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Identification of Oleosin gene family in Elaeagnus mollis and analysis of its
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Abstract: Oleosin is the most abundant structural protein localized on the surface of oil bodies and serves a critical function
in regulating lipid storage. Currently, the functions of the Oleosin gene family in the woody oilseed plant Elaeagnus mollis,
particularly its roles in regulating key biological processes such as lipid biosynthesis and accumulation, remain unclear.
Therefore, this study employed bioinformatics methods to identify Oleosin genes in E. mollis and systematically analyzed
the physicochemical properties, protein structures, conserved motifs, phylogenetic relationships, cis-regulatory element
structures, codon usage bias, and gene expression patterns of the gene family members. The results demonstrated that: (1) A

total of 8 Oleosin genes were identified from the E. mollis genome and were designated EmoOLE1 to EmoOLES8 according

EEWH: PR aHTHRIE DT (SXLK2024-0211) .
B—1EH: Tl (1973—) , KB, S LRI, BT R ML E MR R RS,  (E-mail) 1158891663@qq.coms.
“EEMEE: NEA, L, AIBEER, SR NEFRM AR SR,  (B-maiD) liuyulin@nwafu.edu.cn.



to their chromosomal order. (2) Phylogenetic analysis, together with conserved motif and gene structure examination,
classified the 8 EmoOLE genes into three distinct subfamilies. (3) In addition to core promoter elements such as TATA-box
and CAAT-box, a total of 22 types of cis-regulatory elements were identified in the promoters of EmoOLE genes. These
elements were categorized into four major functional modules: light response, phytohormone response, growth and
development, and abiotic stress response. (4) Analysis of codon usage bias indicated that the EmoOLE gene family exhibits

a strong preference for A/T-ended codons. Among them, 4 codons exhibited no significant bias, while 27 codons exhibited

clear usage bias. (5) Based on the transcriptome data of the seeds at 4 developmental stages and the contents of

triacylglycerol (TAG) and diacylglycerol (DAG), which demonstrated that EmoOLE expression was upregulated during
seed maturation, and this result was also confirmed by qRT-PCR. Furthermore, correlation analysis revealed that 7 EmoOLE
genes (EmoOLE1, EmoOLE3, EmoOLE4, EmoOLES, EmoOLE6, EmoOLET and EmoOLES) displayed significant positive
correlations with TAG or DAG accumulation, suggesting their crucial roles in lipid storage in E. mollis seeds. In conclusion,
these findings establish a theoretical foundation for further functional studies and support molecular breeding initiatives
aimed at enhancing oil content in this economically important woody oil species.
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R (Elaeagnus mollis) FNEIFITFl (Elacagnaceae) I TJ& (Elaeagnus) ZHFHEARRMEHEY), B4
SEVLVKNAE G EAF T R B ERe A 2 Sy, HA MR ARG N S BRI E . R R R KA, i
BB IRGE, v E EBE, EAKKMHBONTES I b R X Ge8 R A K A s, B B AESNE.
AN, HFhF ARG & ik 46.2% CAMEAIIENR & 90% /A4 ) , HilEHEA 30%LA . SR EAL i 5 — )
ZRRM . AEA AR, PTEEEEH. AN, HESZMERHAS, WE4EER E. DA ERMEY S K,
YE’E R E & EIAF) 88-128mg/100g, LINILZRIMIN 7~9 £, BB A 4~6 15 . KRR 1 3~4 £5 . BRF7IhiK 2~3 i
BT HMRR (178 75 B0 A R B AR, R A IR s A B 5 7F K7 71 (Liang et al., 2015; Guo et al.,
2019; Wang et al., 2019) .

T LA =1 Hl (triacylglycerol, TAG) AFEEAMEAFIE, FFERE R EHAE A& h 4256 o A4 2 M Y i 4 g o 1)
KRR, FLARE P A HE A R B A - S B S . BT A A TR R RSE. fEk & M
BFrasH Y (Murphy, 2012; Huang, 2018) . VR4 & BOL s T A& g (Fatty acid, FA) & . )G, ViF
B EWRR 2 E W i (endoplasmic reticulum, ER) , 7E ER fi5 E5Ep TAG HIZEM & R GEEHEE, 2021) . #i&
B TAG 73 F-7E ER XUZ B[R RR 28 9 1) SMEZ H T Rt AR il A4k , e 24 FARFAE 12 1) 3 SR8 i —— i 85 .1 (Oleosin)
MR E [ (Caleosin) A4 FEH 1 (Steroleosin) B JE R, HH, Oleosin % & I 7E I AR R TH 5 45
FFHAL (29 90%) , & RGEMARIEAR S M BERIRZ B (Shao et al., 2019; Scholz et al., 2022) .

Oleosin 1 i A b 45 ¥ 2 11 1A% O 2 0, AGETE N S C i 57 7K 45 #4347 rp 0 55 7K &35 R S 4 5 Tl A2 45 K A
E, EZ5IAEAEFACH . M7k S S B B A R . HET, Oleosin 4 PR 53¢k O 7E 152 M 400 1 v

(Arabidopsis thaliana) F1—YEARAJMER A, WA (Vernicia fordii) FAEMk (Juglans regia) G132 RF LT
57381 (Cao et al., 2014; Shimada et al., 2018; Hashemipetroudi & Ahmadi, 2024) . T R K E 20T, WMEE AT
A R I ) 2 S (F) MR A B R A R, B AR R 5 K &R RAAAY (primitive, P) | il
FH Cuniversal, U) « Fi 7K 728 (seed low molecular weight, SL) « #7543 T & (seed high molecular weight,
SH) KAvZi98 )24 7 (tapetum, T) (Huang & Huang, 2015) . v, P it RZIENF AL X FESAAE T4
e, WREA U REVEEGHTAR, T SL. SH A T 3 R — P H U S RSER. EREERZ, TiREN
HEAS I RE R T, BHAMUE 746kt (Brassicaceae) HRIEHINEEIGME (Fangetal, 2014) o WFREH, AIH
YIFha] Oleosin & Bl I il 02 B i S WA A Rl AP AR B 2 M 22 5, HL L ERIA B D e vl e DR 4H 2 S 1tk sl A 75 2Kk
MAAEZES . Bk, RGEMHTHEHEY T Oleosin 2 PR 5 K il 72 RFAE S LY X 4%, X6F 148 7= P e S 1k ik A £t
FENLH . T B D Re R DR A S R S S, RIS W R i A G RE 0 R o R SR AR AT AT B U

A}



A I FE T3 G b 4 LR B, £ R G4 5E Oleosin FE R 5 i A O FERE b, 455N F) & B B B 5 g #y
MR SR B TAG. B H W (diacylglycerol, DAG) &g, fUERGTCARRE: (1) R MM Oleosin &[4
FIRIIPARAE . RAKE - EEEE M 530 TR oo DL S 7 WA 1 5E s (20 IR IMA Oleosin £ [Hl
FIRAEFTFANE R B BB IR IERE & 5 TAG 1 DAG & & 1AM . #F 7045 3R B TR IR AR A Y0 Ag 6t 47
VAT X 28 (R BAR, i B S S Ry 1 B MR A T AR

1 MBS T

1.1 HARIKEN
28 SR It A i R ZH B0 DA S DRIV RS SO 3R B A TF R R SCHR (Li et al., 2024) o M Pfam Chttps:/www.ebi.
ac.uk/interpro/entry/pfam/#table) (45 72 Wk T 2% Oleosin [ 5y /R Al RALAY, & 5K'5 8 PFO1277. J0LRG T 4k K 4 4
N H TAIR (https://www.arabidopsis.org) , MEFKEK FERZER T 5H# R4t (https:/ftp.cngb.org/pub/CNSA/data2/
CNP0001846/CNS0383685/CNA0022752/) "FEIHF R Hk)E (Hippophae) [WIVBE (Hippophae rhamnoides)
DRI 20 35040 FH T A AR DL S kAT S 23 #
1.2 Oleosin ZRERAL 53 A4 TE KB4 R
FFFR L /R A] KA (Hidden Markov Model, HMM) ¥ 8K [ PR 57 £5 A3 RE1E, FIFH hmmsearch v3.3.2 (Potter et
al., 2018) BB AR . SR T S bR ) Ak R AL B R A AT ISR R R AR R . N HERRBEALILES, fREE
G FYR ALK, B E-value BIE N 1ed, HRZHIN . & T RGN EB PS5 Pfam, SMART
(http://smart.embl-heidelberg.de/#) 1 CDD (https://www.ncbi.nlm.nih.gov/cdd/) 3 ZE#EAT 45 K422 IGAE, VAR
B R B A 7 Oleosin {57 85 M3 74 . J& T Expasy Chttp://web.expasy.org/compute_pi/) X # 5/ #§ Oleosin
EEHMBEAAER (BFAERZESR. 27 &ES) ST E MW . W40 M € 67 4 H WoLF PSORT
(https://wolfpsort.hgc.jp/) Fl Cell-PLoc 2.0 7E£E T 2471t (Chou & Shen, 2010) .
1.3 RGRERHE
JF MEGAI1.0.13 (Koichiro et al., 20210 HAFxf @ SRl 4. g I AP RIK) Oleosin 5 1 fk 55 45 #3551 #EAT
ZIFHIXT, KA HRKLIAYE (maximum likelihood, ML) #J% R4 3E1LH, Bootstrap EE ¥ 1 000 K, HABZHUER
o MR SR 2800 B 45 A DL S B T B I SR 23 S0 S M Oleosin J PRI 3EAT WL X e %1 73, A A iTOLv6.7.6
(https://itol.embl.de/) TEZL T HXT B HE4T 351k
1.4 FBEERMIEEM S
f8 ] MCscanX ZRA5 38 R b (1) R R 5 00 SO, 4 S ARy 0 22 R R S A4, AT TBtools v2.326 #4HFT AR
138 BB Oleosin FE R E LAk LA B (Wang et al., 2012; Chen et al., 2023) . iBiT MCscanX Eb X FR75-# 5 i
W FUFE AP BRI Oleosin JER LR R .
1.5 RTFER. ERSHENIERTHS R
47 MEME (http://meme-suite.org/tools/meme) £ LB A XS R M Oleosin ZX B A EAT IR 57 = 5 0 M, A
FH TBtools v2.326 )5 I [K 46 1) Jo 38 It , F B S 228 R B i3S 4R A7 1 _E3% 2 000 bp JE 877 41, il i PlantCARE
(http://bioinformatics.psb.ugent.be/webtools/plantcare/html/) F iz X 5 2+ X X AE FH o3t 47 R gt 5 Dhie
R,
1.6 BEFRFES T
HMH] CodonW1.4.2 B A 73 BT BB Oleosin ZX W 4w P IS, SREUE IS 7 R R 28, B4 T3s.
C3s. A3s. G3s fil GC3s 25, FIHAME =°F 6 (http://112.86.217.82:9919/4#/tool/alltool/detail/261) i CDS JF 41| % 1
TAFAE GC & E I T HFGHRIMW Oleosin IR AFALE L G/C EE L3 MIER G/C (GO BEHE
FE SCE RS F AR A B . AR DL B8, TR AR 1. 2B 2 71 G/IC & & (GC12) , FF|A Origin 2024 {44
IR



1.7 RIEBEARHEL M S

S FH A FERTEASRAT ) 4 DNASIRN R B AR SR R PP +-: 1E)5 30 d (days after flower, DAF30) . 60d (DAF60).
90 d (DAF90) . 120 d (DAF120) e s 2 AR B 2H s, &I 3 XS (Li et al., 2024) . 5T FPKM (Fragments
per kilobase of exon model per million mapped fragments) & & 7 38 SR FR - DUAN R B B Oleosin ZE I 3R 1A
A, @it TBtools T & My E L ik A . 18 Origin2024 XHE R Fh 1 4 N R BB B EmoOLE F k%
K %55 DAG M TAG B & B Eh &2 E4T I S0
1.8 qRT-PCR ¥3iE54h

FIH qRT-PCR %81iF EmoOLE3 EmoOLE4 F1 EmoOLES JE[K FJZRIARFE o Fh 1 5 R P AL R MBI R HER
o e EmoActin JERAE R 2 58 R R 0 R IR /K o R P 51 4018 F Primer Premier 6.0 %11, FH TBtools
BBV SR S, SIP 5 IR 1. SRA 288CT Jrikih- 85 3 AN E B I SE IR AR G R IA 7K 7« RNA $2HIL
SN F J PCR R 38 5 B A F h i 7 VA DR B — 3 (Gao et al., 2024)

7% 1 qRT-qPCR 8|4
Table 1 Primers for the qRT-PCR

FE PR 4K Fe3ll (5°—3%)

Gene name Sequences (5’—3’)

EmoActin F: ACCGAGGCACCTTTGAACCC R: ACCGCCTGGATAGCAACATAC
EmoOLE3 F: TTCCTGTTGGTGGGTCGC R: CAGCAAGGCCGACAGTGA
EmoOLE4 F: GTCTTGCTGTCACCGCCT R: GTTGATCCGGCACCGACA
EmoOLES F: TACTGGCCACACCACTGC R: ACGCCACAACCACCAGAG

2 ZiR5 0

2.1 REHF Oleosin RIEEELEEREREUMERI
RN P e 45 R W], A Oleosin FE R Z0E 2 8 ARl B3, ARHES 25 IR 7E e (0 ik B 1) IR 4 3 i 44
EmoOLEI-EmoOLES . EmoOLE J K 5% i 01 S L BR K /NAY 142~183 aa, 43T = /NA 14.85kD, H KN 19.80 kD,
S HL RN 4.80~9.63 . MRAEAEEE RECFTA, EmoOLE R ZKE A& 5 MaEEA L 3 MATREERH. KK
PP R B, 87.5%M) EmoOLE i H yEH/KIE®R H, X EmoOLE] fHNKIMEE A sAk, L4 E AL
gh R R Oleosin F ik LB/ AAEAIMEAE (cell membrane, CE) . th4h, EmoOLE3 Fl EmoOLES & 437
TEM 244K (chloroplast, CH) FliE/RIE4K (golgi apparatus, GA) FHFT A (K 2)
< 2 WRHEK Oleosin RiEAL FARVIBLIER
Table 2 Physicochemical properties of Oleosin in E. mollis

FEIR 44 PR H: 1D R H TR R TRERE SPKMFHRE WaEs
Gene Gene ID Amino acid number Molecular Isolectric Instability Grand average of Subcellular
name (aa) weight (kD) point index hydropathicity locations

EmoOLE1  Emo00344 183 19.80 8.92 40.44 -0.126 CE

EmoOLE2  Emo05413 166 18.01 9.56 30.13 0.328 CE

EmoOLE3  Emo06059 174 18.46 9.52 43.37 0.160 CE/CH

EmoOLE4  Emo12300 166 17.82 9.26 44.26 0.146 CE

EmoOLES  Emo23025 175 18.91 8.93 30.15 0.045 CE

EmoOLE6 ~ Emo23961 178 18.79 4.80 29.68 0.035 CE

EmoOLE7T  Emo28186 142 14.85 9.63 30.87 0.447 CE

EmoOLE8  Emo35319 149 15.94 9.41 19.73 0.429 CE/GA




2.2 R Oleosin RIRHBEIL X RO

NI B Oleosin %R F R T HEAGORSF M, AW 90 R FH S 0 Ph LU L TR 4 2 S s, i T [ B JR AT AR 20 (1) 2 1 45
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Fig. 1 Phylogenetic tree of Oleosin gene family
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Fig. 2 Phylogenetic, conserved motif and gene structure of EmoOLEs



NIEHT EmoOLE FEH [ SR L], X H AT IR 2 RS 7 _B3i7 2 000 bp X3 JE 8+ 7 51T R G M =01E H oo
PEodT . BREZ O R8T il (TATA-box il CAAT-box) 4b, %5t 22 HKIhae & s sofe, ki H A ¥ 1)
ReXl e B, MR, AR E AR DR IE N 4 K. Do TR B, R e B L
5FpRE T, S ERER. KPR, FKARPES. SRR EER G55 FEE, 5 FEm N oHm
HRAAZER, HhREREN ot Stz (B3 .
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Fig. 3 Promoter regions analysis of EmoOLEs
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ST FE I FE A Oleosin 22 K 5 1% 1 2 A 5 &2 A4, 4 MCScanX 244208 17 38 SRl Oleosin 2K S5 IR
VBRI RPE R R, R ER, WM SR IEE 14 % Oleosin [FIJFILF N, 5 BIL 15 XF Oleosin |75 %:
RIXF, #E—S0EoR, B RERTEIER G EI “—X—7 fRpB g “—xt 27 §akRpiRh AR (B 5

5 ) chr01 chr(2 chr04 chr08 chrl10Q chrl4
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I+ Arabidopsis thaliana « > € > ¢ > € Xe >
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Fig. 5 Collinearity analysis of Oleosin between Elaeagnus mollis and other species
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NIENT EmoOLE H: R BH 3R RCR R R R, AT 7 i [\ B RS F-AHXHE A5 (relative synonymous codon
usage, RSCU) FEAUHERD Flf 1. SR ER, ELIEFEEFIAMIFTARG TR, 27 NEET 2080 H Wi
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& 3 BR B Oleosin EEE X BB TFHEIERE
Table 3 RSCU of Oleosin gene in Elaeagnus mollis

IR T #H ML FEAE 2A&RAmno  FigT #H AER B B FH 2
Amino acid Codon Number RSCU acid Codon Number RSCU
WEIR Ala GCA 34 0.96 JHE 8 Pro CCA 34 2.09

GCC 32 0.91 ccc 8 0.49

GCG 16 0.45 CCG 12 0.74

GCU 59 1.67 CCuU 11 0.68

YEIR Cys UGC 1 1.00 HEBE Gln CAA 53 1.33
UGU 1 1.00 CAG 27 0.68

REEM Asp GAC 14 0.51 FEM Arg AGA 12 1.41
GAU 41 1.49 AGG 15 1.76

BEBR Glu GAA 22 1.42 CGA 6 0.71

GAG 9 0.58 CGC 5 0.59

RNEA Phe uucC 35 1.30 CGG 2 0.24
[91018] 19 0.70 CGU 11 1.29

HZ® Gly GGA 19 0.63 YH MR Ser AGC 11 0.71

GGC 34 1.12 AGU 15 0.97

GGG 31 1.02 UCA 29 1.87

GGU 37 1.22 ucc 7 0.45

% His CAC 13 0.93 UCG 16 1.03

CAU 15 1.07 UCuU 15 0.97

FEER e AUA 25 0.82 T8 Thr ACA 36 1.26
AUC 32 1.05 ACC 35 1.23

AUU 34 1.12 ACG 8 0.28

WK Lys AAA 23 0.84 ACU 35 1.23

AAG 32 1.16 AR Val GUA 11 0.45

SR Leu CUA 16 0.65 GUC 20 0.82

Ccuc 42 1.70 GUG 30 1.24

CUG 22 0.89 GUU 36 1.48

CUU 28 1.14 BEER Trp UGG 9 1.00

UUA 17 0.69 % R Tyr UAC 17 0.79

UUG 23 0.93 UAU 26 121

HEM Met AUG 21 1.00 * UAA 3 1.13

REEM Asn AAC 19 1.12 * UAG 2 0.75
AAU 15 0.88 * UGA 3 1.13

T I AR SR T O R IR RS T % IR T

Note: the codons in bold are those with codon usage bias; *: termination codon.



2.6 EmoOLE EREARE A BEMBEMFHHARIEER KX qRT-PCR KiE

NIRRT EmoOLE J R 758 S ol 73 i AR SR I A2 R I AR M 2 Thae , AT T 5 & M R A 7 3 B R B R 5
IR S =, FIH 4 DA G B B3 SR A Foh 1 (00 i s dH B s gk A7 RIA i (B 7)o 4K |, EmoOLE
B R ZORAE M R R R B BRI E BT S G AR B . R, EmoOLE3. EmoOLE4. EmoOLES il
EmoOLE6 1E3 S A T § DAF90 B B ik fEfi i, 538 SLT Ry IR DROE AR 22 BIAHXT B, 3 DAF120 BRIk
N %; EmoOLE1 M1 EmoOLET 1E DAF90 1 DAF120 Hfi B3Rk B34 AHNH i my TR I 5 (1) 1 Bi#a %455 T EmoOLE8
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Fig. 7 Expression profile of EmoOLE genes in seeds at different developmental stages
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Figure 8 qRT-PCR analysis of EmoOLE genes
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