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Abstract: [ Objective | Rice is one of the most important food crops in China and requires a large amount
of water in production.Frequent droughts have seriously affected rice production and threatened food security in
China. Research on the utilization of rice drought-resistant genes and the development of water—saving and
drought-resistantce rice has become important in rice research. Among various drought resistant, DREB
subfamily transcription factors play an important role in regulating plant tolerances to abiotic stresses and are
important gene resources in improving rice drought resistance. [ Method | Protein sequence alignment and
phylogenetic analysis were used to determine the classification of transcription factors for ERF020 and its
evolutionary relationship. Real-time quantitative PCR was used to analyze the spatiotemporal expression
pattern of ERF020.And its expression pattern in response to osmotic stress in the roots of typical lowland rice
genotype (Zhonghua 11)and a typical upland rice genotype (Caopigu).To further study the effect of ERF020 on
drought avoidance ability, the performance of ERF020 overexpression lines and the wild—type Arabidopsis
thaliana under osmotic stress were compared. [ Result | ERF020 contains an AP2 domain and belongs to the
DREB subfamily of transcription factor.The expression level of ERF020 is relatively high in the root and it is
upregulated in response to osmotic stress. The expression of ERF020 in Caopigu is higher than that of Zhonghua
11, especially under osmotic stress conditions. Before the treatment, the root length of Zhonghua 11 was
significantly higher than that of Caopigu, but after the treatment, the root length of Zhonghua 11 was
significantly lower than that of Caopigu. Furthermore, there was no significant difference in the ratio of root—
shoot in Zhonghua 11 before and after the treatment, but the ratio of root—shoot in Caopigu was significantly
higher after the treatment than before.The expression of ERF020 significantly increased after treatment in both
typical rice and typical upland rice backgrounds, and the expression of ERF020 in Caopigu background was
significantly higher than that in Zhonghua 11 background before and after treatment.The experimental results
on osmotic stress in Arabidopsis showed that the root length of ERF020 overexpression lines was significantly
shorter than that of wild type before and after treatment, and the maximum leaf area of a single plant in wild
type was significantly larger than that in overexpression lines after treatment.[ Conclusion ]ERF020 contains an
AP2 domain and belongs to the DREB subfamily of transcription factor and it has a relatively high expression
level in the roots of rice.The expression of ERF020 responds to osmotic stress, and its expression level is higher
in Caopigu than in Zhonghua 11.0Overexpression of ERF020 in Arabidopsis can effectively alter the root growth
of the plant under osmotic stress, indicating that it may have potential roles in drought avoidance. ERF020 is a
valuable resource of rice drought-resistant genes that is worthy of further research and utilization.
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Fig.1 Schematic diagram of the water—borne experiment
1.5 RNARE.,RERMELARHKEEPCR

X ERFO20 75 7K F& AN [5] A= 5 W FIAS [F] 20 2L 3R A7 1) A B AT 7 404, RNA BURE AL 45 . B & 1 d
MIIRZE 5 d il b &R0 Ko B #R53 5 15 d AUAR (25 (525 d AR (25 (555 d AR (25 75 d AR |
M B BRI A A E R BGOSR AR IR R B A A T SRS A -80 “CUK
FEURAEA5 o
1.5.1 K452 RNAFI

PO 12244 B TRNzol - A reagent Ui I 3047, HAREAE QT .

(D) BOKFEI: A i BOAEER 0 AGE SR &L, P R AIR 5 (2) iR 4 7% 2 AN 7 RNA B9 2 mL
BLDAE T AL mL TRNzol-A", ¥k % 45 s, IR HEIR 2], BES 7EVK B ##E 10 min; (3) A 200 L4005, &%
45 s, FAMIR A FEVK E#HE 3 ming (4)4 °C, 12 000 r/min, 50> 10 min, W HCE 7 450 L 2580195 RNA fiff
B 1.5 mL B0 A 450 L SN EE B R BRI ST, Z IR BCE 10 ming (5)4 °C, 12 000 r/min, 50> 10 min,
B B35 (60) A 1 mLARFU L 75% B, PRI UTTE . 4 °C,5 000 r/min, B0 5 min, 37 17, 1 8 G 5]
HUTR RNA , F 43D A A Sk W 5 (7) =348 A 50 L ddH,0 i NanoDrop2000 il 22 RNA ¥
J&E R AR TR T -80 COKFR IR T o
1.5.2 KA % RNAREFR

it 18 2 % 5% 357 &5 (EasyScript® One—Step gDNA Removal and ¢DNA Synthesis SuperMix; 4 3 4,
TransGen) BH] 5. UL RNA W, 76 [F]— R iR 2 o, 5 iU — 5% cDNA A [R] ], 2Bk RNA #50 5% B4
) DNA . S 45 S5 , 76 85 “CINA S s, fff [ i 2% 1% E-Mix (EasySeript® RT/RI Enzyme Mix) 5 gDNA Re-
mover, S KU AR ZR N 20 wL, R 2 50N - KA RNA BiHR 5 wL . 2XES Reaction Mix(R-Mix)10 wL.An-
chored Oligo(dT)Primer 1 pwL.EasyScript® RT/RI Enzyme Mix(E-Mix)1 pL.gDNA Remover 1 wL . RNAase—
free water 2 pl, OsDAT 5 N FE /K R rh ek A /D  MOR A1, el ik RNA F5 | ) 4 15 min,
FEAA LA 43 47 R % , PCR AR PR B M 142 °C .5 min; 85 “C .5 so UL cDNA 7] A7 R ak 77
T =20 “CHH .



5514 FMIASAEERF020 25 a5 7K A ik 51 + 5

1.5.3 B AZ 2 PCR

Bt FH A9 328 57) J2& 42 38 45 23 T Perfectstart Green qPCR Super Mix i 7] & (Lot#N31105) , {ifi H Bio—Rad
CFX96 Real-Time PCR AL, B FE G B 3N EHE . qPCR B i N & K OsActinl #8417 — 1k Ak
B, (1) KW AR % : 2xSYBR Premix Ex Taq 10 pL . Forward primer 1 wL . Reverse primer 1 pwL,CDNA # 4
1 wL.ddH,0 7 wLo (2) RWFEE 55— 494 °C .30 8355 — 494 °C 55,55 C. 155,72 °C. 10 s, K EEH
B 4035 =272 'C1 mine WARIFAHG , FH Excel #4784 4347, R HH 249 .
1.6 ERFO20BEFBRIEMBUBELEE

HRSE ERFO20 J2 75 52 M 7K R 9kt S, AADL R e A 0 1 S b ), # E ERFO20 HE R IA R R
FEMINARIE T 3 M HEEBHRR, 2944 OE1 . OE2 . 0E3,0E1 ,0E2 . OE3 [ ik 1 i 25 5 T8 2k 7
(1 2) , AHIFFE ERFO20 X HURE 7 3kt 5 1 1) 5 mi S AAE 1 2 10 4 Al Bt

600 r *%k %k

* 3k k

500 3k %

400

300 F

200 F

AEN FEIR B
Relative expression level

100

A m
=111
0 WT OFEl OE2 OFE3
IR I 0,001 KB M
## significant at 0.001 level.
(512 R ST A TRORTEE 3R TR R 3R ERFO20 AH X3R5 &
Fig.2 Relative expression of ERF020 in wild—type and overexpression lines of Arabidopsis
1.7 M EFFEEME LI A%

T ARG TR T 1E TC K BRI 30 min, IMARFRIT 0 70% L BETRCE 30 s, (845l L %, TC T K Bk
3N 10% WA BRI 5 min, ITCHKYE 5~6 . SRR R T 7 B8 T I0 /K, T 1T mL
T A W IO/ A AL R T R R D T 172 MS A SE FR AL 76 22 "COBI 16 h 18 “CRREE 8 h (LA
FUFTF AR AR . 2 A R ZF R R T AT LE R TAE S N 43 A 2 172 MS 1 1/2 MS+200 nmol/L
g B AR TR R P SRJF A 22 "COB IR 16 h 18 "CHRRE 8 h G A 454 T iEA 78537, I iR s 3%
FETE FCE SRR R T AR R ) T AR 4 d ISR R ) i AR ARG i B E 0 R JFH Tmage J 4K
AT

2 HERESMH

2.1 ERF020FE 45 L3t 4547

AESE ERFO20 5 AP2/ERF ¥4 5% K R W AL ¢ 2 |, i 1 [ K R A0 (http : //www.ricedata.
en) AR 124> K G AP2/ERF G0 56 X ) 8 117 AR S 225 7 9, iE 45 26 11 2 7 81 e x4 4 (181 3)
ERF020 5 K1 BT 75 19 124~ DREB W Ji% J& R AR 20 36 18 13 4 A7 3¢ s i [R) A , H ERFO20 7% 5% 15 A7
—A> AP2 4544555,
22 ERFO0MERFZEE S

g i — 5T ERFO20 JE FI T g, % 3R 120 DREB 16 F1 ERFO20 & (A LR T HIT R K LT
AL 5317 (1 4) , ERF020 J& T DREB W% . A3 K 58 3R W, DREB VI 7E I8 45 7K e 16 58 3 v & 4%
FEEAEH , B SLHED ERFO20 1] BB P82 ARG o4 1) S 22 4% S R 1




A I AN e

ERFG20
OsDRER1A
o TRy

i ————————————————-MADLTEHPSPTAPPQVY

G TRQRME!

HEY Y E:
MEKNT:

ERFG20
QsDRFR1A :
& ,

o

QsDRERIF :
QaDMFR1G
©sDRERTH
OsDHER1T

OsDREBLE :

AR AR R AR P T TEY PATRRAF BRODODDOY
Sujore TADDALSA -

ERE2

SRR CER T YRR

FRETTD

2.3 ERFO020R} %

FERSE DREB1 %A DREB2 W5 5% 51 A 1 U ZH 245 5 263K , M The Rice Annotation Project(RAP)
NET 1240 SR TR AR L (AR AR AT DREB % i HAh A% S F -, ERFO20 £ 4R
R F IR AN = THABA L, ISR — 255, SO [ AE KB A /K R 25 4 8URE A 1B RNA i
7320} 5 6 5 B PCR(qRT-PCR) 40 #r . ERF020 7£ 20,25, 55 d A 7K FE AR 28 v 2 1k B 24 A0 0k oA 4 4%

ARR FE IR

E3 JKAS

Fig.3 Amino acid multiple sequence alignment results of DREB subfamily transcription factors in rice

POEZS

OsDREB1A

OsDREB1I

OsDREB1J
OsDREB1H

OsDREB1B
OsDREB1C
OsDREB1E

4':)50%51(3

OsDREB1F
ERF020

[
L osDREB2B

—
010

K4 JKFEDREB VG A RS LB R

OsDREB1D

OsDREB2A

Fig.4 Phylogenetic tree of the DREB subfamily proteins in rice

03
)
g
= 02 ¢F
=}
=]
7
2
o]
S
==
e
1]
(o]
E o0l
S
o}
&
0
<
5
NN
S

EEK S

S &S
SUIPRS: S P R P S ¥ S
< < < <
IR F O F O F S F
3 SIS AR I I AT CS N
L -l L CHE
WREELRFIRIAERE ,n=3.
The error bars represents the standard deviation,n=3.

Fl5  ERFO20 25 Fak it
Fig.5 ERF020 spatiotemporal expression pattern




%513 FMIASAEERF020 25 a5 7K A ik 51 7.

= BT AR R R SRR 1Y AP2/ERF 45 5 R 7 (K1 5) o &5 5B, ERFO20 1R n] B o 17 157K
FETAR 28 1 A A R B R X 3 B W
2.4  HEBEKFEFGTE KRR RS EHEIRXE

i TS AR ARG AR e T 2 F i B L A AR IS R AR 8 B AT 13 O LA AN [R) B ROK R ol AE S R 5
UL JLAAER X Rl R AUK R TEZS AR R RIAR R ) — R 9 e AU e FAF o8 S, 2 P AR A5 AU 22 52
BERIAE T FAE NPk B2 ARGl Ag S — i B AR A AR PR B i A= A58, B A i 0 vk, 3%
AR AR S e R 4, TR LR SR 2 ) 3 3 e RS A R e i — A R
3, B AE . WAL SE KRR R AT 72 7K 43 70 2 /Y B, AR R A2 1 T AURZE AN REm T A3k vk (U
e B | T S 2 O S 0 e N e mving 1 1 e ey S il 27 p S AV A B R (Ep
75 ol

W R R A AR 1 AR G B4 T80 W8 X5, B0 oo B2 A 4 0 i & 10 A,
Xof BEZE /KA 1 BE 14 T 23 em, 1B A /KA /R BE TR R 5 em, XK AREAR IS AR AR E Tl & . 2550
6A FEI 6D U7 , B W ib Ab 35 KRR R A AR | BRI 2R AR A, 25 R R B IR0 il g0
KT HZ B EWEE . PR 1 7R PRATAR K W38 o TR 4 (B AL B S e 1R B I T o
A (E6C) , dE— I EARGE L, & BIAL BT S thoe 11 AR SEE G S 28 22 5, R R J A3 AR e L Ak 3t
Jei S e T AL EE T (] 6B) o AHY 2 31 50kt e AR 2R A% A K17 D S AR 5% 7K e ke SR M 10 B B AR
b, I 5 A AL T - EERER (WK o B s 0833 e U0 T AR 2R A R DL R e L 2 2
FEBR B B 13233 W3 X 7K AR AR A R 2 )

Ap i B
%ﬂ(ﬁﬂlgh wate] mar‘lf /TEEﬂ(‘IF L water mark = & /K{ High water mark
: mm {I5/K47 Low water mark
2.0
* %%k
2
T 15
2
<
G
T 1.0
&
.| —I—
i
A)
05 r
S
g = - 0
Ll RER HHELL EREA PAELL B PREll EES
ZH11 CAOPG ZH11 CAOPG ZH11 CAOPG ZH11 CAOPG
¢ 20 r b 20 1
* %%k * %k Xk kK SRk
50 T % 15
L 5o L
2 E L
2 E
& 10 = 10 1
5 5
K K
B S RS
0
PRELL EER PIELL EES FRELL BRSO PIELL EEA
ZH11 CAOPG ZH11 CAOPG ZH11 CAOPG ZH11 CAOPG

A B30 Ak PR IS AR 11 B B A A A A AR AR O 5 B2 B AR RG2S KR L AARDE L 5 C: B A BT S 210K
T A AR A Cem) s D« B AR BERG 5 2 KRR SR ZF IS (em) o #5878 2257 0.001 K- i 5 1k
A:Seedling growth of Zhonghua 11 and Caopigu cultivars before and after stress treatment ; B: Root shoot ratio of two rice vari-
eties before and after stress treatment ; C : Root length (em )of the two rice varieties before and after stress treatment ; D : Shoot length
(cm)of two rice varieties before and after stress treatment.*** significant at 0.001 level.
Ko KA R B EE L%

Fig.6  Rice root osmotic stress experiment
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and root growth of wild—type and overexpression lines after 200 nmol/L mannitol treatment; E, F : Statistics of leaf area (¢cm®) and
root length (¢cm ) data for wild—type and overexpressed lines before and after 200 nmol/L mannitol treatment.*** indicates a signifi-
cance level of 0.001.
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Fig.8 ERF020 affects drought avoidance in Arabidopsis thaliana



F1 EIAAF:ERFO20 25 18 f2 /K A ik 4 9 -

AR5 . 200 nmol/L H #E BEALF A f5 , BY AR AU Lb M Rk vk RARK K, H OE1 AT OE2 AR I 350 T By A Al
(I 8E) . IEH ZMF N, B Az BRI 3 38 bk Z Sk B R i T BRG J 25 25 5 L (EFE 200 nmol/L H &% %
Sb B B A IR B SR R I TR R WT: 0.028+0.004 24 (em?®) ik 35 K T #2150k £ OE1: (0.016 3+
0.002 56)cm?, P<0.05 F1 OE2: (0.015 6+0.003 06)cm?, P<0.05 (& 8F) . 45 H32 07, ERF020 5 i 48, f 7+ 42
AR I T 25 00T 220 . AR R AN KB B AR B K BB T, R K
FehE P EZE R R Z —. 1 ERFO20 4% 5 A 52 Pl pa T AR R AR G, 1 — 205 i 400 v 114
k. PR, #EN ERFO20 7E I8 45 /K Ak S vk v i 1) — 2 IVE o

3 Wiks5%®

ERF020 & 47—~ AP2 {5145 k38 , If ELJR T DREB WV % 5 8 1. 1@ 1 %) L DREB WV % Ho At 5% 5%
P 2 2R & B, ERFO20 J2& /A I FEAR 2 Hh 28 28 /KP4 s (R e i R 7

HRZRAE A KRGO 43 1 R B0 20, HOML AN A B B K R R AR (A IR BE T o R FHRE AR 2R 1)
AR B R | AR SR IS BHUK R AR R 1B W38, A K REAE AR 22 2833 8 i), K AREAR 2R 2 sl
WA K 4, TR HE K REAR R AR . Sl AR 2R K AR RS 8 0 o8 S K R AT A 32 75 185 Tk 1 1) 5%
M) 378 ok ot o B 5 R R ACRE S R 48 11 AR R B B e i 2 B, #2758 B b Ab FE R AR 1
AR K B S THES BB BN IEE h I 1 AR K BER TR LA s B e 1R R4
Atk A2 BN, H 7 2R AR A AR 988 3 b BUS S SE BE n . 1E— 2 A AL BT IS MR e b e I R 4%
P TR A S AR 56 L 3 T (ER e LR GE FE G B A8 Ak . BB Wi Ab BS  ERF020 7 K AEAR &R
WA B BT, B A AN BT JS AR A SR A | T PR 1 R ik

SHAIE B ERFO20 2 75 1845 /K Ff it R, DAAEL R ST S 20 0 o0 75 S A A e 3R Ak R AT L RS O
BiEWOIRE . 255 FEI, 200 nmol/L H FRELALBE R , ERF020 # # ik bk R UM & 1 508 T 07 A= 50, )f 5L
i AR /N TP AR A PR, IS HE I ERFO20 38 1 52 0 48 R ST AR 28 10 A K 10— 45 B2 0 A ok 1) s 5
Mo BRI, 3K 5 KRG TSR B A I, 2Pl Ot P R 38 58 ERFO20 fBL-T-J8 55 T FLAR 2R X5 2 ikt i) mi)
N XA RE S KA ST LT R ERA X, BIRER G E T — PR ks . &5 LR,
ERF020 2 5 45K Ff bk 1

2% 3Lk References:

[1] SAMAL R,ROY P S,SAHOO A, et al.Morphological and molecular dissection of wild rices from eastern India suggests dis-
tinct speciation between O. rufipogon and 0. nivara populations [J].Scientific reports,2018,8(1):2773-2785.

[2] KADAM N, TAMILSELVAN A,LAWAS L. M F, et al.Genetic control of plasticity in root morphology and anatomy of rice in
response to water deficit[ J].Plant physiology,2017,174(4) :2302-2315.

[3] MISHRA S S,BEHERA P K,KUMAR V, et al.Physiological characterization and allelic diversity of selected drought toler-
ant traditional rice (Oryza sativa 1.) landraces of Koraput, India[J].Physiology and molecular biology of plants, 2018, 24
(6):1035-1046.

[4] MELANDRI G, ABDELGAWAD H, RIEWE D, et al. Biomarkers for grain yield stability in rice under drought stress (7.
Journal of experimental botany,2020,71(2) : 669-683.

[5] BRIZE AOKSUR B E S0k kL) ] hE Rk, 2022,28(5) : 14-19.

LUO L J.Breeding and industrial development of water-saving and drought-resistance rice [J].China rice, 2022, 28 (5) :
14-19.

L6] BMZ RIS & SR LT A a7, 2018,30(10) : 1108-1112.

LUO L J.Development of water-saving and drought-resistance rice (WDR) [J].Chinese bulletin of life sciences, 2018, 30
(10):1108-1112.

[7] GUO W,CHEN L. M, HERRERA-ESTRELLA L., et al.Altering plant architecture to improve performance and resistance[J ].
Trends in plant science,2020,25(11):1154-1170.

[8] ZHANG H M, ZHU J H, GONG Z Z, et al. Abiotic stress responses in plants [J].Nature reviews genetics, 2021,23(2) :
104-119.



10 - RN AN I 3 4 48

[9] KIM Y,CHUNG Y S, LEE E, et al.Root response to drought stress in rice (Oryza sativa 1..) [ J].International journal of mo-
lecular sciences,2020,21(4) : 1513-1524.

[10] GAO J,ZHAO Y,ZHAO Z K, et al.RRS1 shapes robust root system to enhance drought resistance in rice [J].New phytolo-
gist,2023,238(3):1146-1162.

[11] KITOMI Y,HANZAWA E,KUYA N, et al.Root angle modifications by the DRO1 homolog improve rice yields in saline pad-
dy fields[]].proceedings of the national academy of sciences of the United States of America,2020, 1 17(35):21242-21250.

[12] OKAMURO J K, CASTER B, VILLARROEL R, et al. The AP2 domain of APETALA2 defines a large new family of DNA
binding proteins in Arabidopsis[J].Proceedings of the national academy of sciences of the United States of America, 1997,
94(13):7076-7081.

[13] MAGNANI E,SJOLANDER K, HAKE S, et al.From endonucleases to transcription factors : evolution of the AP2 DNA bind-
ing domain in plants[J].The plant cell,2004,16(9) :2265-2277.

[14] NAKANO T, SUZUKI K, FUJIIMURA T, et al. Genome-wide analysis of the ERF gene family in Arabidopsis and rice [J].
Plant physiology ,2006,140(2) :411-432.

[15] SAKUMA Y, LIU Q,DUBOUZET J G, et al. DNA-binding specificity of the ERF/AP2 domain of Arabidopsis DREBs, tran-
scription factors involved in dehydration- and cold-inducible gene expression[J].Biochemical and biophysical research com-
munications ,2002,290(3) : 998-1009.

[16] STOCKINGER E J, GILMOUR S J, THOMASHOW M F. Arabidopsis thaliana CBF1 encodes an AP2 domain-containing
transcriptional activator that binds to the C-repeat/DRE, a cis-acting DNA regulatory element that stimulates transcription in
response to low temperature and water deficit [J].Proceedings of the national academy of sciences of the United States of
America, 1997,94(3) : 1035-1040.

[17] CHEN J Q,MENG X P,ZHANG Y, et al.Over-expression of OsDREB genes lead to enhanced drought tolerance in rice [J].
Biotechnology letters,2008,30(12):2191-2198.

[18] MOON S J,MIN M K,KIM J A, et al.Ectopic expression of OsDREB1G, a member of the OsDREB1 subfamily , confers cold
stress tolerance in rice[ J |.Frontiers in plant science,2019,10:297-307.

[19] HERATH V.Small family, big impact : in silico analysis of DREB2 transcription factor family in rice[ ] ].Computational biolo-
gy and chemistry,2016,65:128-139.

[20] XIA H,LUO Z,XIONG J, et al.Bidirectional selection in upland rice leads to its adaptive differentiation from lowland rice
in drought resistance and productivity[]] .Molecular plant,2019,12(2) : 170-184.

(SRE4%E  KATSE)

FE—EF BT LI AR, 2017—2021 4R g T bl R I BH2 S HOR Ll 2021
—2024 AF R TR ARMY KA AR AL B R Lol , 4R 2019 4R AR 2 B A4 20184 [ K il
gy 2021 AR A BE T AF R ARG 2022 ARAE I RL A S HOR S B L AR G 2023 SRR S
TR BENAF R G o WSS 100 35K PR AR DL 2 7 HLRIBE TS R 52 B Fl, 2 5 BHoE
(EREY

BIEVEE B B, L LAl AR R R v S0 % AT BIFSE 01 s BUTE AR R ROV R #2037 1
LA S, AR R A R KT AR SR S BERIBE I o 32BN K R B A5 10
TIFSE | SR AR Rl RS AR WML S 5 KL A > TH T E M. I 104E3K7E Molecular Plant, New Phytolo-
gist, Evolutionary Applications, Plant Journal %144 1) & 3820 £, ERATBHITH 731,
AN AR AT SRR A A ik R B AT 5 R T o s S 2 (198 ) AT AR st AL 2 R 4 [ o
FURIRE B EAT s AZE BT IAT X ZEA A (2019) | BT P47 X A A i AA(2020) | |
HETT AR DT S A TR AR U5 LIS AR R AA) (2022)




