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Mining of Key Genes for Biosynthesis of C,, Steroids of Cynanchum otophyllum

GENG Yingmin, ZHOU Xingqgian, WU Lili, ZHANG Ticao, ZHENG Lanping " ( College of Chinese Materia Medica,
Yunnan University of Chinese Medicine, Kunming 650500, China)

ABSTRACT: OBJECTIVE To investigate the biosynthetic pathway of C,; steroidal compounds in Cynanchum otophyllum Schneid. .
METHODS Metabolomics and transcriptomics were used to compare and analyze the relative contents of C,, steroids in the roots, stems
and leaves of C. otophyllum. Then, the genes related to C,; steroid biosynthesis in C. otophyllum were screened through Kyoto Encyclo-
pedia of Genes and Genomes( KEGG) database annotation. Finally, some differentially expressed genes ( DEGs) were verified by quanti-
tative real-time PCR. RESULTS The gingyangshengenin content in the roots was significantly up-regulated, with the relative qingy-
angshengenin content in the roots being approximately 73. 10 times higher than that in the leaves and 19. 05 times higher than that in
the stems. Transcriptomic analysis revealed that 269 DEGs annotated C,, steroidal biosynthetic pathways. By analyzing the DEGs anno-
tated between the comparison groups, 18 key enzymes were screened out in the C,,; steroidal synthesis pathway, which were encoded by
87 genes, among which AACT and other enzymes were the key enzymes in the upstream stage of the biosynthesis pathway. Quantitative
real-time PCR was performed to verify the expression trend of eight DEGs, which was consistent with the corresponding transcriptome
data. CONCLUSION The biosynthetic pathway of C,, steroidal compounds is systematically analyzed in this study, and several key
enzymes and coding genes are screened, which enrich the omics data of C. otophyllum. These findings lay a foundation for further study
on the biosynthesis mechanism of C,, steroid compounds of C. otophyllum.

KEY WORDS: Cynanchum otophyllum; qingyangshengenin metabolomics; transcriptomics; biosynthetic pathway
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KA JE B AR B R 25 a3 A TR R R R
1 hEORAE R - 80 C Iy VKA b 45 AT, AN [R) #8604 i
BIuE 3 MY iR,

1.2 A &R B 4 A7

L2.1 ARSI KA R LR 04 i 43 i Tl
TR THL(Scientz-100F ) H B2 ¥ VR T4 , PO
JEAL (MM 400, Retsch ) K HATFEE 2283 AR 5 230
IS0 mg FEA, IR L2 mL £ =20 C % 511
RBUI L 70% WS ; 45 30 min e 1 ¥k, 3L JiE 6
U B0 Ja W B, FH AL BB R (0. 22 pm pore
size ) SLUBJE BRI E THERERD

1.2.2 T BRI R Y T E i &
SO AH 6,33 (ultra performance liquid chromatography,
UPLC) F1 £ BX i 1% (tandem mass spectrometry, MS/
MS),

UPLC 5 ) % 14 €535 #F Jy Agilent SB-Cq #
(2.1 mm x100 mm,1.8 pm) sTBHAH: A #54 0. 1%
HER/K B A ZHE (A 0. 1% BB R ) 5 PEIRS L -
0 min BAHELA] N 5% ,9 min Py B AH LA PR35 i )
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R R A N R S w A i S W N )
5500 VAl -4 500 VB P AUAL UARTF A L or
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BISRCE A o = DURRAT A 8 T 22 s o el
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frEht, AAFARPEA BB TS 0 A Ecs
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—RIIFE A RIREAS P B A TR IE
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P& 347 1 % 43 43 7 ( principal component analysis ,
PCA) IEAZ i dc /> —3fe 12 40 531] 3t (orthogonal par-
tial least squares-discriminant analysis, OPLS-DA )%,
VIAE 8 32 PR % 52 ( variable importance in projec-
tion, VIP) KT 1, H 2 F4%5% (fold change,FC) =2
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5, FC<0. 5 Jfy 7510 e 22 S AL
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L3.1 G RNA 427 Je ik 4] RNA 42
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MOND BLASTX Fl HMMER #4544 )5 51) s 21 -£ oK
IhEEXE & (KEGG Nr, Swiss-Prot . GO . KOG , TrEM-
BL Pfam ) , 5% J5 159 28080 7 1B 5 B AN A 1 45 1 3
{EPEV =2
1.3.2 Rk SZERN RS T
A2 sy g T W I B ( FPKOMD) A Sy 16 d
22K K F 46 A, K 0F RSEM™ Fl Bow-
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ally expressed genes,DEGs) , 3%} DEGs #1713 HEIE
FERI I3 4. DEGs [0 2k 2% {09 log, FCI =1, H. A%
TR &I FDR <0. 05,
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e 5 Cyp B K26 A4 W) G WL IE P& AH OC 1Y f 2
DEGs , 3144 Cy, H 425 AP A 2 S Al
K DEGs HYZIAE BRI TAHOCHE R 28 34T , B IRt
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Coy R W) 15 22 S R ) ST
1.5 qRT-PCR 2447

BEBLPRLE 8 A57E C,) SRR WG R 1Y
DEGs, JERIEHER o5t TR R g (£ 1),
HLA GAPDH £ N2 5 R 3##47 qRT-PCR ik,
AR AR BRI R R 3 AL, AT 3
A FE A, B 3 A 1 S A B A B A1) T
AR R =2 HAX R IA R, FFAHIAELKE .,

2 ZBRESH

2.1 FHESRMALER
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HZE R IGI F] 1 385 AR, H b g LR
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R HABZAT W i) RO R FEAR (18] TA) o PCA
LR (& 1B) , 25— F )70 (PCL) 1 il B Ry
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R1 AR HTERRETER S B RK N (qRT-
PCR) 49 5] 4 /7 71
Tab.1 Primer sequences used for qRT-PCR in this study

Primer name Primer sequence (5’ to 3")

GAPDH-F CAGATCAAGTCAACCACACGGG
GAPDH-R TAAACTCAAGGGAATCCTCGGG
AACT_42891-F GCTCGCAGCACAGACCATACA
AACT_42891-R CATCCCACAACCCATCTTTCAT
AACT_30964-F GCTCGCAGCACAGACCATACA
AACT_30964-R CATCCCACAACCCATCTTTCAT
MVD_39064-F TCGGAGTCTATATGGTGGTTTTGTC
MVD_39064-R TGCTAGTTTCTTTCTGCCGTGAG
IPPI_53071-F CAATAAGGCGAAACCTGGCATC

IPPI_53071-R
CYP51_39069-F
CYP51_39069-R
CYP51_4038-F
CYP51_4038-R
GGPP_43032-F
GGPP_43032-R
GCPE_29264-F
GCPE_29264-R

GAAGAACACCATCAACGCAAGC
ATCACCTGCTTTCGCCAACC
ACATCCATGCCTGCCTCCAC
GAAAGGGATGGGTTCTGGTGAT
TCCTGAGACTGTCGAGGTGTGC
GGGAAGAATCCACCGCCATC
ACAGCCACATCCTCGCCATAA
AGTGTCTCTTACTGAACCCCCG
TCCTGCGTTGGAAATCAAAATA

Oy e, RE ISR 25 R R A A B
25, B REAS (QC) B RIS E5 LR SLgn 25 SR vl
FE(EIIB),
2.1.2 SR E AR YL (leaf
vs root) HY, M ME Y 955 Bz A, Hor Ay 591
FRAEAR T I8, 364 Fpfe AR b B, HA 32 FhZ AR
Ft bR A R A ) 22 AR s 26 R ZE Y L
4 (stem vs leaf) 1, JL Mo 1 856 P2z R ACIHY , L
w437 FpEr R R L 419 FhErt e R, B 59
T2 R 2E LA A T R A 1 25 S AR 5 AEAR =R
I L HEEH (stem s root ) Hv, Fh M5 MY 834 Fifr 22 X
Yy, Horb g 527 FhAEAR H R IR, 307 FRAEAR LA,
HA 53 FUSARMZE M A A h e 19 22 R
(E2), 75k 3 A teas v, WARFn it e 4 vp
i 6 0 1 22 AR W B B 2, AR T AL O o 1 1)
2 AR R AR, HAT 417 I 3 N L
A A i 25 AR (181 2B) .

FEAS R LA 22 5 3 2 AR o AR I L A
20 rp 32 SRR DY - 2 - R TN PR S R
HATAY) ; RS Heed b 2R L- R AL
AR 2 R BT A ) SR B 3 I BR-T-0- A8
Fe(1-6) B EARNE R A O R IR R
rh 32 SRR 2 - 2 I - e A PR S A R S H
iAo 22 SEAREH i 85 AR AR 2 i &
B AEE 10 A S ARSI P 7E & L LU A Y A 41
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E FTHIF B fIHF IS T,
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Fig. 1 Pie charts of metabolite class composition of overall samples (A) and PCA scores of mass spectrometry data of quality control

samples of each group of samples(B) of Cynanchum otophyllum.
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A —the bar chart of differential metabolites; B —the Venn diagram of differential metabolites.
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Fig.2 Number of different metabolites among comparison groups of Cynanchum otophyllum.
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4% Tsoforms , X A 2 358 bp,N50 K J& 2 658
bp(£2) . M=REIIRZENEFAME NS FEF
B, 3B AR Y clean reads Xt & =
RAERKEE AT,

R2 HFHESHEIUARBHERIT
Tab.2 Raw data from full-length transcriptome sequencing of

Cynanchum otophyllum.

Statistics fases Number Average N50
/Gb length/bp
Polymerase reads 74. 69 825 528 90 150 148 641
Subreads 72.11 34 592 446 2 085 2531
Circular consensus sequence 1. 60 662 413 2418 2722
Full-length non-chimeric 1.31 551917 2383 2 687
Consensus transcript 0.13 53 814 2 366 2 658
Isoforms 0.10 42913 2 358 2 658

T S AN RIREA 8] 4 B2 7R AR 5 234 A B
3T UL 3 ARSI R, & AR W) e T A 2 )
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Fig. 3 Correlation analysis (A) and PCA (B) of nine transcriptomes from different tissue sites of Cynanchum otophyllum.
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Tab. 3
chum otophyllum.

FHELANEBFEEERFER

Seven public databases annotation results of Cynan-

Databases Numbers Proportion/ %

KEGG 34 956 81. 46

Nr 42 038 97.96
SwissProt 34 901 81.33
TrEMBL 41 877 97.59
KOG 28 633 66.72
GO 38 585 89.91
Pfam 38 036 88. 64
Annotated in at least one Database 42271 98.52
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Fig. 4 Species distribution annotated in the NR database for Cynanchum otophyllum (A) and KEGG annotation of gene sequences in

Cynanchum otophyllum(B)
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Fig. 5 Distribution of differentially expressed genes in different tissues of Cynanchum otophyllum (A) and Venn diagram (B)
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Enzyme (abbreviation ) EC number Number
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7-Dehydrocholesterol reductase( DWF5) 1.3.1.21 3
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