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Abstract: Objective To explore the molecular basis of active ingredients biosynthesis in the leaves of Sarcandra glabra, and exploit
this resource reasonably. Methods S. glabra leaf was analyzed by transcriptome sequencing with the BGISEQ-500 platform. After
filtration and the Trinity assembly, the unigenes were analyzed by bioinformatics. Results A total of 75 862 unigenes with an average
length of 980 bp were obtained. Among them, 42 369 unigenes, accounting for 55.85% of the total, were successfully annotated in seven
public databases. A total of 21 801 unigenes were categorized into 55 GO terms among three categories: biological process, cellular
component and molecular function. KEGG enrichment analyses shown that there were two pathways, namely “metabolism of terpenoids
and polyketides” and “biosynthesis of other secondary metabolites”, may be closely related to the formation of pharmacodynamic basis.
Moreover, it was discovered that 47 unigenes, 14 unigenes and 62 unigenes might participate in terpenoid backbone, sesquiterpenoids
and flavonoid biosynthesis, respectively. In addition, a total of 19 690 SSR sites were detected in the transcriptome sequences, of which
the highest proportion of di-nucleotides was 46.63%. A total of 11 209 primer pairs were designed for all SSR sites. Conclusion This
work extend the transcriptome information of S. glabra, which will provide gene resources for further study the biosynthesis pathway of
active ingredients in S. glabra and facilitate molecular breeding in this species.
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HE ik oy RS K E R R EH E )P 5] (simple
sequence repeat, SSR) . HZTIRZ M (single

nuceotide polymorphism, SNP ) Fl#fi N\ &t 2% 5 id
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P43 21 10 7 46 2 48 3 8 A B3R A3 clean
reads J&, 26K H] Trinity (v2.5.1) #44:%F clean reads
HEATEE, FAEH] Toicl #orkd 20 28 i s A AT
BRETNAEHF unigene. 43 B {# A Blastn
(v2.2.23) 44X} unigene HEAT 18R 7 51 B4 I
(nucleotide sequence database, Nt) JEF:, Blastx
(v0.8.31) #E X unigene #E473F U 4 &K A JFE
(non-redundant protein sequence database, Nr) . ¥
YR ARSI % (clusters of orthologous
groups for eukaryotic complete genomes, KOG) . i{
H#REL R 5 B H B B4+ (Kyoto encylopedia of
genes and genomes, KEGG) LA Swiss-prot & )i
A EdE B (Swiss-prot protein sequence database,
Swiss-prot) VEFE, Blast2GO (v2.5.0) %44 LA K Nr
RS FH T I A AA 12 (gene ontology, GO) &
B, FERHERE R GO 3 ANJ7 T [4E % 1L #2 (biological
process, BP) . 4iifig4l 4 (cellular component, CC)
F4rFIhEE (molecular function, MF) T~ —24>
FHVEREIER R, KEGG yEB FIMKRER TS
A8 2% AT 53 BT
24 EREFEEWMITE

{#i Fi Bowite2 (v2.2.5) #F4 clean read ELX}

3| unigenes, ZRJE1EH RSEM (v1.2.12) #AfFiHH
FEm RN R A &, 2L, FPKM (Fragments per
kilobase of exon model per million mapped
fragments) &0
2.5 35F4H SSR =AY

fliFH MISA (v1.0) %A%} unigene ATl ,
Rl AntE: BB R S =12, WAL R =
6, —BAEEEH =5, DURHE, EERTREZH
6 MEE, 2 Mg TR Z AIFIFEES /N T 100 bp 4 AL
—MNEAEWMEAE. SREMEH Primer3 (v2.2.2) Xt
R EI) SSR #EAT ¥ it, X325 et LA R
7T (1) S SSR: (2) 3RS
HI5 14X 2 vigene J 41, 51400 5°0m SUVFE 3 /MR
FEMETEC, 3 um R VEA 1 MEEREC;  (3) Elk
XTEIASFI unigene 514, fifigmE— VLRI 5145
(4) ffiFH SSRFinder £ SSR. /& f# I =¥7 41K
FH SSR, ML S MISA faIess FAHIFM SSR
. R Excel 45 SSR #-28M%&. LLiIFIF
T AT ST
3 HR5HH
31 ERAMF5HEE

81T BGISEQ-500 il 771 & % #HE A - RNA
BT, JE19%] 49 079 576 4 raw reads (SRA:
SRR22671437) , LBk, RAHE N &
2 KT 5% L AR & 1 reads J5, B3RS 43 967
184 4~ clean reads, &% FERELH 174 6.6 Gb, Qa0+
Qao {43 711 J9 97.06%711 89.09%. £t De novo #Hf4
J& » 153 contig 3574 130 947 4, MK 412N 96 Mb,
PLKFEE N 200~1 500 bp Mm% BE&RAEH
unigene #( H v 75 862 1>, &K EEZ)N 74 Mb, GC
BN 4159% (£ 1) . Xt unigene IR FE 4> AiREAiE
AT MG KB, FEE unigene T, BT 5 ELBlEOK
A 300 bp, 3t 21695 4™ (28.6%) . T 1 000~2 000
bp I 16 656 1>, £ 22%; KT 2 000 bp HIH
10 1254, Z1d7 13.3% (E 1) o KAOkUL, AHfF
FUHR IR SR 2N e A2 2 RO S AR, unigenes 1)
BARKE - mINS), FFEREHTEK.
32 ERFIMEEIBRESHA

ERAT B I -y SR A B IR () T e VE RS
B K2R 75 862 4™ unigenes JE X 43 HITE 7
KBHEZE: Nr. Nt. Swiss-prot. KEGG. KOG. &
RS % (Protein Family, Pfam) £ GO Hik4TEL
Xto GEREH, A 42 369 > unigenes JE K FE /b 7E
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Table 1 RNA sequencing data and corresponding quality control information
FFMAE 200~1500bp >1500~3000bp >3000bp  N50 N90 GC/% BKEbp  FHKEbp
contigs 112 801 13812 4334 1466 254 41.24 94 957 902 725
unigenes 59 780 12 012 4070 1747 362 41.59 74 370 453 980
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g 20000F
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K /bp

1 Unigene BUKE S
Fig. 1 Length distribution of unigenes

— N R PR AR o5 B 55.85%; E 7 K
B PE b 413K 45V EREIK unigene £ 10 966 4N, 5
B 14.46%; Nr B8 215 2 s E R R R A
39 416 1, FKAFHME B Z : GO Hudhs FE LA 21 801
ANFEEG B R IERE, REHEERD (B2 .
%<2 Unigene ThEEFREEER
Table 2 Results of unigenes annotation

MF 3 k2%, 55/ GO %H,

T GO 7, X331 unigene HIVEAEY)
AEdE1T 4325, 21 801 /> unigenes 4> BP. CC Al
H &4 unigene # &
M EMCHESET 30 2% H CAEE] 2 W3 FEAEY)
SRR, ATk 26 25, 2 540 FE Ceellular

Kt e Nr Nt Swissport KEGG KOG Pfam GO Intersection Overall
R 39416 26 594 27104 30881 29937 26 319 213801 10 966 42 369
i /% 51.96 35.06 35.73 40.71 39.46 34.69 28.745 14.46 55.85

Intersection F R4l 7 K EE ZEHER L1 unigene, Overall Fon -t KB B AR R — AN 22 7R _E 1 unigene.
Intersection represents successful annotated in all of seven databases, Overall represents successful annotated at least in one of seven databases.
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Fig. 2 Functional classification of S. glabra unigene by GO enrichment analysis
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process) FIRHiEF2E (metabolic process) MI%E
W%, 7 8 407 F17 880 4~ fEANfNAL >, S
2N 16 35, BZ ) unigene Z 5401 Ccell) . 4H
fuzs Ccell part) FIZHAAE (membrane) , #EIE
#7000 A~LAE; FES> - DhRETT I, HERER] 13 28,
FEEELETLES (binding) FELLRKF (catalytic
activity) , &4 %54 11 201 4SAI 10 593 4.
KEGG ThaeiBai Kk, $th 32 311 4
unigenes #yERE ] 138 %% KEGG & 29, ¥ K F|
M (metabolism) 4 ffdiE#2 Ccellular process) «

organismal systems

environmental adaptation

cellular processes

transport and catabolism
environmental information processing
signal transduction

membrane transport

genetic information processing
translation
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transcription

replication and repair
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global and overview maps
carbohydrate metabolism

amino acid metabolism

energy metabolism
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biosynthesis of other secondary metabolites
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KEGG

glycan biosynthesis and metabolism
etabolism of terpenoids and polyketides

1515 B AL FE Cenvironment information process) -
WAL (S B ALFE (genetic information process) 4=
Y1 %4 (organismal systems) 5 K2 (E3) .

AU R ILA 11 MdEek, Hrh s Sa 4 m A
" I (global and overview maps) i # 1 [£] unigene
BER%Z, H 7 3014 HIK KIS DA
(carbohydrate metabolism) . #H¥% (translation)

M &, 5 KM BEME (folding, sorting and
degradation) i@ %, 4> 4 3375, 2719, 2331
A~ unigenes.

nucleotide metabolism
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& 3 ZEHRHA unigene B KEGG E&E 24
Fig. 3 KEGG pathway enrichment analysis of S. glabra unigene
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(metabolism of terpenoids and polyketides) 2 251
£ Level 3 Z4¢ BT T KEGG J3#fr. #EHAh R4
RUEY & B E e 14 MER, SRRk,
T AR 2RSS 2 A HAA 2 A E I R o
Ho g S RN EY A s (phenylpropanoid
biosynthesis) ] unigene &%, H 626 4~ H
YRR BIA )4 % (flavonoid biosynthesis) , 4
193 /> (F 4-a) . 7EMGERFIRE AP EERE
thILAT 8 NI IS, AR A i SEAH S5 ) A R AT
G RBER, fREf =0 RS N R
L2 PRI R U & ok AE, Hrh s R AE
FiHE N RAEY A (carotenoid biosynthesis) 1]
unigene BERZ, 7 144 ;. HUCH WERAEY

(diterpenoid biosynthesis) , 4 136 /> (K 4-b) .

33 JEMRSEREXEEZRE

331 WERERIEEMKER S BRI EY
Sl T ZATE T Y — A, YA
KRG PREEIE BB 5 846 5 T R FE 4 B A
H, ZiREYh CA A DR ERIT RN,

WA, HER, WS EMELYI KT
BAT WM. BAr, L7y et
BWIRE RIR B 539 3 AN B Hp ) i 0 5
FEMR TR S L OUBHE S5 A6 R — P R 07 TR S R R TR 11 A B
— BRI 5T 1 A Bt 2 AR B A A A, T
KW (terpene synthase) it 48-D- AR BE-5- 1 FR
it Ji S K B¥  ( 1-deoxy-D-xylulose-5-phosphate
reductoisomerase) . VLW AL & B (farnesyl
pyrophosphate synthase) Z57E i 2547 5 & it 72
Py e EENER P, 53540 &7 2
WM EZL G —, R KEGG EHEN 4R
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a-biosynthesis of other secondary metabolites; b-metabolism of terpenoids and polyketides.

4 SEYIRFRETIEXAIRRE
Fig. 4 Analysis of KEGG pathway related to pharmacodynamic basis formation

(] 3. 4-b) , FEWEEANRE SRS AR,

EARGNE [T = 2P SN e S 11 SN 11 B e S [
K MR KRR LA i =il A= W55 5 g
1£. Z5E unigene VERRSE R, fndt—B4iit, L&
EF] 61 4> unigenes AIAES HiEISH 2L A5 nsAEY)
BRAREE (R 3D, Hrh 5biE 5 a8 Bt R
AT A, SREPERERE BHRH) 14 4. AT,

% 5 B I it 4 -D- A B -5- i R IR IR S A4 B unigene
BHKZ, L9 (Unigene664_00902. Unigene749
00902 . Unigenell70_00902. Unigenel659 00902 .

Unigene705_00902 . Unigene421 00902 . Unigene
1792 00902) . ELFZHTAMIBAER G, HiiZEEHE
AL R THT A BUR SRR A 502, ARHE 7
IR ER 3 NS5 E Y S BUE B
unigenes ( Unigenel11377_00902 . Unigene45924
00902. Unigene34117_00902) . 7£ = HHH & %0 I
Kypidt, HErLMEELeRg, FEAGEE
= NME. FEIHN R RARRTED. RS A
=iEE s, ‘IEAM (squalene synthase,

SQS) FEKIF{LAEE (terpenoidcyclases, TCS) &
2 NEERERE, ABFRPEER 1 DR SN
unigene (Unigene23860_00902) . iX&&(5 8 N4 5
T J IR0 S0 07 A=) SR S ik DA 11 o P i {3

TRIE TR

332 TEHEMR A E BB T R
SRR E T S R, H AT O AR
B 40 RFNEEERA A, AL ZEE . Wi
AT 2. g EEs, BT AR
HM P25, IR KEGG & 5270 S HE PR B (1 AH
KT, AWFFRILHHIED 62 4 unigenes T AES AL
B B R RS B R A . &
G HEW R ORI, A TR S S
VI A6 BOS A T TIPS, W 5 PR,

2R e LR B OS2 77 A B SRR A RO 1R I
BT 6 A S A (p-coumaroyl-CoA)
YA H 4R (chalcone synthase) HI1EH] ¥
XTET LS A A = A H A (naringenin
chalcone) , i H 7 H-fiil 7 #4)ii% (chalcone isomerase)
Al & (naringein) , #E— B2 Ml & 3-3L
T4 (naringenin 3-dioxygenase) 1F i J& A2 i 7 45
# (dihydrokaempferol) , FEZ A (flavonol
synthase) fEAfE 15201125 (kaempferol) , JE1E
AR R0 B A RE B AR F R A5 30 S i B R AE N I 2 ol
AEF=Y . Hd, W EB AR 3,5-F
(flavonoid 3’,5-hydroxylase) i1k 5 A= i it 2 2%
(quercetin) , HAMARKIEIEAE, RE“EN
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#+ 3 MEEERRREFIES BRAIFER unigenes
Table 3 Unigenes related to terpenoid backbone and sesquiterpenoids biosynthesis
o ZH & FPKM (Fragments Per)
WJH % dehydrodolichyl diphosphate synthase 2 1.60~5.85
terpene synthase 3 0.92~1.13
(E)-4-hydroxy-3-methylbut-2-enyl-diphosphate synthase 7 0.74~111.33
hydroxymethylglutaryl-CoA synthase 1 50.72
diphosphomevalonate decarboxylase 1 1041
1-deoxy-D-xylulose-5-phosphate reductoisomerase 3 0.88~1.82
1-deoxy-D-xylulose-5-phosphate synthase 4 0.36~89.65
protein farnesyltransferase subunit beta 2 1.33~5.74
geranyl diphosphate synthase 3 0.36~2.39
protein-S-isoprenylcysteine O-methyltransferase 1 11.30
NAD*-dependent farnesol dehydrogenase 3 5.83~17.64
2-C-methyl-D-erythritol 4-phosphate cytidylyltransferase 2 2.77~140.76
acetyl-CoA C-acetyltransferase 1 1.33
geranylgeranyl pyrophosphate synthase 11 2 45.91~129.16
prenylcysteine oxidase/farnesylcysteine lyase 1 49.89
solanesyl diphosphate synthase 2 1.58~18.26
isoprene synthase 1 1.00
isopentenyl-diphosphate delta-isomerase 1 16.09
phosphomevalonate kinase 1 14.97
farnesyl pyrophosphate synthase 1 9.22
tricyclene synthase EBOS 1 0.26
farnesol kinase 1 9.73
myrcene synthase 1 1.00
(R (3S,6E)-nerolidol synthase 5 1.65~21.16
alpha-humulene synthase-like isoform X1 4 0.65~14.01
thioredoxin 1 1 1.07
valencene synthase-like 1 1.60
squalene synthase 1 100.92
valencene/7-epi-alpha-selinene synthase 1 0.74
hypothetical protein 1 17.64

FR =Y. L2y, WA T RAHRRK. Hi
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CHS-chalcone synthase; CHI-chalcone isomerase; N3DoX-naringenin 3-dioxygenase; FLS-flavonol synthase; F3GT-flavonol 3-O-glucosyltransferase;
F3r7GT-flavonol-3-O-L-rhamnoside-7-O-glucosyltransferase; A3g2"GT-anthocyanidin
3-O-glucoside 2"-O-glucosyltransferase; A3GT-anthocyanidin 3-O-glucosyltransferase; F3gRT-flavonol-3-O-glucoside L-rhamnosyltransferase; The red

F3gGT-flavonol-3-O-glucoside/galactoside  glucosyltransferase;
words represents the unigenes annotated in this study, the black bold words represents flavonoids that have been identified from S. glabra leaves, the color

of the bubbles represents FPKM value (the unigene with the highest FPKM value was used to plot), the size of the bubbles represents unigene number.
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Fig. 5 Flavone biosynthesis pathway in S. glabra
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Fig. 4 Distribution of SSR repeat motif in S. glabra transcriptome
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Fig. 7 Distribution of nucleotide motif in SSR
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&5 EI#H SSR 5IMFFI (ER55I¥FFIRAD
Table 5 SSR primer sequences in S. glabra (example of partial primer sequences)

HE TR L5 (503 NS (5°-37) MK Ibp
TC(2*10) TACGCAGATTCTGAGGCTTTTAG AACAATCCCTACCATTCCATTTT 138
TGA(3*12) ACATTTGGACTTCGGATTTGTAA ATTTGGGATCCGCTTATAATTTG 143
GAT(3*7) TACAAATTATAAGCGGATCCCAA GCCTCAAATAGATGGGACAAGTA 116
AG(2*12) TAAGAGACGATTTGACTTTCCGA GCAATAACTCCCACAAACAAGAC 98
TTTGA(5*5) AGATCGCATTGGAACAGACTAGA GACAACATAAATTAACAGCCCCA 109
TC(2*11) CTCCATTGAAGAGAGATTGGTTG CTGTCGACCCTATTGATTTTCAG 142
AAAT(4*5) AAATAACGCAATTAGAGGGAAAAA TTTTGTCTTTTCCGATAGATTTGTA 160
ATC(3*6) TCGTAAATTGTATGGGCAGTTCT CCCAAATAGATGGGATAAGGCTA 128
AG(2*11) TTTGATACCAACTTGATTTTCGG GCCAATAGGGACTCTAACCCTAA 130
CCA(3*5) GAACTGCAAACTGTGTACCAGAA CAATAGATGTGACACGAAGGACA 154
TCT(3*7) CTCTTCTTTGGCTTTCTTTGAGA TGATAGAGGGTGTGAACTGTGAA 147
CGTT(4*5) GATCCCTTTGGAAGATTGAAGAT AGGTTCAATCCCAGCTTACTGAT 148
AG(2*12) TACTGCATCACAAGAAAAACCAA TGGATGTTAGTTGGAGATGTTCC 112
TC(2*20) TGTATTTCCATCTCCAGAGTACGA AGTGCTCTCATTCAATGGTTGTT 142
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