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SUMMARY

I. Title

Mapping of active segeunces in extreme condition—adapted genes from Polytrichastrum
alpinum

[I. Purpose and Necessity of R&D

O To explore the functionality and usefulness of polar plant genes, we aimed to
analyze the functions of the previously identified plastocyanin (PC) and multi
protein bridge factor lc (MBFlc) from Polytrichastrum alpinum(Pa). In addition, we

tried to map the functionally important amino acid residues from these proteins.

[1l. Contents and Extent of R&D

O For the analysis of PaPC, (1) we compared the stress phenotypes of the plants
overexpressing either PaPC or Arabidopsis thaliana PC (AtPC); (2) we mapped the
functionally important amino acid residues from PaPC.

O For the analysis of PaMBFlc, we developed the screening markers and sequenced
the CRISPR-edited AtMBFlc that contained the functionally important residues of
PaMBFlc.

V. R&D Results

O After comparing the phenotypes of PaPC- and AtPC-overexpressing plants, we
revealed the PaPC-enhanced salt tolerances resulted from the combination of
improved osmotic and ionic stress tolerance by PaPC overexpression.

O We also found that PaPC overexpression does not enhance heat stress tolerance.

(O Through the sequence comparisons, the PC protein 3D modeling, and the modified
PC functional analysis, we identified functionally important amino acid residues of
PaPC.

O We found the modified AtPC that contained the mapped amino acid residues of
PaPC enhanced salt stress tolerance when overexpressed.

O We developed the molecular markers for CRISPR-edited AtMBFlc with PaMBFlc
residues, carried out large—scale screening for the plants with edited AtMBFlc and
found some plants contained the modified AtMBF1c.

V. Application Plans of R&D Results

O We will continue our studies to verify the functional superiorities of P. alpinum
genes and apply our knowledge and techniques to identify such genes. Our studies

will lead to the research outcomes such as research papers and patents.
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A.tha liana_l ATAASIVLAGMLIEVI&GSDDGSLAE‘VPSEFTVAKGEKIVFKNNIGE‘PHNVVFDEDEI 118

A.thaliana 2 APAASTATAGNAMATEVLLGGGDGESLAF IFNDESTARGERIVE L&N’NI.GYPHNVVFDEDEI 114

P.alpinum PSGV. DLNHE--DYINGPGESFSETFEAPGTYSFYCEPHOGAGMEGSITVS 170
A. thaliana_i P3GV KISMDETALINGAGETYEVTLTEPGSYGFYCAPHOGAGMVGELTVE 171
A.tha li-s.na_Z? PSGVDVKKI SMDEQDLINGAGETYEVALTEPGT YSFYC%F HOGAGMVGEVTVN 167
AtPC2
At 101% aa | At sequence At 121 aa | At sequence At 128,128 | o0 equence At 154 aa | At sequence
130% aa ¥
2 GcT a Gce QnL CARGRTCTA A GCG
Pa aa Pa sequence Pa aa Pa sequence Pa aa Pa sequence Pa aa Fa seqguence
K ARG D GAC EDY GAGGACTRAC E GAG
A101K A121D QDL128EDY A156E

PaPC &7d3} 79 =% AtPC2 2 A=



920 bp

— -—

4,%;} AIPC2 amino acid
p changed

i A101K A154E A121D . ' QDL128EDY
‘;-:----__ S S S S — — — — i Ny WD = e
pr— —
= Buens =

PaPC 848 29 =9 APC2 WE A% 8ol

Tl AtPC2 WE 2 ¥ 3t o1z ulg E]eS o] &a5he] Thujdle] oA
FAR HHE fwstgdvh B4 S v A3 9 2EH2=NaCl) 27604 A121D 23
El7} AtPC2 d WEHHET o 52
PaPC 5= 2743 92 o de)

0.9
Control
FaPC OControl
mPaPC
AtPCA EAPCA
BAPC2
AtPC2 & BA0TK
i BA121D
A101K BADL128EDY
BAT54E
A121D
QDL128EDY
A1B4E

MaCl 300 mM 36h
PaPC 243} 59 =9 AtPC2 F38%}F 75 AA Al="s &3k PaPC -

il (

o,

8 w9) 4

- Transit peptide A 95 oFet= TRZIHS &3 PaPCO transit peptide A E gelsta,
AtPC2 transit peptide A1 €9< PaPC transit peptide A= v WE S Azt wujl
L o] &3 A A v A|2EE EF ~2EHA ZAANA FIAH g8E vud Ay
PaPC transit peptide A Q9= #} & AtPCZ% E43% Tajde] A9 AtPC2 ok E S =3 A

o "l o %2 AFPY £&S IS sk

0.9

Control ek g oA,
RS o
e i 2 =

- REande .

(e dd i e - P
apct | sy %’Iu # {'g:g} ;ﬁ, '(‘ﬁ, £05

0 A . = .
APC2

o

- o o4 .
ﬁ @J ] 0.3
1wk b R

PaPC Transit peptide

_AIPC2 o
CI 300 mM 36h
Oh 12h 24h 36h 48h
NaCl 300 mM treatment (h)
OControl BAPC1T
EPaPC EAIPC2

OPaPC-Transit peptide_ AtPC2

73 Wl A|aElo R REwA A Fed BES Wk A

i (
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o AREE 1-30 g5 2FE0]7] plastocyanin $571% olr| =47l =Y o7&
o 3

Al 5
plastocyanin A& 7| T84S & 2Ed2 AYAY EEY v

AtPC2 3128 o) 7] oje] EH3
A B} PaPC $5 7% Fu

5
Ak £ AFFE ML £F

of!

to 2 o

PaPC-QE 1 016
y = 014
(=
8 12
[+ %
5 01
E" 0.08 = g
2 o006
& 004
o
= Q02
0 i s
(3] ~ M 5 ~ LY ~,

2,
>
2
N

374 A PaPC 7 7I's §FH ofv|:=4t X8k AtPC2 3 Ao 1Y

A A3 APC2 I of 7] gdle] & d 2EdHA AHEsh
ICE 373k 2 &89 98 o ~E# A(NaCl 200 mM)ol] A 7HE =

Col-0 0.9

0.8

PaPC-OE 0.7
0.6

#HQ‘-Q Los

AtPC2-OE
04
§
A101K-OE : ‘A A121D-OE 03
IO R 02
apL128 6& ' M A154E-0F 01
EDY-OE *ﬁ & a*& 0
0 12 24 48
NaCl 200 mM 24h NaCl 200 mM treatment (h)
—o—Col-0 —a—PaPC-OE —a—AtPC2-OE
A101K-OE ~o-=A121D-OE -o-QDL128EDY-OE
~—A154E-OE

PaPC $ 7]% FH ofu|x=Al X8k AtPC2 Ao o ~Ef X~ 3 FFA &&
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- PaPC 5 7|5 5 opr=2t X3k AtPC2 HHL @A sptad of7]ghe] o 2E#HZ A7
4e 2A87) 99 W dols FAAT. FAE MS MANA 50 ot 4 F 24
NaCl Z~E# 2 ujA 2 o]|&3ste] e AAS 37 t} 100, 125 mM NaCl Z=Ed 2 vl #] of A

PaPC 9 7l $H ofr|=il 23 AtPC2 ¥

)

IR HA(APC2-OE)ell Hlall o 2Ew 2ol | y2 By NS Bt o= oy

zg) A] ol
HAA B ofA PN ofy e} v A3 AtPC2

=4k 23
AtPC2 #EAA 7} o 3 v 23 AtPC2 A A (AtPC2-OE)ol vl § ~E# 2o o A3
ol 9SS yERT tvk PaPC ¥ 2@ A (PaPC-OE)ol Bl&j A = PaPC $-5 7]% $ 1 o}n]
AR A8 APC2 T AA 7 AEEd s Aol A= Skt

oCol-0

mPaPC

25 BAPC2
BA101K
2 . BA121D

®QDL128EDY
BA1S4E

Root elongation (¢cm)
P

0 50 75 100 125 150
NaCl concentration (mM)

PaPC - 7% §8 ofulal X8 APC2 HadA el o 2Ed 2~ 3 g 4%

- AA =7 stol A PaPC transit peptide ¥ $F 7%

FH oolw Ak 3 APC2 #E
H ot 352k A& vlas A3 9] =

of 7|t e] AP S 7] @ B2k 5 ok 3 PaPC
transit peptide X3+ AtPC2 #}&d of 7] F = w3 ¥ S Bt 18y PaPC transit
peptide®} A121DE X F 228 FEO R APC2 Aol H
s e AT AFHF

016

014

£ oaz

_E- 01

‘E" 008

T o0

2 o4

£ o0

0

e S
o '0"» 3]
& & &
&= o £ ab
'8"&
.Q’\'Q

A} Z710] A PaPC transit peptide 2 5 7]% 1 olu| w2k X3k AtPC2 FaE Ao 73

)
ot
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- PaPC transit peptide % 4 7]% Z 1 olu|x=2t 23 AtPC2 ¥&d A yrd of 7] &)
o] 9 2EdH 2~ AIAHES A Y&l Bl dolE SAHAUTE TAE MS XA 5Y F<t
AR F 747 NaCl ~E# 2 wjA| 2 o]Fsto] #e] A& #zgloh 100, 125 mM NaCl
2~Ed 2 Ao A PaPC transit peptide *3F AtPC2 P& A7} opA vl ofufe} w3k
AtPC2 ¥}3d A (AtPC2-OE)oll Hl&] o 2Ed 2olA o 2 e A4S Bt o= transit
peptide %2+ AtPC2 & A7} of A F 2 v X8+ AtPC2 T E A (AtPC2-OE) Hvls] o ~E
d ol o AEAdo]l JdS YEdY. 53], PaPC transit peptide®} 5 715 $H olu At
= B A@E AR Als PaPC AR EA e Y] s HoAM | 2EH S A

-

o

o N

% e U

o g o o oF o X

o @dl P\q,ﬂ oF °
E
5
5
g
a
B
&

0 50 75 100 125 150
NaCl concentration (mM)
oCol-0 BPaPC
BAIPC2 BA121D
aT-PaPC_AtPC2 BT-PaPC_A121D

{

Al

PaPC transit peptide 3 -5 7I'e 5 opr]=2h 28k APC2 @A o] 9 ~E X o) #e] 4%
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2. $= At&o]7| 2} PaMBFlc &/ 3}
B AEA Ts 23
7}, AREE 2-1:PaMBFl1cY &5 3<%

9]

AAA A%

TEHY HAEA dF 2322EE AT AE wA 44

FA7 274

L U

23" AtMBFlc +3

AtMBFlc &

A8 A

- PaMBF1c9 ¢4 @4 & 7HAA #d4 24" AtMBFlc 3825 7HA = T34 A=
o zaggel sig w9 Hd Al AR R AEHAG. B 4B 239YL Y
AZ= &7kl PG AEAE A¥skA Eepdvt. el g4 o}ﬂl A Ao d4tat
AT A A A
AtMBF1c 5" ———-ARAGCAGAGGTGAGGTTGATGATA———
3’ ———-TTTCGTCTCCACTCCAACTACTAT-———
AtMBF1c 38 57 ——— 7"
changed Rfleserme
sequence CTTCACTCTAACTCGTAT AtMBF1c-HDR-R
CTTCACTCTAACTCG HDR-nest-kj-R1 «—
SACTTCACTCTAACTCG HDR-nest-kj-R2
target site
DONOR 5'arm(800bp) | 3'arm(800bp) |
- ! I
~ I !
* N \ | i
b ]
Chr3 = { AMBF TG -

AIMBF1c AGCTGGAAGAAGAAACAGAGCCTGCGGCGATGGATCGTGTGAAAGCAGAGGTGAGGTTGAT GATACAGAAGGCGAGAT TGGAGA
TCGTGTGAAAGCAGAGGTGAGG

sgRNA
donor

AGCTGGAAGAAGAAACAGAGCCTGCGGCGATGGATCGTGTGTCT

TCAGAAGTGAGATTGAGCATACAGAAAGCGAGATTGGAGA

mutation to avoid Cas9 after replacement

can bind to Chr3

binds to only DONOR

can bind to Chr3

AAA b TCT GCA = TCA ATG AGC
Lysine Serine Alanine Serine Methionine Serine
GAG wmp GAA AGG AGA
Gi:::aig'rfc GI:::;“E Arginine Arginine
: AtMBF 1¢c-HDR-F; forward primer that
Product size
: AtMBF 1¢c-HDR-R; reverse primer that =P 4= 1140bp
4= 986bp
: Nested-HDR-F; forward primer that
w4 E AtMBFlc #8485 A &4 AdE 913 A5t vpA A=

A4
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- FH2 g E AtMBFle S3HF AEA AdS 98 A vAE H2E 3
3l PCR= Wi=25 &9l

A2 g ¥ AtMBFlc, AtMBFlc, PaMBFlc WE & ] &
Z+7F 1, 1/10%, 1/10* , 1/10°, 1/10%, 1/10108) 3]A &t 21&}9ith. Nested

= 0.9 pmoles
A2 g " AtMBFlc ¥WEor Eo] %

s

PCR @?Jr Rl EE}OME A S
olx= AL 0] 59 o}
AtMBF1c 35 AtMBF1c PaMBFic
11100 1104 1/10% 17108 17107

dilution 114102 14104 17105 /105 1100 1 1/100 17104 1/108 1108 17100
. - _
- -

PaMBF1c

R1 primer

R2 primer

AtMBF1c 3s AtMBF1c
1 1/100 1/10% 1/108 1/10% 1710

dilution 1 17102 1/10¢ 17108 17108 17107 1 1102 1/10% 17108 1/108 17107
. -n

kel (815 1st PCR A3}, oF#ll; nested PCR 2 #})

R1 primer

R2 primer

Nested PCRS &3k 29 A w}A
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MI
o
£

- o}& ], 44 A AtMBFlc @74 dnt Eo]z o2 HAusl= A a4k Bbsl & o8&
A2 14 AtMBFlc WE, AtMBFlc WE, PaMBFlc #H, okAdd gl F+4#
AtMBFlc $5 2 =4 (#4-8-14, ot A} %Z)ﬂ A F5E5 Flstdn. 1 49 43

A AtMBFlc uﬂng_ .,.I_xq;q. A AtMBFlc * N b= xﬂu]- Eo] Hog A 1:]-5;] giq_ EE}F‘J—/H _g_
A2 w4 AtMBFlec 31 2 EA o= d5 1%%4_ AtMBFlc @714 del EAst= Aom o4
st AT

3l

111

I e TSP o)
Bhs‘l (793} BLAG.N.CHN
CcﬁﬂTTGCGTCGAGACTCTTTGCCACJ\C STTCTENN(N] GGCCAAGCTTGTTTT
e |
e sricicy ends from different Bbst sites may not be D
o Val Asn Alo Ml Leu Arg Asn Gy Val OmPoUE Na Gy Ser Asn lys

| Bbsl gradually loses activity when stored at -20°C.

NAGAA.RCAGAGCCTGCGGCGhTGGhT CGTGTG’TCITE&GJ&AETGAGATTGAGC hThchGAAAGCGAGhTTGG

FTCTTTGTBTCGGACGCCGCTnCCTAGCﬁC&GBE&GETCTTCACTﬁThAGTCGTRTGTCTTTCGCTcTﬂACC

| | E—
lu Gl The Gl Pro Aln Ala Met Asp Arg Vel Ser Ser Glu Vel Arg Leu Ser Die Gin Lys Ala Arg Lew
o ‘ S (o o
£ .\,&9‘ o s &
o &C@‘ At AC _ A 5 ™ N A
6“ of”‘ o e wj&q“” o® & Y
 — —

PCRproduct ' BbsT —
b —

SAA w4 AtMBFlc E0]4 AgtaiBbs) @ 5 3l
(F AFaL A A, 55 AFELS AL $)

Y. A7 EE 2-2.PaMBF1cé 5 32 < 7HAA +32 238 d AtMBFlc FHAE 7HA &
TEAY HEA dF 2394

- A QI Al A v E ol g FAA wAE AtMBFle 34 A= A
918l nested PCRE Fa33Ath #4-8-1. #4-8-4, #4-8-6, #4-8-14, #7-21-4, #7-21-7,
#7-21-11, #4-38-5, #4-37-7 2l& A3k )

J_ 5veciorn Cob0 #d-8-1 Sd4-B-2 #4583 8484 HEES  S0H S4BT S-ED #489 #4314

2-.- Ry R

A Al mAE o] &3 F-12 1 AtMBFlc A &4 A4
(2}; 1st PCR A3, % nested PCR 4 3})
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- AAAES B oA AdE FA42 wA”E AtMBFlce g4 4de selst Ay x3H
AtMBFlc 9714 <go] otyet o3 AtMBFlc 971 E 3 dx&dch AlEA 232 geain
ool YAyt £3d9 R EAE o], ofAd AtMBFle 97193 #d4 1A E AtMBFlc
H7IMdo] &= IS Aoz odistth

BtgZl
:Ye8AAOAeGAAAcAOAGtl:cYOCllOCBATGOATCGI’GT?AAAOCAGAB?TOAGGT'I’OAreATAcAGAAf&ceAOAYTO?A
Original AtMBF1e -ACCYTC!;CTTTGTCICéGACGCCGCIACCYAGCACAéTTTCGICTC(‘:ACTCCAAC\'ACTAIGICTT;CGCICTAAC(‘:'
5" amm of KB45,AB55 F:l—
usasss i
I___l_
M90S |
Original AtM8F1c :T8aAAOAAOAAACAOAGC('.Tac8OCGATGBATCG'I’o'I’0AA&GCAGA(IBTOAnGT'I’aATeLTACAoAAAGCBAGATTeBJ
3S changed AtMBF1¢ ZTGGAAGAAGAAACAGAGCCTGCGGCGATGGATCGTGTGE’:AG@TGAG@ITG@tTACAGAAAGCGAGATTGGA
24-8-14 :YGGAAGAAGAAACAGAGCCYGCGGCGAIGGATCGYGYGAAAGCAGAGGYGAGGIYGATG\ TACAGAAAGCGAGATTGGY
LG G GGT G GGT TG —:j
|
H
’I I
it |
r“| I
|
i kLA
44 24 AtMBFlc 2 & (#4-8-14) 97144 &<l A3}

- A2 1A AtMBFle 31 2 &4 (#4-8-14)¢] A3 A7) d geS 98 PCR AHES
Z}7r TA E24935te] A1 EAS =339t 2 23 X35 AtMBFlc 97149 L el w
g A2 A AtMBFlce 2l &40 A5 2185 AtMBFlc 97| do] &A= Aoz Azt
sk 9lal, wmEkA] o] SR AEA (#4-8-1HF 7Y TAE FRT o Aol

AtMBF1¢c CATCAACCTCACCTCTGCTTTCACACGATCCATCGCCGC

3S changed cTCAATCTCACTTCTGAAGACACACGATCCATCGCCGC
AtMBF1c

I/‘ “\

’ Ay

B .
C TGCTCAATCTCACTTCTGO AAG A

G v

CGCCG (

#4-8-14

g} o]

-

TR Azl driME @
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X 27|06

hvat =
At HE 4 Fo A4 A
&0 REFHAL plastocyanint PaMBFic M Ate] #HAAERA MM 7

a =
M7 Ol SHHE U 2475 EAME £ HE

=

b ARET 1133 NE0]7 9 71 F 0 plastocyanin HLE A 7|58 L G438 B

9 7 oA @

- A% (mannitol), ©]=(LiCl) ~Ed =& Zt7} A&t

a2 ol A o} A& ol 7] ol plastocyanin & A,
W= Ab<0]7] plastocyanin ¥ A o] By

S HugdS o F= A& o] 7] plastocyanin
IpdAA o] el Aol o AA yehdes slew
Ko} Y= Ak&0]7] plastocyanin I A 7F

Al o]2 AE 2 g WS 7= AS

o 5 U2
me 2Ed s aAAE kP R

Ak<4:0]7] plastocyanin

T}z
= 1
7 &3 59 #E

transient assay W< &9

W= 4t&o]7] plastocyanin

47 ol Ay =Y

off 71 plastocyanin 2] = |
3

=E A 2EHA
_‘|

= Akl 7]

ofrl A7) E BT A SE aEAS Astete] o
A owe A 4 ase

=%

Hlu g & o 71 FFo] F= Ak&Eo]7] plastocyanin
A<
T

or

=




&o]7] PaMBFlc @43} #9 A

273 AtMBFlc 33 % A&

PaMBFlc® ¢ 3

= 7Q|‘ X]’ ful =t
A WA ¥ AtMBFle _ oAz wAE Hout olAst AIELZ Ea
fAAE AT BRAT ARA | A9 oA AR
e ~a3edE Alat A wbA | - ok g fA wgd WE DNAR QI3 A3
4 A AR v BR Ao AERe S
o] &4 AL JIX
PaMBFICS] 25 B25 A | o mae an 4w sAs 24 q24% o
a2 14 ¥ AtMBFlc ) ) N
g 2agdstadar A5 JRAA g R
fAAE e 29U A8
h qEe A
= =399
2. A7 AU BE YA
: A
EEEE SEXE 94 Fous ;
(%)
9 kEel7lsh o714
plastocyanin @& A ~E @~ 100
= AkEo]7) A sk W)
S8,
plastocyanin - s A48 H9 9Es 100
= AkEo)7] Ak 37 $3} transient assay 5 ¥
F8-AL, 2Ed 2 A
. - - U= AlEo
plastocyanin} 75 BAw} olg | T W 171 plastocyanin
O >~ - T
PaMBFlc $714)2] il TEIle el SR opral] 100
RN PN w7l Fgar | T8 5 DNAWE A
A 7s A -9 9 - 5% TR oluxAby] E9)
o5 v of 71 & plastocyanin®] 334 100
95715 B48) £% 94
9] 9 g Akgo)7]
~ Az g ~aEye Al
PaMBFlc 23} ;‘j A ; =& it 100
wel gy | oo A
AtMBFl1c
FRRY 4 S EEAE ARA O s=ed | 100

24 -




®ATE AS AR A A A7 AR Ak ofdlieh 2 FAAE B A, AT
SEG ATHEoR FH079] f8 KA EE R AT F& FAAE LI =E R 5
s3t 5o $% 225 APstuA Aot

2uyE

e

SuFE L ES

Eydf- ek
SOGANG UNIVERSITY

SERT Y

2. AFAL BE U ATUE

7l B%

F= A& o]7] plastocyanin 1A 75 AE gl B &E9 7|NkE FE5ta AlaF W2
B4 F8 s TEe

Y. 478 8o

(1) PaPC transit peptide &4 HAAES &3t F= 4t&E0]7] plastocyanin®] 214+ 7715 &
of B9E A G

(2) = Ab&o]7] plastocyanin®] 71550 ofn|x=Aib/Alqf 91 X3 e FHAAF A&
2 AE AxY 7S HAgs

(3) 715 Fo] ofvu]=2t A3} plastocyanin A& 1A A

(4) Transient Expression A 2~81S 283k 25 =3k 317 &
2349 S g

Al FE8F AR dmS 93 Transient Expression system % Imaging System

FluorCam Imaging System Luminescence Imaging System
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