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Abstract : [llumina HiSeq 4000 technology platform was used to construct the transcriptome database of Citrus aurantium L. at
different developmental stages ,and the key enzyme genes for the biosynthesis of alkaloids and flavonoids were mined to further
study the biosynthesis of the medicinal components at the molecular level. A total of 133 155 Unigeness with an average length
of 1 892 bp were obtained by Trinity assembly. According to KEGG metabolic pathway analysis,2 640 Unigeness were found
to be involved in 13 metabolic pathways related to the biosynthesis of secondary metabolites. The genes involved in the biosyn-
thesis of alkaloids and flavonoids were further analyzed,and nine key enzyme genes involved in the biosynthesis of alkaloids
and flavonoids were screened. In this study,the dynamic transcriptional changes of active components biosynthesis were stud-
ied from two components for the first time,which enriched the genetic information and provided scientific basis for further a-
nalysis of the regulatory mechanism of biosynthesis of medicinal components of C. aurantium.
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Fig. 1 Profile of Citrus aurantium L. at different developmental stages

1.2 {ERGRH  BIRESHY

S1000 Thermal Cycler PCR {¥ ( Z£[E BIO-RAD) ;
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Table 1  Primer sequence

HEN 2 PR 519

Gene name Primer

F.5"-CTCAGAATCCGCCAGGGAAG-3’

PAL R:5'-AGCTGTCGGTGCCCTTATTC-3’
4CL F:5"-CGCGTAAAATCGCTTCTGGG-3'
R:5'-AAGGAGAGCACAAACTCGGG-3'
CHS F:5'-CCGCGTTCTAGTCGTATGCT-3’
R:5'-GCATCAGAAGGTCCACGGAA-3'
CHI F:5"-AATTTTAGACGCACAGCCGC-3’
R:5'-TCCTTGCTATGGACTGCACC-3’
CI2RTI F:5'-TGGGTTCCGCAGGCTAAAAT-3’
R:5'-CCCGAAAACCATCCCCTCAA-3’
DAHPS F:5"-CGTAGGGAAGGGCAAATCGT-3’
’ R:5'-AGGGTGCCTTGATGGTGTTT-3'
YDC F:5'-ATGCAGCATACGCAGGAAGT-3’
R:5'-TCCGCACCTTCAACTCCATC-3'
CAGT F:5-TTTGGAAGTGGTGGAACGCT-3’
7 R:5'-CTTGCTTTGCTCCAAACCCC-3’
. F:5'-CCAAGCAGCATGAAGATCAA-3’
B-actin

R:5"-ATCTGCTGGAAGGTGCTGA-3’
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Table 2 The content of fruit effective components at

different developmental stages(; +s,n=3)

& Content( % )

S5 RN ) & & I 0T 0 IR R SR S rh U AR AR )
AR 225 A 0T DU T e e AR = A
W6 IO S il DR 11 75 12 o
2.2 AEEZERBABRERRANF
=

A Mumina HiSeq 4000 M 7 F 5 X A [F & F
I S0 0 R R SR S A 2 S 2HL I T 3 3 o 70 S BR AR
EEH&,%ﬁnn{)ﬂﬂf?ﬂﬂ%’ﬂD% 3 R BRI
IREASE AL 3 Uk, 2k Bl 487 287 336 1Tk )y
(clean data) , 4 & A 73. 11 Gb Y clean data, Q20
(BTEHE = 20 BYBRCEERT (5 [ 23 L) 73 A 1E 95. 92%

% 'ﬁljjﬁbl

i I B R ~97.36% , Q30 (SR {H = 30 IUBHIEPT 5 1153 1E)
Synephrine Naringin Neohesperidin ﬁ:}‘%ﬁ?j_:‘ 89.93% ~92.57% ,GC m%iﬂﬂ 44.21% ~
SF 0.62£0.04°  9.31+0.48" 10.74 £0.56" 44.5% (D32 3) o PN 7= Hh 50 o i 1Pk 45 SR T
MF 0.44+0.04"  7.56+0.63"  9.98 +0.26" I, AS YR - B BT B 3 1, A SRS R PR 4t
BF 0.27 £0.05°  6.85+0.45"  7.58 £0.59" T BIFRIBE
x3 HFRANFHEFHRERR
Table 3 Production quality of transcriptome sequencing data
s Gig Vi Rt iR
e R Clomnts | Ot By Q00 @006 6c(s)
SF_1 49 233 786 48 644 052 7.3G 0.03 97.26 92.36 44.49
SF_2 57 548 084 56 821 344 8.52G 0.03 97.12 92.01 44.39
SF_3 64 013 758 63 050 132 9.46G 0.03 96.78 91.29 44.26
MF_1 56 480 710 55523914 8.33G 0.03 97.03 91.87 44.5
MF_2 52 021 526 51243 542 7.69G 0.03 96.94 91.66 44.36
MF_3 56 879 870 56 019 466 8.4G 0.03 97.26 92.35 44.21
BF_1 53332 942 52 445 664 7.87G 0.03 97.36 92.57 44.39
BF_2 51559 296 50 235 014 7.54G 0.03 95.92 89.93 44.3
BF_3 54 257 030 53 304 208 8G 0.03 97.16 92.14 44.21

K A Trinity X} clean data #4757 De novo 24
2L AT 148 069 FE 57K (Transcripts ) |, K
J# 1 730 bp, N50 & 2 647 bp, F:%f 45 3| 4y Tran-
scripts JPFI i — 20 20 26 445 133 155 2% Unigeness,
SERREE 1 892bp, N50 i 2 682 bp, K JETE 200 ~
500 bp f{J Unigeness J& %4 19 295 4%, /5 MK )

14.49% ;45 24 575 %% Unigeness [/ B 3242 7F 500
~1 000 bp, 5 & Unigeness {11 18.46% ;& 38 415
2% Unigeness K ERAELE 1 000 ~2 000 bp, 5§ &
Unigeness %11 28. 85% ;A 50 870 4% Unigeness [{]{<
FE R 2 000 bp, 5 & Unigeness %) 38.20% ( WL
4).
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Table 4  Distribution of splicing length and frequency of lime transcriptome

Esyii} K& Length K& Length K& Length K& Length A1t

Type (200 ~500 bp) (500 ~1 000 bp) (1000 ~2 000 bp) (>2 000 bp) Total
1 5% Transcripts 33 833 24 900 38 460 50 876 148 069
FLH Genes 19 295 24 575 38 415 50 870 133 155
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Pre49 ) # 133 155 4% Unigeness 5 NR NT,
Pfam KOG ,Swiss-prot GO I KO 25/ H 84 47
FOXS  TEREEE R ILE 5, 43 HITERE T 115 526 % (86.
76% ) 121 869 £ (91.52) 45 916 % (34.48% ) .85
199 £5(63.98% ) .76 974 45(57.81% ) .76 974 4

(57.81% ) 33 236(24.96% ) 4 Unigeness, 1E 7 K
Bl e vh 2 AR TR 1K Unigeness 4 19 939 4%,
i & Unigeness £UHY 14. 97% ; 2 /DA — A8 PETTE
BRI Unigeness 47 124 180 4%, 5 & Unigeness %
) 93.25%

x5 BREAERFRER

Table 5 Gene annotation of lime transcriptome

SR ) SEBH HERE T A5
Database class Number of gene Percentage of annotation (% )
Annotated in NR 115 526 86.76
Annotated in NT 121 869 91.52
Annotated in KO 45916 34.48
Annotated in SwissProt 85 199 63.98
Annotated in PFAM 76 974 57.8
Annotated in GO 76 974 57.8
Annotated in KOG 33 236 24.96
Annotated in all Databases 19 939 14.97
Annotated in at least one Database 124 180 93.25
Total Unigeness 133 155 100

it KEGG & 44017, 24k T3 2 640 2% Unige-
ness 253 13 25 5 WA U A ™ W) A= W) 6 UHH
K REHmA g (2 6) . Hdr, 7 937 £ Unigeness
ZHBRNR RN =62 R 0 EY) &
BGIE A7 566 555 5 B BRS04 A R
WA 322 555 S5RVEYIAEY) A GE T 8

AT #R ) Unigeness 25 B 2R FIAEH R Ao 19 4
Yy G o FT UL, A BT SR B TR R A s 4 B
P A BT A A IR R 24 3o A= W G AR P Y
KAL), LA O J ST BT AR5 10 1) 0 15 e 1)
W1 2525 Jo B (I Al R il

RO HIWMRBRHRERBE=NENEHER

Table 6  Biosynthetic pathway of secondary metabolites involved in effective substances

A I 2 H KL 25y
Synthesis pathway Pathway 1D Gene number Medicinal component
TR B R4 21 L0000 s ENHR
Phenylalanine , tyrosine and tryptophan biosynthesis ) Phenylpropanoids
EHEEI A oo 1 75 %
Anthocyanin biosynthesis Anthocyanins
B TR D B P ) A 0 5 1 B
Flavone and flavonol biosynthesis ko00944 3 Flavonoid
S (0 S
R &] H
Flavonoid biosynthesis ko00941 154 Flavonoid
SR A B
Isoflavonoid biosynthesis ko00943 2 Flavonoid
S O AR W R A ) 5 I AR
Isoquinoline alkaloid biosynthesis ko00950 142 Alkaloids
HKNEEYEIN HNEY
Phenylpropanoid biosynthesis ko00940 614 Phenylpropanoids
R AN B 4 00960 - fRes
Tropane, piperidine and pyridine alkaloid biosynthesis Alkaloid
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2:5% 6 ( Continued Tab. 6)

F I % Bl LR E EZ)E)0
Synthesis pathway Pathway 1D Gene number Medicinal component
e WA TBa
KB b LI k000906 371 SR
Carotenoid biosynthesis Flavonoid
A %
Diterpenoid biosynthesis ko00904 12 Terpenoids
AN 2k
TR k000902 92 R
Monoterpenoid biosynthesis Terpenoids
o S| T S ] — TS Ae s
i L ko00909 112 i
Sesquiterpenoid and triterpenoid biosynthesis Terpenoids
B AA Y [IES
Terpenoid backbone biosynthesis ko00900 498 Terpenoids
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Fig. 2 Distribution map and box diagram of gene expression level density of transcriptome
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ARWFFERH] DESeq X 3 /> i 31 1) iR 1 R 52 F
AT L A8, o 1 3 4R 45 1Y) 22 S R 3A HE P ( DEGs,
differentially expressed genes) #1734, H2&EF
PRI IIRT (LI 3A) AT, FR B /N AR (SF) 1Y 22 57
BEDH B 5 O — 2, IR (MF) AR (BF) 2R —
2,3 DEHH AR S AFTE DT 22 5 0 IR 22 7
Fk K E (B 3B ~3D) Al i, FR A RO 5 /N RAH
Lt , 22 S RIRHERLSECN 346 S5, Hirh B R ERA 139
R E/NRMIL, 22 5K SN 1040 5, H
B TA 565 % KRS ARA I, 22 5 RA L
SECh 182 5% ,,\EF'JUJ_J%% ik 99 4%,

2.5 ERFIEEEKECC EEHH

225 F IR BN (DEGs ) 78 KEGG 1) & FE45 1 1o
/~,BF 5 MF ) DEGs #7E 2 39 it % b,
IERHE N Z DA K (Ko00906 ) | H il % 5% K]
F(Ko03022) . RNA [&f# ( Ko03018 ) IHE N 2 ik . %
TR AN €5 2R 1 2 ) 6 B (Ko00400 ) %55 BF 5 SF
() DEGs # 7 E R 2 95 Z4ACiHHE i b, s 6 & 1EH
(Ko00195 ) . 1% 2 i 26 1 = i K 4= W & W
(Ko00900) | Z ik iz dh Al — 2 iR b1 (Ko00630) Al
RN R AY A L (Ko0094 ) 55 s MF 5 SF ] DEGs
PE B F] 64 5% Pathway b, 4 45 3 Jih B2 40 5
(Ko00591) At H AKAR I ( Ko00480 ) RN &K 14
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Fig. 3 Heat map and volcano map of differentially expressed genes in lime transcriptome
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i Jeis BN i 1R ( phosphoenolpyruvate, PEP) 142
T 15 48 1) I % 5 4-1% R (erythrose 4-phosphate,
EAP) &4 U7 B R & MR W TR, PEP Fil E4P
15 3-SR -BT R B2 A -7 -5 2 5 1 ( DAHP synthase,
DAHPS) AL T 4 5 7t 3-J1id 48.-D- B 37411 B iR
WEIR-T-BEIR , HE G D5 B R & LR 1Y A 365 g
IR IRIEAS . HAETF BRI (shikimate kinase,
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rismate mutase , CM ) %5 il () 1 FH T Az 15 1 2 R Fl A
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Fig. 4 KEGG enrichment analysis of transcriptome differentially expressed genes

decarboxylase , TYDC) F{/E F T fifi % & & i 3% 5= A=
CO2 FE Mz , AENMARE 0 WE S 5% B [ ( pine cypress
alcohol glucosyltransferase, CAGT) PEF T A= r= 3 45
Mo I3 — 2553 SR AN 22 i 2R T 22 i ( phen-
ylalanine enzyme , PAL) fit fb 5% 1k 0 e U AR , 22
1o PURETR 4-#2 4L ( cinnamate-4-hydroxylase , C4H) |
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