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Abstract: [Objective]A large number of studies have shown that LEA proteins can help plants cope with environmental stress
through various mechanisms. However, the functions of many LEA family members in rice have not been fully verified. Therefore, this
study aimed to identify new LEA members involved in rice responses to abiotic stress through bioinformatics analysis of the OsLEA
gene family and by combining their gene expression changes under different stresses. [Method]The OsLEA gene family was identified
and analysed using a genome—wide bioinformatics approach. [Result]The results reveal that the rice genome contains 83 OsLEA family

members, which are unevenly distributed across 12 chromosomes and can be classified into eight subfamilies based on structural
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domain features. Physicochemical property analysis shows that LEA proteins are highly hydrophilic and stable. Subcellular localization
predictions indicate that most LEA proteins are localized in cellular compartments such as the cytoplasm, cell membrane, and
mitochondria. Promoter cis—acting element analysis highlights that the OsLEA gene promoters are enriched with elements associated
with abiotic stress response, phytohormone regulation, and growth and development. Tissue expression pattern and hormone response
analyses reveal significant expression specificity across different tissues and under various phytohormone treatments. Additionally,
certain OsLEA genes exhibit notable responses to abiotic stresses such as low and high temperatures, salt, and heavy metal (cadmium)
treatments. These findings provide valuable insights into the role of OsLEA genes in coping with environmental stress. [Conclusion]
This study integrated bioinformatics analysis with expression profiling data under multiple hormone treatments and abiotic stress
conditions, preliminarily revealing the molecular regulatory mechanisms through which the OsLEA gene family participates in stress
responses. Building on these findings, we successfully screened core member genes—including 0s04g0589800, 0s05g0362600,
050650324400, and 0s08g0163600—which exhibited significant upregulation under high—salinity, high—temperature, and low—
temperature stresses. This confirms their critical biological functions in abiotic stress responses and establishes them as highly
promising molecular targets for breeding stress—resistant rice cultivars.

Keywords: rice; LEA gene family; abiotic stress; promoter cis—acting elements; tissue expression pattern

NG % & 30 32 & 25 11 (Late Embryogenesis Abundant Protein, LEA ) J&—287EAH ) Fh 7 I IG & B R 10145 5
PR RPN A, R E T AE (Gossypium hirsutum ) ¥ IR & T J5 1, J5 S2 76 BURS IF (Arabidopsis
thaliana) JKKG (Oryza sativa) S FF P ARGR RS 20 FETF P FIRE AT eSS 22 5%, LEA 28 H &5 0k R4 05
8 N FK i, 434% LEAT . LEA2 \LEA3 . LEA4 LEA5 . LEA6 it 7K 2% ( Dehydrin) Fil #1824 & 1 (Seed Matura-
tion Protein, SMP)®™. &R 73 LEA 25 F1 A & BE MR 4 L P s 1% SR K P BER (4 Gly \Ala . Ser) , PRI X 2R L
W H A R K Y, HERA R R (A LEA2 \LEA3 FII SMP) A% 53 [H 75 A5 B 7K 1 235 440 3ak VA1 288 S = s A5
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M Pfam 4 7 (http:/pfam. xfam. org) & 2 OsLEA J& R 58 % 1) 2 B JR AT AR B (HMM) SC 4, 136 LEAT
(PF03760) .LEA2 (PF03168) . LEA3 (PF03242)  LEA4 (PF02987) \LEAS (PF00477) .LEA6 (PF10714) | Jli /K 3
(Dehydrin, PF00257) J Fi - i #4451 (Seed Maturation Protein, SMP, PF04927)%>!, [] i}, M\ TAIR %04 JZ (https:
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actinF calcttggeatctetcageac
2 2:5 % 5 ﬁ *ﬁ actinR aactttgtccacgcetaatgaa

2.1 OsLEARBEZRERRHNEESHZE

18 1o % B R ] RAR A 2 (HMMsearch , Hidden
Markov Model search) #1 BLASTP J7 ¥ i £ & 40 B , AR
WFFE LS 5E 1 831> OsLEA SR FE D, IFAR 4 FL 25 1y ok
FHIE S RGER B RFXNHAAT 140280 KRR A
OsLEA BRI A EIFE G EAE (8 1), kst
BEH AR RERY 12 ZRGe R b B R Ge (A F Y
OIMAEEZE S . Hh 1 S M3 S efk S HKZ Os-
LEA JEIR 11795 F1 10 SR M S5 A7 A R

oMb

b
Os01g0159600 |
8Mb 050190225606
Os01g0256508
12 Mb
16 Mb

20 Mb
Os01g0574800 -]

2BMD 550140702500

32 Mb
Os01g08127100

36 M 0sp1g08645

[~40 Mb

4 Mb

8Mb 050790206800
12 Mb Os07g0272300-

16 Mb

Mb
03070531500~
24 Mb

28 Mb

32 Mb

Chri

Chr?

- 0s01g0195400
[ Os01g0228500

Qs01g0314800

Os01g0624400

0s01g07 36500

Os01g0864300

—— 0s01g0809000

T 0s07g0250800

Os07g0524400

Chrz
050290100600

- Os02g0265800

Os02g0507

0s02g0538700
Os0290564
0502906691 050200666600

Chrg
Os08g01027007

050890327700~ W~ 050890324200

0s08g0494000

0s04¢0589800-F
0s04g0589800-R
0s05g0362600-F
0s05g0362600-R
0s06g0324400-F
0s06g0324400-R
0s0820163600-F
0s08g0163600-R
0s08g0327700-F
0s0820327700-R

aagtcgaagcacaaaacgea
cttegecegtetgeatctttte

acclctcgecaaaattgagettg

cgagcttcaccgcecttgt

catgaaagccaaggeegagg
teegecteccgcettcetteat
geclegteccgticaagta
cttggatttggecttggage

gegatgeagtcgaccaagga

cttctccacctggecectgea

Chra

Os03g0159600 |- 050390166100

Os03g0262706
0s03g0322900

0s03g0400706

0s03g0636000

0Os03g07474 0s03g0747500

0503908363

0s03g0836400
050390843300 o

Chrg

Os09g0267400" 050990278000

0Os09g0482306- 88— 0s09g0482550

Chré

050490416700
- 0s0450589800
Os04g06 283 Ll
| 050450677300
Qea0ees Sy o
chrio
051090547200

B1 OsLEA BEREEKBREE LIS S

Figure 1 Chromosomal location of OsLEA gene
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(Dehydrin) FIFRF B2 11 (SMP) o ARHE R G0 & B WA 43 BT , 35k R G0 B D3 A2 A () 189 ST SR 06 vh 43 A A A i 3
Z5, HS AR EE I A S (K 2) . Hd  LEA2 WRGEIE AL T — B B/ 8 2 8 (monophyleticclade ) , i
B %, i 54 B A3E 05030262700, 0511013040055 , F2 W HAE FEAL A R R AT REL DT T £ 1y 3

ESE7A RO

2.2 OsLEAEFEMIBA MRS 5 T4 R E A

ABFFENT OsLEA K G0 W AR E AT 1 0 A RSl ok 55 1 2R PR B s B R A o 1o (B
WSS HL R RRUE PEFE B B K B IV 20 e A T A5 (2 2) o B 2 T, OsLEA FEPIHE BE A 321~993 Bl FE XA
8 B Z5 R LAAT AR %) 7 SRR T IE 3A AR EE 7E 93~330 . Hgmfdm AR g, WY 10
kDa F# ) 35 kDa. FRIEZEHL S (pD) L K 5.00~10.83, Fa iE PEFEEUAE 11.41~53.93 , F WM A Fifa i 1 2% =
K. KREZEOsLEA H AR A HEKME(GRAVY {ER 570, #28 E AT 0T B8 1 40 o sl H A K 8 v 31 855 v
R o WAMLRE A AT 7R , OsLEA B 1) {2 4040 T 405 A0 AR SR AR A iR 45
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Figure 2 Phylogenetic tree of OsLEA
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Table 2 Physical and chemical properties of OsLEA

M Group 1:LEAIIPFO3760
B Group 2:LEA2IPF0O3168
I Group 3:LEASIPF00477
I Group 4:LEAGIPF10714
[0 Group 5:DehydrinlPF00257
- Group 6:LEA3IPF03242
B Group 7:SMPIPF04927
I Group 8:LEA4IPF02987

FHRMKIE Iy 4t/Da

FER S K E /bp Amino acid  Molecular B FETREL B K PR R AL RE L
Gene locus ID  Gene length . Theoretical pI Instability index GRAVY Localizations

number weight
050150159600 282 93 10 136.20 7.95 36.01 -1.21 4iMiLJ5E Cytoplasm
05010195400 867 288 29 784.27 9.87 43.69 0.08 M Cell membrane
0s01g0225600 456 151 16 239.35 5.00 11.41 -0.07 ZhifK Mitochondrion
0s01g0228500 993 330 35385.38 8.84 53.93 -0.22 el mii’ﬁfﬁfﬁi 'ﬁf@acuole
0s01g0256500 321 106 10 378.43 10.83 30.92 0.01 LR KA Mitochondrion
0s01g0314800 282 93 9792.19 10.14 40.84 -0.33 BRI Mitochondrion
05010574800 876 291 29913.30 10.38 52.25 0.15 M Cell membrane
05010624400 456 151 16 243.70 8.92 38.22 0.30 14k Extracellular
05010702500 567 188 19 342.07 9.25 49.32 -0.86 A RN A4 CytoplasmINucleus
0s01g0736500 771 256 27275.57 5.80 44.82 -0.03 Cell mﬁl H&Eﬁfﬁ 'ﬁf%acuole
0s01g0812100 1044 347 37384.42 10.30 52.69 -0.16 ANALAE Cell membrane
0s01g0864300 726 241 26737.72 9.30 29.87 0.04 Cell miﬂjn H&Eﬁfﬁ 'ﬁf@awole
05010864500 717 238 26 010.37 9.88 35.92 -0.25 YA Cell membrane
0s01g0909000 1368 455 49 143.29 10.14 70.35 -0.47 A HiBE Cell membrane
0s02¢0100600 645 214 22 500.56 10.44 63.15 0.14 ZfLE Cell membrane
0s02g0265800 606 201 20 362.48 11.32 45.25 0.46 4N Cell membrane
0s02g0507900 753 250 26 865.33 6.07 39.65 -0.20 ANAEAE Cell membrane
0s02g0538700 675 224 23714.10 9.04 49.35 0.22 BB Cell membrane
0s02¢0564600 276 91 9417.59 10.37 46.07 -0.19 ZhifK Mitochondrion
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BEBRKEZ 7T /Da

BRSSPI bp Aonino avid  Moleculs B FaEHREL B K M B V4 it 5 v
Gene locus ID  Gene length Lo act ORCCUAT Phegretical pl Instability index GRAVY Localizations

number weight
05020666600 594 197 21 527.93 10.49 44.67 0.14 A5 Cell membrane
05020669100 873 290 30921.88 5.68 62.61 -1.10 HHfa)5 Cytoplasm
050320159600 831 276 27 189.91 4.95 38.02 -0.15 ANHLFRIANAER CytoplasmINucleus
050320168100 1203 400 41 859.41 8.26 27.72 -1.04 P Endoplasmic reticulum
05030262700 717 238 25 158.84 9.25 36.14 0.34 YL Cell membrane
0s03¢0322900 1035 344 36 790.79 6.39 15.28 -1.01 A0 i S5 140 iU B CytoplasmlICell membrane
05030400700 264 87 9 388.54 9.50 44.79 -0.16 2RI Mitochondrion
050320696000 681 226 24 426.97 9.12 36.87 0.15 A Cell membrane
050350747400 864 287 31007.95 12.00 85.01 -0.79 4L FT Cytoplasm
050320747500 645 214 21 272.94 4.42 44.20 -0.33 YliffL 5T Cytoplasm
05030836300 639 212 22799.22 9.46 31.24 0.16 AU Cell membrane
05030836400 630 209 22 382.13 8.16 33.19 0.11 L Cell membrane
05030843300 951 316 34 798.05 4.90 23.09 -0.38 Y5 Cytoplasm
05040416700 663 220 23 557.95 8.26 4291 0.29 P Cell membrane
050450589800 369 122 12 563.74 9.52 16.54 -0.94 Yl IR AR CytoplasmIMitochondrion
05040628300 669 222 23 602.96 9.86 40.73 0.17 A5 Cell membrane
050420677300 768 255 27 788.94 10.17 49.10 -0.07 MU Cell membrane
05040685300 618 205 22 206.71 9.14 49.53 0.30 A5 Cell membrane
050420685400 663 220 24 532.02 7.61 48.18 0.13 L Cell membrane
05050199100 882 293 30 328.71 10.03 39.59 0.09 AL Cell membrane
050520349800 165 54 5 880.29 8.30 31.33 -1.66 A i S5 140 i A% CytoplasmINucleus
050520362600 363 120 13 165.77 6.12 24.66 -0.38 AR Mitochondrion
05050367900 783 260 26759.26 8.77 42.98 0.17 Cell miﬂr}fﬁ%gﬁfﬁ% )'ﬁ‘f%acuole
050520482501 636 211 22 070.48 11.70 45.34 0.29 MU Cell membrane
05050526700 762 253 26 418.31 9.15 31.14 0.28 Cell miﬂfnﬂg’fl:ﬁfgi l.ﬁ%acuole
050550584200 456 151 16 545.97 5.07 23.54 0.02 iR Mitochondrion
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Figure 4 Characteristics of the cis-regulatory elements of the OsLEA promoters
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