

Name Arabidopsis (AGI) Contig No. in C. quitensis Description

CgNPK ANP1 and ANP2, Nicotiana Contig_19538
protein kinase 1 (NPK1)

CgMKK6 At5g56580 Contig_46660

CqTSPO Tryptophan-rich sensory Contig_23283 benzodiazepine
protein (At2g47770) receptor-related

family protein

CgHVvA22 AtHVAZ2E Contig_30198 HVA22 disoform 3
(At5g50720)

CqERF1 AtERF-1 encodesa member Contig_14494 af245119_1ap2-
of the ERF subfamily B-3 of related transcription
ERF/AP2TF factor
(At4g17500)

CqgADC Arginine decarboxylase Contig_1381
(AtADC) (Atdg34710)
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H
459 G712 CqTSPO, CqHVA22, CqERF1, CqADCe IYAM IR 9= F2Ydstgct
(% 2).

L Y P e B s e e A o = S

of 713t FAAE o]de, AdtE 6F°e FHAAEES WA AFAA] AL A
WHAAA E ofFE Flsigln}. olF 93] HEFAAES of71&d transient
2 AFEEE pHBT vectore]l 224331 (Yoo et al, 2007),

Gl el S EQlst A3 o]l5o] BE AAFoR WEEE AS 4 (1 E

14).

expression system@.

CqMKKB-HA#T .2
CqMKKE-HA#T.3
CqMKKB-HA#T.5
CqMKK6-HA#4.5
CqMKKB-HA#4.6
CqNPK1-KD-HA#2.3
CqNPK1-KD-HA#3.1

Col-0

(kDa)
50 ==
37

CgMKKB-HA 41.25kDa

- | CgNPK1-HA 31.46kDa

—— | — a-tubulin

HBT-CqMKK6-HA
HBT-CqMKK6a-HA
HBT-CqTSPO-HA
HBT-CqERF1-HA
HBT-CqHVA22-HA
HBT-CqADC-HA
HBT-CqNPK1-KD-HA
HBT-CqNPK1-KM-HA

Control
Control
Control
Control

(kDa)
50 -

50~ 100-
50— 75

37—

)

ar -

ar- -
20 50- 20

+5—
37-

(28 14, FS7m A fdar @ujde) of 7o) A& dA 23]

AFAA ATAN WM B AT S A7 FA8 6F FA4E
o) 7)ol BAALE 98

3 f
MKK6E ZHzt 71558248 93t variantSS #7181, tag® ® HA9 GFPE AFE-317]

il
ullt
Hl
:

pCB302 binary vector



‘qu—oﬂ %X‘]X]—-E: 650l AN AA xBE FAASA = BT 16500tk o] ol ot
= e &l TO seed poolsE< X &= AUTH
o]‘; % CgNPK1, CqMKK6, CqTSPO, CqHVAZ22, CqADC, 18]11 CqERF1el tial
T3 Q! Aol A5t FAHAEA Al HAoA, =2 @i TdS HolH
T—-DNA”} single copy® AlEo] A|x4] Bastaol| thet T2 4|7} 3:19! lines=
A5z sl

=
j
é“d
o [
e
2
riet
o
2
o
ol
ol
2
[an
[

S APt CagNPK1# CqgMKK6a FAAEAE dif oz Ao oist ~Ewdx

e BAYPE vlust Ay, 7 dpdAAe] Helr o el Hls] dojxla, 50 mM
NaCle] 7S ¥3six Atz oz AAE Ao ta] Adido] ol (1d 15,
16). =3 AAREfA ¥ oyt AFAEHA HalE AFdAol FrHAH. 53]
CqMKK6a® -9, WAl A4S Koli= Wk, CqNPK19 A-9+E= 100 mM
mannitol A~EHA 27164 7}7&L Begsk A Hola o]

a7t ZARY. g d84 0%, CgNPK13 CqMKK6 %<
AE A gt A S e %%} A oA BT},

e A Eall A —— Col0 ’g‘—I'E— iEE‘Hﬁ —= Col0
=i ——Eﬂ—

40 —— CqMKKE-HA 40 —o— CqMKKE-HA

. —— CqNPK1-KD-HA —— CqNPK1-KD-HA

=30 ] —e— CqMKK6a-HA T 30 - —— CqMKK6a-HA
S, ) S,
£ : £
220 A 2 30
o o
ks] i}
o [o]
€ 10 € 10

0.0 ! 1 0.0 1 I | |

0 50 100 150 ' 0 100 200 300
Concentrations of NaCl (mM) Concentrations of Mannitol (m)

[Z29 15. CgNPK1 ¥ CqMKK6 #id FddgA|el 2EH = WA ZAH

T 2F Fol GF W AR AEYHAE AU fAEE AFS BAS 4y
CagNPK1# CqMKK6a FAASANSLS ol = J
okortth uhwk, g A3ty el CqMKK6a &2 3kA)

2
—
o
()
=
=
=
a
)
=
=
<3



AEYA A FE Aol oMPEY AZAHS Boly AHFo] FXH= A&

wzET (23 16)

100mM NaCl 150mM NaCl
e s

.~

100mM Mannitol 200mM Mannitol

50mM NaCl

200mM Mannitol 300mM Mannitol

(2% 16. AE2Ed 20| B3k CgNPKI-KD, CqMKK6, CqMKK6a 13 Sdx84 w83 2AH

=
Hopae FAASAE ARy AR AEfA ZACA By wd Adr odAEHE
A de BATH(IY 17). uvl, CqTSPO FAAGA Q] AHfole
homozygous lineo] AwsE Aej7l obd T2 Az ZdE EAS 37 wiof
F7H HFol dastth ey, AFAY xdAF O v &o] basta AFY HETH
Row Hol AEHA AYA FEAYPo]l CqTSPO AR &gt Azt
A5 & gtk wEbA] CqTSPO fF3Ake] 7o) A olge] tekst HIAE
Egzof ds APHES Fostty #akEch £33 CqHVA22, CqgADC, CqERF1
FAASA ] A B W AE AEg Ao ud Mg W #FE AR ndAPS
Hog A oot} of&y EE FAAT/AC ot AL AEHA AP

@ =2

X
2EE £HE A¥Yd Ao

S
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8E A5~ ME AERA

4.0 A —— Col0 - —e— Col0
= —— CqTSPO-GFP 5 —+— CqTSPO-GFP
= 3.0 A i a0 4
5 2
£ 20 - S 20 A
= S
(8]
F 1.0 - ® 10 4

0.0 . L : 0.0 ; - .

0 50 100 150 0 100 200 300
Concenfrations of NaCl (mi) Concentrations of Mannitol (miM)
[ 17. FE2=Ed 29 g TSPO FAASA TdH]

2. RAMEFE o] &3 FAASA A L 2dF 4
7h R FE ol &3 JAASA A&
HtER o $H&=  Sanionia uncinatald AEI AEHA AT HF2129
7es wAstaA, FAME 7ol e HEHFel RAFR Physcomitrella
patense ©|&3FA T U A AES H8l, 1dF, 19, ABA AEHA oA
wao] FIVel= SuLEAI4, SuDhn F3AS AAsATH (" 18).

A

P. patens°l A F=

PACt:Sul EA14
4 &5 & 7 &8 9

1 2 3

Hph
- e W - - .

WT

pAct:Subhn

1 2

pAct:SuDhn
WT 1

3 4
2 g

- G - o Hon

e e e e W e e e e Suleatd

Ppi8s

- SuDRN

g Poi8s

- e SuDhn

— e e e PpEFia

[19 18. ABA, AZ, 12gol] W3 SuLeald, SuDhn A= &3 WH3} 4]

3

h

31
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PEG—mediated DNA transfection?] WHOZ E93te] w7l & FAHA AHS
3 FAAIAE FRIFAJG(LH 19). Genomic DNA PCRZ FxA A4S
glstal, RT-PCRE SuDhn® FAAEA A Hx TdS gl F5
ATE Ea|N, AEY Ao wSE= Suleald, SuDhno) Iehitdy A o]7)7}
Egxe] Ao WsE HolisA e Aot

ABA (100pM, h) HE ~23~ (h)
0 £ A 6 g 24 o0 1 3

G 9 24 =+ 2

og

r————— — ——— — — —  — — e Suleaid

— S — — — — — — —— A — m— — 00

e — — — — SuTub

(18 19. SulLeald, SuDhn H}dd FHAASA A2t A, A AEE 53 53 JAHZA, B,
Genomic DNA PCR C, RT-PCR]

S @A Astel Aopbt HEFES §8 FAALOR B8, o5
s}

MFAE gdren 545 sl SH el YT AUFE "osA

oWl FAE FRstL AMFAE FEICG(LHE 20). o5 MGAS Al AHEd
WAEAS syl flstol AdEiFel A=old FE AREee 457 A elA
711 s vaskdv(1d 21). 2Eal ols wFAZE 7HAAL Sle A

gelate] H7bsk wiAelA 71w AFA oAFE #FIUATH(OHE 22). I AL

P. patens®} ¥lustol = f@ AEFe AL =
Ay 23). ¥ A¥RE EUE fFAAHoREA FA AHFE
ggat7] e FAAS 71 G 7% HolHE Rt
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Physcomitrella

: patens

Polytrichastrurm alpinuim

Ceratodon purpureus

Bryuim pallescens

Bryum sp.

' Pohlia cruda

(28 20. =2 Aei#e] APEA F= 2 AaZE A, JAA AN F=3 APEA B, A ufA o A
558 Al AR 2
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Physcomitrelia patens

Folytrictiastrum alpinum

Ceratodon purpureus
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control Knop+H10  Knop+H20 Knop+H30 Knop+K25  Knop+K80  Knop+K7S

Physcomitrelia patens . . .. .. .
Polytrichastrum alpinum . . .. .. .
Ceratodon purpureus . . .. .. .
Bryum pallescens . . .. .. .

(28 22, =52 Ade 7] AVIAE A WA 25 St 712 F YA

117 16T

Polyvtrichastrum alpinum

anum sp. (KMR504 5}

Bryum palfescens (KG1452)

(28 23 A AeFe] APVEAE A2 20004 1153 712 F 47 Aol

35
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=4 AdF WA = | =+
KMR5045 (Bryum sp)E tido= FAdE 7IWs FHstua st ol Sl
A 20 dGEA L] A2s 2 AR Al S wlwsk v (1™ 24). 17
el FAA AdEe A A TR sEE st 1 A

Kanamycin®} Hygromycin® 7-¢, E=3E<Ql P. patens®.UF U] @S FE9 A4

oX,

X

b
krt
N
N
=
[
r
>
(o
ot

X,
N

seE 2Ty
[ z e g e ©
F e2 [ s .
3 L ™ ° ) Cg 4§
® . ¥ J ’
s 8 ? » (3 % & .-" .
L] LN B
I . N .. r o Q‘ ;
. . ‘
=]
e . LI I o & . :
[ +] = o £ 3 . :
- - |

Knop ME Sphagnum wMs % MS 10mM sucrose

[72% 24. KMR5045 Aol A #21d Ag A9 &3t A, AGAA Beld A82dA A=, B, vjA
=18 A A3 g AF Aol #E]

Kanamycin Hygromycin G418

Maock 25 50 5 10 20 20 25 50 75 (malL}

Epatens (8

Bryum. sp.

[Z% 25. KMR5045 AMgAlol A 223t dFdA e A 3F9 s AL o5 =<
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!

g ol7jel P patens®] PEG—-mediated DNA transfection WH¥S ETj
A=}

KMR5045°]  Agsties  FAdsdys  JRdsisla, F3amds 2dAr=
pAct:Citrin construct® J&Ag 715 Fe] A&t KMR50459] A% P
patens®th A+t & FAHIA S e bg3 7ito] AA BREAA, 1
712k wmEk 13 ¥ 3ol FAdskA e sRE A @47} e

gl (C1d 26).

Hygromycin (mg/L)

o8t 71 24 ()
[le]

(2% 26. KMR5045 FAAE $ kA3 7|3to] mE FAASA A Zo] wlm]

2 WA A S Snd GAABA FUUE oRLE AU o
genomic DNAE FZ3}o] #HE Q9 ¢ oFE PCRZE QIR T (¥ 27A). 181
FAAGAANA Y] 2 AL Citrin«] e oRE #RIsty] flste] RNAE
FZdto] RT-PCRE 33 A3, 7719 FAd%A @elA Citrin F447}
AR oR A S AR (TH 27B).
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((;ub
e
‘g&‘f‘ pAct:Citrin transformant colony
w1 3 4 6 10 11 12 13 14 15 16
g - - - — Citrin pAct.Gilrin
WT 1 8 10 11 12 14 15
- e e e o w— Hph e . i
g — u--!!E!! Tubulin
(23 27. 2 AA ] &< A, gDNA PCR, B, RT-PCR]
ok gz o] wke S 80l5ty] ¢sle] Citring 9AE I Q& anti—-GFP A&
Ab4-3lo] western blotS 833t A3, 77) el RFofA Citrin @] 23S
FAstGaL T Fol A 1wk 1239 270 #elelld v A @A dd s Flskgl
A Al Citrino] A 02 7esheAE FFdv| 4oz #&e Ay
AZRAA FPerude dae JFHoR FAT 5 ALY 28)

phet Citinl
WT 1 6 10 11 12 14 15

- * anti-GFP

W Coomassie blue #1
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A2 d Y
L. R&D AFY 71815 13 Alqft ofo] 5l A}t

b AT A
SAMEF g vAE A8 Az A

L A Al ke
D wAHA e gk A5 2 o dQ
(O LI 6], 2019, 3. 26)

5L LI A IHOLAR of| . "0JI2AX| K42 EX}
37| S

O|MRIX]| 3fE Y77 | 7 A EFTCH S

< | R R0 A 2020 bR BTN WY
-DIMIBIX] Xf g ) SOl L20000% LY IR AN &
B BRI Pl e 2 ]

RCLULET L
TN YR HE Yy

2) o719 ATd 7143t =4

Moss-covered CityTree has the same air-
purifying effect as 275 regular trees

20 of them have been deployed so far around the world
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