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Screening of Metabolites and Genes Related to Floral Formation of
Chinese Narcissus Induced by Ethylene

HE Yansen, LI Ruimei, LI Heping

(Institute of Subtropical Agriculture, Fujian Academy of Agricultural Sciences, Zhangzhou 363005, Fujian, China)

Abstract: In order to understand the mechanism of the narcissus (Narcissus tazetta var. chinensis) floral induction,
the differentially expressed metabolites and genes were screened from the outermost buds treated with exogenous
ethylene by using metabolome and transcriptome sequencing techniques. The results showed that 12 differentially
expressed metabolites (DEMs) were detected, including 7 up-regulated and 5 down-regulated DEMs. Among
them, () 7-epigenJasmonic acid, dopamine and spermidine might be positively correlated with narcissus floral
induction, while indole and its derivatives were negatively correlated. A total of 1 021 differentially expressed
genes (DEGSs) were identified in the transcriptome, including 615 up-regulated and 406 down-regulated DEGs.
Forty-five differentially expressed genes related to ethylene signal transduction and flowering were identified in
the DEGs. The changes of endogenous plant hormone (especially ethylene) signaling pathway in narcissus bulbs
were activated firstly by exogenous ethylene, and the floral induction of narcissus via exogenous ethylene was
closely related to the up-regulated expression of FPF1 and MADS15. Nine genes correlated with flowering were
verified by gRT-PCR analysis and the expression profiles were consistent with the RNA-Seq results. Therefore,
these DEMs and DEGs might have vital function on the narcissus floral induction, which might play an important
role in the floral formation of narcissus induced exogenous ethylene.
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JKAlifE(Narcissus tazetta var. chinensis) v ##
El(Amaryllidaceae) /KAl & 2 - AE B AERIRTE S, 72
HEEgG LA, R ME. AKALFEREZ] 52 DA
RRRLO 22 MAERECR 55, RO, 400
W BRI R R, A TR AT R,
T b 4 8 IR K AL B ZE 3R B A b A 20 20 ) T
ZEAEAEAETE . AN 245 (ethylene, CoHa) X2 M
TR SRR I A W SR E P, Oz
I T Al A PR sz b . AN 20 S KAl R AE
(I8 32 AR O AR AR BRI R) . IRJE . BB 4%
PRI R S5 7 T B4, A OC LA T b o HE 2L
S AR 0 )b PR BN s 2R 3K, B T RV IR
AN BV, TARRSEAL AR S
PE, IR E] 31 AN RAEAH IR B, AR 205 T
KA BRAE 1 A5 35 Al R 21 ML () B9F 980 i A K
& 563 .

o KA A ZREE T <SR4T B AR A RAT B
Bt #353 a G A ORI MER, BARZM N ARERL
16 1Y KA 5 25 REER P 38 5 A 27 0T AR AR 06
WAL, AP b, TER A KA AL
FRUCAE T 5% 25 REER P38 1) B M 28 2 75 85 15 5
1o AHF T LA E KAl < 4 35 80 6 1 25 REBR P4 36 5%
AMINZE RIS G, I vl e S A RN 2 S )
PRI A, AR U 532 1 2 AT SR
CRAEBERARI ) J B R ZRAA RIS ), i 05
SR B SRR RIIE K, R 298355 5 KA1
FRACHLER PR NI TSR S5

1 MBI E
1.1 pE

1 [ 7K Aili(Narcissus tazetta var. chinensis) 4 2%
R 6 0 ZEBROR IS TR 48 RO R A e W By Al
WS IR IS HE b . [T AT ) f5 A e AEAH [R]
ML, MR 3 a A Zemkeh, EFRMEe. HHE
Ry FBEZEF12(2140.5) om (W5 2RI 200 i, B
BT R 2 20745 100 KL, $TATHEN . —4REIFER
B 3 71 ZRKAUAEER R AT M F) B 28 b 72
[0l 7 H 237126 H &R 1%, (45 L Jdk
AL (PGD3-C-CoHa) Wl 15 AL B 1 B2 FE N LM A
FRERk N 1 250~2 500 mg/m3], SRJ5 H AR =i
B N HT IR, BAAEIRIEECR R 7R
EAEACER 5 (7 H 27 H), S KAl % 253k 34T 51 H

B, RZETEER N A8 SMIU 2 AORE B 35 2 AR 3
%255, BUREEAI N 1. BRI 3 A ES, [
IHURE 2 B T LA AL BE IR i SO 25 (lateral bud)
SrAbRic oy EL AT Lo PTAT R ARG R A2
BHEN, f7T-80 Cukfg&M.

1 KA ZEREER A AR B AU ZF HURE AR AL

Fig. 1 Sampling part of the outermost lateral bud inside mother bulb

1.2 AT R W

7 H 15 F1 30 Hor HIEURAMUEE, 2 lkrich
L0715. L0730 F1 EL0730. %5 FHEI )y %1
BB, KT A K S A SUEAT AU ) R
ERUIE =

1.3 B, RBANF RS

AR R AR B AR HOR A IR\ AT B ok
ZH I 7 RN AE R B R RS A T AR - i3 AR
GRS BORTNTTE, 0 e B s AT AT AL B
FILLR L FEPR SRR R . PRI R I 7 ds
iz | Analyst1.6.3 2 Mutiaquant #2423 #r A S
AR, AT 2R ek B A ) EOR A IR W B )
AR P H s e e AR . DUES R K B (false
discovery rate, FDR)<0.05 H.7% ¥ i (41) 18] % ik & 11
EtAE (fold change, FC)LL 2 SAJis it B AR o £ 5+ {1
(Ilog2FCl)>1 Jy by #E i 176 e 3% 2H 1) 22 St ik & K]
(differrentially expressed gene, DEG), P\ OPLS-DA
VIP=1 H[logzFC|>0.5 Jybr i e A 20 1) 22 7 3%
IEAR ) (differentially expressed metabolites, DEM).

1.4 gRT-PCR 4317

O AN 22 S RIK KR (3R 1), DL actin Jk
[Kl(Unigene0067272)f N2, KA qRT-PCR £ il
BRI RIEKT, 3IRAEYEEL, XLz R AR
FiLTE S5 RNA-Seq 25 Rt 47 L #T
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2.1 ZJF IR KA BRAE IR TR

HKANAEZF 73 AL 8] 5 bR A O, a2 Ak 57
MR o EINAEAGE R AL 7 A 15—30 H
(RZHE 1 )R KAEAT AR . X KAl
R ZE BRI BT AR A MU ZF A DTS (K 2), 7 A 15 H,

# 1 qRT-PCR 7471 9 AFEEAG |9

Table 1 gRT-PCR primers for 9 selected genes

B M ZE (LO715) i Tl 73 A= A 2R 2[R Bk, ab T8
FRAEKE L 7 H 30 H, A& LR Ak
M ZF(LO730) Pk T- & FR A 1, M4 it 4 b 3
(1) 85 S M 2 (ELO730) (4 T 43 A5 20 41 E 28 2 B 10Ty
I, AT IRIETE O, XA E R A
KA AR D, Ui B ANIE 208 1T 175 5 KAl % =25 1
BR N 0 s M ZF 1R AR S B

B A g IE17 5195751 (5'~3") SR 515 (5'~3")
Gene 1D Forward primer sequence Reverse primer sequence
nirA Unigene0017759 TATCGGGTTTGCTGGCTTGT ATTTGGTTGGTGAGGAGAGGT
cah Unigene0031951 CTGTTGTGGGCATCCTTTAC CACTGTCCCTACTTCCTCCA
MYC2 Unigene0052627 CGCTGGCTTTGAGATGGAGA CGAGATTGGTGGTGCTGGT
ETR Unigene0057118 TCTCACCAGACTTGCCCTTG TCCTTCGCTTTCCAACCAGA
PP2C Unigene0064815 TCTTCTCAGCGTCCTCTATC TCCTTGTCCGTTCCATTCCC
LOX.1 Unigene0071640 CACTGCCTTCGTCCCTAACC CTGGAGTTGAGTTGTGATGGTCT
PP2C Unigene0073753 CGTCAACAGCATCGCAGCA TGGGATTCAACAGGGGACAG
ETR Unigene0082441 CCCAACTTCTCGGTCCAACT TCCTACTGCTCCTCCCTTCA
PYL Unigene0094475 GCGACTAAGAGCACGGAGAG CTGGTGTTTCCATCGGGCA
actin Unigene0067272 AGCAAATCCAGCCTTCACCA TTCTCTCCTACTCCAGCATCA

o715

.

y

10730 ™ 0730

B 2 KAl =L BEER A R e M ZE DT . L0715: 7 H 15 HE Z AL EE; L0730: 7 H 30 HE Z M4k, EL0730:7 A 30 H 24k,

Fig. 2 Longitudinal section of the outmost lateral bud inside mother bulb of Narcissus tazetta var. chinensis. L0715: July 15 without C,H, treatment; L0730:

July 30 without C,H,4 treatment; EL0730: July 30 with C,H, treatment.

2.2 AT

FRHE A FL B e 5 ol B AR A W) B A
FEXHR S AT e A S e, 19 2 184 MR,
BFE 99 N CLANAN 85 MR AT, AR EAS
16 AN FRER FN4T 4= ¥ (carboxylic acid and derivative) .
14 AN JIg 105 Bk JE (fatty acyl). 13 N ZEFEURAT A
(benzene and substituted derivative). 11 A HLEA L
&) (organooxygen compound). 7 4NNk (mini pep-
tide). 4 ANZJ7 B 52 (prenol lipid). 3 M|
{74 f (indoles and derivative). 3 M HLEAL &4
(organonitrogen compound). 3 NFEZRAIfTA: i (phe-
nanthrene and derivative). 3 /MEEIE %R (pyrimi-

dine nucleotides)%. JtA 62 MBI R 63
R@EHE, FEFEFDERRYE . BoKLE
PRt REARME. oAb RAEAR S A1 & AN
JE iz

LvsEL 411A 34 5] 12 A DEM (% 2), Hrb,
D7-EHFMR. ZEM. )\ BE=IER. miFRER.
HIHBEREARGR. 13-L-i AR Wk 7 MR
W ARIE; RNEIR. MW & HATAYZE 4 MR
B 2RS4 51 DEM RS 15 MR, ¥
RN R A A HiB eSS, R
FRIILEMIA A MRS RN RIIEMS
JREEIE . LvsEL ZHH], (D7-FKFEFIMR _LIAKIA(FC
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Table 2 Differential metabolites in LvSEL group

A4 Compound log,FC Vip
(D7-EKFFIER (H7-epi Jasmonic acid 21.93 5.08
Z )iz Dopamine 4.09 1.10
—+ /B = )% (9S,10E,12Z,157)-9-Hydroxy-10,12,15-octadecatrienoic acid 1.38 1.07
A% 2 3-Methoxy prostaglandin Fla 1.18 1.61
H s Mt AEB Glycerophosphocholine 1.14 2.04
13-L- A AWM AR 13-L-Hydroperoxylinoleic acid 1.01 2.29
W HEHZ Spermidine 0.65 1.49
ZKAEER DL-Phenylalanine -0.64 4.16
2-FJEm| e 2-Methylindole -0.79 1.03
4-FRELM| W 4-Formyl indole -0.82 3.09
(AD-t 5% (AD-Tryptophan -0.85 2.98
"% Indole -0.86 1.32

N 21.93), ZJEARIRIEAMU S (EL) & I KT
Te LITAL BRI AMU ZE (L) s 2 B % L IRIE(FC A
1.49), 4 NI IHATEYRIE T (FC -0.79~
0.86); iF&EHE(FC N 0.65) L ifzik.

2.3 FFANNT

M FHE 2 R B AP P s, LG
116 715 % Unigenes, P17 51K &k 776 bp, GC
&5 41.89%, N50 %54 20 219, N50 K/ 1 219 bp,
U ZHAR T S . I #4E FEXT Unigenes #E4T1E
B, 16 Nr 50 PR e 3 49 753 4, 7F KEGG %di
JEVEREF 43 936 >, fE COG Hi#ii ik B £ 25 014
A, 7E Swissprot Z#E R REE] 26 661 4>, HLyERE
F| T 49 949 4~ Unigenes, 17 42.80%.

LVvsEL 72 7 3RIA LK 7E GO %udf e vh 159 233 R
364 1 021 4> Unigenes, H:, 615 4> L, 406 4~
. XX ST R AT GO ThRE S, AILLAr K 3
K 4w 2H 7 (cellular component). 43 LJEE(mole-
cular function) F14E 412 #2 (biological process) (# 3)-
EA L o, 2R 25 i 2 12 40 (cell)
4 fitw [X 2k (cell part) F14H g i (membrane), 73714 39+
39 F1 38 AN, i Z= A RIH ) 62.9%.62.9%A1 61.29%.
o FORet, ZRENSSRZ BN
(catalytic activity). & H 45 & (binding) F1 % iz i 14
(transporter activity), Z37lH 93, 55 F1 9 4~, 437l
i 25 S I B 77.5%- 45.83%F1 7.5%. EAIEFE
J70, 2 Ak N A AR o 7R AR T i #2 (metabolic
process). AT FE (single-organism process) 14
Jio i 2 (cellular process), 43 %4 90+ 75 171 4N, 4

5 o 22 5 L K B 75.63%. 63.03% 71 59.66%

7 e B F) KEGG il B8 & 42 40 T £ W], LvsEL
A 170 MEKRTE KEGG #d & 3 2 kg, JLiE
B3] 77 Mids, Hor, 2 540K (metabolic path-
way) KA A 06 i (Biosynthesis of secon-
dary metabolite) ) 2 7 & K& %, 2 5lA 73 M(h
42.94%)F1 43 4> (15 25.29%). Q<0.05 {5 6 & if
MR 4), R NEYEEE S 5 F (plant hormone
signal transduction). &%) MAPK {5 5 i £ (MAPK
signaling pathway-plant) . #& 4 - 9% J& B 1F (plant-
pathogen interaction). 288158 N &AW 4 i (carote-
noid biosynthesis). Vi & (11357 B4 (linoleic acid
metabolism). &%) & (nitrogen metabolism) . F
W, FEMEYICRE 5 il b 1) 2= R R R 25 A
(4 14.71%); fEAEY MAPK {5 S 38 i A Y0 -9 5
HAREB TP &A 20 (&5 11.76%); 7EKHE b
FAYA RN ER A E RS T & 5 AN (%
i 2.94%); EMEDEAR B 6 (4 3.53%)-
A, TERRARE (carbon metabolism) Al 2 3 1R & ik
(biosynthesis of amino acids)i# % H %45 8 N (5% 5
4.71%), FEZ R AZ B B AC 638 % (amino sugar
and nucleotide sugar metabolism) & 7 (& 4.12%).
AL, LvsEL Z At R B E M B YRGS
S, MY MAPK (55384 .

TEEAFEFAE B = ZZ RN T, 1)
P AR AR, A TTAEAHSCY Unigenes
A 99 MCRFNH) o M ZE S ik FE DR o 4 e M e 1
A5ANTTRES LIRE 5% S AT IEA R 1) 2 F Rk 5
KI(3 5), BIEEIMERTE S5 A GHER 25 1>, 4
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55 )M ETR M1 EBF, 5778 £ H55H GID,
S iya A< PYL, PP2C; 5/E K& HIFEH) SAUR.
IAA. GH3, 543 RAHCH ARRA, SRFIEAH
I MYC2; HE4 MAPK {2 SIEERAHCHEE R 4 4, £

#5 CALM. WRKY22. RBOH #1 CopA; &4 W4 1k
FHOGHER 7 4, BHE M6 AU ACO, Ms I & T
CYP707A, Hi3€ 3K A5 51 BR6OX F1 BAS, 4H
Ji 7> 424 B CKX R IPT, 7755 2 & B GA20x

& 3 LvsEL % L[ GO Ik

Table 3 GO annotation of differential expression genes (DEGSs)

Difieii ke GO #mig ERIE e NS ps¥ill
GO annotation GO ID Up expression  Down expression  Total
i)k A X K Cell part 0044464 26 13 39
gsr']i‘;':r:em M Cell 0005623 26 13 39
A Membrane 0016020 25 13 38
fiEER 4> Membrane part 0044425 23 10 33
4Hfu#s Organelle 0043226 20 8 28
Yl #54> Organelle part 0044422 7 4 1
S FEAY Macromolecular complex 0032991 5 5 10
ek X Extracellular region 0005576 3 0 3
MHLZESE Cell junction 0030054 2 0 2
4RHMX 543 Extracellular region part 0044421 1 0 1
fi5EL P9 B Membrane-enclosed lumen 0031974 1 0 1
o T fEALTES) Catalytic activity 0003824 58 35 93
?Sg'cffg‘r:a' &L Protein binding 0005488 37 18 55
3253 Transporter activity 0005215 8 1 9
WRR 45 & e RT3 Nucleic acid binding transcription factor activity 0001071 1 1 2
SR, A F4E 4 Transcription factor activity, protein binding 0000988 0 1 1
AR fRUEEE Metabolic process 0008152 59 31 90
‘I?rlgéggslcal LAY FE Single-organism process 0044699 54 19 75
A2 Cellular process 0009987 52 19 71
HIP B Response to stimulus 0050896 14 8 22
FE7 Localization 0051179 19 3 22
AW Biological regulation 0065007 16 5 21
AW 2T Regulation of biological process 0050789 13 5 18
HMIZE AR . LR 4= Cellular component organization or biogenesis 0071840 7 5 12
K EILFE Developmental process 0032502 7 1 8
{&*5 Signaling 0023052 4 2 6
Z AP FE Multicellular organismal process 0032501 6 0 6
AW FE 8T Negative regulation of biological process 0048519 2 1 3
4K Growth 0040007 2 0 2
FiZ2d . Rhythmic process 0048511 1 0 1
% W53 8 Multi-organism process 0051704 1 0 1
AEFEIE R Reproductive process 0022414 1 0 1
45 Reproduction 0000003 1 0 1
# 4 LvsEL 2 RHED] KO &4 K T 2@ %
Table 4 Main pathway of differential expression genes (DEGs) by KO annotation
jE#E Pathway k%N Candidate gene A Total P Q ID
WY FEESHS Plant hormone signal transduction 25 (14.71%) 415 (4.02%) 0.000 000 0.000 001 ko04075
T4 MAPK {55388 MAPK signaling pathway-plant 20 (11.76%) 284 (2.75%) 0.000 000 0.000 002 k004016
-7 R EAE Plant-pathogen interaction 20 (11.76%) 520 (5.04%) 0.000 349 0.008 961 ko04626
FHA M REWS M Carotenoid biosynthesis 5 (2.94%) 47 (0.46%) 0.001 006 0.019 359 ko00906
I ER KRR Linoleic acid metabolism 5 (2.94%) 54 (0.52%) 0.001 890 0.029 105 ko00591
Z AR Nitrogen metabolism 6 (3.53%) 84 (0.81%) 0.002 584 0.033 155 k000910
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Table 5 Differential expressed genes involved in flowering transition of Narcissus

B T logoFC HERTER
Pathway ID Gene annotation

WY EGE TS Unigene0026115 1.60 MYC2, #:3%iff#% KT Transcription factor MYC2

;gﬁ;n%ﬁl%ﬁiﬁon Unigene0052627 1.30 MYC2, ¥R+ FF Transcription factor MYC2
Unigene0095552 5.60 MYC2, #:3%if#%KF Transcription factor MYC2
Unigene0019406 -1.20 IAA, 4K ZER [ 1AA, Auxin-responsive protein IAA
Unigene0038217 -1.80 GH3, A& ZEmMIER Auxin responsive GH3 gene family
Unigene0060054 -150 GH3, A& ZEmMIER Auxin responsive GH3 gene family
Unigene0060927 2.50 SAUR, “EK &M & A SAUR, SAUR family protein
Unigene0075960 -110  SAUR, A:KZmi & H SAUR, SAUR family protein
Unigene0105131 -1.50 SAUR, A K WM H SAUR, SAUR family protein
Unigene0026656 3.50 ARR-A, XUZH 50 )31 55K F Two-component response regulator ARR-A family
Unigene0064905 -1.10 ARR-A, XUZH 530 )31 55K F Two-component response regulator ARR-A family
Unigene0084322 1.50 GID2, 7% EAHUKEH GID2, F-box protein GID2
Unigene0038600 1.20 PYL, Wiv&FR3z4& Abscisic acid receptor PYR/PYL family
Unigene0094474 1.20 PYL, Wiv&FR3z4& Abscisic acid receptor PYR/PYL family
Unigene0094475 2.30 PYL, Wiv&FR3z4& Abscisic acid receptor PYR/PYL family
Unigene0105703 3.00 PYL, Fit7&m3Z1& Abscisic acid receptor PYR/PYL family
Unigene0105704 6.00 PYL, fii7&®23%1A Abscisic acid receptor PYR/PYL family
Unigene0064813 -1.20 PP2C, & AR 2C Protein phosphatase 2C
Unigene0064815 -2.50 PP2C, #& A& 2C Protein phosphatase 2C
Unigene0073753 -2.10 PP2C, #& A& 2C Protein phosphatase 2C
Unigene0074907 -1.60 PP2C, & A 1i#&RE 2C Protein phosphatase 2C
Unigene0057118 3.80 ETR, ZJ&31k Ethylene receptor
Unigene0082441 1.40 ETR, 231k Ethylene receptor
Unigene0088287 1.50 EBF, EIN3 452 F & 4538 [ EIN3-binding F-box protein
Unigene0092388 4.20 EBF, EIN3 & F & 4538 [ EIN3-binding F-box protein

¥ MAPK 155 Unigene0084709 -110  CALM, #5E A Calmodulin

i?ﬁgﬁi Ii’;";‘;ﬁway Unigene0025983 270 WRKY22, #3:{#3H T 22 Transcription factor 22

of plant Unigene0007577 1.60 RBOH, MIR#R %4 (LA Respiratory burst oxidase
Unigene0014503 -1.10 CopA, B T#4iz ATP i Cu*-exporting ATPase

WL & ARG Unigene0004810 1.70 CYP707A, MK IR¥2{LES (+)-abscisic acid 8'-hydroxylase

lljig;?r?tzeesis-relate d Unigene0007021 1.70 BR60OX, jli3z & K [HIFE4A1LEE Brassinosteroid-6-oxidase
Unigene0017514 1.20 BAS, PHYB ¥ bric #ii [X-7 1 PHYB activation tagged suppressor 1
Unigene0049671 2.50 CKX, #ifir iK% ALlE Cytokinin dehydrogenase
Unigene0083477 3.80 IPT, #4Hfu/r3¢3 & Cytokinin synthase
Unigene0031498 130  ACO, Zit#fi A % {LAT Acyl-CoA oxidase
Unigene0082132 -2.60 GA20x, #REFR 2-% LK Gibberellin 2 beta-dioxygenase

TR TN IR Unigene0080426 1.80 GInA, HRBEI%E Kl Glutamine synthetase

;i‘fcfh ':‘r:zi’;gc?gis‘l' Unigene0050256 -120  SUS, HEMWEAHEE Sucrose synthase

metabolism Unigene0008798 -2.50 TPP, i35 0E-6-TARLIANRLEE Trehalose 6-phosphate phosphatase

FEAEAHSIE R Unigene0116688 11.23 FPF1, JF1E{2HER T Flowering-promoting factor

gé?]vevering-related Unigene0019225 9.26  TFL1, JF{&HHI3EE TFLL lowering inhibitory gene TFL1
Unigene0005459 221 MADS15, MADS-box # [ AP1 MADS-box protein AP1
Unigene0021016 1.10 AILL, ZJ&miRiE-+ AP2 AP2-like ethylene-responsive factor
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Fig. 3 Expression of partial DEGs by using gqRT-PCR and RNA-Seq. L: Treated without CoHa; EL: Treated with C,Ha.
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