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Transcriptome analysis of flowering regulated by red and blue
light in Jasminum sambac
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Abstract:  Jasminum sambac is a perennial evergreen shrub plant. With fragrant and aroma, and often used as a raw material
for natural spices. In this study, we used white light as the control group, red-light and blue-light as the treatment to study
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effects of different light on jasmine flowering. Red- light promoted jasmine flowering in advance and increased the number of
flower buds, whereas blue-light delayed jasmine flowering and decreased the number of flower buds. There was significant
difference on the number of flower buds among the three groups. The top buds’ transcriptomes of different light were
sequenced by the Illumina Hiseq/Miseq 2000 high-throughput sequencing technology. In total 2 452 457 Unigenes were
generated by transcriptome sequencing, of which 1 760 723 Unigenes were annotated into GO, COG, KEGG, KOG, NR, Pfam,
Swiss-Prot, NOG databases. There were 894 DEGs in the control group vs red-light group, 2 690 DEGs in the control group vs
blue-light group, and 3 828 DEGs in the red-light group vs blue-light group. KEGG Enrichment analysis reveals that the
significant enrichment pathways had 6 pathways, including secondary metabolite biosynthesis, phenylpropanoid biosynthesis,
indole alkaloid biosynthesis, photosynthesis, plant hormone signaling, and plants-pathogen interactions, and 24 related DEGs
were detected by RT-gPCR, the result of which was significantly correlated with the transcriptome data. Through further
analysis of transcriptome data, a large number of flowering-related hormones (IAA, ETH, GA, CTK, ABA, SA, JA) signal
transduction genes and flowering pathway-related regulatory genes (PHY, CRY1, FPA, AGL and SOC1) and transcription
factor (bHLH, MYB, WKRY) family genes were found. The study will help elucidate the differential expression mechanism of

different light regulation of jasmine flowering.
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PE Cluster Kit v3-cBot-HS i &5 (3£ & Illumina 2y
AT N PCR §7 A4 clusters, #Ji 4T
[llumina Hiseg/Miseq |
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%1 JPCR 3I¥F%
Table 1 The primer sequence of gPCR

KEGG pathway Gene name of Red

Primer sequence (5'-3")

Gene name of Blue Primer sequence (5'-3")

Biosynthesis of Fructose-bisphosphate F:CGTTTGACCGATTTGACCTT

secondary
metabolites

Phenylpropanoid Beta-glucosidase

biosynthesis

Indole alkaloid
biosynthesis

Photosynthesis

Plant hormone
signal
transduction

Plant-pathogen
interaction

aldolase 5 R:TGTCCCCTTGACGTTGTTCT
(XP_011095600.1)
Caffeoyl CoA-O- F:GTCGTTTGGATCGAACTGGT
methyl-transferas R:CCTTGTGAGTTGCTTCGTGA
(ALR35193.1)

F-TAAAGTTGGGGGAGTGATCG
(XP_011077708.1) R:CCTACAGGGAGCATGCAAAT
Plastocyanin F-TGCGTTGTTGAACAGAGTCC
(XP_004136366.1) R:TCATGATTTGAGGTCCACGA
L484 012234 F:GGTGACGCTGATCAAAGGAT
(XP_010095663.1) R:ACCAATGGGCACTTCTTCAC

Heat shock protein 83 F:CTCTGGATCCCGACGATAAA
(XP_015068083.1) R:CGATCCTTTCACCACTTCCT

Fructose-bisphosphate F:AAGGCATTGCTGGTTAGCAC

aldolase 5 R:TTCACCGGCCTTAAACTCAC
(XP_011095600.1)

Caffeoyl CoA-O- F:GGTTGGACTTTGACGTTAGCA
methyl-transferas R:TGATGTCGTCGATTCCCTTT
(ALR35193.1)

Beta-glucosidase F:CCACAAGCAGCAGTTTTGAA
(XP_011077708.1) R:TTCAGCTCGACGAAGAAGGT
Plastocyanin F:ATCCCTTGCGTGAGAAGAGA
(XP_004136366.1) R:AGGTTGACATCAGCCAAACC
L484 012234 F:-TGTCAAGCACTTCTCCGTTG
(XP_010095663.1) R:TGAGTGGCAAATCGTCAGAG

Heat shock protein 83 F-TTGGGTAACAAGGGAGCAAG
(XP_015068083.1) R:CCATGGTGATGAGAGCTGAA

Gibberellin F.CGAGAATGGGGTTTCTTTCA
2-beta-dioxygenase 8 R:ACCGGAACGCAAGATATCAC
(XP_011086168.1)

Anthocyanidin F:ACGACGAGAAGGAGTGGAAA
3-O-glucosyltransferase R:GGCGTAAAACGCGACATATT
5(XP_012847891.1)

GDSL esterase/lipase  F:GTGTTGCCCACCAAGAAAGT

(XP_022158415.1)  R:CGGTGAACGGAAAATCAACT
Plastocyanin F:CTTGGCCATATAGCCCTGAA
(XP_004136366.1)  R:ACTCCATTTGTTTGGGATCG
Gibberellin receptor ~ F:GCCCTACAAGCAAATTGGAG
GID1B R:CCCACGATGAAGAGAGCATT
(XP_016477390.1)

Calmodulin-like F:AATGGGCCGAAGGATACAGT
protein R:CAGAGCCCTGATCTTGTTGA
8(XP_012854007.1)

Gibberellin F:ACTCGTCGAACACCACATTG
2-beta-dioxygenase 8 R:CCCCAAAACTAACCGTGAAA
(XP_011086168.1)

Anthocyanidin F:CCAGCATGGCTACTGGATTT

3-O-glucosyltransferase R:ATCTTTGGCTGCAGGTTGAG
5(XP_012847891.1)

GDSL esterase/lipase  F:-TGTGTACATGGCAGGGGATA

(XP_022158415.1) R:CCGGTAAATACGCTCTCCAA
Plastocyanin F:ACCGGGTCACAACACTTTTC
(XP_004136366.1) R:TTGGAAAGTATGGCCTTTGC
Gibberellin receptor ~ F:GGCCTTTAGCCTGTTTGACA
GID1B R:TCCTCAGCATCAGCTTCCTT

(XP_016477390.1)
Calodulin-like protein 8 F:ACGCTTTCGGTGTTGTTCTT
(XP_012854007.1) R:-TTGAGGATTCTCGTGTGTGC

M F cDNA,0.2 puL Forward Primer, 0.2 pL Reverse
Primer , 5 pL Transstart® Tip Green gPCR
SuperMix, #b 3.6 uL ddH,0 %= 10 uL, § HFF .
94 CHIZE: 305,94 ‘CM:55,60 ‘CH 30 (3
TR =L EE 40 MER).

2 ER5AW

2.1 LED MRFFIEA M

Xt B4 EL B, 2B Ab R AT 1 I 1
FEXT BB AT T 5 d, Wil sER T 3d, HL
FELH AR LE X BEZH T AL Fr2k it A L i 22 5, (HiE
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G, EHEBEAR, H P LOGAE A EoE
AHAEF X REZHAT s, T s e 2 AR 5 o) B,
R, ASAZMAEERREREE
(& 2).
2.2 FF I REN F LR R E T K Unigene
IhEERI & 53 4

HR A P 77 A 1 D s e 0 S, 3k D 4L A1 o
AR ST G 0T o A Trinity 5745 sk
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R 2 R[E S BxSFRF I B (8] R AL B H =2 Y20
Table 2 The effects of different light quality on jasmine flowering

Treatments  The early buds period (d) The number of buds The final buds period (d) The number of buds
CK 12 123+5.1b 19 270+7.6b
Red 7 138+3.8a 14 292+6.7a
Blue 15 112+3.5¢ 24 214+6.4c

Note: the different letters in figures are significantly different at P<0.05.

411k 201 bp, F-¥4 460.64 bp, N50 £ 489 bp;
i — 1 415 5] 2 452 457 D HLIEAFR Unigene,
MAKJE N 1011 078 933 bp, K JF41°h 30 951 bp,
TSR 201 bp, “F3K 412.27 bp, N50 K
425 bpo 2 2E ARAT 1Y A si AN LR PR A B )
VAT HT, SRR 3 B, B di Hefil i KRG
J& 100-400 bp, 437l 5 66.026% (1 904 022 2%) i
68.164% (1 671 695 4%), JL¥Kk &y 401-1 000 bp, 43
Fll 5 27.268% (786 349 %) Fi1 27.868% (683 448 £%).
KR T 4 000 bp 194351 5 0.168% (4 858 4%) #il
0.058% (1 425 4%).

®3 FRACERAPEIAMBEREZENFIIK N

B30 2 452 457 4% Unigene 7415 i
NCBI 1 Blastx Hexf, w45 R BN (GR 4), &
1 760 723 %51%) Unigene (71.8%) #k4531E R
B, HifdEitaEa e E NR AT E
227 123 %, H|HABEIEE Swiss-Prot HXF
237 536 4%, & 11 T £ 4 % Pfam Hux | 25 582 4%,
STRING %# )% e ¥t | 254 422 4, COG 3%
P L Xt b 127 517 4, KOG %udJ# b Xt k.
284 775 4%, NOG %4l & b | 155 211 4%, GO
B e HexF B 214 933 4%, KEGG % 2 Ho Xt E
233 624 4.

Table 3 Sequence size (bp) of transcript and Unigene in jasmine transcriptome

Length range (bp) Transcript

Unigene

Number Percentage (%) Number Percentage (%)
1-400 1904 022 66.026 1671 695 68.164
401-1 000 786 349 27.268 683 448 27.868
1 000-2 000 139 164 4.826 79 791 3.254
2 000-4 000 49 349 1.711 16 098 0.656
=4000 4 858 0.168 1425 0.058

F 4 FFRHEFLH Unigene BITHRE IR FKi+4

Table 4 Statistics of annotation results of Unigene functional annotation in jasmine transcriptome

Annotation database Number Percent (%)
NR 227123 9.26
Swiss-Prot 237 536 9.69
STRING 254 422 10.37
Pfam 25 582 1.04
COG 127 517 5.20
KOG 284 775 11.61
NOG 155 211 6.33
GO 214933 8.76
KEGG 233 624 9.53
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L P-Value<0.05 Sy i giprifE, Hilid NR iF
e 2= 7 3L 4t R B, CK vs Red 7By
SRIXIEFEA 894 4, LFIKERE (Up-regulated
genes) %y 727, FIHIEA (Down-regulated
genes) %A 167 1~; CK vs Blue FoE 225558
R4 26194, FiFFEA (Up-regulated genes)
gk 1 072, TIHREK (Down-regulated genes)
¥l 1 681 4~; Red vs Blue 774 T 3 828 4~
SEILR, Hrp 2541 A4 BIRSER, 1287 AR
(1), B E, 3HZILA 72 2%
FSRIBEN (K 2),

3000

® Up-regulated 2541
$ 2500} @ Down-regulated
[*]
=1}
5 2000 1681
g 1500} 1 287
£ 1 072
5 1000+ 727
L
£ S0 167

0
CK vs Red CK vs Blue  Red vs Blue

B 1 XACEFRERABEERZBERTEERSH
it

Fig. 1 The pattern of significantly differential expressed
genes between each group in jasmine transcriptome.
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Fig. 2  Venn diagram of significantly differential
expressed genes between each group in jasmine.
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2.4 FKFEIEREAEFFTIEERN GO FBIA

RIRFEA R B A B g2 5, X Bik2s
SRR NPT GO WA, it FDR<0.001
i AR 2 GO 4 H . 2R IR (Kl 3. & 4),
CK vs Red 4 635 > DEGs {: 8% GO %# % )
AR MM S Jesr iR 3 ORZEAL, K
th 526 A~ FIRJER, 109 ASTIREERE, HARA R
DEEEMBA 71 &, EEWRKEE
(Carbon fixation). J:"EWE (Photorespiration)., i
SEACYIHHATR 73 (Peroxisomal part) . 5 {5 A2 M %
% B & 4 % (Messenger ribonucleoprotein
complex) . KA ZAMLERMFIGVE (Aspartyl esterase
= A S
(Deoxyribonucleotide binding) 4% i # ; CK vs
Blue A7 1 554 25 F 5L 1 B 5] GO $idh i 4k
Yyt FERNAF2hRg, o 690 4~ BRI, 864 A4~
TRER, HRrA R R &S G 65 5%,
B A6 R B TS (Negative regulation of
AERKEAY A SR
(Auxin biosynthetic process). Z Jifl & 412 F1 4 i
PR P TE PE  (Cyclin-dependent protein kinase
activity) . ZE[HBERLEGIG M (Steroid hydroxylase
activity) 25 #%; Red VS Blue £ 2 422 2% 4t
KRR GO $dla R Al 72 . A2 4y S o
FIihE, Hrp 1501 A4 FEEEH 921 A~ TR,
HRA M E S EEMA 157 &, FESAY)
At (Primary metabolic process). 4 Jifl &
O A o A2 (Cellular  protein  metabolic
EHEKEAY  (Protein-containing
complex) . I %% {& 4 £ (Chloroplast outer
membrane), Y6 & 4 1 Je i H0> (Photosystem 1
PSII #H G HOGHE R & 11
(PSII associated light-harvesting complex I1) . #£#
R 3-O-p- #j Wi AL 5% 7% WIS 1k
3'-O-beta-glucosyltransferase activity) . £¢ {6, Z i it
FEF 154 (Anthocyanidin reductase activity).
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25 FFALHEREEZERFREEFAN KEGG B
Ea

R TR 3R AR 28 2k AN [R] 6 ot b B S ) 25
SRS UHE B, R E RS R KEGG
EEMH . 4R EBR, CKvs Red & 258 %5
SRR F] KEGG 848 166 4% LA 2 i i,
FHELEE 24 &, FEMAFELEEY PRk
#E (Carbon fixation in photosynthetic organisms) .
MY EMGSHS (Plant hormone signal
transduction) KW kXK E WA K
(Phenylpropanoid biosynthesis) %5; CK vs Blue
A 606 22 5 AL N R R R 312 A A&z,
WEEEMAUERKA 32 4, FEWAMHPIK
# 15 5% F(Plant hormone signal transduction) .
WA AR W B A4 W & B (Biosynthesis  of
secondary metabolites) . F i 2% 4 ¥ &
(Monoterpenoid biosynthesis) . & P ki 25 4= W1 4 ik
(Phenylpropanoid biosynthesis)%:; Red VS Blue
LA 1048 A28 S BRI TR R 2 329 Z AR i
BEEENARGEE 36 &, FEW LZHE
(Ribosome) . tHY)# =15 5% 5 (Plant hormone

R5 FHAREFHDPEE KEGGC SEEE

signal transduction) . & N ki 2% A& W & AR
(Phenylpropanoid biosynthesis) . Jt &5 -k 42 &
1% (Photosynthesis-antenna proteins). & 1
H (Photosynthesis) 4. 4 # Hb 4% J5 43 5 HE 4 il 5
% KEGG & &R % W3R 5.

26 ERAEXRFEPHEXBREFREE
E R REXEE q-PCR WiiE

R A3 5 P i B A5 S ik — 2P Pk Ik 1 3200
SR A %, W R AR A
& 1 (Biosynthesis of secondary metabolites), K
WE AR (Phenylpropanoid biosynthesis) ., ]
WA P asAE P4 %, (Indole alkaloid biosynthesis) |
Se4&VEH (Photosynthesis) . ¥ 2 {5 514 &
(Plant hormone signal transduction) F14i4)-% &
M EAER (Plant-pathogen interaction), 4351 b
OB A EA T vE Y 12 4525 Rk A, R
H 2 A 7 qPCR X} 24 43 [H 1y R i B X 47 56
iE, £ P<0.01 /K-V-i#E4T B EZ AT, 45 R 3E0,
qPCR Y AH XS 35 5 45 R 5 5% S A I 45 R 0 2
EHE (R?=0.763**, P=0.003), FeHIA ki e
W7t Je 45 SRl 5 (1 5).

Table 5 The significant KEGG enrichment pathway in jasmine transcriptome

KEGG ID Annotation description P-value FDR Gene number
CKvs Red ko00710 Carbon fixation in photosynthetic organisms  1.50E-11 1.28E-09 19
ko01110 Biosynthesis of secondary metabolites 1.54E-11 1.28E-09 54
ko04626 Plant-pathogen interaction 1.24E-09 6.87E-08 23
ko01100 Metabolic pathways 3.21E-09 1.33E-07 88
ko01200 Carbon metabolism 3.98E-08 1.32E-06 27
CK vs Blue ko04075 Plant hormone signal transduction 4.46E-17 6.96E-15 52
ko03030 DNA replication 6.14E-10 4.79E-08 27
ko04016 MAPK signaling pathway-plant 8.87E-10 5.53E-08 33
ko03010 Ribosome 1.84E-08 8.20E-07 30
ko01110 Biosynthesis of secondary metabolites 2.26E-08 8.81E-07 110
Red vs Blue k003010 Ribosome 2.41E-43 7.97E-41 135
ko04075 Plant hormone signal transduction 4.12E-23 6.81E-21 77
ko04016 MAPK signaling pathway-plant 1.56E-19 1.72E-17 50
ko03030 DNA replication 2.19E-12 1.21E-10 38
ko04626 Plant-pathogen interaction 7.50E-12 3.10E-10 39
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Fig. 5 Correlation analysis of RT-gPCR and RNA-seq.
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556 JE 3 3 4% A 0GB 35 DR A0 9 4l 32 M A
PHY . #%ZAKJLH CRY1 M LHY #1 ELF3, H
FREA IR FPA, FHILBREM KR VIN,

VRN, ELF4, J{£# &+ AGL F1 SOC1, 5k
BN bHLH, MYB & WRKY %45 A+
FWE O (£ 6), YUK IAA, ETH., GA. CTK,

ABA . SA & JA MRV E ST FHERA
(FE7).

Table 6 The expression pattern of DEGs related to flowering regulation in jasmine transcriptome

Regulated flowering  Gene CK vs Red CK vs Blue Red vs Blue
pathway Up-regulated Down-regulated Up-regulated Down-regulated Up-regulated Down-regulated
Photoperiod pathway PHY 7 7 3 11 11 3
CRY 3 0 1 2 1
LHY 1 0 0 1 0
ELF3 0 1 0 1 0
Autonomous approach FPA 3 0 1 2 0
Transcription factor ~ bHLH 40 14 24 19 40 18
MYB 12 9 10 10 24 12
WRKY 33 7 15 19 34 5
Vernalization pathway VRN 0 4 3 1 0 4
VIN 3 0 1 0 0 3
ELF4 2 0 0 2 2 0
Flower integration SOC1 4 1 3 2 2 3
factor AGL 3 2 2 3 3 2

RT7T FIACEREAPEVAZRFESESHEXRERNRERN

Table 7
transcriptome

The expression pattern of DEGs about plant hormone signal transduction pathway in jasmine

Plant hormone signal CK vs Red

transduction pathway “Jp-requlated Down-regulated Up-regulated Down-regulated Up-regulated Down-regulated

IAA 49 27

ETH 57 20

ABA

Ay 10

CTK 6

IA 10

SA 2 0
1 17

CK vs Blue Red vs Blue

17 56 56 21
31 41 54 22

5 12 13

5 10

3 10

0 2

7 22 16 12
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Fig. 6 The heatmap of flowering-related differential expressed genes in jasmine transcriptome.
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G LI5S it EIN #5709, PIF4
A LAEGE Y T AR R FT. WRKY 5%
Y WRKY 25 38 8 97 5 FF AL 8 45 K1 AP LR #E A8
WFF AR T WRKY20 A RS 1 8 s A6 AR 5
FE[] FT. SOCL, CO %5 i IF 48, Amrse
i bHLH, MYB & WRKY = RJs5 5 A
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THRERN, Hb bHLH B3N TiRZL, Ui
PIF1. PIF3 }% PIF7, Hh WRKY #:3H1,
FBAT WRKY40 F1 WRKY70, MYB %% [H 7%k
KD, FEA MYB2, MYB44 K MYB52, 7E
cotrh 2o BIEFRIR, MEEDEh I N IRRE,
P 158 BF AN [ ) 0 380 92 L0 26 18 R D 57 S
Kl 7T RE 23 A ] o ASBIF 938 2ok AN [R5 B A
TRFE, T AW P58 50 b, W T
FERFIAETT AL G MY R . Fe sk N7 RIr iR«
G EE R I RGO, A AE T AE I (8] (4 B 5
AL T —E HELSSERL, OGRS R
B[] A BL R A R i — TR AR
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