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REZFSHRATEENEFHS T
LoERF96 E X &

o3 O REMN, BB, TR, e, KAE, EHEEY
(1. RO I FEARFE 220, =8 BB 650201 ;
2. BB RO KA R2F B, WL 44 321017,
3. mHAAOBERE TS, =/ B 650205)

WE: [ B9 ] BFRIAFNE A &0 & B - FIREALE, it m B2 | (2 A S8R R W s
Wi )3 Kl F- (ethylene response factor, ERF). [ J5i% | XT4RE AN A PEA R B A /MBS SC SRR IR A R4 7
BESR ALY 30T, %22 5 RGRBE N HHA T DD RIS, TR M N ARR R | A G 525 R 1Y ERF YRR RN
X} e Y AR BE R LoERFI6 AT si BE R A W5 B, 83 SER e i/ Mg = 4 DA AR R F B
With LoERF96 SE ikt . [ 255 | MREFE SR AR T 15 5] 780 22 Sk 5L, Hoh FiR ik L
3924, TN 388 1. GO AR E R BENZERIENFZAYFd B o 41
SR AR R . (5. ARRE RS, KEGG RIS R ER: 255 AR R s
YRGS MY MAPK (5548 . KNG R, VEM ARG . SCEVERT . Bl BT
PR AN TR, @ R SRS LoERF96 RN, iZIEH )P F 414K 435 bp, 4w 144 NEFRERR, H 14
AP2 {RSFE5HIR, MY FIE 2R 16.32 ku, NS 4.94, JEERA B EA R EKEES, #
WEAAEE T AR . RT-qPCR FIALE R /R : FEEH G 4 MARARK LB IR, LoERFI6 3EH WA
AR ETHE TR, [ 450 ] TR S i ZEm R N T LoERF96 Z AR MR E TR, X
—E5HUNIRST A & AP2/ERF %t EF i R W BUW A W)= D e it T B B =%

KR {55 LoERFI6; KL vl ; Hesrdl; WG R

FED 3 E: $682.265.01 XERFRERD: A NEHS: 1004-390X (2024) 04-0119-12

Transcriptome Analysis of Lilium Siberian Induced by
Melatonin and LoERF96 Gene Cloning
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Abstract: [ Purpose] To study the molecular regulatory mechanism of the germination stage of
Lilium Siberian, and to screen the potential ethylene response factor (ERF) that responds to melatonin
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to promote the germination of Lilium Siberian. [ Methods ] Transcriptome sequencing analysis was
performed on the samples of Lilium Siberian bulblets under melatonin treatment during the criti-
cal period, and the differentially expressed genes were functionally annotated, screening the poten-
tial ERF genes that respond to melatonin to promote the germination of lily bulblets. The screened
key gene LoERF96 was cloned and bioinformatically analyzed, and the expression of LoERF96
gene was quantified by RT-qPCR in four different growth and development periods of small bulbs.

[ Results ] According to the transcriptome data, 780 differential expressed genes were obtained, in-
cluding 392 up-regulated genes and 388 down-regulated genes. The results of GO enrichment analys-
is showed that: the biological processes of enriched differential genes included metabolic processes,
cellular processes, biological regulation, stimulus response, signaling, reproductive process, and so on.
KEGG metabolic pathway analysis showed that: the metabolic pathways of the differential genes in-
cluded plant hormone signal transduction, plant MAPK signaling pathway, phenylpropanoid biosyn-
thesis, starch and sucrose metabolism, photosynthesis, carbon metabolism, protein processing in endo-
plasmic reticulum, and so on. The LoERF96 gene was obtained by homologous cloning, the full-
length sequence of the gene was 435 bp, encoding 144 amino acids, with one AP2 conserved structur-
al domain, the relative molecular weight of the protein was about 16.32 ku, and the theoretical isoelec-
tric point was 4.94; it was a hydrophilic protein with no transmembrane structure, and the subcellular
localization was predicted to be in nucleus. RT-qPCR results showed that: in the four different growth
and development periods of lily, the relative expression level of LoERF96 gene showed a general
trend of first increase and then decrease. [ Conclusion] The expression of ethylene response factor
LoERF96 in Lilium Siberian is regulated by melatonin, which provides a theoretical basis and refer-
ence for exploring the biological functions of the lily AP2/ERF transcription factor during the germin-
ation phase.

Keywords: lily (Lilium spp.); LoERF96; gene cloning; transcriptome; bioinformatics analysis
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HE (Lilium spp.) & H & F) (Liliaceae) H &%
(Lilium) BT A R RYEPR, T8 O B HRAREE
P2 ) ZAE R AR, PRI A (Lili-
um ‘Siberia’) BT AR AE, HREHE (L. aura-
tum Lindl.), 25'H & (L. speciosum var. gloriosoides
Baker) 45 ah Fh 4SSN, 1 THAEKRMSERN, JT
RO RS A, AR A2 e VOB R ) AR
— o UIAERY A 7 5 B A R AR ER B
FEAAR . BRAEMIE . S REGS, & HETFk
T b A 7 B BRI AR G sk A%
Fr AT AR B R A 7 PR AL, /NBEZE R SRS
RO TR IR — s 2 2~3 4, AT dd e /N 2R Y B
T FA . A RN O A AR 1 AR G
B N, BFFEOR A/ N 2R T K 1 T AL
FAZ R BT K AT R I R B

AP2/ERF ¥ 5 [N e A h i — R 7,
BRRSH LM e i, Wi YIE S
. R B A R A AL R TE

T 5, AP2/ERF ZE5 e s N+ 200 A it
K 2 N JeA 45 5 26 11 (dehydration-responsive ele-
ment binding protein, DREB)., MW [E ¥ (eth-
ylene response factor, ERF), APETALA2 (AP2) Hi
ABI3/VP1 #1 &K F (related to ABI3/VP1, RAV)
VU R 5K W LA B /0 R 43 2K T (Soloists) s
ERF W5 AN S 5 1) kB A B R A 2 7l
aE, &S5RI LRI, SIPid J& 3l
(Solanum lycopersicum L.) F5C A . Fp15 &l
AR A= Y36 e 7 Y B EE R R Bk (Prunus
persica var. nectarina) 1 ERF xR PpeEBBI
AIAERR R LY TEMILTEREL T, PpyERF060 .
PpyABF3 Hl PpyMADS71 HAE ] 34 7,05 5 7%
R IMA5 T id b, 2F T P AL 2R AR AR s Ak
(Prunus pseudocerasus) H' 1] PpcERFS F2ik W IHiv%
fi? (abscisic acid, ABA) 5 i, XJReREHS
S IRIR A X2 —, i RIE Ppe-
ERFS5 KR i 7] £ 5 5% 3 [ UL 97 (Arabidopsis



543

X HE, A AR RESVHAFNE A G R LT S LoERFI6 JEIN sl 121

thaliana) P B J 50

BRI AR FhF R MR
B LB RS EEE AR KGR LA S
PRI TR BT Pk AR 2 R R R O T A
AEEAER, B E S YR AR S A
TR EERH], B HHYEER Z AR R
I XAER, S 54EKR . BRI, K&
RO RER . RIER . LR KRR . KA
M 2R 2 A A, 4B o b AR R
RT3 T PRI 14417 o AR KR N iy 2 ik |
T 3 R AR B A AT )3 5 5 0 2
BRI P R v R S A MR S . R
K-SR S B s e ah P AR BE 1) SRR R 3R
AT DR A ERR IR R AH, SR
BB F A PR SANHA K R A& L S iz i
B vrZ B RN, R R R A 2 A
A HL (Lolium perenne L.), SN T AN ARG
RMAE AR, AL ABA & SR
BEAEH Cr e N E HEL (Zinnia elegans) 1
P10 A, $e X Cr Whaf AP 78 3N
(Cucumis sativus L.) %) ¥ 1, 4 28 2538 o 97 97
ABA F175 %5 & (gibberellin, GAy) B =9)E WA
SRR LA NaCl B I VE A, (et &
e,

AR AEIOLHIIRE 2%, il i
ST BA ARG Ko T AL R B T kA A
ik, WHIT RGEMA G W R R R A A
W . AP2/ERF 56 5% N FEMM A KA FT . AQ
W AEYRIEEAE Y E Ty T R A A,
KT A G025 R i HE R D . HIRAWFS
A A A BB 73RS, xR R R A
PR WA G /N R AT SR e o, JFXS 22
FRIBEER HATIRE R, IR R BT
() LoERF96 FEH 5 XiZ AL PR EAT v b M A W0 8,
08, ISR E 7 PCR (RT-qPCR) 434t
HAE/NBEZE 4 DA [a] A IR 30 ) ik PR ik
B, NRSTE A AP2/ERF #45 Fredf & id
(A2 D RESR IR R AN 2%

1 MR57HZ%

L1 YR
(PRRNEREN = NE VUL R N ASIE N B2 A
P IRTEBRAR A= W RIEA BR2S 71 65 A fu 31 S0 4

5o BPHARE S RKFERF SN2 R, A
HFARBE L B, 7F 28 °C E IR B =46 Hh i e k%
It 45 d, RIEF AT/ NSRS T 4 °C 5K
TV 70 d, VORRAS AU ISR BT REH
1.2 FEARALEE

PR RRS R AP . R/Ah—3, sl
(0.20+0.10) g WA & /NBE2E, BEALF453 0 2 41,
BH 24 (F3RER), Hh—4l90b8,
F 100 pmol/L AR BRI HIZ I 2 hy 5 — 41 9%
MR, HZRIBKIRU 2 he BRIz Ak B 1 /)N i
SETNAENEAR BT, K/ N 2R BRI Ry 2 o
HIEFR T, BB IR 34 RrE SRk
A 25 C HpCRRIE R FRAE DGR, N+
KAZERI MW R, 2BI7E%5 00 7. 14 F121 K
Boke, ARG B T80 C AR VKA PR AT
MFIE2aA5 .
1.3 & RNA 25

% I8 RNAprep Pure Z 1l Z [ FH ) &L RNA $i
HBaan & (RIRA R A BRA F], DP441) L
F, B 4 AN [A] s B A R A AT R A 1 P
AFE T4 /M2 8 RNA, ] NanoDrop 2000 43
SO TG RNA (9405 FIvR B, T 1% Bg
WHBE e FL UK Rz RNA B & Rl 4% 5, X
HRAMALEES 21 KA RNA FE 756 SR M B 19
B pEREIR s 4 IR AR RNA MRS HT
Ja LW HE R R IR AT
1.4 s N

RNA KNS G A T s SO, A
Oligo (dT) MYREHK & % E A% 44 mRNA H mRNA
BEPLITIr, LA mRNA SHEEH S B cDNA 5 1 6%
FIER 2 #EIF3/E1T cDNA 4lifk, SRR TARRES |
A RBIFE#EWF S, PCR & H:15%] cDNA
S o NSO i {E 0 20 256 SC P A7 5T o PEA A
I, Unigene N50 1<, Ui BHZH 2 Fiariflly, N50
B9 R K PT A Unigene NK B HEF, IHK
WEMK R, MR B RF S B KR
50% I, XL B EERD S N50, SO BTR &
¥ 5, F Illumina NovaSeq6000 il J¥~F- £ i 17
¥ (AL B E AR BR A R 58K
1.5 Unigene JJfAgiERE

4 Unigene J7 51| 5 4E 704 8 H ¥ 41 (non-
redundant protein sequence, NR) #(#i /% . Swiss-
Prot £ )55 (Swiss-Prot protein sequence, Swi-
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ss-Prot) B4l % . R AW [RIJRAE 1% (clusters of
orthologous groups, COG)., EAZH =¥l IRE 1%
(eukaryotic orthologous groups, KOG). eggNOG4.5
$efu % . Pfam £0dig % (protein family, http://pfam.
sanger.ac.uk/), HUARBEPR 5EEFH R (Kyo-
to encyclopedia of genes and genomes, KEGG) FlI
(geneontology, GO, http://www.geneontology.org/)
B E XY, 3R4% Unigene AYTERR(E B o

1.6 7 FHE [l i 1%k

44 2 545 B logaFCI =2 il P<0.01 14 b
i i 22 S R IR AL, {81 DESeq2 B FkAT 22 5+
I3HT o
1.7 LoERF96 J7 5|70 k&

R R RS 21 d B9 A S /2R 5 RNA
All-In-One 5x RT MasterMix (abm, G592) i%if%% 5%
N cDNA,  FE T He s 41RO 2045 25 7 25 X LoE-
RF96 ({1751, F Premier 6.0 & 14" 1 4K 75

RS Y (R 1), ZIEREYRHIR A
FRAE BRI A RS A, SRIG 4T Lo-
ERF96 J£ X ¥] cDNA §" 3% . PCR B iR R H
25.0uL, fUff 2xT5 Super PCR Mix (Basic) 12.5 pL,
E . RIS ¥4 1.0 uL, cDNA Kz 1.0 uL,
ddH,0 9.5 pL. PCR JZ Wi F2J¥ A : 98 °C APk
3 min, 98 C AP 10s, 63 CiEk 10s, 72 C
HEMR 15 s, H 35 MG, TEARLERIE 72 C KA
i1 2 min, 4 CRAE. H 1% BREMHEE I H Tk A6
W PCR F=4, XHH 345210 H 9 B BelE T vl
P ] DNA BERE PO & CERHE YR A
FHIRAFE], TSP602-200) #E47 g MR 4tifk ; 4
H i A Bt S pClone007-T #iik s £, 1461k Kin
FF# DHSo BZ284000, REIS Amp HiAZE M LB
BRI G, B8 T 37 C KRR 5
U H PREC T P T X ARG T PCR 39k, B
TR R R R R E YR B A R 1

&1 3149575

Tab. 1 Primer sequence

B AR ERAGIFA] (53 REGIMFI (53 Fig
gene name forward primer sequence reverse primer sequence usage
LR ek
LoERF96 ATGCACCAGCTCATGGAAGGAAGC TTATTTGTCCCTGTCGTCGCTCTCCT gene cloning
LoERF96 GGAGCCCAAACACCAACCCAA AAGTGCCGAGCCAGACACGTA
ERF105 CAGTTCTAGCACCTGCCTCCCT GTATCGCTCTGGCGTCCGTATCT
CDC5 CCGTCTCAAAGGACACCCTACCA TGTGGAGTGGGAGTGTGAAGAGG
MYB36 CTGCCGTTGCCGAAGATGAACT CACCTCCACCACCACTACCAGAA % jllﬁtE E;((;‘:RR
real-time
WRKY28 TGCGATGGCAACATCTGCATCT ATGCGGGCATTGCAGGAATTGA
WOX8 TGGCTCCGAACACCTTGTGGA GCTCCTCGAACTTCCCTTGTGC
LOB30 GCTCTCATCTCCGCCGAAACAC TCATCGTGCCTCGCTCTGTTCT
Fod ,xlﬁ >, L 7;5
LoFP TCGCCTACATCGCTAACC TTCCCAATAATCGCAAGACC PO

reference gene of real-time

1.8 RT-qPCR % ik %% 5% 24H J¢ A R B LoERF96
OESPN i

AT R UE G SR A T R MER I, BEALP
% CDC5. LOB30. LoERF105. MYB36. WOXS8
WRKY28 3t 6 /22 5 3L 4T RT-qPCR KriiE.
Premier 6.0 %3 RT-qPCR FEH M5 (£ 1),
% 18 BlasTag™ 2x qPCR MasterMix (abm, G891)
AN &4, 7E Applied Biosystems QuantStu-
dio 5 5% 7€ 6 A Ht PCR X b #E 47 5 I 2 S
W, %EFEH G F-box KK LoFP FHAE RN
Z 5K, RT-qPCR VAR R K 20.0 uL, 45
BlasTag™ 2x qPCR MasterMix 10.0 pL, 10 umol/L

1E. K544 0.5 uL, cDNA 1.0 uL #1 ddH,0
8.0 uL, RT-qPCR ¥ H4H2¥#: 95 °C 3 min, 95 C
15s, 60 C 1 min, &40 MEH, GRS E
3WAYFEESE . R 27 TS A X A
i SR Excel Giit4idii; RH Origin 2021 227l
K% K SPSS 26 HEfT i E T .
1.9 LoERF96 WIEWME B4t

{# Ff Expasy (https://web.expasy.org/protparam/)
43T LoERF96 8 H PN E . - F i . %5
ML ARRERE. TeiatEe s, SRk ESE AL
P ffi Fl DeepTMHMM (https:/dtu.biolib.com/
DeepTMHMM) fif #7 £ 11 25 5% X 485 i i NCBI
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H CD-Search (https://www.ncbi.nlm.nih.gov/Struc-
ture/cdd/wrpsb.cgi) T EL T 2 L /R 7 51 (1) P ~F 45
¥y3e ;i ] SOPMA (https://npsa-prabi.ibep.fi/cgi-
bin/npsa_automat.pl?page=/NPSA/npsa_sopma.html)
T E B 5 s A SWISS-MODE
M A B = 4549 (https://swissmodel.expasy.
org/); f#H Plant-mPLoc (http://www.csbio.sjtu.edu.
cn/bioinf/plant-multi/) 7E£& 5 #1 T. H5 F000 &5 11 5 )
40 i 5 A . F NCBI £ & H (1) Protein
Blast T 254k LoERF96 & [1 & 5L 1 [R5 F 571 5
il 1] MEGA 11.0 #4572 FP I LX), IR 4B

A R G IR, Bootstraps B EE 1000 1K,

2 RS0

2.0 5 H AR 3 A s )

SERL 6 ARE S L SRALIN Y, ARAS A R
P B R 38.95 Gb, A4 A ACEE 1 A 3
6.03 Gb, GC I &~ 50.51%, Q30 iFHEMIH
THERT 87.88%, ZHAEHAAT 132750 MFLsRAF
78100 4% Unigene, H:HK KT 1 kb ¥ Unigene
A 20431 %%, Unigene [ N50 &y 1 355 bp, £
ZH R TE R = (R 2)

3= 2 L5 7KH Unigene FHIRIKE 57
Tab.2 Length distribution of transcripts and Unigenes

751K B /bp FeF A transcripts Unigenes
sequence length % number Lt451/% percentage % number Lt 4511/% percentage

>200~300 18515 13.95 15442 19.77
>300~500 34749 26.18 23329 29.87
>500~1 000 35451 26.70 18898 24.20
>1000~2000 28747 21.65 13313 17.05
>2000 15288 11.52 7118 9.11
J53E total number 132750 78100
S /bp total length 131646756 66907113
N50K:J#/bp N50 length 1512 1355
1K & /bp mean length 991.69 856.69

2.2 Unigene JIREIERES T

TENR | Swiss-Prot, COG . KOG, eggNOG4.5 .
Pfam, KEGG fll GO 3t 8 a3k 1S 42458 4%
Unigene A1 B 45 2, R8O P 3 B 21 19 5
IR 8505 43 51 A 40403, 21492, 10357, 21880,
20112, 26857, 24294 131149,
23 ZEFRER RS R

Xof Aol B 2% Ah B ZE X R 2 P S L B A T
EREIRHT, 155 780 NEFFGAKEN, Hp b
PRFRIRFE 392 4>, T IFRIRHEERA 388 4~ (K] 1)
2.4 ERRIEEREN GO /3K EES PR E
% KEGG & #4551t

i 22 R RIR I GO B HTEER (F 2)
WoR: AV SR E LR R RIBENFEQ
FEACIH RS . AN R . AR L R N
5% . ARSI RS AEAnMud o s A5 22 S 3t
KT RE EZUFEANM . ey . B, KOTFEA
W TeorFoieh s R 5 2 R A KD RE 2 A
FRes e L ALTEYE . e . BRReE S

ERTIEE . 7T IRE 1 4%

Xt 25 BB FE R AT KEGG I8 B% 1) 3 4R
or#, vk e AR R AR 50 4%, B
AFEEYRRE TS . MY MAPK 5 5 &
o, AR RNBEEY S . TR FIRERECS
Jea e aAUH . BRI RN A
W B R ELAEAE (18] 3)o

2.5 /NBEZEEE K AH IS FE R LoERF96 1) 53 [ M N
Fr 4k
MG HE S B s B, vk 1 SR

KBTI B EIHHGANY ERF 52K T, IPII
R T 4 /N85 25 cDNA 9 BEAR , il it PCR 33
143 ERF 3£ cDNA &K, 1% MBIEFHEE I
HL K 8 7R 7E 250~500 bp Z E A 1 5% T8 I 1) 45417
(&l 4a), fir% N LoERF96, VIEIaINLJG ¥ 315
1o AR SE R 91 Fxd 30, 4-1¢ g 435 bp,
Gt 144 IR (15 4b).
2.6 LoERF96 Sl & (11415 B2 500
LoERF96 AN /T2y 16.32 ku, H
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a) - 4 %EH up-regulated gene
- T down-regulated gene
- TSk A unchanged gene

PiH
b) P-value

2
I

0
-1
-2

CK1 CK2 CK3 MT1 MT2 MT3

TE: Ka)th, FCRHERAMEG K b)th, CKI, CK2 Fl CK3 RZEMKX A 3 AMEE, MT1, MT2 1 MT3 SRR AL B Y 3 A,
Note: In Fig. a), FC indicates fold change; in Fig. b), CK1, CK2, and CK3 are three repeats of the distilled water control group; MT1, MT2, and MT3 are

three repeats of the melatonin treated group.

1 EFRREEENLE (a) FILERE (b)

Fig. 1 Volcano map and cluster heatmap of differentially expressed genes

AR 4.94, 4312 CeorHl 078N2180232Ss 5
LB 2225 NET-. X FIH 20 FORIE =3
FRENAT, DIASERRE &8s, HREm 12.5%;
PR . AR A R S A, b
SR 1.4%. LoERF96 A 27 /™7 i L ff Y
5RHE (Asp+Glu) Al 20 /4~ 7H7 1F H faf (8 5% 3E (Arg+
Lys), g RECH 70.95, KIIZEAE T A
EEE; NSRS 53.61; FKMERECN-1.026,
FKUZE A R EAKEE T . B LoERF96 & [
ANEEERX, ANETEBREA (B 40). Lo-
ERF96 JE R Z5 M3k o Mr 25 1 (1] 4d) Wos . HAE
IR 40 F1 103 Z M4 14> AP2 Ff5F 45 44 3,
JEHLA ) AP2/ERF FIEM Y, J&T ERF W%,
LA At i A7 T 20 M A

i LoERF96 & [ 1 - 2 45 4 (8] 4e) 7] 40
ZEAREE 144 NIRRT A 4B ZHE5H,
Hor, oM b 31.94%, B-HTr&di 4.17%, JoHl
Wity 52.08%, FEAREE S 11.81%, HEHEEL
TCRI B, ULHEESMARE. USA
14~ AP2 45 ¥ 38/} A0A0D6RAMI_ARACU (AOA-
O0D6RAMI.1.A) & K MR N LoERF96 2 i

i =g gitly, HBIE RN 56.00%, J7HIH LI
N 70.37%, LIICHUE # AT o-1205E 08 = (] 41),
6 A T 45
2.7 LoERF96 & H M [FIVEM: 5 RG B 3B
HEAERT AT 455 (&1 5) 2B : LoERF96 443k
1R ¥ %) 5 & i (Solanum lycopersicum AOA3Q715-
Y9.1). #4E§I¥ (Arabidopsis thaliana Q8VY90.1),
J L (Nicotiana tabacum Q40478.1). ¥ 2E E 15
(Medicago truncatula A9YO0KO9.1)., = 5 XUl
16 (Impatiens glandulifera XP_047312446.1) %5 )
T [ PP s o
2.8 LoERF96 fE/NMgEZE AR LK K B HI I RIE
HIEl 6 I AR ERALPES, LoERFI6 FAH
X Rk E SRR IS R ES . TR
I, LD R i LUX BRZH 5 2.08 5 25 14 K
M, G 3R o 0 MR A 3 R 10.06 i, 4
21 R, HRKA WX R 294 5. 7T,
LoERF96 J N2 i R ZHE T3R5, HoaT LI
PIFERIE
2.9 RT-qPCR ZR1IF%% 5 4 B
6 22 53 KA FE K Y RT-qPCR i 56 45 2R 4N
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100 [ | | WiipuastioE-5s| o0 - 31149
selected gene all gene
47
10 L3114
) -
S "
SE S
i é , ¥
14 311
1
31

molecular function

cellular component

biological process

d:/Note: i (biological process): fRiffid 2 (metabolic process). ZHMilid#2 (cellular process). LfAid## (single-organism process). A: 447
(biological regulation) ., 5E{v (localization). H|F{MANY (response to stimulus). 5402l ¥) % 4 (cellular component organization or biogenes-
is). KB 14 (developmental process). 55 (signaling). Z 4443 #E (multicellular organismal process). 4:%H (reproduction) . EFHidF2 (repro-
ductive process). ZA4PUAITFE (multi-organism process). ff## (detoxification), %% R4t (immune system process). 421 (growth), ifd
(thythmic process). #3)] (locomotion). “E¥ZiHf (biological adhesion). 17 (behavior). ZHIZR4E (cell aggregation), 44l 43 (cellular compon-
ent): ZAMI (cell). ZAMIFHSY (cell part). ZHMi%E (organelle). [ (membrane). MEHB1F (membrane part), K4rF 52 &4 (macromolecular complex).
AUALARFR 5> (organelle part), ) (membrane-enclosed lumen)., AHffI4MX I (extracellular region). ZHfIi% 4% (cell junction). A Huf4 (symplast), H
i 4= YA (other organism), H: Al A= 1 & ¥ 43 (other organism part), #4>F & & (supramolecular complex). 41X &B 43 (extracellular region
part). Y BT (nucleoid), ZEfilt (synapse). ZEfilif4r (synapse part) . FH BRI T (virion), Jii &Rk FHB43 (virion part), 43 FIIHE (molecular func-
tion): Z5ATETE (binding), HEALIGTE (catalytic activity) . $%i27% 1 (transporter activity) . Z54443F1% 1 (structural molecule activity) . #ZFRZE &5 5%
R F1%% (nucleic acid binding transcription factor activity) . 43 FIIBEIHTT (molecular function regulator) . HLF#AATEYE (electron carrier activity). i
AL (antioxidant activity) . 55551275 M (signal transducer activity) . 43 F44i27 P (molecular transducer activity) . % 5% K F-IG M IR 4 T4
4 (transcription factor activity and protein binding) . 776 £ (nutrient reservoir activity), # [ iFR% (protein tag). 43 )& ££1R 1% P (metallochaper-
one activity). BHIFEIETT P FiE 1 (translation regulator activity)o

B2 ERFTEEEH GO ZKE
Fig.2 GO enrichment map of differentially expressed genes
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autophagy-other [ 4 (1.95%)
endocytosis [ 2 (0.98%)
plant hormone signal transduction
plant MAPK signaling pathway [ 9 (4.39%)
ribosome
protein processing in endoplasmic reticulum RN 6 (2.93%)
RNA transport [N 5 (2.44%)
aminoacyl-tRNA biosynthesis [N 4 (1.95%)
ubiquitin mediated proteolysis NI 4 (1.95%)
ribosome biogenesis in eukaryotes [N 3 (1.46%)
RNA degradation [N 3 (1.46%)
RNA polymerase RN 3 (1.46%)
mRNA surveillance pathway  [IEE_—G—_ 3 (1.46%)
spliccosome I 3 (1.46%)
phenylpropanoid biosynthesis
starch and sucrose metabolism I 9 (4.39%)
photosynthesis NI 7 (3.41%)
tryptophan metabolism [N 6 (2.93%)
cysteine and methionine metabolism [N 6 (2.93%)
glycolysis/gluconeogenesis [N 6 (2.93%)
stilbenoid, diarylheptanoid and gingerol biosynthesis I 6 (2.93%)
flavonoid biosynthesis [N 6 (2.93%)
carbon metabolism [N 6 (2.93%)
oxidative phosphorylation [N 6 (2.93%)
tyrosine metabolism I 5 (2.44%)
amino sugar and nucleotide sugar metabolism I 5 (2.44%)
valine, leucine and isoleucine degradation IEEEG_—_—__— 5 (2.44%)
carbon fixation in photosynthetic organisms [N 4 (1.95%)
biosynthesis of amino acids [N 4 (1.95%)
cutin, suberine and wax biosynthesis [N 4 (1.95%)
glycerolipid metabolism [N 4 (1.95%)
isoquinoline alkaloid biosynthesis [N 4 (1.95%)
cyanoamino acid metabolism [N 4 (1.95%)
vitamin B6 metabolism [N 3 (1.46%)
fatty acid degradation [N 3 (1.46%)
inositol phosphate metabolism [N 3 (1.46%)
zeatin biosynthesis [N 3 (1.46%)
glutathione metabolism [N 3 (1.46%)
ubiquinone and other terpenoid-quinone biosynthesis [N 3 (1.46%)
betalain biosynthesis [N 2 (0.98%)
fructose and mannose metabolism [N 2 (0.98%)
glyoxylate and dicarboxylate metabolism [N 2 (0.98%)
alanine, aspartate and glutamate metabolism [N 2 (0.98%)
glycerophospholipid metabolism [N 2 (0.98%)
ascorbate and aldarate metabolism [N 2 (0.98%)
glycine, serine and threonine metabolism [N 2 (0.98%)
glycosylphosphatidylinositol (GPl)-anchor biosynthesis [N 2 (0.98%)
carotenoid biosynthesis [N 2 (0.98%)
plant-pathogen interaction
circadian rhythm of plant [N 2 (0.98%)

0%

| cellular processes

(9.76%)
environmental information processing

20

13 (6.34%)

genetic information processing

20[(9.76%)

metabolism

o
11 (5.37%) | organismal systems

10%

:/Note: ZHfifid#2 (cellular processes): [ W HiAh (autophagy-other), P43 (endocytosis). FREE(H I T. (environmental information processing):
TP E 5 55 S (plant hormone signal transduction), 144 MAPK {554 1% (plant MAPK signaling pathway). /%1 BVl T (genetic information
processing): %M 1A (ribosome), PN M H ) 8 N TS (protein processing in endoplasmic reticulum), RNA %432 (RNA transport), 2 Bt It
tRNA A=) 4 1l (aminoacyl-tRNA biosynthesis), 12 2505 /K fi# (ubiquitin mediated proteolysis), FLA% A4 PIAZHHA £ ) % 4 (ribosome bio-
genesis in eukaryotes). RNA [%fi# (RNA degradation), RNA Z 4 (RNA polymerase), mRNA Wil 4% (mRNA surveillance pathway), 5%k
(spliceosome), fLiff (metabolism): #<PH e 4 & A (phenylpropanoid biosynthesis), €43 FlEEME L (starch and sucrose metabolism), Y415
(photosynthesis), % H 11 (tryptophan metabolism), 2fJbt 2R il & B2 X1} (cysteine and methionine metabolism), WHEEfFE/HE 4= (glycolysis/
gluconeogenesis), — KM 35 FEBEGE I 2B 1) 4 W) WL (stilbenoid, diarylheptanoid and gingerol biosynthesis), ZEHEA=Y) 4 Y (flavonoid bio-
synthesis), B#%1Ci§l (carbon metabolism), % fb#iMR 1k (oxidative phosphorylation), &2 B2 1L} (tyrosine metabolism), % Jik B FIl A% T B A 1 15t
(amino sugar and nucleotide sugar metabolism), ZHZR . &R 72 & BRI f# (valine, leucine and isoleucine degradation), Y7 A4 0 B AT
(carbon fixation in photosynthetic organisms), Z IR 149G W, (biosynthesis of amino acids), £ . AR FE 44 H1A B (cutin, suberine and wax
biosynthesis), iR (glycerolipid metabolism), SFmMEmbkA:Mim A ¥4 WY (isoquinoline alkaloid biosynthesis), FIEEILE i (cyanoamino acid
metabolism), #/}: 2 B6 {Rifif (vitamin B6 metabolism), JRIFRI#M# (fatty acid degradation), MLEZBERZICI (inositol phosphate metabolism), T KZE
HEWIE 1 (zeatin biosynthesis), 2 MEH AR (glutathione metabolism), 2 BRAIE A SSERAE ¥4 i (ubiquinone and other terpenoid-quinone biosyn-
thesis), HHZEHRAYAEYI G X (betalain biosynthesis), HBHAITH A (fructose and mannose metabolism), Z SR A JRE i (glyoxylate and di-
carboxylate metabolism), PIZR . KEZRMAZ R (alanine, aspartate and glutamate metabolism), HiliBE 1L (glycerophospholipid meta-
bolism), HLIR Il AR HE —FRACH (ascorbate and aldarate metabolism), HZ&MR . ZZAMMFH AR (glycine, serine and threonine metabolism),
BERLBR NS BE LIS (GP)-4 4= )4 1 [glycosylphosphatidylinositol (GP1)-anchor biosynthesis], 2513 2444 WY (carotenoid biosynthesis). =4 &
4% (organismal systems): A4 5 B H AT (plant-pathogen interaction), /SR Tiff (circadian rhythm of plant),

B3 ZERFIEEEN KEGG KFTBEEER
Fig. 3 Enrichment of KEGG metabolic pathway of differentially expressed genes
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LoERF96 — X R o HERF A A
85 control group  melatonin treatment group
T‘g 12 ¢ *k
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5 o
X 2
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Fig. 5 Constructing a phylogenetic tree based on LoOERF96
amino acid sequence
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Fig. 6 Relative expression levels of LoERF'96 in small bulbs
at different growth stages
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Fig. 7 RT-qPCR validation of transcriptome data
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Tab.3 Gene expression levels of transcriptome data

H R A BH S FPKM Pl B R RILEZE R
gene name gene ID CK1 CK2 CK3 MT1 MT2 MT3 P-value log,FC
LoERFI05 ~ TRINITY DNI258 c0 gl 2452 4471 2079 9313 7771 4391  0.0026 1.4920
CDC5 TRINITY_DN10098_c0_gl 113.32 92.5 110.89 43.36 49.1 40.51 0.0006 —1.0428
MYB36 TRINITY_DN11434_c0_g2 6.45 3.56 5.58 1.69 1.81 1.17 0.0029 —1.4653
WRKY28 TRINITY_DN11579_c0_gl 332 8.76 35.61 4.39 10.35 6.76 0.0037 —1.5668
WOX8 TRINITY_DN6545_c0_gl 33.92 16.71 29.25 7.78 6.44 14.02 0.0003 -1.3179
LOB30 TRINITY_DN10132 c0_gl 7.19 5.81 13.36 2.37 3.67 3.67 0.0064 —1.2463

TE: FPKM. BT/ R 7 SR ig 71 T WU S ey &, P T RoR 2 RRIA R, FC. ZR M4 CK1. CK2MICK3 NZE MK X IRA KA EE,

MT1. MT2RIMT3 MR R FRA N3N ER .

Note: FPKM. fragments per kilobase of exon model per million mapped fragments, indicating gene expression levels; FC. fold change; CK1, CK2, and CK3
are three repeats of the distilled water control group; MT1, MT2, and MT3 are three repeats of the melatonin treated group.
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