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< SUMMARY >

IFEWE D-02

Purpose&
Contents

Goal of this research project is to develope a new strategy to cope with
climate changes including severe drought in the future, by priming soybean
seedlings with primary stress to technically induce tolerance to continuous
drought stresses, and to screen out stress memory marker genes of which
the promoter and gene regions are modified by chromatin remodeling for
the drought tolerance memory.

Results

We have developed a priming strategy to enhance drought tolerance of
soybean (Daepoong) by expose 7-day-old seedlings to primary drought
stress by 4 days of water deprivation. Field experiment in a specially
devised green house revealed that the drought-primed soybeans showed
higher survival rates and seed vyield. In this experiment, soybean seeds
were sawed in early June and drought-primed soybean seedlings were
transplanted in the green house, and 1 liter of water was supplied every 2
weeks. Soybeans were repeatedly exposed about 10 times of severe
drought condition, and thereby were grown to 25-35 cm, which is only
50% of soybeans grown under well-watered condition. Seeds were not well
matured, but drought-primed soybean plants revealed 21% higher vyield,
when compared to non-primed control plants. Through the microarray
analysis with newly designed and manufactured 180K-level of DNA chip,
totally 502 soybean genes were identified as drought stress memory
genes. Their expressions were induced by the primary drought treatment,
reduced to basal level upon re-watering, and intensively increased by the
second drought stress. Expression level of the genes was propagated into
second leaves upon third drought treatment. Through the realtime PCR
(gqRT-PCR) experiment and chromatin immunoprecipitation (ChIP) analysis
for the selected stress memory genes, 4 genes were selected as soybean
drought stress memory marker genes.

Expected
Contribution

Farmers can easily applied the newly devised agronomic technology
developed through this research project into practical use to enhance the
tolerance of soybean seeds without extra expenses or labors. By applying
such a strategy to other field crops such as corn and potato, we can
overcome adverse agricultural conditions caused by climate changes and
thereby cope with wupcoming food crisis and thereby increase the
international competitive power in the international food markets.

Keywords

climate drought stress L
soybean priming
change tolerance memory
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A1 Hd Ae hEAdAgel i A A%

O Zhwell digh A& A wziyFd #g A77F 28 A58 AdgE o] kot Fol
Qo= A3A e Fuk AAFel AH(transcription factors)®4] DREB (drought response
element binding protein), AREB (ABA-responsive element binding protein)S $]A]3}¢]
#2 MYB, NAC, bZIP, bHLH Al o] dAFIAt7E 223 ¥ 91t (Thao and Tran, 2012).

O A& &A(traits)¥ ¥HS(responses)S ZAASE= FAAHgene) 52 AX o] ¢4
(chromosome)dll ZAdt= FAA DNAol FAEo du. A DNAE 3]
(histone)¢] 2f= S A E3 Agtsto] A (chromatin) & /43t 3lth

O A7 e wf AARIA & HAdxd dwldSo] 72 fFH2 ZERE ] AgstAA
DNA | & 3}(methylation), 3]2~%¥* & (histone modification) 5 922 A4 (chromatin
remodeling)¢] FRFETE of 7], @] & ATEE AEES WAeER FIT ATE
S E39], 7F5-(drought), <38 (salinity), i2-2(heat) ¥ ¥-(coldness) 5 ~Ed 2~ A3
stell A v FE5AQ AAMAE AFAdo] FFHATHKIM et al, 2015). Fofl #A3IA, <
MAZFA O B | AE WHAXEA 24709 histone deacetylases, 1471 ¢]
histone acetyltransferases s °] W% A th(Liew et al, 2013).

O o Aoy AW ste] A&t RG-S AT AEAT o] & FAdI A5 H
o deted o 2 AIFAES 7P7<]E ddo] ¥ A tH(Kinoshita and
O 2 ‘stress memory #E S5 AW HEx AFow AHIYAHS
o] " (priming)’el 2t &t} WA 4] 79 ‘defense priming’©
T 7F gag A ots =o HAste] FiE AHE UEAY ofEs =
sto] 3o RN Wols S FolAY VE FAS Foste= 7H
(seed priming)o]&} 3o}

O Z2E¥X Uﬂ—I—E](StreSS memory)= w0l 2§ Aoy st H§sl=
Al EdE A 72 DNAC S“H 1A A7 2 A=/dAs7E glold Sl e
AL FAE Aot SLd AT 2 A dEte o AEsta e =4 F
A7 = AS 982 9 Ding Y et al, 2012). A48 AeE] 2 FH4A2 FHS 74
stoX A2EYX2E 7|YsA st FHAE<S memory (epigenetic) markersg} gHr}
(Avramova, 2015). o717l 196370 (Ding et al, 2013), =<l A 8167012 (Ding
et al, 2014) 7}s ~E# 2~ stress memory marker 727} A % ¢ T}
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Ae 7he/aE A FAAEY F 9 8 AEAE s tHSeo et al, 20125 Joo
et al. 2017).

Wt oA B 5% 2 TE stress memory/f AFEA(EE A8 AMEEL)S F
sto] 2 (next generation)gl?: S -5 (epigenetic inheritance) 2
B Fe] AFE FE SLEOFEA Fx 2 Mys wadigs
19, w5 259 g@u s RNA Z3e9 a3 micro RNAS] 7]
P vk 28y 7] ste] &ete], A AEHE T 9F A

B A FA9 stress memory E= FAFA WAUFE S&E A7E A9 v

At
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34 ~E¥~ MRy & A7 A%
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r (

fol = o7l dd & AFED AES 7HA 3 F FH2EY 29 Fi/, A%, HHE,
ol o3t B {FHAAES profilingstal, A AT FHIE EA 8k, o]d
AR (factor) 5= L=t A7 &3d] & i A tH(Avramova, 2015). ©l&
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Stress memory % FAFHAY 7122 dElE A6, olF w9l &&stnA sk
A7 45 A 7] A ZSS TH(Springer, 2012). ol & £9], @A 2E# 2 Ao #
H3lo], F(soybean)oll P (salt)S A st oju] AAFQIA} FAA TR RE ] BHAYs=

DNA W #& st 9@ s|~E WA E 43 v} dH(Song et al, 2012).

Htel] HxE vl oF 2E#H S 209 FE(strength)el whep ojuf o] A=
FARESY FHEo] zt7] =4 Yelytth(Clauw et al, 2016). L322 2247} 9%
A 2EY 20 T/, A, vy 1HH Fo st 7] & AME g 7HE A
o o]o] ##3 stress memoryoll FHSIAME WHFHAR] FFH, A AT
B, 3t Tl diste] gzbdl s 2Y & due FEo| 7HEsih

7He ~Ed A 7] FH A (stress memory genes)®E EHAE o 71 FA ] A} FolE= 29
F(8%)9 AddA - HAAA A HEte], 3%l | E3= 127019 dehydrin (LEA; Late
Embryogenesis Abundant proteins)©] &7 ¥ A tHDing et al, 2013). Dehydring2 &%
3] o]l A AHdAE FAY dwde Fue A5ttt dx M= F
2 a-helix 725 7HA& AFFHZE W3 dvhes AR o] 43 vt 28y dehydrin
59 olgjd Aol ofgA Az wgel SolA o5 o] FAAQIAE ¥V ¢
g AF7F AA oy AN 2 Folt

H A (potato)E 7FA 3 7FE stress memoryE Ede] A EAE Ao
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vh A E A 49 F11D Zeteld e WEh A 42 FHate]l AA Aiz 7
ok TC AR wAFeRA ARE ANFHOL 2 FAT W o
T oAewd FES IFYORM F FEES AERAAA A¥AN F. A
NEAE ADE DAL £ o256l ANE A%
A3 A Zebolw Hel B ABAC] AEAA AW
Loy £ A9
sefoln) Ael® UETS AEATY APL B ATR(ILUSFE 203F, $4IT
SFATE) AR 53el AAEC g AN S S Tty AYTDLSH F
Ae WEFWD HZAGID 22 6 A4S vl AF 25 ame] W5T7h Qi s
(25 cmD)el &7 A3 eAoA A4S AWM o] W Ege] 2L FA 3F Als
A shel o4 WAol: Ag@e SRS Fhon ATk o F FEL A4 FH
A ke,
Wi
D1

a9 3-1. Z2kold AP tiEFe] AR (24 sE 29
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o4 BA(+11d)ol= 19 371011*1 H= owpep o] o] AP diHer v
CE Y ol g AIZE el AlE el SEHRAA, 3Y F(+14d)oll =t eke] Aol
ejgel Al frAtskaith §]’T’:°] EEd B 2 WA B o] % gl A

7 ogrolr] o] 179 F(+28d)ol o2 Aok AE el zte] 2 we] sl
(+30d)ell = sz FA = B Also] vddH vk}, 7he Zefeld At
443t ¥ fAstEA AEs SR7F S48 skt o] 23 F(+34d)ell= B
o, olgfe] s EF 9 em ol 2 38-40% ol A

RN e m\m JN
(I >R S

, 10 , Jl
o P ‘9‘“

32 1

F AR FAEE AFA oS FEAETSAT o] hAH 9

= Zebol® A (DD 36579 FAE txT(W1) 2252
S| A7) aL(+12d), Z47F 2 aweR el v =
ATH2017d 64 21). AW T FrsS AT FHo= 743 84

o)\ ox o
o
o

6/21 (+2w) 0] Al 7/14 (+5w) Y& 7728 (+7w) 73} 8/8 (+8w) T2 ¥y

a9 3-2a Zhol WhFT o] EZCL) Al
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10/13 (+16w) ~ 12/15
=l

9/8 (+12w)
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2 =
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=
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6, (18), (27)

108

(5), 11, (12)
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7 el 28y o4
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S5 Wk el 1
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AgAE FoAAel ol WA 2ol

4). A2 x=7(WI1)

3

du At Bl #he

7

Lol

eFol(30-40%) Hol= BI/HE AE=

T
)

, ol F 3F7 (20173 7€ 1497HA) 4

BH

~

ol
Hlo

A

T A TFODY FHY PdRFHWD A=A

Q]
=

F 1%

Al
A

]

16.2£1.4 cm¥ 2v} o]

l
N

Zy 17.7+15
174424 cm&4] A9 £

o
=

64 28¢oll= 2H7t 17.8426

7} 20.8432 %
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=
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shelet.
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=
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1L/1hr/ hole No watering 1L/ hole

6/21 (+12d) 0|4l 6/28 (+3w) 7/14 (+5w)

(Primed) w1 D1 w1 D1
(Primed) (Primed)
1L/1hr/ hole/ 2 weeks
8/8 (+8w) 9/8 (+12w) 10/13 (+16w) 11/9 (+21w)
Hzt nEz| Yo =xt gy +8

2% 34, Zehold EZ ] g A
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aA e et

SA2ZAY 4 7hw 24 SelME 4 AE2A=S 89 8L (+8w) Aol /HEtstdl o,
nEeE g4 A7a FAS AASATHIE 3-4). HF Al 2F0D)ANA e FEA A
wje] Aol wlate] 50%el XA Kk 25-35 cmell E#SEATE A Apol7E AW, FA}
FA WE7b ol ek AA ] vk, ok 2F(D)oA A AEA By A4 17
do] =2 11¥ X0l 25 2A4 A EAE a0 TA42 ZATHGE 3-2).

EFOE) ® SEAA A Zeheld WFT e Y 7SI FaEE % 3-200

o o
9|L
2
o
L\] ~—

3 5 @
93 a9 35 SN ANE Fe) £% F mEe 2 F4E ®
2ol £ W=zt ol

Nk QS Bstom, A Aolsk v AF Ao

A7 (cm) %32 4 (ea/plant) Z2} (ea/plant)
W1 242 £ 88 104 + 74 28 + 24
D1 (primed) 30.1 £ 74 132 £ 8.3 34 £ 22

Y 35 RN AM@ Fo] 53 F nfel U FHEY B

_20_




Al 44 F 7HE stress memory A B A

Aggo] paEE ATE AXx, e Tty Al oshe] Wde| FEum,
g AMzACR B Fol AYHD FAstel Bdo] FA HU}, 23 HEAE
Aol owdel =7 BetEE 2EdAs Mme FA4ES vhol 220 ¢ of (microarray)
AL Bl gt

E IS

= GAA AdA 97|14 <E A H(Phytozome; www.phytozome.net)S ©|-&3 Glycine
max Alternative Spliced Transcript Detecting Microarray (GmASDM) DNA chipS A%}
SFA . Glycine max Wm&2.a2.v1l (phytozome.jgi.doe.gov/)ol &= 55,589 loci=H-E] 87,977
A2 A AFA (transcripts) 7} annotation ] At} o] F 15217 4 AHgene)7} A&z HE
A9 (alternative splicing sites)E 7FA 3L Qo] o] ZF-H 47,605 ZAMA7F AA4F ),

5 o AMAA S mRNA 5"-UTR DS 3-UTR
i 5" e 3

MMLV-RT Ohp 0 bp
Oligo dT-Promotar Primer

30 bp ’

o : , Iststrand
g ~ aana Danti-sen 3 2nd strand

Promoter cDNA

120 bp
MMLV-RT
T7 RNA Polymerase
Cy3-CTP, NTPs
T7 ANA Polymerase -
. EXES —
¥ @ G Aol [f 5 chNA mRNA
. _ fanti-sensa] -0 2nd strand
v AR~ oromoter | ¥ conA * lcy3
Purify cRNA et
urify ¢ E— cDNA

¥ e W] 5 chNA

(antisense)

.v
=l

PR _ it

a9 4-1. vpola R o] B A B A}

h!
ol
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http://www.phytozome.net/
http://phytozome.jgi.doe.gov/

‘Lz

o= da o] ZFH 30 bpH
CupEba 3719 g o)

ZF F-AAe] F R A E(stop codon)®] 60 bp SH-ES Al A

shift& #-&stH A 60-nt Zol9 &3 (probe)E HASFATHLH 4-1)

7y kel Oyt 60bpet 3 vl AAF BE(untranslated region)S F 3] 120 bpE Wk g
UE=E SFATh ez Wy A9l oste] R Y= AAAE F7hsto] 17539171 9
AAA T AE5A83), P EZ=ok(88), 1al A A5 AgshE A9

4 vl A (g, gus, hyg, bar, kan) F+AAEE F7tstth & &3 9 =ak= 1800007H

A A S chip2 AgillentAhol]l custom microarray A1 A 2F 2] & 3}

A
60 bpe probe oligomerE <#tol= 9ol in situ TA = WA S ALYl Aarray S 4 x
5

180K= %5 A%, 7} array 2 oligomer (probe) 180,00071& 34 AdAZ = gon 7}
Ettol=(chip) B 4709 arrayE 7HAAl Hof 470¢] Z47] & AES FAlC £4FE F 3
t}. o] DNA chipE A} &3t 241 A3 o= RNA A& 200 ng o= ZE3}c}

A AFEMHE goketd, ¥ 4-104 He vpel o], AEA AREEZFEH RNAE
F=ola, 9HALE A (reverse transcriptase)®] &4 02 oligo dT-promoter primerE Al
Mo dte] cDNAE wWETH RNA FHELE AH88uA d%dee Cy32 ¥AE
antisense cRNAZS A=t} o]= 7% 312 DNA chip®} wH$-3te] &4 43S (hybridization) S Al
ottt E443 eSS 953 DNA chipdlA 3 o|v|RAE dojfa Zt gxdo] Hhg3)
L 83 AL dataD 2Z3t Alm 7 2po]l= ZEE 7] 9ol control B B
H3to] datags A7dsHnormalization) T},

K

2. A A B kol R A g

Zhe 2EUS WY F42 A APl e AR AeAls A (growth
chamber)oll A A4 =71 stoll A Awistd vt B3 (s 2d HB-301S-3, 588 L)<
28°C, 8,000 Lux (16417 Bl/8AIZF §F %31), il ® 50-60%°] =S FA8At

7 BEYe ddAEMIREA, @Aeatol )9 AlHRHE 2+ 48] HA, aga & 1.28
o} kA E3tste] mEA 4o F=Rth
- o EYUS Wi EHo 15 cm ZAol, AE 05 cm9 +H

%X =)

T Ol o] AL HolA EET By wES FEsH7] Yol dnk

th 9 39 F (+3d) 5o ES UHS TR dth s TR FHSIAA A E
A E FxskA vk

gt 9E 79 AGTd waRelA] FiES AAToEA 1A 7FEA E (priming) & Al A
st o] W F FHE A YU(primary leaf)o] ®ANSHZ] AlF Sl Al FoltH(1dY
4-2).

mh 7k A JRA 49 F(+11d), A de Tt dA dAE F¥eta -70°C We
o HagomA A 5E AHAFATHDI H FAZT WI). o] "] AEAE F-3
o FEE THTLEHN JhexdolA A

vh FEEE AN 1Y F(+12d), A o4& FFetal (RW-D2), 5F3olA vA Fis




AAG 2N 22 7k o] =96t

Ab 22F ZhE ARl RAl 49 S (+16d), A
o Bagtorn ANgE AFHSFIYHDI). FFEHd FES FFFeEHN EE
Aol A 3] F A Z T

oh. i AN 1¥ F(+17d), FFHA A F&& AATEZHA 33 7Fs =1
sttt A S Fgste] AR RW-DA)S A FHsHA o

ZF 32k 7hEA el Al 49 3(+21d), T+ WA A(secondary leaf) S F-&slo] AA AAE
Tt -70°C Wsaed Bastozy Algs A FH A THD5).

b BRE Ao A 8E 4-8709 AEAZHE duplicate® 538t EA o] AFE3}9l T

+12d

1%t leaves

+21d

2" leaves

9 4-2. vpojAarojo] AAS AT ARG Al Fo Zetolw A

3. RNA A8 &

AAS Amd A FHe] total RNAE FE3MHF o, 4 23} F8[3 2= RNA A
37F (1) ODo2gose80: > 1.8 , ODa2gosez0: > 1.6, agla (2) A 75]‘?‘, Ratio(28s/18s):
>1.5, RIN value: >7.0= Yey st 738 25 5
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¥ 4-1. RNA A 89 A EA EA
Sample pg/ul OD260/280 | OD260/230 Total(pg) (zgffi%s) RIN Result
Wi-1 2.3958 211 2.34 5.6851 14 N/A Pass
W1-2 2.8204 2.09 231 2.6634 13 N/A Pass
D1-1 2.7609 2.08 2.32 3.0486 16 8.0 Pass
D1-2 2.5369 2.09 222 9.9045 17 8.1 Pass
RW-D2-1 27324 2.09 2.27 19.1662 14 N/A Pass
RW-D2-2 2.2840 2.12 231 22.5631 14 N/A Pass
D3-1 1.9795 2.09 232 22.0874 14 N/A Pass
D3-2 2.4491 2.08 2.35 20.2951 14 N/A Pass
RW-D4-1 1.6726 2.07 2.05 21.8590 15 N/A Pass
RW-D4-2 1.8710 213 2.29 18.2723 15 N/A Pass
D5-1 2.2868 2.10 238 15.8362 14 N/A Pass
D5-2 2.0649 2.10 233 19.5925 15 N/A Pass

[e) == = : =) =]
a9 4-3& F#H]E RNAAZE A7) 5 (electrophoresis) 2 A1 slo] A Alof A 2]
S 3lols 1
oz gRlst Aot}
el ] e8]
sdder D4 D4-2 DS-1 DS- asdder  W1-1 wWi-2 D11 D1-2 D21 D2-2 D3-1 D3-2
4000 — 4000 — B — 4000
2000 — E— 2000 — __ — 2000
1000 — m— 1000 — s— — 1000
S00 = emm— 500 — s— — 500
200 — e— 200 — e— — 200
25 — T e e e e — — R ———
2 3 5 [ T 8 9 ] 3
1 RW-D4£-1 7 D1-1
2 RW-D&£-2 8 D1-2
3 D5-1 e RW-D2-1
4 D5-2 10 RW-D2-2
5 WI-1 11 D3-1
6 W1-2 12 D3-2

19 4-3. #8]¥ RNAA 29 A 7]9 %5 (electrophoresis) #4
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4. 2EH X vr2eg A= 2
A Ae 2F(WD 3 vlalste] 3l JEo Ao o)A e AolE Hols At
o] MW 7]%£S @D Fold change : 4-fold ©]%, @ P value < 0.05% 3o 45 P35S

o A obef i 4-29F 2 AARE Ak

F 42 ABREE 74 e EEE 4 Bl #4A e (Wl Bl

Sample set Up . Dowr.1 oA
regulation regulation L 0| M X}=
D1 W1 2,160 2,378 4,538
RW-D2_W1 374 35 409
D3_W1 7,158 8,578 15,736
RW-D4_W1 1,235 838 2,073
D5_W1 3,855 5,279 9,134

Microarray 2345 7|2 & sto], A |4 Z7FaA (DDl ofste] 1 @ddo] 4u) o
A 7 e 7hEES AR 216070 12t sl o] & 2Ed A wEE fFAA
o] 5o =AM AuasFRW-D2) Al 1 o] dHor FAHIGIL, 22 7HE A g A
(D3) 2 Iddo]l Al F7hstE A WA Jhm A Alel Bldte] 1 do] AA FUhg
stress memory AA} 502715 A wsliti(data A ).

o] 5027H9] FHAEl et FAF A7IAAEE TE WY S FAAES
grolflo], 11 Vs TAHCE 1 Fke B Aol TtEARA #HE Ao
FEHE dARRIASE 7He 2Ed 2 BhS FAAE At HGE 4-33 4-4).

mo

F 4-3. 7hE Aol o3 F FAA FEF vl (A W1 AR SAX|oke] vlE, af)

Gene ID pr | "W | b3 | R | s Domain
Glyma.06G204100-1 504| 30| 1038 | -12| 880 |PF16135.3 Jas Famiy
Glyma.10G071700-1 186| 20| 449 | -11| 593 | PF00170.19 bZIP_1 Family
Glyma.11G067900-1 2908 | 6410809 | 1310283 |NA
Glyma.09G032900-1 549 | 30| 4851 | 13| 150.2 | PF01250.15 Ribosomal_S6 Domain
Glyma.20G155100-1 124| 15| 697| 65| 153 |PF00847.18 AP2 Domain
Glyma.14G162100-1 1121| 62| 1482| 18| 1774 | PF00481.19 PP2C Family
Glyma.10G064400-1 986 | 46| 3814 | 13| 1142 | PF02987.14 LEA 4 Repeat
Glyma.03G144400-1 15847 | 216 | 64586 | 3.4 | 34087 | PF03760.13 LEA_1 Family
Glyma.08G042100-1 111 | 21| 3249| 33| 2180 | PF00249.29 Myb_DNA-binding Domain




Glyma.10G273000-1 43 15 40.0 2.2 23.7 | PF00249.29 Myb_DNA-binding Domain
Glyma.04G042300-1 7.8 14| 4939 15 65.6 | PF00249.29 Myb_DNA-binding Domain
Glyma.04G208300-1 46 13 73.1 16.3 15.2 | PF02365.13 NAM Family
Glyma.12G221500-1 40.3 17| 156.2 21 75.9 | PF02365.13 NAM Family
Glyma.11G182000-1 49 11 24.6 24 5.2 | PF02365.13 NAM Family
Glyma.16G151500-1 134 18 86.8 11 71.7 | PF02365.13 NAM Family
Glyma.11G025600-1 42 12| 4378 13 22.8 | PF00314.15 Thaumatin Domain
Glyma.14G195200-1_UE 5.9 11| 1056 13.0 21.7 | PF00481.19 PP2C Family
Glyma.08G033800-1 376 25| 1104 -11 65.3 | PF00481.19 PP2C Family
Glyma.12G116800-1 9.6 27 86.2 -29 31.1 | PF00481.19 PP2C Family
Glyma.02G228200-1_UE 6.5 1.2 | 1199 129 23.8 | PF00481.19 PP2C Family
Glyma.U018200-1 13.7 15| 268.0 -14 | 106.2 | PF04927.10 SMP Family
Glyma.17G240100-1 10.5 1.6 514 -1.2 35.9 | PF00847.18 AP2 Domain
Glyma.12G149100-1 79.9 2.2 | 15180 19| 704.8 | PF02365.13 NAM Family
Glyma.06G061900-1 9.0 13 79.2 -15 27.4 | PF03106.13 WRKY Domain
Glyma.19G094100-1 6.8 2.7 88.8 2.3 35.7 | PF03106.13 WRKY Domain
Glyma.13G158800-1 40 -13 204 11 7.7 | PF00400.30 WD40 Repeat
Glyma.20G133200-1 10.0 14| 1262 32 37.4 | PF13912.4 zf-C2H2_6 Domain

« 5027)9) 2EA~ MR FA4E F 7l 4§44 BF

do

% 44 F 7 2B MR FAAEY 7T FF

Gene ID TAIR Function [Arabidopsisthaliana (thalecress)]
Glyma.06G204100-1 AT3G29575 | ABI five binding protein 3 SM1
Glyma.10G071700-1 AT2G36270 | ABI5 Basic-leucinezipper (bZIP) transcription factor SM2
Glyma.11G067900-1 AT5G66780 | AT5G66780 late embryogenesis abundant protein
Glyma.09G032900-1 AT1G47980 | desiccation-like protein
Glyma.20G155100-1 AT4G25480 | DREB1A dehydration response element B1A SM3
Glyma.14G162100-1 AT5G59220 | HAIL PP2C protein (protein phosphatases type2C) SMA4(-)
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Glyma.10G064400-1 AT3G53040 | late embryogenesis abundant protein, LEA protein

Glyma.03G144400-1 AT5G06760 | LEA4-5 Late Embryogenesis Abundant 4-5 SM5
Glyma.08G042100-1 AT1G25340 | myb domain protein 116

Glyma.10G273000-1 AT1G68320 | myb domain protein 62

Glyma.04G042300-1 AT4G37260 | myb domain protein 73 SM6
Glyma.04G208300-1 AT1G01720 | NAC (No Apical Meristem) transcriptional regulator
Glyma.12G221500-1 AT3G15500 | NAC domain containing protein 3

Glyma.11G182000-1 AT5G22380 | NAC domain containing protein 90

Glyma.16G151500-1 AT3G04070 | NAC domain containing protein 47

Glyma.11G025600-1 AT4G11650 | OSM34, osmotin34 SM7

Glyma.14G195200-1_UE | AT1G07160 | Protein phosphatase 2C family protein

Glyma.08G033800-1 AT4G26080 | Protein phosphatase 2C family protein

Glyma.12G116800-1 AT4G28400 | Protein phosphatase 2C family protein SM11
Glyma.U018200-1 AT1G03120 | RAB28 responsive to abscisic acid 28 SM8
Glyma.17G240100-1 AT1G46768 | RAP2.1 related to AP21

Glyma.12G149100-1 AT4G27410 | RD26 NAC domain transcriptional regulator SM9
Glyma.06G061900-1 AT1G80840 | WRKY DNA-bindingprotein 40 SM10
Glyma.19G094100-1 AT5G13080 | WRKY DNA-bindingprotein 75

Glyma.13G158800-1 AT3G15880 | WUS-interacting protein 2

Glyma.20G133200-1 AT3G19580 | zinc-finger protein 2 SM12

5. 7he=Ed 2 Wiy

Jo
L

LIRE

Microarray =X oA A3t FHAE F 7IsHZ 2 F12 oA 12709 stress
memory gene (SM1-SM12)& A Asta, ztzte] A7 E2HE EZEloly setE Al #sle,
AMA L AA G HAASE(QRT-PCR) 28-S Adgozn, 7zt T o AEAA Y T
Fe SASFAHLY 4-5). SMA(H)= 2EH~ 7Y 7%
negative control® ZF7}&to] BA3Fth SM113} SM129] 7 $-ol &= 23] 9] wkE A
3 g Zo] 2% Uehydek A3 SM4A(-)E A Qg 117 RF 2Eg A v

T S4e 2 vEhdia dSdoh
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qRT-PCR

QRT-PCR

[ SM1 SM2
2M |eaves 2 leaves
i -
S s187847 D00ISRIETE DO0T I - B 0381 7825
. _.uw--l_n ? I!Dﬂ_&u I \«'J___-u_ # I . n\r—a i . w\_ 3 o :-1
Wi D1 RwW-D2 D3 RW-D4 D5 w1 D1 RW-D2 D3 RW-D4 D5
[ SM3 | SMA4(-)
o8
. 2™ |eaves : 2" |eaves
03
g ooismors g asonsun AOTTATZIT) . :. ..J'JHJ'.I{/'}I 0159514204 I 0374373
w1 D1 RW-D2 D3 RW-D4 DS wi D1 RW-D2 D3 RW-D4 D5
SM5 S5M6
o 2 eaves 2 |eaves
1 I ] I ; DEISIAT 0312557 ORI . )
Wi D1 RW-D2 D3 Rw-D4 D5 | wi D1 RW-D2 D3 RW-D4 DS
7 N
2" leaves 2 |eaves
[LE]
o
15 o
a1 t
105 (5 133msE.05 (000805652 5 40197E05 R ETT ‘2“‘” 000160852 2,00
wi D1 RW-D2 D3 RW-D4 D5 w1 D1 RW-D2 D3 RW-D4 D5
. 25 |eaves 2™ leaves
o
i1 ) :
I p— J.tl‘.il 455 ogoosistsa D034 I : R 0I06EI TS I
wi D1 RwW-D2 D3 RW-D4 D5 W1 D1 RW-D2 D3 RW-D4 DS
008
2™ |eaves 007 2™ leaves
Bi0dE 006 00536547
Dol 0.047117059
das 0.038081038
DO0594593
ORR019201 L0174 18673 8,0012374%
0011967706
| 0895450 l IIJIJlGS’ns-h’
RW-D2 D3 RW-D4 D5 | e, BT BWDa BE |
— =1 1= (@) = o vl 3 —
% 44 F Tk 2EU R MR fd259] 2d®F (qRT-PCR)




= =

olE T

SM9, SM10
shol, A7
4-59 Aels

3 4-5. gRT-PCRel AF&

=
o
O

T
[ox]
AA

e REH A

A4
RN

N9 FRAAE BA FRAAE
5

Z(gqRT-PCR) Algel AA,

w2 FHazxte] EAS 71 2 Holal e SM2, SMS,

AR5,
A 2t ol

ol 4 %9 A
AgE elolwEe ok

fAAE 23

H ol o] d7|M e

. o PCR product
Genes qPCR primer Sequence (from 5'-3") size (bp)
SM1-F-gPCR TTTCATCAGAGGCTGTGTCC
SM1 134
SM1-R-gPCR TGATAACTCCAACATCCTATTCACC
SM2-F-gPCR CTGTGCTAGCTTTTGTGGCG
SM2 71
SM2-R-gPCR ATGGTGGCAGCACTTACACA
SM3 SM3-F-gPCR TGGGACAAGTAGAATAGTGTCCG 70
M
SM3-R-gPCR TTTGGACACCTAAAATGAGCAACC
SM4-F-gPCR ACTTGCCAGACGAAGATCCG
SM4(-) 76
SM4-R-gPCR CAGAATCCACCGCCAGAAGT
SM5-F-gPCR AACCTAAGTGAGAAACAAAGAAAGG
SM5 136
SM5-R-gPCR GCCTTGGTTTTCTCCATGCC
SM6-F-qPCR TGCAAACCGATGCCATTAGG
SM6 139
SM6-R-gPCR ATCACTATTTCTCTGCGATTTCACC
SM7-F-gPCR TTTGAAGGTCAGATTTATGTGCG
SM7 70
SM7-R-gPCR AACCAGTGCTGGATTGCTACA
SM8-F-qPCR AAATGACGCCGATGCGATTG
SM8 121
SM8-R-qPCR TCGCATGACGTGACTGTTGA
SM9-F-qPCR GGGTCAGCAAGTTGAGTTCG
SM9 140
SM9-R-qPCR TGTGTCTAGCCGAAAAGAATGAC
SM10-F-qPCR TGATTACCGAAACACTACTTGGA
SM10 136
SM10-R-qPCR CCTATTGGAAGGACTGAGGCA
SM11-F-gPCR GGCAAGTCACGTGCTCAAAA
SM11 200
SM11-R-qPCR TGGTGTTCCAAACCCTGCTT
SM12-F-gPCR CCAAATTGAGGGAAGAAAATTC
SM12 135
SM12-R-gPCR CTAAATCATCGTGTGTGTGGG
60S RNA | 60S-F-gPCR AAAGTGGACCAAGGCATATCGTCG Los
(standard) | go5_R-qPCR TCAGGACATTCTCCGCAAGATTCC

ML e
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A& F RW-D4 2 D5= F WA A&
2 A Qo % D57} D1 Bl R o uy A
o dato] A W AH F AEEL(cell division)=
S5 YeRdTh & o] wf @d AHErE D3 By BF A
2 ezt dgRygd s Bt AEF AEEHIL JS5S dAsHa %E‘r.

o 117h¢] fd=p ¥rE ofye} wmpo]amolg o] Ao A v 50270 ] 7He
*Eﬂﬂ* 719 FAA dFo] 23 AFF AHRW-D4) F HA oA 2 ddo] A
]

HE
48
X,
>

N

o

fr
L
kD
-

=
|
;

F(WDHo =z dolkurt 32 7HaA 2 A(D5) DI Btf & S71E Hola At
JEM 22F 7HE A Al 13 YollA Bd wd @y nunsle] B tfRE AuiFoe s

ol A= AgS Bt

aeBrg zdoly AR I5H A gy sHo] vREe o 23 o=
AL (cell division)= Este] Al 22 ox AddS & F don, @A 1 7[99
AE7F AAp ke 9 B, A+ 2d A &2l of 7| &t (Arabidopsis) & 7FA i
AT ~2EH A v e L 2EY 2~ 7]‘” BRI AR Haste] 15Y
ol A~EEtE A o]

A5 A F R 2Eds Ay fAe GAAATY B

7He 2Ed A g fFAxE A 1150 FA Ao thate] 2w o A 7 (ChIP;
chromatin immunoprecipitation) A& S A Alste], 72t FdAEe] Z2REH 2 {32 DNA

of dA¥ = 3]2~EW (histone modification)®] 9 A& A4 (chromatin remodeling) %l

= B4t FAYF(RY w5) 4+ vlastsl

DNASt 3| ~Ee] A= 246}7] 3k, A=x2S formaldehydeZ 7 -&F3}
Slal, o] ZREH MEFEZFNE WEQT F4A DNAE %2332 shearing o=z dH3g}
3} :'g, MY 3] ~F(H3K4me3) 2 RNA FTHEA(RNA polymerase II, RNAPolll) @A

(antibody) & 7}4 3 A& AQetedeh. LA DNA fragments S AT o) 2 v
2@ marker frdA Z2REH 2§42 GVIADR FH A% Zeloln setd A2
qRT-PCRZ % #3}9it}.
a2 Ax zF A=) A gﬂ;%gap%(:za 5-1) ¥ RNA Sgar(d 5-2)7F %
%xaz} DNA7} %raam aey 7 2Eds dRe] fA4 2E AR(2E 449 4
5 FRo e AP ABAWDAA 2 ghol O%WEEP

i
i or
=
5
_g

ol
[‘-111
o
ol
mlo
oZi
O.>"
_|>4

E 9 gGAad myge EY oA dolstEA e 3F § 3Y Fe] A
Al (previous generation) &

I
)+ A (transgenerational inheritance)® 922 W& o] Fuj(next generation)ol
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ChIP-gPCR
(H3K4me3)

[ SVI1 [T,

RWDZ D3 RW-D4 D5 _ |

2 leaves

W1 D1 RW-D2 D3 RW-D4 D5 _ |

[ S5 [,

o I

wi D1 RW-D2 D3 RW-D4 D5 _ |

2™ leaves

wi D1 RW-D2 D3 RW-DA D5 _ |

wi D1 RW-D2 D3 RW-DA D5 _ |

[ SM11 [T

Wi D1 RW-D2 D3 RW-D4 D5 |

a9 5-1. 7hw 2EHS WEe F8d259] H3K4me3 W E 3| A=

SMI 2
ChIP-gPCR |
(RNA pol 11) J l I
) RW-D2 RW-D2 _—
. SM5 EXEN
RW-D2 ) w1 RW-D2 D3 _ |
I RWIDZ D3 | L Wi RW-D2 D3 _ |
O 5-2. 7He 2Ed# s WREEY FHAxE2 RNA ST EA(RNAPol 1D 2 2 (stall)
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3 ~E W3 (H3K4med) o] Aol ~EH -~ mreld Yelgts F2(Kim et al, 2015)°]
R E ol% H gE 3 AEWE(H3K4me2, H3K27me3, H3K9ac, H2A.Z 5)o] #ojd
AdS A shs B2 A7 =20 i3 vk 2222 H3K4me3 3 RNA S8 49
FAE 7ML 2EW s Ry fFAAEe] AAAWEY 540 A AAE AEFE] Bo
=, FF A4 gAY AFANE AlE FolstHA 2EdHA vRY §HAE] Vs dE
& A&ste FF A7 28 o Ay

2EY 2 w2y 2] AMAATY 2SS AT dNEAHART Aol Aeg
Zalolm 5o AL F 5-10] Aelskiot

3£ 5-1. A E W (ChIP) &40 AMEE Zgfoln o] 7L

Size (PCR

Genes ChIP primer Sequence (from 5'-3') product)

SM1 SM1-F-ChIP | TGGCGAAAGAAAGGTGTCGT 135
SM1-R-ChIP | AAGCGTTTGAGAAGTTCCACG

SM?2 SM2-F-ChIP | CTGTGCTAGCTTTTGTGGCG 1
SM2-R-ChIP | ATGGTGGCAGCACTTACACA

M3 SM3-F-ChIP | CATACCGTGGGACCAAACCT 194
SM3-R-ChIP | ACGTGTGCAAAAGGGGTAGT

SM4() SM4-F-ChIP | TCTCAGATCTCGCAATCAAAC 140
SM4-R-ChIP | CAGAACCACAGAAAACATCAC

SMS SM5-F-ChIP | AACCTAAGTGAGAAACAAAGAAAGG 136
SM5-R-ChIP | GCCTTGGTTTTCTCCATGCC

SM6 SM6-F-ChIP | ATCCGTTAGGTTGGCGTCC 125
SM6-R-ChIP | TCTTTGACTGCGACGATCCC

SM7 SM7-F-ChIP | GTTTATCTTGGGGCCAGTCCT 134
SM7-R-ChIP | ATGCTTGGCGAAATAAGTCACG

SM8 SM8-F-ChIP | GTTGAGGGGAACAAGCTTATAC 188
SM8-R-ChIP | CGTGTTGGTTTTGCAGAGAC

SM9 SM9-F-ChIP | ATACACTGAACCGAATCCGCC 195
SM9-R-ChIP | ACGAAGAGGTGGCGGTTATT

SM10 SM10-F-ChIP | AGAGACCGTTTTCTCGGCCT 146
SM10-R-ChIP | GGTTGAGGCCAAAACGAAGATT

SM11 SM11-F-ChIP | TTGTTGTCAAAGAACGTGGGC 191
SM11-R-ChIP | GCCAGTCATGATGCTACAATGC

SM12 SM12-F-ChIP | CCAAATTGAGGGAAGAAAATTC 135
SM12-R-ChIP | CTAAATCATCGTGTGTGTGGG

60S RNA 60S-F-ChIP | AAAGTGGACCAAGGCATATCGTCG 207
60S-R-ChIP | TCAGGACATTCTCCGCAAGATTCC
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FHol 22 F& wbgo] of7le] 507 REdAA AEAE PHA & A ol o
Ao ez 2 =Fds 2sts AL oiun B dAY &8 w=Es 2¥
F7lTEE olvl JidE A= & &7t

C2EHA w2 v fdake] A3t

AAN e FENE A T MRS StelA Al dE AFASHY, AAHE ~EY
2 w2y v FHAAEY Zalo]w(primer) setE A AL AA T AAFZEAFH S
Aoz F AEAY AL TE€E FAHsE WS FAE Eo 2EY A

e wA {FAAEN standard® ARESHE 60S RNAC WdFS w¢ Hlwgho
2N F AEA Y AGAHES =A3}

AA RS EZAI G AQ 5= real time PCR 7171+ #< 1 7F4 o] Wo] A+
A A 3, FAAS B BAYELS ATHE FY/1E9 EE g A7
of dHstel NPT & Y Ao Brp

ol
o,
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L]
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)
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o
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T
g
o
fr
r o
rol
44
o>,
N
X

2oagaA el Asel ekl el hE 2Ed s vt Fo 4% o
F AZRAL Fokel 20 A Ao Aol AW, 1 Fwsk AR kA @
oo dTEY 48 g ZeolE MR 2Eds dEdt 79 AR &
= 7

Ak wust Utk auE MR sEds uesh Agyel §471703 7
=1}

Ay

B2 x0 o

g Y & WS udsy] A% FF AT Baseh

A S F, Torely | Fe) el Qo] AAFI Ak, HE F 1 F
D AFE FE 2H 74 AR FARA FPol A FE HA e Ao
s ek wE el 5’4%}04, &5 AEE 74 Wl AT F 2o T4
#7 gAe Folge 7

w
I=]
nnitol, &+ (salt) 5= A gt o] wf ~E

dAg B+ e SHEEA ma
drrle M Fahol A5 BA~EAS AZHe]l AP F AWAA HBA
SARNES ot HA) 208 Bhat AFs) Aoy

2] (radicle) 7} 38314 %t
A SolA A,

_11:‘1

F25 A # e 2 $(seed priming)ol = FAFo A o]
FEj A ARl E TR WEH TAE AERAT

= F 9% /10 Aot B A Fobel RS
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T 12001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 |2012 |2013 | 2014 | 2015|2016

T 13331365414 | 484|544 | 586|586 |658 692|733 | 754 |80.7|845(90.7]92.1|914

S 98 112411551193 212 1252 | 352 | 37.3 | 41.7 | 468 | 51.0 [55.1 | 57.4|55.2 | 53.6 | 60.6

W3l | 68 | 68 | 7.2 | 90 | 98 | 134 | 150 | 155 | 16.1 | 21.0 | 247 | 243 (239|251 |24.0|22.3

Me=ek| 27 | 30 | 36 | 43 | 46 | 48 | 55 |59 | 64 | 70 | 82 |92 82|90 |85 |86

AA | 526 | 58.7 | 67.7 | 81.0 | 90.0 [102.0]114.3|125.0|134.0{148.0| 160.0 [170.3|175.3|181.5179.7(185.1

A= alfalfast AFE< 78 (F9]: million ha)

O 20161 7l=o= HAA 2670= 1,800%F W] FHlEo] AYFsAES Aujsta om,
o] T 90%v MAED=e] AT TS0 i}ﬂ%}i Atk 53] Akt
= w7 T N EAEe] AT FEeAom 20156 = Fhuk oAl HE
bl 2875 T 8w wlm T AbY HUFAAL 210w Aotk AlA
A9 60%°l o]lE=+= oF 409 9] Slg-E0] o5 30719 W =AF= el Al gtk A
T AES AufskE A 57H%° mlar, Bk, of=dlE Yy, I il fyrhe] ¢
AFE T M F 7,090%F FEFZ A S 4(93%), F(94%), WIH96%)et 7
250l 90% 01*04 AN gs Ko, AYFAE QS HEst= A= e
24y ofZdE| U= 247 44209 SEFE, 24508 SEFE o] AujEF o2 W=
ot 53], 2014l 7I$Wst &A= Fadol AAEHAEA, mFelA
7HEol Ade AMEe S5 AdErRTh oF Suf oA F713k 27w 53 FELE 9
TAAAA AMEE T ova sHEY 2 AMAEE AT F AATh
O 20169 FdxHs A= An) WA ¢S B

J

FO HJ

=
=

7.

r{r 10 0 o o o
A,
ﬂllﬂ! [

W Fo] 91409 haz® A AA &= Auj A
A 19985109 ha < 49%E A8t ow, S 60607 ha (33%), W3} 22309 ha
(12%), 7F=2 8609 ha (5%)9] A Fth. 7+ 2H AA AA Al EA T GM #F5
o] xtA|ek= HFE Fo B 78%, W3t 64%, ST 33%, 181 JhEdbe 24%
i ]%]i}‘/\}\‘:]—.

HJE

2 AA A A= (A) | LMO Awid 2 (B) v 5 (B/A) (%)
= 117 914 78
H s} 35 22.3 64
ST 185 60.6 33
A (7= 36 8.6 24
A 373 182.9 49
A5 ISAAA Briefs, 2016 (<9l W9k ha)
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- o
2,310*1& ha (12%), AzA D s AedAdo] HFE FUunlE A=

[e)
H 1 =
AASFG o 9 M % G 5 AW BF 2Eds AGY FFS ALRAY 5

O 7 (drought), 9 3ll(salinity), i<-(heat), Y3l (coldness) & B4 E 4 (abiotic) 74 ~E |
2ol thalt A aA S ghAalo] Al Ak (abscisic acid; ABA)o] = AlE 32 5
HXiong et al, 2002). ool we} o]5 7F ~Ed~vt fEaE @l
T 457 ulg Bon, o 7t 2EHAI AETe] B84 WEE
goi A Ao FEHETH

O o zA=olu} s Wstel] A &ste= HFS AT 2
of tistel o & AFAEE 7HA= Aol #EY (
o7 ‘~E¥2 H R (stress memory) 2he %Oiw 21 Ex}(seed) EE 5 H(seedling,
plant)ol] x| =02 AFdS Fosts 2 ‘> 2}o] % (priming) ] gtaL &

O A& FHA(traits)¥} HHS-(responses)< @Xéé}t T A gene)5& AE W AMA
(chromosome)dl] ZA]stE oA 2 DNAG A o] oth ¢AA DNAE 3] 2~ E (histone)
olgt= M A= Adste] oM A (chromatin) e FAst Aok A7 dd=E o A
ARRIZE & HExd dmdEe]l ZF fHA ZEEEHo| ZAgetdA DNA WA st

o

FAEATE o] F A A= 2 A

t}(Kinoshita and Seki, 2014). & u+3

1 e =

rrUlof”

(methylation), 3] 2=~ 3 (histone modification) &
o] F=dt¥ t}h(Avramova, 2015).

O of71Fd, §l & A7Ed AEE5S HeE Fqd% A455 Foto, 7He, 98,
- 9 e 5 2E#E A stel A wl FEAQ AAE A o] #EEATHKIm et

A A A4 (chromatin remodeling)

al, 2015).

XH:ILM AEj7b x}l/tﬂzﬂﬂ} Oioié ?— AT A% GAHo deozn, TAG 4= @
e st o & AFALE e @l 2 2EFA 799 d#elthDing et al,
2012). c§717 el A 1,9637H(Ding et al, 2013), <ol A] 81671(Ding et al, 2014)°] 7}
WozEds v fah g gl

O Foll #AF, ANAATAHA B 3

[>

2~E  wWygelxtZ A 14719  histone
acetyltransferases, 2471 2] histone deacetylases 5°] 2% tHLiew et al, 2013).

O ol 7] %t (Arabidopsis) H.(seedlings)ell €&& Aglste] 7he 2 Aafel gk A4S
F-ogAtt= B a7k A vh(Sani et al., 2013).

O of71Fd & A7TEE AES 7HA L o SA2Ed 2 F5, Ak, W 14 T

ﬂ
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of g Bd FHAES profilingstal, GME A FeE LA 8k, ol ¥Hsh=
A A (factor) 55 W=ele A7 &8 W8 Ha gtk o] 55 E3te] o] W g5H
o] Tl des Eds 71 2 FAFA MY ES wel 7] g At
%

A 724 deE dtsta, ol sl S&stazt sk
A7 A8 AP Qo (Springer, 2012). A& E9], FHAEY~
F(soybean)oll @it(salt)= A elstal ojwf HARJIA} Fx A} ZZEE O
H@dst 9 sAE WASE FA48 bF It (Song et al, 2012).
H A AHpotato)E 7HA AL THE Z2E#HZE 719 RESE st ARAHS Ao EA
MAEsA] etz Hgte FFEEZ 11.9-201% ¥ FIHS AvE Bavt
AATH Ramirez et al, 2015). FF o} FEEd dlste] FAs AF A7 AAH o=
wgE Aow A #rh
H+ W(wheat) T2l Al 2F 7He S-S
17} 9t (Tabassum et al., 2017).
STFTFUY F Y AE FAE Zgold Aste] Wolss =S AV o2 A TR
THChen and Arora, 2013). 53] & $A}o] #}7]3 (magnetic field), o] Fo A &&=
(fish protein hydrolysates), 2F% Al (insecticide) % phenolic elicitorE Ao 2H FA}
o] A (vigoun) S SAIA WHolES =2 AFAE Y UtHBaby et al, 2011; Horii
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