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Abstract: [Objective] In recent years, Elaeagnus mollis, as an emerging and unique woody oil tree species
in northern China, has received more and more attention. Its kernels contain high levels of unsaturated fatty acids
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such as oleic acid and linoleic acid. At present, the key genes, transcription factors and their regulatory mechanisms
affecting the biosynthesis of kernel fatty acids in Elaeagnus mollis are still unclear. Therefore, this study studied the
dynamic changes in fatty acid content and regulatory genes of the Elaeagnus mollis kernels at different
developmental stages, which not only contributes to a comprehensive understanding of the regulatory mechanisms
of fatty acid biosynthesis in Elaeagnus mollis, but also lays a solid foundation for further genetic breeding.[l Method]
In the present study, gas chromatography-mass spectrometry (GC-MS) and transcriptomic analysis were conducted
to quantify fatty acid content dynamic and the molecular regulatory mechanism of Elaeagnus mollis kernel at
different developmental stages, and the key enzyme genes and transcription factors related to the fatty acid
biosynthesis of Elaeagnus mollis were screened out. [Result] At the end of development, unsaturated fatty acids
accounted for more than 90% of the total fatty acids, with oleic acid and linoleic acid reaching up to 56.03mg/g oil
(42.35%) and 56.69mg/g oil (42.85%). Transcriptomic analysis revealed 436 genes related to lipid metabolism
pathways, including 179 genes directly involved in fatty acid synthesis, and 2735 genes associated with
carbohydrate metabolism pathways. Combined with the dynamic changes of fatty acid content and transcriptomic
analysis, the expression of 5 EmSAD genes and 3 EmFAD?2 genes played an important role in the synthesis and
accumulation of kernel oleic acid and linoleic acid in Elaeagnus mollis seeds, and the middle stage of development
may be the key stage of the synthesis and accumulation of oleic acid and linoleic acid in Elaeagnus mollis. Weighted
gene co-expression network analysis demonstrated a significant positive correlation between the turquoise module
and oleic acid and linoleic acid content, and the blue module was negatively correlated with oleic acid and linoleic
acid content. Co-expression network analysis indicated that Em WRII was a potential important regulator in the fatty
acid biosynthesis of Elaeagnus mollis. The promoters of one EmFAD?2 gene and two EmPDAT genes that were
significantly positively correlated with the expression of EmWRII (evim. TU.Chr04.576) were cloned, and the AW-
BOX elements specifically bound to EmWRI1 were identified, suggesting that WRII may bind to these cis-elements
and regulate their expression during kernel fatty acid biosynthesis in Elaeagnus mollis. [ Conclusion] Fatty acid
synthesis in Elaeagnus mollis is a complex process involving a large number of genes, including genes directly
involved in fatty acid synthesis and other genes involved in lipid metabolism. The transcription factor EmWRII may
be a key factor in regulating this process, while the positive correlation of specific gene modules (e.g., turquoise
module) with fatty acid content may indicate their potential role in fatty acid synthesis.

Keywords: Elaeagnus mollis; lipid accumulation; co-expression network analysis; transcription factors
EmWRII

RIS (Elaeagnus mollis) 7=HRIT-F} (Elaeagnaceae) SHENTJ& &M BELAL e ARBUEAR, HAoMmE
B, RN TIRENL T, BeP. W54 (Du er al, 20200, SR AEANR IR & &011E 9
0% E, HAhmR (33.6%~51.83%) FIEMHER (32.96%~54.8%) & EAINHE (Kan ef al, 2017; Liang

et al., 2015; Wang et al., 2019a). ilifR2 AR FHEABAARNIEE, NMEAGEE EE, Reelayth

UL (Ramaprasad et al., 2006). AUEFIERTERAE W 1T AR AR AT, JEERMAR . BRAK M BSR4
B, 2R N AR BRI FE G 7K, AT FER7 0o ML 06 B K A2 (Baker et al., 2020). JT4ER, 38 SR
Nl % B E G T7 R AT B AR AS TR T 52 2 BOR R 22 (1) 5V, (H2 H A P A5G T3 S AR 7R &
B FEAIL I R UL AR AR E -

YT, IR R MR E R EE T — AR MR E ARG Sy, IRITER I & kT A
FEAE B P RSB e AR P 5 X o i il = R 2 e R AR A2 i (Lin et al., 2017) 0 MR K 7R e
Al EAREE . 2RI AR A SO ) B RIVE R (Unver er al., 2017). REANEREY) R TR 447
B R FEAR I, ABAEA R Y B S b RN AR B 2 2 R, BRI 18] R TR 1
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HEMZER (Li et al, 2021; Ma et al., 2023; Niu et al., 2015; Wang et al., 2019b; Yuan et al., 2022
a). i, W (Camellia oleifera) FAZHHAMIFNENIG & &ML 80%, FENGWIREH T NEAEEE (7.7
9%). TEARIR (2.49%). R (79.61%) WIHER (10.93%) FIfEAERR (4.77%) (H/KBHZE, 2023). JHH
YWY (Paeonia suffruticosa) ¥ AEAARHIR & & 0] Sk 90%, FERITIR T NAFEIE (5.54%)-
TEARAR (1.82%). VHIR (22.44%). WiHFR (28.88%) FIFHRIER (40.86%) (%%, 2013). A4k, K
BRI ABI3 (ABSCISIC ACID INSENSITIVE 3). FUS3 (FUSCA3). LECI (LEAFY COTYLEDON
DD\ WRII (WRINKLEDI) “5%e3%H 1Al W IR & R R R IA (Kumar e al., 20200, i 3%iA BnLE
C1 K (Brassica napus) FiFFil AR & 2R 7%~16%; 1M HIHZIEE R RKE GRS & T %
T%) 9%~12% (Elahi N et al., 2016). AGLI5 (AGAMOUS-Likel5) %Wi—Fh&7 MADS 4563 i) 4 5%
K¥, fE3UFIT (Arabidopsis thaliana) Fh¥ K EIIFEF T LEC2. ABI3 f1 FUS3 53R IRIA, #Eifiif
FEREWiR &% (Zheng et al., 2009). MYB. ABI. bZIP Fl Dof Z % & i3 AWM (Acer miyabei) HENiRE:
Y& TR R R 7 (Ma et al., 2023). L4, WRII-1. ABI5S. NF-YA3 (Nuclear Factor Y, subu
nit A3) Fl NF-YC2 (Nuclear Factor Y, subunit C2) R HIF sk E &R 5 ZEE 5@ ILE WA wmEs (Bl
aeis guineensis) FPEWTERIIE K (Yeap et al, 2017).

A1 32 SR e A i T R A 0 R A WL AN 2 o DR, AR U 00 v 1 AN (R R 6 I 80 S
IR TR 25 B (Rl b 45 S e s 2H 22 2, R SR i 107 R A W & A HLIBEAT RN A0 T, i
e S R A B AR BB AR T, HONER B R AR R B RSk

1 MERST7E

1.1 SEIe#R

T FERE b SRR T 1L 75 48 IR LM B 4 2 AR ORY X (N 35°23'-35°52", E 111°34'-112°03"), FiH
WAL SR, T 2014 SEE GBI E R XN EH 3 KM o R E, AR
FIEAR—FUN R KA H bR

M 2022 4 6 AHIE) 8 HHh], 4 30 RRFE—IK, R 3 L1209 30, 60 A1 90 #5875 K& (days
after pollination, DAP)Y. RAEM FERFARM AN FTTALREE 100 NMRLIFRSG, EIMNR R 5005 5557 ik
91, Horf 6 M EEE G T-80°CRAGIRIKAETRAE, 4 3 th B RISEIe = T T R & &4 I .

1.2 EWH*E

1.2.1 BB 4 Ay £ 2 FRE— @ E A R BN B E AR N, N RIS
W, IR MBS EGH AR, KHHEE 45°C, $RHL 6h, BUHACE, HURFERBENE, BISCHEE . [ F e 2%
RACGHE— 5 EBR B R, SRR G, THEMC SR, 2 GB5009.168-2016 (&4
[ KA AE- B b AR R ER I 5 ) I 5 38 SRy AR A A R BT ER 4 S &5 &

1.2.2 RNA 3B F@F 547 T WBALBUE M 7753 B RNA (Du et al., 2016) , cDNA X
JE K 38 % e S5 A v U 4E A U A R A PR A B SRR .

XF R 6 W B 2 AT 5 A AN 2 Ak A B S BT 3R 15 1) clean reads FH TR ZEERA . EH
diamond (Buchfink et al., 2015) ¥ K unigene 5 p#RFEK 5 HFH F R4 (Kyoto Encyclopedia
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of Genes and Genomes, KEGG). £ [H A {& (Gene Ontology, GO). JETU4 & 1 (Non-Redundant
Protein, NR). 1@ A & [ Jii % ¥ (The Universal Protein Resource, UniProt). E %4 W) & H #H 2
FK I E % (Clusters of orthologous groups for eukaryotic complete genomes, KOG) % ¥ & i3t 17 /7
I X SRAGVERE 45 IR, X 544 N Evalue 1e-5, FJH iTAK (2016) {4 %} unigene " [ %% 5% [A]
F AT % ¢ . i feature Counts (Liao etal.,2014) B AF X & A FEA 1 unigene 13818 & 47 14
—AL B, R E S A A B 0 s AR B TR B Be 2l ( Fragments Per Kilobase of
transcript per Million fragments mapped, FPKM). F|F DESeq2 fifii ik 2 7 R IA F A (differentially
expressed genes, DEGs) (Love et al., 2014), ¥iiik 214 P-adjust value<0.05 H |log2Fold
Change(FC)|>1. #| L%~ F& (https://cloud.metware.cn/#/home) 1] KEGG & H/#T LHIEAT 2 7 R
B ) KEGG & % 75#T .

IR S AT 45 SRR T, R SERS 9% 6 %8 &8 PCR (quantitative real-time PCR, qRT-
PCR) Bl 10 4> unigene £EAN [FIREAE] FRIAN R IA R AL EHL. RNA SN cDNA & B SR I 2 4 2 iy
FEY) 2 RNA BRI E A s k5 &, A Primer Premier 5.0 i1t qRT-PCR 5147, PCR s MFEA 10
HL{AZ: 5 ML 2XSG Green gPCR Mix, 0.2 HL _EJF5I4), 0.2 HL NG54, 2 ML cDNA FEAAT 3.6 HL
nuclease—free Water. PCR F2F N: 95°CHIAM: 3min, < J5 95°CARE 10 s, 60°CiR-k 30s, 3L 40 MG
Wo 5IWMEENE 1, HZER AN RE RSN 2-" "4 (Schmittgen et al, 2008) , actin
NNSER, AR =ZRKEAREL,

# 1 gRT-PCR FRA3I#MER

Table. 1 Information on primers used for gRT-PCR

S AR VI (531 NUERAE A (53
Primer name Upstream base sequence (5’ -3’ ) Downstream base sequence (5" -3’ )
actin CTTAGTGGCTGCCTGTCGAA TGTCCCTTGCGTGGAATTGA
EmBCCP GTTGCCACCTCCTGCTTATGC GATGGATGAGATGGTGTGCTTGTC
EmFABG GTCGCCGCTTTCAAGTCTACTG CCCAATCCTTCTCCAAGACGAATAG
EmSAD TGCCAACCAAGAACTCCAATATGTC TGATGAGGAAGAAGATTGCTATGCC
EmFADZ TGACCCAAACACCAGTTAGAACAC CTTACATCCATCTCTTGCCTCATCC
EmPDAT CATCCCTTGGCACACATGAACC CGACGGAGAGACAGATAATTGCTTG
EmPDCT CTTGCTCTGCCTCATTCAACTCTG TGCCCGTTTGCGTGCTAATTC
EmKAST ACTCGGTTCGGTGGTCAGATC AACCAGACAGTAACGAAGGCAATC
EmFADS AACCCAAGAAAGCAGACCTAAGTAG TGCTGGTCTACAATGGTTGCTATTC
EmDGAT GTCCTCACGCCGACTCAGATC CAAGCCTCCCTATCACAGAATCATC
EmPDH GCCGATTCTCTCTACAAAGCCAAG CTTCCATGCCAACAGCGACAG

1.2.3 Aok B 3 &k W %4547 (Weighted gene co-expression network analysis, WGCNA)  F|H R #&
1) WGCNA (1.51) £, (Vinutha et al.,2017), LA FPKM>1 [f] 6886 /> DEGs 4 & NI IE R 3L F A M 4% o
FEF AU X 34T E R 20, LL powerEstimate=18, mergeCutHeight=0.25, minModuleSize=50
bR AERE LRI AR R RS . ARG THE TR IRITR (AR A R . BB TR IR . VTR . Vi BR AT o- 7 R
TR ) & B AGIH A R AH DG .
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1.2.4 RHEZER

BEAG IR . R . WM ER A o - SRR G

ot EHERE (Pearson) M T4 BT E AR BR 45
FFE IR DL R B e R S R TR &

PR (BR AR -
JRAE R R AR S

(|R|=0.8 #1 p<<0.05) , ¥4 FiRG5 575 HIFH Cytoscape (3.10.0) fidLEIAMLE (Velasco et
al., 2002) , F|F Cytohubba H ] MCC B i:Mff xe 763 S v A% i Jo R A 400 ol A S B R 4284 FH ) e sk 1A

T (Chin et al., 2014) .

2 ZER5900r
2.1 PRBWHIERREE

PSR A b R B AR KRS E T (30DAP: 25.79%; 60DAP: 42.44%; 90DAP: 45.83%).

fE=NKE

BF HH 4 S SR g A A A S R SRR B 17 MR ER G (R 2D, MR E
Jifi B2 = & AT ik 132.29mg/g T, TR IR T R A
AR 5 AN A AT IR IL 240 8.77:91.23. BRI~ kK B K,

ANV 7 R & B W BT . 5 b 2 R TR K AR AR R . B I P

JPR IR » L F ik R AT I i 1R

REE

R AR . LA T H A< R A U R
WRAAR R FHEREENZL.
®2 BREWAE % MRS

VLA I s R

(HEERERE)

I BEAK

R . W ERA o-
JAT 9% 2k [A] A 33 2R ik

Table. 2 Fatty acid content at different developmental stages of Elaeagnus mollis (Mean+SE )

g B )
Lipid metabolites

AJF] % 5 B B Different developmental stages

30DAP (mg/g oil)

60DAP (mg/g oil)

90DAP (mg/g oil)

C14:0 Wi Myristic acid
C15:0 +H#% Pentadecanoic acid
C15:1 +H /%R Pendedecenoic acid
C16:0 #7#AMR Palmitic acid
C16:1 AR Palmitoleic acid
C17:0 +-ti#& Heptadecanoic acid
C17:1 Ji-10-+-LHR)#HER cis-10-heptacenoic acid
C18:0 tfi 5% Stearic acid
C18:1 & Oleic acid
C18:1 Jxii% Reflux oleic acid
C18:2 Wli? Linoleic acid
C18:3 a-WEARER a-Linolenic acid
C20:0 fe4:F& Arachidic acid
C20:1 k)R Eicosacenoic acid
C20:3 Ji-11,14,17- —FEE =GR cis-11,14,17-e
icosatrienoic acid
C22:0 WL#rR Behenic acid
C24:0 KM Lignoceric acid
MR R & & Total saturated fatty acids
M AHE 2 & B Total unsaturated fatty acids
N W2 A& Total fatty acid

0.2140.01a (0.34%)
0.26+0.00 (0.44%)
0.07+0.01 (0.11%)
11.5740.05a (19.01%)
0.31+0.05a (0.51%)
0.29+0.01a (0.48%)
0.12+0.01 (0.19%)
2.76+0.04b (4.53%)
11.17+0.27¢ (18.36%)
1.3440.11b (2.20%)
19.54+0.14c (32.12%)
12.0340.72a (19.76%)
0.540.00a (0.88%)
0.11+0.01c (0.18%)
0.13+0.01 (0.21%)

0.26+0.01 (0.43%)
0.15+0.00 (0.24%)
16.03+0.08a (26.35%)
44.81+0.87c (73.66%)
60.84+0.95¢

0.08+0.01b (0.08%)

7.21+0.18c (7.11%)
0.1240.01b (0.12%)

2.611+0.10b (2.58%)
42.72+1.41b (42.10%)
1.494+0. 20b (1.47%)
42.28+1.21b (41.67%)
4.46+0.23b (4.39%)
0.15+0.02b (0.15%)
0.0410.00b (0.35%)

10.05+0.28¢c (9.91%)
91.42+2.86b (90.09%)
101.48+3.13b

0.09+0.02b (0.07%)

8.08+0.07b (6.11%)
0.13+0.01b (0.09%)
0.06+£0.02b (0.05%)
3.07+0.08a (2.32%)
56.03+1.06a (42.35%)
2.341+0.48a (1.77%)
56.69+1.60a (42.85%)
4.914+0.45b (3.71%)
0.30£0.22ab (0.22%)
0. 60+0. 10a (0.45%)

11.60+0.29b (8.77%)
120.69+2.94a (91.23%)
132.29+2.85a

AFRNG FRERIRFE — BRI &% B BAE 0.05 /K1 25783

Different lowercase letters indicate significant differences at the 0.05 level in each developmental stage of the same lipid metabolite; - representing no detection

of the component; and 30DAP, 60DAP, and 90DAP representing the number of days after pollination.

22 BREFSH

Xt 603329238 2k R 4R reads BEATILYE, 1525 i A XY reads
Q30 L AE 91.99%~95.47%2 [, GC %

HEEAR I Fr A8 1R AR T 0.03%,
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(URE A REAT P P LL RO DL R RO SC R 8 (R?) KT 0.90, AAIFERAHSC R EL (R /NT 0.70, FKWIHe

KM PSR 5E, AT T RS0,
®3 HRANFHERE

Table. 3 Quality control of transcriptome sequencing data

86 741 . y FER TR 0s AR TR GC i
b " JR A 54
FEdh ¥ Number of G 1% 1%
- Number of QC i Q20/% Q30/%
Sample original seque Net bases Overall sequencin GC Con
sequences
nces CAPACITY/G g error rate/% tent/%
30DAP-1 87429054 84664318 12.7 0.03 97.7 93.2 42.31
30DAP-2 74360632 71982824 10.8 0.03 97.89 93.67 42.38
30DAP-3 69348786 67483812 10.12 0.03 98.04 94.03 42.25
60DAP-1 56188000 48312166 7.25 0.02 98.68 94.95 43.08
60DAP-2 52019138 44556956 6.68 0.03 98.62 94.82 43.44
60DAP-3 75046268 70656290 10.6 0.03 96.94 91.99 43.39
90DAP-1 66530198 58049470 8.71 0.02 98.84 95.47 42.82
90DAP-2 60460818 52019386 7.8 0.03 98.68 94.98 4291
90DAP-3 61946344 53220728 7.98 0.02 98.58 94.74 42.94

Q20 S RLE KT 20 BUBLIERT L Q30 9B KT 30 HIBRFEAT S ELfil: 30DAP. 60DAP. 90DAP ANERFMNERH, -1, -2, -3 UK 3
WY EH . Q20 is the proportion of bases with mass values greater than 20; Q30 is the proportion of bases with mass values greater than 3
0; 30DAP, 60DAP, and 90DAP represent the number of days after pollination, and -1, -2, and -3 represent 3 biological replicates.

F unigene 5 #5045 PRt — 2D LEXT, HE3RAS 38066 AN ThfgiE RS B unigene, HAAL{ 14685 /> D
EGs. 4 30DAP L, 60DAP F11 90DAP i #47l4 10304 (4211 /> L1, 6093 A~ Riff) F1 12183 (5089
A, 7124 4D A~ DEGs.

KEGG B &4 R, fEHF# AT 20 2 % E L@k b, 30DAP vs 60DAP 1 & £ F| 1)
55 8 B AR AH OC B A2 A H R A L T T A RIR DT R B @ i 1%, T AE 30DAP vs 90D
AP A H B IR A IR AR s B . K AL & WA A OC & A R IR IR & R Ik RE B AR (Y
uan et al., 2022b), 58K AL G YDA & A5 b B A O R AR S U R N RE R AU A A B P 3
® %, 1fi 60DAP vs 90DAP " JLE: i R A e s 2 (B L .

Statistics of KEGG Enrichment Statistics of KEGG Enrichment

KEGG# 5T KEGG L8k if
. LEL 3L .
[} A .
numb
£ 01 S — -
®
® o
o
‘I\I:I‘:m .
™ — R P
R, )
as
[
20 BRI 1L T R Biosylches|

i o
Rich factor Rich factor
wRET WRET

BEOFLFORMEFACH, OO LT RIS Y. The black arrow indicates lipid metabolism, and the red arrow indicates.

Bl 1 KEGG E4E4HT45%. A: 30DAP vs 60DAP; B: 30DAP vs 90DAP.
Fig. 1 KEGG enrichment analysis results. A: 30DAP vs 60DAP; B: 30DAP vs 90DAP.

23 BEHREMEXERNEE

R 5 s B4 g D REvE R 45 2R, A R I 5 IR AR A K AL S AT 551 unigene 73147
436 f12735 />, Hp%w H 179 4 unigene S S5 IEM B WA A B, 128 4> unigene # & XA
DEGs. X%t DEGs "', f 60 M5 EIMMN K& AR, 52 M5 =B HmAREMK, 16 4~ 5
RIE A K. 54 DEGs %5 i 5 Bt-ACP L 1B Al (stearoyl-ACP desaturase, SAD) Z:[H,
HHr, evm.TU.Chr06.1036 7t 30DAP I} ik & & =1, evm.TU.Chr02.3142 ] K15 & 7E = /> i #13
A F 8K KF, evm.TU.Chr03.2220. evm.TU.Chr02.2138 1 evm.TU.Chr10.89 [{] % i5 & 7 60DA
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P I IAF &g, 3 4 DEGs 4% hd ik 2= f1fG (oleate desaturase, FAD2) X:[H, H evm.TU.
Chr04.991 1] 3£ ik & 1 60DAP It ik 2013.78, evm.TU.Chr02.4621 [{] 3 ik & 7 90DAP I it 5| i
&, evm.TU.Chr09.2569 # [X [ £ ik & =N K B B B B AK .

2.4 qRT-PCR 3

MR e SR TR 45 R e L 1Y) 128 A5 IR BR A=W & A O 1) DEGs, M BENLEIL 10 N34T gRT-
PCR J0ilE. 45 RKW], Pk 77 gRT-PCR 45 R SH U4 R —8, MxtEm (K 2) , 3
AT FE A e s A I P (R Bt R T 5, T T D RESE R 1) 3 E AAZ R

EmBCCP-evmn. TU.Chr05.3012

QRIPCR =8 RNA-Scq

EmSAD-evm. TU.Chr03.2220

QRI-PCR == RNA-S¢q

EmKASI-evm. TU.Chr04.1800

EmFAD2-evm. TU.Chr04.991

QRIPCR == RNA-SS

EmFABG-evm. TU.Chr04.723

QRIPCR == RNA-Seq

FPEM

HDAP S0DAP

EmFAD3-evm. TU.Chr06.383

QRI-PCR == RNA-Seq

90DAP

2500
R 0
2000
10
1500 100
g w ¥
100 & B
00 o
a
uuuuu DAP s0DAP 3004 s0DAP soDAP 3004P G0DAP
EmPDCT-evin. TU.Chr01.4516 EmDGAT-evm. TU.Chr03.4414 EmPDAT-evm. TU.Chr03.3506
QRIPCR == RNA-Seq QRI-PCR == RNA-S2q QRIPCR == RNA-Seq
&
E 0
R
= e}
s & B 0
EE »
o o
uuuuuu 90DAP aDAP 60DAP 0DAP AP 6004 AP

EmPDH-evm.TU.Chr01.5297

QRI-PCR == RNA-Seq
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Fig.2 Gene expression levels of differential genes in different developmental stages of seed kernels

2.5 WGCNA S 4

FESR A P A (R A B R o M e, SRR 17 RS RE TR B o FH T ARMEIR - BEHEIR . IR Sith
PR oV BRI 0 3 B i R o B ey ELRT B AR oM .3, DRI L A T B R I B B o 70 3R AT WGC
NA 73p#r. WGCNA 7334 5E th 6 N ILRIASE AR E, X LRt 5 TR g R & B AR e o Mt 2R
K 3 7. turquoise BB SRR . TR AR & 5 02 IEASG,  blue BRHLSERNEER AN o FRAR &5 Sl
3 IEAR . turquoise #EHH DEGs ) KEGG ‘& 873 H 48 A& W15 R o A QA O RO a8 it 3 2 00935 I i IR %
fif s HIRACHI A BRI A S, SRR S AR A 5% B I T SRR AR 2 E b R R B
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Meodule-Traits Relationships
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Fig.3 WGCNA analysis result. A: Gene clustering tree and module division. B: Heatmap of the correlation between
modules and traits.

2.6 HFESW
HI KB R SR T WRII. LECI. ABI3 F1 FUS3 #EJEWT R & s fe b R e s EH (K

umar et al., 2020). fEfT# DEGs L% 5% #] 3 A~ EmWRII (evm.TU.Chr01.5759. evm.TU.Chr04.576 il e
vm.TU.Chr04.912). 2 4~ EmLECI (evm.TU.Chr05.2338 fll evm.TU.Chr07.2284). 1 4 EmABI3 (evm.TU.C
hr14.581) 1 1 4> EmFUS3 (evm.TU.Chr05.283) &K, AHIVES M5 K EmWRII (evm.TU.Chr04.57
6) 5 1 EmFAD2 FERIA 2 DR s H MR #88 (phospholipid: diacylglycerol acyltransferas
e, EmPDAT) JE[K%E & IEAIE, EmABI3 (evm.TU.Chr14.581) 5 1 A~ EmSAD K1 1 A~ EmFAD2 3£ [H]
FWFEIEMK . EmPDAT (evm.TU.Chr01.2081) SAFHIRRHA o FRAR & &8 2.3 IEAHSC, WIREH (evm.T
U.Chr05.1587) X5 PR & & o 3% IEAH %

B EIRAH A 7 M 8 RS e i FE A M 2% K an ] 4 s M Cytohubba Hr ) MCC 7772 B
E SR I TR 5 P 4 B B AR R A sk DR 7 o S5 R B EmLECT 1533 5L IR 1D B8 & Fc ke 2
FREIER, H2& EmLECI FEMAZAR K& Hr B REAE KL (ZEFE evm. TU.Chr05.2338 1 evm. TU.Chr0
7.2284 7 30DAP i {FiA & 4354 3.29 1 8.24, 7E 6G0DAP Fl 90DAP i #iFiL &N 0), ke HE4
KB EmLECI i) EmWRI1 RNICEEHSEH T (£ 4).
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ive correlation; Blue - fatty acid synthesis gene; Red - transcription factor; Green - fatty acid component.

1101



EVINEE ESE S N S34 22U M2

K4 FLRIEMZ 3 HTIE
Fig.4 diagram of the co-expression network

#4 fHF CytoHubba KB MCC ZR
Table 4 The MCC result obtained with CytoHubba

Score MIXf 1A= FPKM value
Ran Name
4 L2 Bk /7}{? 30 DAP 60 DAP 90 DAP
1 LEC1/evm.TU.Chr05.2338 146 3.286333 0.010033 0
2 LEC1/evm.TU.Chr07.2284 138 8.2438 0 0
3 WRI1/evm.TU.Chr04.576 130 38.85083 14.05517 0.101967
4 a- P BRI o-linolenic acid 126
5 FiHEAZ Palmitic acid 114
6 Wz Oleic acid 112
7 A3 Linoleic acid 111
8 ABI3/evm.TU.Chr14.581 50 4.0899 66.8941 40.95963
9 WRI1/evm.TU.Chr01.5759 40 39.10797 57.48603 2.6193
10 figiflg#R Stearic acid 35
3 e

AW T IS IR D7 R & S BEP R B IR N, R B AR IAIA R 132.29mg/g i, e rh i ERA M v R
f&Eim. Wa%% (2020b) . Liang %5 (2015). Kan %% (2017) Al Wang %5 (2019a) 25 [ARE R DR
T BRI R 9 BRI RR Ay, AFRATI 25 SR S AT FAFAEZE 57, 1T e 5 R AEAE i L BRI . <
. HAB R ISR E S A I 5 25 A A5 % (Alasalvar er al., 2010; Seyhan er al., 2007). S8 AN
BHEY S BARAARMEMEIF L (R 5), A Elﬂ?ﬁﬂ@%‘%%ﬂﬂﬂﬁﬂ%%ﬁ@é‘%%%i%ﬁ HREWmASF KRG
(Glycine max) ¥k (Juglans regia) FHLL, FFM T o-WRRER & EEUL (3.71%). AFKHEREH
o-6 TG (WHEE) 5 o-3 iR (W1 o- LR E@B‘f'ﬂjttlﬁﬁﬂ?yd\? 5 (Joint, 1994), H IS+
292 11.57:1, BRIL T fifes SR g o J 7 e P R A8 LR, 0 R R R AR T B s R IR D PR Rl 73 it — 25
FER N A D Re & f A o IR L

x5 BRMESEMMEHEDHENREE (mg/g
Table 5 Fatty acid content in Elaeagnus mollis and other oil crops (m%;)

o s N " s ps8iEilinicy
il TR M R -V R A AE R U Total fatt
Variety Oleic acid Linoleic acid a-linolenic acid nsaturated fatty acid id y
aclas
. 56.031.06 56.69:+1.60 4.9140.45 120.6942.94
WL 132.2942.85
(42.35%) (42.85%) (3.71%) (91.23%)
SR (Wu et al., 2020 210.88+2.14 276.8444.18 9.8140.10 693.31+12.37
795.98+45.11
b) (26.49%) (34.78%) (1.23%) (87.10%)
AP (Wu et al,, 20 192.61:+1.81 150.61+2.30 291.1044.53 694.73+10.11 786.09411.23
20b) (24.50%) (19.16%) (37.04%) (88.38%) ' '
Kbk (Wu et al., 20 461.1444.26 205.8942.35 21.5040.59 715.9849.10 (9 766.80412.20
20b) (60.13%) (26.86%) (2.80%) 3.38%) ' '
AN (EREEZE, 202 105.0040.10 11.9040.2 1.16+0.40 120.7340.10
145.00+0.30
4) (72.41%) (8.21%) (0.80%) (83.24%)
BRI (4735, 202 246.0020.00 399.00-H.1 1.8540.00 648.00+.50 (8 741.00-41.80
2) (33.20%) (53.85%) (0.25%) 7.45%) R
G (& , 202 130.000.00 473.040.80 79.3020.10 68.3042.10
X SEES 782.0042.20
2) (16.62%) (60.49) (10.14%) (87.34%)
ek (e, 2022) 53.200.00 514.00+4.50 109.00=9.20 677.204.90 (9 692.0042.10
R (7.69%) (74.28%) (15.75%) 7.86%) R
TR (&FZS,  111.0040.00 315.0040.70 2.3840.10 42.90+1.10 (87. 488,0044.40
2022) (22.75%) (64.55%) (0.49%) 91%) R
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KA AR SR AN IR R & R e B A S BRSNS SOK SRS R R R %
KBNS RHIBITER & B A0 (Yuan e al., 2022b). B0, UFETT pgm-1 53Rl ig & &
AR T 40% (Periappuram et al., 2000), PUEAGwmES B1 MV I D] [ 2R 08 |- 0BT A4 TA R BRI
Bl PE PR A A A 0 2 B> 60% (Andre e al., 2007). ARITERAEY & BT & B AN B B 3 th = R
TEIR . WERZAR AR R BB AR 3L (Li er al, 2021; Rawsthorne, 2002; Wang et al., 2019b). HEEEf#E X
LR I A A — SR E D B R AR B A B ER (Andre er al, 2007). ARBFFURIL =K
FRATGIAN . WEIRE AR A S A AR R PR IR 2 0E 2 7 2 ) KEGG i R & 4. Rk, SRR & =
AT RE S EIRBRKAE DR EHE A UIAHOC, B BRIFRI B8 S AL N ARAIE T Fh 7 & & b 2 H AR R (1) TR
HEMSHRR.

HA%Z 5 RINIR G R ik R s S A8 A0 ) IR 1D R 2 B R0 A o LA BB 5 o T KL Hh i L Tk A
A FRAVBEHE S IA B e AR AR & R (FRRANEE, 2016). JlAR il RIA K BEIE B EE A9 & 1
BitE 3 IR B8 B AR R AR A AR R . T IR R AR & & (Wang et al, 2021). SIRITFRIABEIL-ACP HiEGHT
B3 8 5l Rk B -ACP fitlisll B4 B[R 02 =ML (Gossypium hirsutum) Fh— WKL & & (Liu et
al., 2022). {EREES S5MBANIMER S BN SN, SAD F1 FAD2 43 7l A0 A5 i B ANy 8 11 25 M A,
FEAE VAR F AL AN i 7 R 5 B R R AE EEEAE A (McKeon et al., 1982; Tiwari et al., 2016). id3KiE
ZIWR (Sesamum indicum) FCER (Xanthoceras sorbifolium) SAD FER N RE T+ A ANELFN i i 1 A0y R
oE BT, RS 2K (Zhao et al, 2015; FAYESE, 2019), MIZRAKH SAD FREKIEE FIFFMS
FOMRAN B GERARRZE, 20200). BRIKEK (Zea mays) WSERIKE M FAD2 HE R ) 1k n) 35 B i iR
& (Patel et al., 2004; Schwartzbeck et al., 2001). BT INHIHIAL SAD FER Rk, Al {ER R & & LTt
£ 40%, [FIBTARFFH ARG I B AT B & &> (Liu et al., 2002). HaFAD2-1 FERITE &R S5 1%
MR H¥% (Helianthus annuus) Fp¥HRiEZR 383, HHREESMRESEEFMIL, 5EWR
SEREIEMERX HFES, 2023). ERUIRMMMILEERET, EmSAD M EmFAD2 J£ R )& & 4E 30DA
P NI, £ 60DAP Ifiiuis 7, 90DAP I MBS T B, [KIt 60DAP B S AT R A2 321 SR AR yitt B A T il R
E AR R B B . [RIB I EE 21018 (linoleate desaturase, FAD3) ERK R EAEEM T A B LRET
— HYEFFERAKE, S8 o-WRRER 2 B BUR BV RRBE S ERAN TR A B . M RR & & b TRl J 15t
WK T EmEAD2 FERIFRIE K, IR & BB B O 4k REFE R R /K-F o ANBIE T, 32 Th e TUARAE F s,
5 EmSAD J:FIA 3 A~ EmFAD2 BRI FRIEBAEFH A —F, Hd EmSAD/evm.TU.Chr10.89. EmFAD
2/evm.TU.Chr02.4621 # EmFAD2/evm.TU.Chr04.991 HIZZ /K72 HARFEIF) 20-2000 %, W&~ 7 EAIE
320 SR ek AR e R R IV ot % Pt S A n] e LA T R o R 1 R e R TR E AR o (0 DR R I T e
HEMO, IFHEANTNRIEK & & T HARSS RFE LR (Guo er al, 2020a; Xiong et al., 2023; Zh
ao et al., 2023).

HRIE MK T a5 R, EmWRIL it S e e & U s e s R 7« E IR R &
EREAT, ArWRIT JE DRI AT 8755 08 I A AL I & U DG BE R R R0, I Rk AeWRIT BERE W] 15 FAD2
A FAD3 FERFIFRIEKF (Rim%E, 2020a). WRII F:H 25 IR TG 5 A= 9 B 2 AN Fi g 1y
FRARCUIAH G R 3R (Chen et al., 2021). ISR IS RIE BnWRIT R Z 001 it N8 & & -5 55 42 B =2 AH
FLEE Tt 18%~38% (Li et al, 2015), FiF i RiEs (Wu et al, 2014). WRIL J&T AP2/ERF #3%
7K, AED P — RKIFHSR 7, RS R rp i B a8 i 100 4~ (Feng et al., 20200, %
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FIGI R RAE V2 AR B AR R e R, W IES KA. WEE 5 A R 1 55

(Feng et al., 2020; Riechmann et al., 1998; Wang et al., 2022). A5 H, EmWRII (evm.TU.Chr04.
576) 5 1/~ EmFAD2 FEDI R 2 A~ EmPDAT N (1) 305 B 55 5 03 IEAH DG . FRATRDN el 11X 3 MR 1)
BT, FEHTREEN T EmWRII F 534541 AW-BOX J6fF (CnTnG (n) 7CG/CG (n) 7CnAnG), X
R EmWRII WReG XA A, R IHAE B S R AR TR AR & O FE R RIS . WRIT
B AW-box 3 15bp JefF (CAAAAG (T/G) AGG (G/A) AGTT) 454, ZoofEAe 3 R (i i s X
BWHR5F (Baud et al, 2009; To et al., 2012). Kk, BATHENLE =AW E R mRIE RN EmWRII
ERRES S TR F R R ITR G G AR 2 M T VRIS EFRAT TR A .

4 i

BRI R E, AMBAIRITRR & B BT, R E AR SRR S & 90% LA b JHERAN T
W F AR ER 2y, 0l 5 BB 42.35%F1 42.85%. BESt BRI R 38066 4 unigene,
A 2735 /> unigene SR EMREHIEEA K, 436 /> unigene S5 EFAREIFHC, 178 4™ unigene S5 BT
WG A . EmSAD/evm. TU.Chr10.89. EmFAD2/evm.TU.Chr02.4621 Al EmFAD2/evm.TU.Chr04.991 &
DRI 7E 28 SR e AR e R AT vl B I S AR P v R B B S B PE A o IERIE LK R B EmWRIT 3B 5Ll
HE TR AL &5 R ) SR B S IR F- o EmWRII /evm. TU.Chr04.576 5 1 A EmFAD2 &K1 2 A~ EmPDAT £ [H|
MRIL RS R R IEAXK, IFH LS AR EZ) PG, T AR SR R TR AR )6 ik
AL . AT R AUE B TR N A7 S I 107 B8 AR & ORI, o — 0 0T R ist
BT LAESE [ IR SEEA

2 % X M

BRRAS, i, MR 8%, 25 2016, JMASIE R IR 1l 43 F008 60° Bk B R A i AR ROMET 7t . AT B2k,
37(11): 2133-7.
(Chen J J, Tang J, Chen H, et al. 2016. The variation of oil accumulation during fruit development in superior clones‘Min
43’and*Min 60°of Camellia oleifer. Chinese Journal of Tropical Crops, 37(11): 2133-7. [in Chinese])
FRERHR, £ 20, FITIx, A 2020b. #EEEHR AR U RN R AR N RIA BN . ARSI, 40(02): 203-10.
(Guo Y, Wang H, Zhou K B, ef al. 2020b. Dynamic changes of fatty acid accumulation and related gene expression in Camellia
vietnamensis. Journal of Forest and Environment, 40(02): 203-10. [in Chinese )
&HF%, TR, TR, 5 2022, %Hkim5E B 37 MR A ARG & 2. &fTRHE, 43(12): 261-7.
(Jin C A, Wang R C, Wang X Y, et al. 2022.Comparison of 37 fatty acids and squalene in walnut oil and common vegetable oils.
Science and Technology of Food Industry, 43(12): 261-7. [in Chinese |)
X, 5k 28, E/ANJ7, 552024 5 FhlHR R E TR 00T 5 TSR A VR, T EIR, 49(04): 145-52.
(Qiu G Y, Zhang X, Wang X F, et al. 2024. Analysis and comprehensive evaluation of nutritional composition and quality of five
kinds of Olea europaea L. fruits China Oils and Fats, 49(04): 145-52. [in Chinese ])
S, FER, S, 2013 MR CO2 AR T M K PUE M EIIWETT. o EAR A4k, 28(04): 47-
50+107.
(Shi G A, Guo X F, Jin B L, et al. 2013. Optimization of supercritical CO2 extraction and analysis of antioxidation activity of
peony seed oil. Journal of the Chinese Cereals and Oils Association, 28(04): 47-50+107. [in Chinese 1)
x U, ENE, Wt 55 2020a. HAYFT a- AR Y RIS HLER BT FUERE. FEAIBAE BEEAA, 21(01): 49-62.
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(Wu D, Wang LJ, Yang S M, et al. 2020a. Advances on formation and regulation mechanism of a-linolenic acid in seeds. Journal
of Plant Genetic Resources, 21(01): 49-62. [in Chinese])
BKHA, BE/NDY, 28 3, 452023, UL IAAE IR UM L. B TRHE, 39(06): 27-30.
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Industry Science and Technology, 39(06): 27-30. [in Chinese ])
F 3k, EXE, B F, %2023, [HZE FAD2-1 RS R, HHEEMEY AR, 45(05): 954-64.
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JA OB, ) By, BEAAR, 502019, ZRIEARTR BB LR SiSAD (15w B L INREIRAE. HE RN, 52(10): 1678-85.
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