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Analysis of transcriptome of Dioscorea zingiberensis and excavation of key
enzyme genes of saponin biosynthesis
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Abstract: Objective To compare and analyze the transcriptome of rhizome and leaves of Dioscorea zingiberensis, and excavate the
key enzyme genes related to the saponin biosynthetic pathway in D. zingiberensis. Methods The transcriptome of rhizome and leaves
of D. zingiberensis were sequenced by Illumina HiSeq2000 high-throughput sequencing technique. According to sequence annotate
results to find the differentially expressed genes. Then the key enzyme genes related to the biosynthesis of diosgenin were identified
according to the content of saponins in rhizomes and leaves of D. zingiberensis. The expression levels of some candidate genes were
analyzed by real-time fluorescence quantitative PCR (QRT-PCR). Results A total of 81 660 Unigenes were gained and 64.33% of
them were annotated in NT, NR, Swiss-Prot, KOG, GO, and KEGG databases. Based on their expression and KEGG annotation, totally
227 catalytic enzyme genes of 29 kinds that may participate in D. zingiberensis saponin biosynthetic pathway were screened. The
expression pattern of some catalytic enzymes was correlated with the content of saponin. Also were found five D. zingiberensis
endophyte genes. Conclusion This experiment obtained candidate key enzyme genes tentatively that involved in the biosynthesis of
saponin. Some candidate enzyme genes may participate in the post-modification process of steroidal saponins in D. zingiberensis. In
additon, it was found that D. zingiberensis endotrophic bacteria may be involved in the saponin biosynthesis. The results laid a
foundation to further elucidate the molecular mechanism of sapogenin synthesis pathway.
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J& -2 ¥ Dioscorea zingiberensis C. H. Wright
HZE TR} (Dioscoreaceae) E i JEIEY), 1BFRHE.
JCRMR, DARRZEANZY, BATEMIERE ., FRIE .
IR MRS A E RO E A
mA, HEHRH T (BREFER FESN
N 1.1%~16.15%, =T 5205 8F 52 Dioscorea
composita Hemsl. THEHRR T HE, LR LK
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AR 2K T 2 AN — R EHE
HI R A, T2 AT A b R P ) &
R BAEAE B A H SR e, X e )& i
FHOR G R DR ) A B A R AT R e B
Ftt, ASzE6F) A Mlumina HiSeq2000 JF4E A3k
138 MRS S R SR A R, M fE g
R ZE S P e s L Bl e, Sl e AR 2 A
B AS ] Z2 AR FE R 0 M, S S ARZE AN v
EH TR SR, kS S T AR & U O ) fig ik
B, it SRR R b AR R T A A R
7 B R B B B
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25 FHAE ) & W 25 AR 22 5 R IR R )|
ELG R S, S1~S9 MHRZE, S10~S18
N, G R 2R A 2 A e U SR e
NJE 2357 Dioscorea zingiberensis C. H. Wright.
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SLEPRREGR R, JIRN-80 CUKFIRAF#H . LA
MiniBEST il (TaKaRa A#], Kif) #H17H:R

AR EJE M2 ${ &L RNA . LL NanoDrop il
Agilent2100 K5 RNA F) 58 FEPE R E
23 HRANFRER

FIFHPEEURE A8 RNA MRS . Mg IS
JEH Agilent 2100 Bioanalyzer 11 ABI Step One Plus
Real-Time PCR System i#F47 i &A1= g6, SO
ARG AT o B TS EAEFRA raw
reads &Y, raw data, [ifi J5 %] raw reads #E47T )i % (QC),
DABf s I 7 B R & T 2k 0. QC &k e
{5 H Trinity FAE0T v BOFATH 2
24 EFEMINEEER

ffH BLAST P25 ¥ 41%5/9 2|1 Unigene 5
NT. NR. Swiss-Prot. KOG. GO. KEGG %%
L%, 34T Unigene HF FIABALE: 5347 5 DhREFERE
TR 5 DR 1 2 58 B 7 206 Hh AR A o ) 22 S 3Rk ik
(differentially expressed genes, DEGs), #17/%
HIE B 5 AL 5 T
2.5 EEFJIKENH
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&, JH FPKM £, BARHEART.

6
FPKM =0 €
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FPKM NZEEFREE, C NME— X EIZEFR fragments
B, N ONME—LEXTBISEEL R T A fragments £, L NEEH
G X ) Bk 3
2.6 ERFRIAERAFE

28 Audic 252 £ Genome Research | )
FE I 0 22 S RIS 7 925, AR A FPKML {155
ZIERTEA FFEA R 2 T RIE 5. 1E T,
76 S RIEFE BRI 2 SUNAR R R IR <0.05 HAEEL
ZEFAE 2 5 LA R LA
2.7 ERPRHEE (QRT-PCR) 74f

K qQRT-PCR X 3 [K] F21 /K P AT B6IE » $2HL
JE M Z SR RNA, &R O selsn &
(TaKaRa, Ki%). FrH{#EAN BIO-RAD 1Q5 (fd
&, L#E). qRT-PCR X7 #& N SYBR® Premix Ex
Taq™ I (Tli RNaseH Plus, TaKaRa A#], Ki%).
DL DzAct4-like A gmiSBER AN SR, 519t
FigAET A, PCR K R: SYBR® Premix Ex
Taq 12.5 pL, Forward Primer (10 umol/L) 1 pL,
Reverse Primer( 10 pmol/L)1 pL, cDNA 4R 2.0 uL,
ddH,0 8.5 pL, it 25 L. M &M 95 C. 30s;
95 ‘C.5s, 60 ‘C.30s, 40 NMEH. #2455 BIO-RAD
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Q5 # A I C, (cycle threshold) {&, LA 2744
THE S B R ARG R IA &
3 RS540
3.0 REMMHAEHPEETESENESER

NT AT EM AR ZE S B 2 e &
&, B HPLC J5iEME 1 18 AR 2R
i, S1~S9 R ITTE N 0.658% 0.752%-
0.639%- 0.464%- 0.625%- 0.822%- 0.541%- 0.464%-
0.663%, S10~S18 " E2F ILE N 0.298%-
0.175%- 0.138%- 0.257%- 0.271%- 0.197%- 0.344%.
0.176%- 0.273%, AR 25 H 521 70 i & e -1 e
REFRIREN 0.464%, HEHEN 0.822%; M
HFIRAKEN 0.138%, s N 0.344%.

RiFH SPSS 19.0 X R FEATRCAAEA ¢ K050,
g RN EE T ¢ N 7.652, P<<0.001, X2
MR 2 AA R E E 5.
3.2 HFENFSHEAR

SKFH Illumina HiSeq2000 &5 &I AN i
- SE 5HR 25 R I 3 S A 4 I, 4 il As 5.4 X
107, 5.9X10" > raw reads, 754, 4k 155)

52X 107, 55X 10’4 clean reads, HHEERZ45
N 94.41%. 93.00%, FRIEHH > HIH 4.6X10°,
4.9X10°, clean reads FIBIEAHAZE (Q20) 434K
98.08%- 97.96% (—KTF 90%), GC FEHIN
45.29%. 47.32%, FHEARZIEZ/3AG. FIF Trinity %
JUE S clean reads HEATZHEE, JEM EHIRES
P 45 5347 de novo 4133753 81 660 4
Unigene (58 1), SAKEEN 74276 257 nt, P
910 nt, N50 &y 1527 nt, HrAnt 4156435 58 893
A~ Unigene, SKJEH 52 795 706 nt, “FHJKE 896
nt, N50 4 1 631 nt, REPHELEF] 98 140 4>
Unigene, S KJEHN 66 146 966 nt, T K JE 674 nt,
N50 2 1325 nte HEERATEIT Fr R E A4, 7]
DAEAT N — 2D R L 5 4 b7
3.3 FHIThEE TR

ffiF BLAST #2744 25 3 211 FTH Unigene 5
NT. NR. Swiss-Prot. KOG. GO. KEGG ##EE
X, 134T Unigene HIFFIARIME 4T, TS 2%
Unigene MEERIIAEARGER, FEanirRE
ANE G BT VRS 1) Unigene 20 H 3 T7401H (R 2).
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Table 1 Statistics of D. zingiberensis transcriptome sequencing data

ERliiES FE b J7 5% RMAK S/t K/t N50/nt
Contig iy 82 560 37532 732 455 1035
= 164 658 56 301 126 342 621
Unigene L 58 893 52795 706 896 1631
= 98 140 66 146 966 674 1325
ail 81 660 74276 257 910 1527

®2 ERERG

Table 2 Statistics of annotation results

Bt HE N | BdRE BE SH/%
NR 50283 61.58 COG 25388 31.09
NT 33235 40.70 GO 35648 43.65
Swiss-Prot 34789  42.60 ALL 52530 64.33
KEGG 33512 41.04

34 NREUREIRSHHE

it BLAST 5 NR #f FEHEAT 0L, 47 50 283
% Unigene SRAFERE. RS REIR, 1EH4 Vitis
vinifera L. A FEVEA RN Unigene #8212 (&
D, H3RIFIRE Unigene 1 23.7%, HIRAE HAKAE
Oryza latifolia Desv.. W Amygdalus persica L. 15
B[FYREREHT Unigene tHEZ 7371108 6.9%- 5.6%, 1E

HiEHY Populus balsamifera subsp. trichocarpa (Torr. &
Gray) Brayshaw. EZJ#R Ricinus communis L.. £K Zea
mays L.. TN Brachypodium distachyon (L.) P.
Beauv. 153 [FJEEREAT Unigene i/, 737508
4.7%- 4.7%- 4.6%- 42%, A 45.5% R EHADY)
Fier

3.5 COGiRBE5n%

F G ZE 5 FTA Unigene 5 COG #di FE it 4T
EEXS, T Rl D e I R Gt - 45 AR WA 25 388
% Unigene (31.09%) #EEREF] 26 Fi COG 732K
(K 2). MIERIThBE AL AT H — AT BE T
MWER i %, 2187 9874, W AEFIIHEER
RZ, H 49520, Mk KAZE . AN H:
PR, 735016 16 A113 4.
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REJr 2 35 648 > Unigene SRIFERE, Hbz
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TEYN L FE Ccellular process, 20 949 4. ARtk
£ (metabolic process, 20 204 ) FlE—4LW)it
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“H 4y (cellular component) 738 H = ZLR A T4 i
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L-replication, recombination and repair

M-cell wall/membrane/envelope biogenesis

N-cell motility
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S-function unknown

T-signal transduction mechanisms
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Fig.2 COG functional annotation distribution

100

10

growth
cell
cell junction

immune system process
signaling

localization
single-organism process

locomotion

metabolic process
multi-organism process
multicellular organismal process

negative regulation of biological process
reproduction

cellular process
developmental process
reproductive process

establishment of localization
rhythmic process

biological adhesion
biological regulation

cellular component organization or biogenesis
response to stimulus

regulation of biological process

positive regulation of biological process

cell part

extracellular matrix
extracellular matrix part

extracellular region

extracellular region part
macromolecular complex

35648

3564

I
|
(98]
W
N
Unigenes #( &

virion
virion part

antioxidant activity
binding

catalytic activity

nucleoid
channel regulator activity

organelle

organelle part

membrane
symplast

membrane part

membrane-enclosed lumen
protein tag

receptor activity

structural molecule activity

translation regulator activity
transporter activity

electron carrier activity

enzyme regulator activity
nutrient reservoir activity

metallochaperone activity
protein binding transcription factor activity

molecular transducer activity

nucleic acid binding transcription factor activity

Al ZH 7T IikE

B3 GOFRBRNMER
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KEGG B 593

KEGG & £ 4t 73 B 2 5 W) 2 40 B v A A

AR R LT Re I EdE e, FIH KEGG ] BUilE—
5T Unigene fEAMF FHIE RIT N
BE NS H, WK 33 512 ANEREAE] 129 A
AHE g b, R B 842 (ko01100)

L KEGG

RHEE (ko01110) AR EEFHE 2, F 3 830
A (11.43%), FHRMEEH (ko04144) (1) 5 [H
H 17224 (5.14%), FHISHE 99 R 4R A6 BAE H
(ko04626) HIH 1 669 4~ (4.98%), AHICH i
REACHT (ko00564) 5 RNA #iz (ko03013) )3

IrAIA 16204 (4.83%). 16004 (4.77%),
i W AR 3 (k000232 B 2 R AR 1 (ko00785 )
D-FEZ IR D-Z RS (ko00472) AH G JE
B, A5HE 7. 6. 3. Gl ERREH
FIET 20 /NMEK (R 3).

# 3 KEGG E£XEFHEZHIE 20 NMER

Table 3 First 20 pathways with most significant differences in KEGG enrichment zone

&R ERERE (GH%)  EREEHEL%) P Off BEID
biosynthesis of secondary metabolites 2528 (1541) 3 830 (11.43) 354X10718 45710 ko01110
metabolic pathways 4816 (29.36) 8 598 (25.66) 1.62X107%2 1.05x107% ko01100
phenylpropanoid biosynthesis 350(2.13) 429 (1.28) 402X107%  173x107# ko00940
stilbenoid, diarylheptanoid and gingerol biosynthesis 294 (1.79) 360 (1.07) 2.90X107%  936x107" k000945
flavonoid biosynthesis 259 (1.58) 322 (0.96) 9.08X107%  234x107°°  ko00941
limonene and pinene degradation 259 (1.58) 325(0.97) 1551070 332X107%  ko00903
flavone and flavonol biosynthesis 46 (0.89) 81(0.54) 9.54X107"  1.76X1077  ko00944
glycolysis/gluconeogenesis 328(2) 480 (1.43) 406X107"%  6.54x107"7  ko00010
fatty acid metabolism 177 (1.08) 231 (0.69) 498X107"®  7.14X1077  ko00071
phenylalanine metabolism 172 (1.05) 224 (0.67) 1L01X1077  1.30X107'  ko00360
biosynthesis of unsaturated fatty acids 150 (0.91) 192 (0.57) 7.75%107"7 9.09x 107" k001040
valine, leucine and isoleucine degradation 155 (0.95) 207 (0.62) 194X 107 2,09%x1073 k000280
ABC transporters 299 (1.82) 450 (1.34) 353X107% 350x 1078 k002010
carbon fixation in photosynthetic organisms 190 (1.16) 266 (0.79) 6.50X107*  5.99x 107" k000710
tryptophan metabolism 117(0.71) 152 (0.45) L19X107%  1.03%x107" k000380
pentose phosphate pathway 157 (0.96) 219 (0.65) 585X1072 472x107" ko00030
carotenoid biosynthesis 230 (1.4) 343 (1.02) 759X107% 576X 107" k000906
glucosinolate biosynthesis 43 (0.26) 45(0.13) L19x107"  855x107! k000966
diterpenoid biosynthesis 92 (0.56) 117 (0.35) 3.65X1071 248X107°  ko00904
alpha-linolenic acid metabolism 105 (0.64) 138 (0.41) 583X107 376X107°  ko00592

R WD,

3.8 BEMEHRREFNMAERRIEEESH

PL FPKM {E 22 57 K756 T 2 DL Fisher ¥

K58 P AE/NT 0.05 4 DEGs Wik bR, G4 %
SRR SRR E T E BUR S S R EER  3
TP AR RS T A BRI (20
). WERIEEAMAHIERE GEED. RZAR

R ERSER (G, LRk s) 38 331 NE R

DAL, oA T, iRZERAE 31 157 ANEEDA E O,
H 7174 NHERF T
3.9 EFFIEEEM KEGG T
J& 2 FAR 25 5k ) L T A I 2 R A A
R&d KEGG ¥ FERIVERE,  Refi® s A 2 X7 B
Pathway 2% HH, &id UL, 3R152 7R
T3 L Pathway . 401122 5 B i 35 AU AT 20 Mid
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4] mup-regulated genes
mdown-regulated

34 ®Not DEGs
2
1
0

log10 (Dz-root FPKM)

4 -3 2 -1 0 1 2 3 4 5 6
log10 (Dz-leaf FPKM)
4 Fi%E Unigene RIAEFRLER

Fig. 4 Comparison of all Unigenes expression

PR 4. HLF 16 402 % FHEFTE KEGG #¥E
SBR[ E 2R 52.64%; HLEAIF]
129 AR, Hei, ZREFEFRAEHRZN
Pathway NAC &2 (ko01100), A 4 816 4
(29.36% ), H IR J9 kAR I A=W g 12
(ko01110), A 2 528 MZEFIEH (1541%), 53
A AP G & 1R (ko00941) FHR I 2 5
FEEAF 259 > (1.58%), H5REEAEYE KSR
(ko00100) AHIKHZ RIELHAF 127 4 (0.77%), 5
£ 2P A0 =L S A& R (ko00909)
MR ZERFERFE 251 (0.15%).
3.10 S5HEEFEMERNECEEERTRE
PRI §55 4 B AT R A BRIV 20 T3 45, 43 ) LAI
AP % 5E ) OCEERE S E TR T 5N query
), FREVE BLASTn (977 3078 & H 22 # 5%
HEARE R S E T RES 5 SR B H A A Rk
BEEGIER, IR 29 FhL 227 AN ATRES H SRR
HAEY) & R A AR R ], 25 R e R
IRIR (MVA) ISR 62 AN eg A, H 46
ANEJE M ZEHR PR R RIA; 2-F E-D-7/5 V5 A -
4-B5R (MEP) 42 KBEREY 29 NMLRA,
RE 1 AMERF R RRIS; Bl IPP/DMAPP AJEY)
(5 B BOCEE R ) 136 NELsAs, Hdb 84 ANE
WP FRIE (£ 4), H DMAPP 5 IPP 1k
1) EC:5.3.3.2 H T A LR EMR ZE I 2 FiRE,
XM R AR REE LS RITAEED
Asparagus L. Fl T =% J& tH ¥ Chlorophytum
Ker-Gawl. {14 521 & Bl oS f iy 2 DR 1 R A A 2
AL, SRS REERT S E, e AR,
AL, MR ZE S BRI RS B 6 N B 3B-H AT b

RS AR, Horb SARE TARZE, fE—x
JiE b 2 B 0 W A S B B AR AEAR 25 h, B R
TCS MRS & A R E 2 R AR ZE T, XS]
WIS R IUE H E AR Z T e B E S 2 RS
T A2

3.1 BEEFREEXS

N T TR R IA B A I IR s H % 7R
ILFE R FPKM 73BT Rl 5%, 40 ili % MEP #&1%
1 7 4 (DzDXR. DzCMS. DzDXS. DzCMK.
DzMCS. DzHDS. DzHDR). MVA #4943 4
(DzMK. DzPMK. DzMPD). TRttt 3 4
(DzDHCSR24. DzUGT. DzSS) K#EFHK, LL
Actd NWNS IR, B qRT-PCR AN & A7
JEMEHAMZE, M BRI SRR R, 4
RILE 5.

ERGR TN, 1E 13 MR ERFYE 9 A
(69.23%) 5 FPKM & R8—%, 45 MEP
##H 5  (DzCMS. DzMCS. DzHDS. DzHDR.
DzCMK). MVA &+ 2 4~ (DzMK. DzMPD).
TiEgH 2 4 (DzDHCSR24. DzZUGT) X4
B[R bAh,  E S I IR 1) RIS AT 2
RIL MEP i&4% H BB R AE I it | =22rh e
sESEE, Hif 5 NOCEREREE (DzDXR.
DzCMS. DzMCS. DzHDS. DzHDR) 7Edh |25
[()#iEERE, T DzCMS. DzHDS. DzHDR 7
MR ZE i 3Rk B, R B MEP 1842 1 A6 ik
SRR S BRI T MVA BT 3
AN CHERG IE N  R IR B R IEEA R, S
WEHRIEEZNAKR; FISEF 3 D CHN
FRREBAERZT RS, H Rz, TEH
FEPREERRESLFLRIE, R TiriERL
MAEDERBEEPERZ D, 5FFHNT
FPKM 43 #7145 B4 — 2,

4 e

AR SES6 N FH HPLC v 5 J& i S iR 25 51 Fr
HRET TSGR, K2 NMHAPET TS ER
HREWER, WHEHZERP R AR
ML S PE . YR AR RN 5 R 3L [F 4
i, N T MRS FRRALR UL, AL
JA3 IR 25 S R R DR e s ), R R Y e e A0 ),
W I 2 95 0 2 2R S R e R TR B SR A T
S W 58 Y o A 5256 B Tllumina HiSeq2000 il
T A AEYE B G E R ZE 5
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Table 4 Transcripts of enzyme genes involved in saponin biosynthesis

wi ThegRE EC %% Bepk MR AL SRR AH
MVA acetyl-CoA acetyltransferase 2.3.19 ATOT 19 21
hydroxymethylglutaryl-CoA synthase 2.3.3.10 HMGS 6 9
hydroxymethylglutaryl-CoA reductase 1.1.1.34 HMGR 14 20
mevalonate kinase 2.7.1.36 MK 3 6
phosphomevalonate kinase 2.74.2 PMK 0 1
mevalonate pyrophosphate decarboxylase 4.1.1.33 MPD 4 5
MEP 1-deoxy-D-xylulose-5-phosphate synthase 2.2.1.7 DXS 1 10
1-deoxy-D-xylulose-5-phosphate reductoisomerase 1.1.1.267 DXR 0 2
2-C-methyl-D-erythritol 4-phosphate cytidylyltransferase 2.7.7.60 CMS 0 1
4-diphosphocytidyl-2-C-methyl-D-erythritol kinase 2.7.1.148 CMK 0 2
2-C-methyl-D-erythritol 2,4-cyclodiphosphate synthase 4.6.1.12 MCS 0 5
(E)-4-hydroxy-3-methylbut-2-enyl-diphosphate synthase 1.17.7.1 HDS 0 3
4-hydroxy-3-methylbut-2-enyl diphosphate reductase 1.17.1.2 HDR 0 6
T geranylgeranyl pyrophosphate synthase 2.5.1.1 GPSS 11 23
s farnesyl diphosphate synthase 2.5.1.10 FDS 5 8
squalene synthase 2.5.1.21 SQS 4 5
squalene monooxygenase 1.14.13.132 SQE 4 6
cycloartenol synthase 5.4.99.8 CAS 6 18
cycloartenol-C-24-methyltransferase 2.1.141 CCMT 11 12
methylsterol monooxygenase 1.14.13.72 MMO 4 8
cyclopropyl isomerase 5.5.19 CEO 1 2
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Fig. 5 Expression levels of section key enzyme genes involved in saponin biosynthesis
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