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High-throughput transcriptome sequencing of roots of Dictamnus dasycarpus and
data analyses
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Abstract: Objective To obtain the transcriptome dataset of roots of Dictamnus dasycarpus. Methods The root transcriptome
dataset of D. dasycarpus was obtained using the high-throughput sequencing platform Illumina HiSeq™ 2000 150PE, followed by
systemic bioinformatics analyses. Results A great number of 69 643 286 high quality clean reads were obtained by the transcriptome
sequencing analyses. Using Trinity de novo assembling, a total of 49 050 unigenes were finally obtained, with an average length of 841
nt. BLAST analysis indicated that 31 636 (accounting 64.49% of the total unigenes), 22 367 (45.60%), 19 246 (39.23%), 12 595
(25.68%) unigenes were successfully annotated in the NR, Swiss-port, KOG, and KEGG databases, respectively. And GO classification
contained the basic three major groups, including biological process, cellular component, and molecular function with 42 subgroups. A
total of 132 KEGG standard metabolic pathways were designated, 18 of which were defied as the secondary metabolism. Further
analysis revealed that a total of 90 unigenes were involved in the biosynthesis of various alkaloids. Of all unigenes, 1 908 were
predicted to have CDS, and 55 families of plant transcription factors were also identified. Using MISA prediction, 4 579 simple
sequence repeats (SSRs) were obtained, among which the tri-nucleotide SSRs were abundant with 2 021 (44.1%), whereas the
penta-nucleotide SSRs accounted for 3.5%. Conclusion The root transcriptome of D. dasycarpus revealed by the high-throughput
sequencing technology will be important for gene functional characterization, secondary metabolism pathway exploration, and
regulation mechanism research in this species.
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H & Dictamnus dasycarpus Turcz. NZEHFHA
it J§ 2 WA AR Y), TR AR b 2 B 6 2f
L XA NBA BFAEARR B« 1l Ph . SRR B 2%,
B IARAE [ (245 80 ) 2015 SRS, PEIRET
B, €, HANER. ERERR. M2 Ihik,
FIGRPRF B RS RS . Hrit, BOE SRR
Soprstl PR 2G4k 20 R g s R S E R
WL AETI. AR R 2P BER. A
RBEL MR Hod, e, SRR
HA RIFRPLRP e ffgmt | pimCI g 26 sig ik
R TTHITR T A EREERKE SRR
e ROV 5k A IV T, e A R (R
P E S PR N FH B2 At R B o

BT AEEEN TR R A, AR
DRI ZH 22 U — N BB BG4y, RERELE R AR |
RN FE R e s BARME, 72 h B2 R 12
P AEAUTRSE . B L S E T A DT T
RIFEE/EAS, R, 257 h R 2y oA R4
WFRAERARIPGE N, BLEZHR A S wl)
SEARZ WA ) S A, D ) B e 24 e ot %
R B E Sl . B R IR DO TR 2
FE, BAWRESIBEFEAITRAME . S/, BEEEE L
AN, BEE PR RS K B AW N SO e
KAZ, PEOLEF AR5 S E AL, BT RE
SR R T2 AR OGRS AT . AN TR — AR
BB EN T4 llumina HiSeq™ 2000 150PE #47 H
AR SR L 734, DLIIHE 7S AR A s 2 R A
FIBRHE, N2 Y B R, AT

JaAFERIY e . IR IR S ML AT -
1 #RIE5FZE
1.1 ##

YA R 2015 4£ 6 AR HBRIEA EX9T K
HEMELEE L, 25 107°27225", 4 F
33°53'26.2", R 1725 m, LRkt 25 K 25K
B R NEFRHEY) A Dictamnus dasycarpus
Turcz.. HCRMAEAR IR AR 3% E, B T-80
CUKFE#H
1.2 RNA 25X EHE

K H EASYspin 1% RNA Pk 2 BUR 75 &
(Aidlab, HED il & FEFHLE RNA, BlEREEELRH
KA1 NanoDrop ™ 2000 43¢ /% 11 (Thermo Fisher,
EHED KsEEME, Haf Oligo (dT) MIiEk = 4k
mRNA, AR ACGE M mRNA W B,

F7SIRZEBENLS4) (random hexamers) £ i cDNA 25
1 % SAEIMNZ M. dNTPs., RNase H 1 DNA
polymerase I & % cDNA 2 2 5% ; F 4814 QiaQuick PCR
W& (QIAGEN, #E[E) 2lifbifhn EB Sl
ZJEMRIEE, N poly (A) FEEERAN Pk, 4R
S5 FHER bRt I FRLUK AT P BOR /N #%, B e kAT
PCR 3" M4 2 I P S
1.3 HRBANF5HE

FIH Nlumina HiSeq™ 2000 150PE X (4 ff H2 4%
SRS AT m@ T . DT SR AE B s £
5 (base calling) #4445 51 54 J5 46 17 41 (raw
reads), ZHRITAL . I UE R 2 F0 U A4 A B A5 o 428
3 E i ET S (clean reads), FFIHJH reads 4
LEFAF Trinity G4 de novo 2553 H7. Trinity
HABAA—EKEES (overlap) [ reads EHK
KB, XEIEIT reads overlap £ 2 AS N
424 Fr BE B A unigene.
1.4 HRANREER

FIF BLAST ¥ unigenes 58 A3 /% NR.
Swiss-port. & FHAHLEEZE % (KOG) M KEGG (3
HOHE DR 2L R 40 T R4 BHTHOG (E<1X107%),
32 5N unigenes BA P yIAMERIE A,
4% unigenes JFFEE . RIE NR FRELE, FH
Blast2GO 75 % unigenes JE[F A4%& (gene ontology,
GO) 1B, H WEGO XI5 unigenes il GO Lhké
539, M E IR R L R D Be 73 AT Ak o
1.5 EAHRBIE (CDS) FiEREAFmM

1% NR. Swiss-Prot. KOG 1 KEGG HIfItdc 2k
JIi 74 unigene /3415 DA b 85 1 BLASTx ELxf
(E<1X107) I 7€ % unigenes %% [X FIH% R 5 71
(AT 5°—3°) MZEEERRF5]. FIH ESTScan
T 55 DA _E i 22 Ee AN Y unigenes B2 A% X
A5 ) o K BT T 1] unigenes 2w 85 (7 51 S5 4H
Wi 3 K 804 22 plant TFDB #£4T hmmscan LE X,
P ZR I S R 500 LR
1.6 FEHEEEFEYS (simple sequence repeats,
SSRs) 4F{EAET

F MISA (MilcroSAtellite identification tool) £
W 4% 5 2H unigenes % SSRs H T4 1H 047
2 EFERESH
21 BEHERALRKSRENH

% H Illumina HiSeq™ 2000 150PE =i &l 5
T AEARBEAT e N, L5369 643 286
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2% raw reads, i €742 T 67 538 832 4% clean reads,
L5 6735850 678 ML HIRIE L, Q20 (hFE=
20%) Al Q30 (HHIE=E =30%) 434N 98.81%-
94.21%, GC &4 43.23%, Ui HIII 7 B 4% R4, clean
reads Jii & 5 4% . Trinity 21 2% 3k 45 49 050 /> unigenes,
P 841 nt, HRIKIEE] 13 135 nt, HELFIIN
201 bp, N50 /9 1 498 nt.
2.2 B4R unigenes RITHAE TR

FI BLAST ¥ unigenes 5 NR. Swiss-port.
KOG. KEGG S5l FEEAT Hox %o & Hdls PEviRe i)
unigenes £ H #7401, RIS ERE KA unigenes
MDNREVEREAE B o 45 REW], 31 636 %k unigenes
(64.49%) {1 NR ¥4fs FErR 1537 RE, {E Swiss-port.
KOG.KEGG 558#s FE SRR ) unigenes £ H AKX
N 22 367 (45.60%). 19 246 (39.23%). 12 595
(25.68% ). VEFE R I unigenes 3t 31 955 %
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Fig. 1 Length distribution of D. dasycarpus transcriptome unigenes (A) and reads coverage (B)
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PRI R MR HR e BET 18 MR
WA R NE 1, XLLEEE A5 unigenes HE 1Y
KT 200 %
KEGG HRhd R 73 #rit &3 501 2% unigenes 25
#1 B4 54 unigenes KEGG B S St
Table 1

transcriptome unigenes

9 A %

KEGG pathway analysis of D. dasycarpus

unigenes (& ditt/% @ ID

1 ARhE R 2688 40.67  ko01100
2 RAARBI A& 1469 2223 koO01110
3 BUAEREDE 723 10.94  ko01130
4 ZPNIREE TG 590 893  ko01120
5 BrAH 425 643 ko03010
6 Ik 417 631  ko04626
T BEREYE 366 554 ko01200
8 WHMEEFNL 312 472 ko04141
9 BIE:A 281 425  ko03040
10 VER ARG 276 4.18  ko00500
11 HYHRETHS 276 418  ko04075
12 RNA #iz 265 401  ko03013
13 MFEH 249 377  ko04144
14 ZFRN IS A B 240 3.07  ko04120
15+ SR ELAR 235 356  ko04626
16 MRS 230 348  ko00230
17 REERERZE TR 207 3.13  ko00520
18 HEREfRELE 203 3.07  ko00010

TS AR BRI A A SR 16 MIRAE
RGP (R 2). KNRMEY G ARG %
(ko00940) FEREERZ, N 186 % WKL EW &
BAEWIE S (ko00900) FEREEIRZ, N 754 H
W, 52REHE M ERAEYES K (ko00906) 5 <L A
H 41 4% 26 % unigenes S 5T MITRIG P4 AR
(ko00903 )5 % =il £l = i R AL & W I A=W & A&
(ko00909) J:N 14 2%, WIHERfRIE. fEf R, 3
Pl R R AR ) R PR B R BUATE 5 45 LLT S

AN A R Ry 2 —, PR R A,
Horb R B I S R A M RS AR A A
o TEAEHRF AR PR B T RS RNE. it
WE. FEMERR. Y REREZS A G . KEGG AnifE
W (K 2). 48 4 unigenes ZHE ST, IRIE. it
WE AV AEYI S AL (ko00960); 45 /> unigenes Z 5
SN A A A (ko00950); 1Y g BHAE i,
VAR (ko01058) HIEEEEEFENA 1 4, KK
PRI IR AR B R bR KEGG @ .
2.3 CDS fgEREF o

X (A 05 55 2 A unigenes ff) CDS #E47 2047,
JET BLAST Xt 3£3R18 CDS 741 31 259 4, FIH
ESTscan #(4f & 73 #3845 CDS /751 1 908 4>, #4535
BA - JR0 A A 55 DN FIERCO, HoH ERF. C2H2,
bHLH. WRKY. MYB-related. NAC. MYB. bZIP.
Je C3H 25 F 44, Ui B (1 BEAR AR BRAR IS M A2 #5
SRR (B S.

F*2 AR unigenes X R KEGG @ ERBRST

Table 2 Secondary metabolism KEGG pathway annotation analysis of D. dasycarpus transcriptome unigenes

Y5 AR unigenes ¥ & i E/% JEEE ID
1 RNFREYE 186 2.810 k000940
2 T RS SR LE & AR 75 1.130 k000900
3 B, UREE . MEHE MR A 48 0.730 k000960
4 S REMR S A VI AE ) A R 45 0.680 k000950
5 FKHE S RAEVE 41 0.620 k000906
6 ey A s R s e A 26 0.390 k000903
7 TR R 24 0.360 k000904
8 MR NERAEY A R 16 0.240 k000905
9 2P mE AN =5 R E VYD & R 14 0.210 k000740

10 TR AU 12 0.180 k000908
11 TEF i AEYE R 10 0.150 k000966
12 s KAV A R 8 0.120 k000902
13 i R A 4 0.060 k000232
14 B i R 2 R A ) 4 0.060 k000944
15 WEHREME R 1 0.015 k000942
16 WY ) A R AR D 1 0.015 ko01058
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Fig. 5 Transcription factor classification of D. dasycarpus transcriptome unigenes

2.4 SSRs 4HED#

FIIH MISA B AF 5 5% 4H unigenes 347 SSRs
ST (£ 3), 3 836 4 unigenes LIt 4 579 A4~
SSRs. —HiJtEHE SSRs HEHZFH, A 2 021
A (44.1%), i, AAG/CTT KAL) EL A7) B i
WA H K SSRs #E X, A 1578 1>, 15 SSRs

M 34.5%, A AG/ICT EE KK ERZ.
VU B B FH /S B AL B 52 20 Tl 4220 400 A4S, &
9.2%- 8.7%; TLiHHEEE HE MR, NN
3.5%. AN, BRI SSRs HEE T E WAL
— AL, HhEE 5. 6 MG E, BE 4.
7T IRIIIRZ.

£ 3 B4 FE4H unigenes SSRs 247

Table 3 SSRs analyses of D. dasycarpus transcriptome unigenes

Ev TRRAR ik s
4 5 6 7 8 10 11 12 13 14 =15
TR ES 0 0 612 365 215 149 97 59 16 7 15 43 1578 34.5
—HEES 0 1103 488 232 64 48 48 15 5 7 5 6 2021 44.1
LB 311 79 23 7 2 0 0 0 0 0 0 422 9.2
HEES 115 37 5 0 1 0 0 0 0 1 158 3.5
ANEES 272 91 13 16 4 1 1 0 0 0 0 400 8.7
At 698 1310 1141 620 28 199 146 75 21 14 20 49 4579 100.0
3 e B, BRE R ZRIS R PR IR SR T ) B R SR A

BT il S R AT, R
A E RNA BT, LSRR AT, o]
TS REE, SRER. ST EE
W, KA BT N EAAROKSE R AR R KR
B KA B A & B R R S A, R
B DA 22 B 5 07 T F AR T2 A IR A B R
Je B, B 92 1 YR H Tlumina HiSeq™ 2000 150PE
P&, 3475 H 24 R AR ) 1 6 1 e S 2B
T, PR RAF B, de novo HHEE3R15
67 538 832 4 Jii e reads 2 54125, F435 49 050
% unigenes, JPAIKSE S reads 8 i X3 N A HE .
unigene /7 ¥I{E B2 K, BiEHE AW R 2 R AE

RHIE, N F—R A ERKKE . ERBRIE
W S5 R Y 2 o R T e 2R DR 1) R R e A AL )
FARIERL TR

e I R A S ZHL N SR Sl AR IR AR M E B
DHTHEAT R4 reads JEt. Fife. 203, FEREFR
MITyae s> K. AWFFLAMHA BLAST. Trinity «
ESTscan 55 2 P 4, %) 17 53¢ 41 unigene /571 1F
TR RE 2. BT BLAST 4047, BATH
unigenes 5 NR. Swiss-port. KOG. KEGG % 4 K
A BT EONT, BRIERE 31 955 %%, AT
] 65.15%, 17 095 %% unigenes KIFER, X5
WIBRINS P, H R OVR S e VA fl  s3
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FPERE LB ABL, i B 3 T e il s 0 R 1 245
TP HH KREFHIFIRNIZYE, (A0
FELE K& T HIRFE & D RE AR KN unigenes.

GO 73t 7n A AR (1 S H e 1 5 AR Wi
T2\ G 53 A5 F D) AE G KOG TRe it Mk
RIZH K FHRE R R, BUAZ ORF HIAY)
SEIRE, AR LR Sh B R R P, A
WERALAS 2] 25 NARFI KOG 28, 1560 [ g 5t
41 KOG Mg asih. #k—5 0 At o) N 7
HI#E4T KEGG ARTEE 23R, A 131 4> KEGG
PREAHE R, XL N BES S BRI
WS TR AR AE F 2 A BEAR U i A
R IK B unigenes 50528, A0, FHEZE,
T RSV A ARSI 16 MIRAACEH bR AE R .
HAr, B3R mnfl. NBERL LRSS Z P2 Al
Wb e TS . URNE. MHEUE. S mbkak oY g i 2
AR A R s e LR LR A R R
AHIF 5 5 536 2 B vtk i X e S TR AR W A )
A BCR M OCEIE R, EE T A REE IR 2R
PEo SR, WRIEEIRRAE IR KEGG btk i i 4 G
RN ERE, AT RE BTz S A PRI 5 B A X [
Z. R, X RIE B — (e A Y
AW BB PR AT B L i Fe R A LR R

e SR DR 1 1 2R 05 VR 4 0 4 4 PR AR o e
Y EEM . ERF. bHLH. MYB fil WRKY 255
RAERE AN FF IR R . 2R e AR MR R 1 i
AR N AT AT 3R unigenes %% 5% Kl
TR ETE 26 0T IR PlantTFDB 4.0 4 PE ek 1y 55
AFWE, S, . FEERIRBAC Y Ak
A RIS R ERIS, UL A8 A4 arig s
WE AW SRS, AT — PR

B SR P AUHE R T RENE H T AR A I 2
DRI 40 S SRR W 7, 18 v HF K K & EST-SSR,
AE AL ZREVE . 70 TGS TN ) 2. A
WHALEE T MISA 208, K T AR A
3 836 /> unigenes H1 311 4 579 4~ SSRs /i &, SSRs
MBIZ AT R AT B 7S AL IR B8 B, R P fif
R N B A B £ B ) SSRs. B8 2K DL = 4%
FR N, BZIEERFT S EBIRZ .« X5 L= TR
HEERANEMETEDIKRE. KBRS (T
Fogh g0 i s AG/CT 267 SSRs
&%, ZBIFRES T AAG/ICTT £R8RE, X5
Fawl, APSGHEY P AR HFRER
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