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Analysis of transcriptomes to explore genes contributing to iridoid
biosynthesis in Gentiana waltonii and Gentiana robusta (Gentianaceae)

NI Liang-hong*, ZHAO Zhi-li*", WU lJin-rong', GAAWE Dorje’, Ml Ma’

(1. School of Pharmacy, Shanghai University of Traditional Chinese Medicine, Shanghai 201203, China;
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Abstract: The roots and flowers of Gentiana waltonii and Gentiana robusta are used as Tibetan herb Jie-Ji
in traditional Tibetan medicine, with iridoids as the main active ingredient and index components. To study the
pathway of iridoid biosynthesis, roots, stems, leaves and flowers of G. waltonii and G. robusta were subjected to a
high-throughput transcriptomic sequencing analysis by Illumina HiseqgXTen. After removing insignificant reads
and de novo splicing, 79 455 and 78 466 unigenes were obtained from G. waltonii and G. robusta respectively, with
average length as 834 bp and 862 bp. The unigene GO functions could be divided into three categories of 65
branches. The unigenes were aligned in KOG database and were classified into 25 classes according to function. In
KEGG database, 315 and 340 unigenes of G. waltonii and G. robusta were implicated in 20 standard secondary
metabolic pathways, respectively. Furthermore, 80 and 57 unigenes of the two species were analyzed to encode
24 key enzymes in the pathway related to iridoid biosynthesis. There were differences in gene expression among
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different organs. Based on sequence data, significant amounts of SSRs, SNPs and InDels were detected in each

dataset. This study provides a platform for further development of molecular markers, excavation of functional

genes, and research into metabolic pathways and their regulatory mechanism within G. waltonii and G. robusta.
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i (3R, HGmEZ —, WA THITORE
W, MR SRS R IR, G sk S i A
e @RI R i) SeeE g FERTRN;
FLAGAE ) WA ThFRE. 5 SOk VR % 4 R A
W) 5% FUOR IR A J R R 2 B JE Gentiana % JC 41
(Sect. Cruciata) % Fi =y LI AEY), 16 AR N2, BURAEE,
EF B,

YRR 01T FE T 22 S 25 PRI 4 K2 s 5
TS BT SR TR, Bl R T 2 I o
Ji FE 4 2 — 9 A H: %% JT Gentiana robusta King ex
Hook. . 9 — E1 SR 24 58 Wbl 36412640 07, 67 B
KT B8 9 5 — 85 1L 24 R A0 B 4 % T Gentiana
straminea Maxim.®, I89E & ] — Y Fh TS X S 45
T B DR 4L ) 718 o B 10 2 R e (22 [ L),
HIHE I DNA 2T B 75 B 5 g = 5 10388 1 75 5 7 B
TN A B s 5 SR, RN, 5T 2 A 7
BT B 3 SR, TR 4 B A
PRZGIRAL T T RERE

R 24525 FATIE A R R D3 2 % 8 (R 5 7
oS A P IR, AR 250 S W € B SR 7 € S
AT T4 AN ] b L G 2 — . g
BB R (SRR, B fg7) KB R R
(SRR 3 ty”) 2 51039 24 BeloT 45 el
AR (RSTTT, gk ) pebTg e (RS,
CELE ) B PERT I i (IRRRIRE «op gy 7) 34
BhRR 2 POV T A S BE R B S TR, 407 AR A
SRR T 2000 5 ), TR N o BURES PO, R SO
=TT

R Bk £ 25 (iridoids) |2 20 Aii T R AE R (Gen-
tianaceae) . % 2 £} (Scrophulariaceae) 5 7 % £} (Rubia-
ceae) X FHHEY b, RA PR PR PUEL BT
P8 37 0 B R 5 2 o 24 A0 T, Oy e 226 90
S TR 425 K 7 R S 2 T b R A B
R4y 2. 12015 B Qrb A A R 36 R E 24 ) % 90 75
TSR R DA TR, ST R JRIEE, 24 2
TR 2 2 A S R I IR R o
T H A s,

FEA e S L R ey o8 H A B I AE S — D e RS R

B SR AT RNA PR, B S G S — i de
BT mRNA [ G108, il & 7 s P HoR I 2
7z N T 25 FARE W S 28 43 B, R A THD PR 3R
TR RAEIE—IRE TR R A5 8, W #2498 H 2
hee D, 487 AN [ A0 2= R 1AL, R F
ZitE KRB B AR 2 HL ) $R ik R A
%%[14]0

DN, FE TS24 A P R AR AR R B,
Sl DA 5 T8 AR 2 SR A ) 2 — —— K A % H Gentiana
waltonii Burk. 5 fi# 5 W R 5L J5 i) < ——— M2 L
G. robusta King ex Hook. f. ;4% s0AE 1, S A [Hlumina
HiseqXTen il J7* £ A 1)  H 3% sk L 5 e, 87 % H
S 0 B AR RO RRAE, LB b R, SR TR
10, P28 I Bk i T 28 2R A R i DG B L ] DA
W95 2 68 ik SR s A B A, A FhRic T R, )
REJE R B4R, G 8O R AR AR 38 M TR L o g
Z9ME PRSI IR DT, 4> B P SR S R 2 e L
TE YD b PR3 S5 S i BE Rl ) 22 B R

MR 5%

REEMFERERSEFETE STUEUREZ
KRR AT G AT R s 24 “ g o " B 88 1A . FRE
PR B S 6 R R AR S B HDIE R OL, PO AT Tk
HOR&E5 REAL, R4 Z22018XZ002, Hi FE AL br
N 29°41.315', E 92°06.798', #§4k 4 315 m. KAEZR I, 7/l
AR LR B, RS REAL, 4 22018XZ001,
HiU PR A B N 29°43.808", E 91°59.067', #E K 4 050 m (/&
1). HUE® A KT FEEE, & LR IZEEERET
a I, 4K B, T0 W OK 40T R TH K 4, 1)
BT L N 1 Y L A 11| 71 5 A = B B
%H

T L rp e 25 K5 AL B2 % e e R L
v HJ& Gentiana Z= JU4H (Sect. Cruciata) #H°H: 2 J Gen-
tiana robusta King ex Hook. f. }2 K ## Z& J{ Gentiana
waltonii Burk.; FETEAR A A7 T g B2 24 K rh 2l
Bt 25 AR bR AR =

RNARIREN 57 55 SCEEf E AndRSRABMIF A
Total RNA Extractor (Trizol) i 7 & (A4 1) 4391
& B R 28 O AR H: 28 JURE AR L 25 AT AR 1 8



- 946 - 24254 Acta Pharmaceutica Sinica 2019, 54(5): 944 -953

Figure 1 A: Habit of G. robusta; B: White flowers of G. robusta; C: A dark blue flower of G. waltonii; D: Habit of G. waltonii
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Table 1 Summary of the transcript statistics generated from G. waltonii and G. robusta

Species Number ~ >500bp >1000bp N50  N9O Max Min Total Average
length/bp length/bp length/bp length/bp
G. waltonii Transcript 209 248 125 697 74 439 1579 428 12 762 201 208 537 252 997
Unigene 79 455 26 490 24 425 1499 309 12 762 201 66 272 371 834
G. robusta Transcript 219 633 135726 82 686 1672 454 15691 201 230 402 981 1049
Unigene 78 466 37123 21476 1559 321 15691 201 67 651 358 862
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Table 2  Statistics of unigene functional annotation

G. waltonii G. robusta

Database (annotated) No. of Percentage No. of Percentage

unigenes 1% unigenes 1%
CDD 23523 29.61 23514 29.97
KOG 15 790 19.87 15 395 19.62
NR 39474 49.68 39100 49.83
NT 19 832 24.96 17 512 22.32
PFAM 17 327 21.81 17 253 21.99
Swissprot 28670 36.08 28 455 36.26
TrEMBL 39 001 49.09 38753 49.39
GO 33294 41.9 33159 42.26
KEGG 3637 4.58 3521 4.49
At least one database 41 289 51.97 40 802 52
All database 2127 2.68 1985 2.53
Total genes 79 455 100 78 466 100
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Figure 2 Species distribution of transcriptomic unigenes against NR database
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Figure 4 KOG annotation distribution of transcriptomic unigenes
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Figure 5 KEGG classification of assembled unigenes
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Table 3 Secondary metabolism KEGG pathway analysis of transcriptomic unigenes
No. of unigenes
No. KEGG pathway Pathway 1D G waltonii G robusia
1 Phenylpropanoid biosynthesis k000940 68 73
2 Terpenoid backbone biosynthesis ko00900 36 38
3 Ubiquinone and other terpenoid-quinone biosynthesis k000130 30 38
4 Steroid biosynthesis ko00100 30 29
5 Carotenoid biosynthesis ko00906 29 24
6 Flavonoid biosynthesis ko00941 18 19
7 Nicotinate and nicotinamide metabolism ko00760 16 17
8 Tropane, piperidine and pyridine alkaloid biosynthesis ko00960 14 13
9 Diterpenoid biosynthesis ko00904 13 16
10 Isoquinoline alkaloid biosynthesis ko00950 13 13
11 Zeatin biosynthesis ko00908 12 13
12 Sesquiterpenoid and triterpenoid biosynthesis ko00909 10 14
13 Stilbenoid, diarylheptanoid and gingerol biosynthesis ko00945 6 9
14 Brassinosteroid biosynthesis k000905 7 8
15 Flavone and flavonol biosynthesis k000944 4 5
16 Monoterpenoid biosynthesis k000902 3 4
17 Limonene and pinene degradation k000903 3 3
18 Caffeine metabolism ko00232 2 2
19 Indole alkaloid biosynthesis ko00901 1 1
20 Isoflavonoid biosynthesis ko00943 0 1
e WEP pathway | — 1. EERIE B (HDR); B 408 1 (07 0 5 1R
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Figure 6
Genes found in this study are shown between the reactions. The
expression of unigenes in the root (R), stem (S), leaf (L) and
flower (F) is shown by heatmap, mapped using TPM values

yl-D-erythritol-4-phosphate, MEP) & 4%, 7£ Jii #4 i #E4T,
ORI 45 1- i % -D- 1 A BE-5-BE G5 B (DXS).1-
it 42 - D- ] %5 5 -5- % il 8 57 5 A4 [ (DXR). 2- 1 & -D-
7N B I - A- T TR B T T i A% #2 I (CMIS) 4~ T IR
T -2- 1 3-D- 75 B HE I I (CMK) L 2-C- H Bk -7 5
Wi -2 A- IR FETE R 45 B (MCS) . 4-F8 5L -3-F 3 T 45 -2-
I H-1- TR 4 (HDS) [ 4-F236-3-F 3L T -2-0%

GPP 38 i A [ (1) AR 7 [ 900 [ BRLIRG 0% = 55 B
WAL o X R IR RS R, 5 S O ) i 2 R
WA A M 4 L (geraniol synthase, GES) . 7 - -
10- ¥2 . 1§ (G10H) . 41 Jitd (4 % P450 it J5i i (CPR).
10-¥2 5 75 B 8 AL I8 JR 8 (10-HGO) « 3445 ek s 7 it
(1S). 7- 2 % & K & IR & 1 1§ (7-deoxyloganetic acid
synthase, 7-DLS). 7- 2 5 75 A & [ 1 %) bl #5 FE g (7-
DLGT).7- % & & A ¥ 1R 2 AL B (7-DLH) . 3 K & iR
F L3205 (loganic acid methyltransferase, LAMT) %
W T A B (SLS) Fl 57 1 54 & B (STR).
FE K B 22 J0 R 28 0 %% s 21 b, GES. 7-DLS il
LAMT 34N V% A # v E R 21, DL KA 28O0 A (1) 10-
HGO, HH:Z JLH (1) G1O0H A1 7-DLH A A R, Ho At
eI K 145 A [F) B 1 unigene BTHVERE . FE T TPM
G, X AR b 204 = 5w 135 R AR AR
SLS 3 [, ik 345.94~633.93, 11 1% 3k [K 7 25 - w1
RILTAK



944 -953

2019, 54(5)

Inica

222224 Acta Pharmaceutica S

29'GT v1'82 A4 EV'6 € 0L'6 6.8 68'L €6'G 8 vLTET Sdd99 aselpuAs ajeydsoydoiAd |Auelsblhuelss
G8'€ 000 000 000 T €0 qT'T 9.0 66°0 14 ey d1s 9SBYIUAS aUIpISOIOLIS
¥6's¥€  ¥1°0 ST ¥.°09S L 12008 89°¢€ L1'GE €6°€€9 ¥ 6€ET S1s aseyiuAs uiueholodas

- - - - 0 950 00'vT 697 66°0 T - H1a-L ase|AxolpAy pioe a1ueholAxoaq-/
€1'e 6T°C 450" 890 S 90°L TL9 VL€ €L'C 8 €CETYC 191a-L aselajsuely|Asooan|b proe onsueholAxoaq-/
60T 4% €e'g LS50 T S50 86°0T 700 ST°0 T 66'TET Sl aseyluAs piopii|
00'TZE  8L'6€S ¢s'ely L9VET 14 - - - - 0 veeETTT 09H-0T asejonpalopixo [o1uetabAX0IpAH-0T
0T'LY 29T T9v€ 29°¢ce ST 299 €6'LT 1208 €0'6€ S 7’291 ddo ase1onpal 0Gid aWoiyd01AD

- - - - 0 €€'8T S9'vCT 18°99T 8€'69 7 E8YTVT'T HOTO 35e]AX0IPAY-QT |0IURISD)
1562 1454 99°€T 6C'1E € eT'1e €€'6 Ge'9 v1'8T S TTS62C Sdd9 aseyuAs sreydsoydip |Aueiss propu|
9/'0TT 682  E€TV6 16°€0€ T 6€°06 19°06 G8'G. €8'G9 € TEES 1ai asesswosl-eljap sreydsoydip-jAusiusdos|
90°06 ETvy 15°9% €5°L€T T /8'8TT  9T'8.T  [/GST  8Y'GST T LT daH asejonpal areydsoydip |A-T-us-z-InqlAylaW-g-AX0IPAH-
G208 88'18 1605 G988 1 r'T6 86'0VT  LS¥8 60°0C T eLLITT SaH aseuAs ayeydsoydip-|Aud-z-inqlAyyew-g-AxoIpAH-
1162 090 €9'6¢ 18TV 14 L8'6T 16°€E v'9T LE'SE T TT9Y SOW aseyjuAs sreydsoydipoloko-y'z joyyikis-a-1Aylew-o-z

- - - - 0 T€°CC 0T'9T G8'0T L8 T 8YTTLT MIND aseuny [oyyIAIe-a-1Ayiaw-0-z-1ApnAaoydsoydia-y
67'2T S9VT ve'8 G8'TT T 2801 G581 Ge'g 80'S 14 0922 SIND asesaysuen|AApnAo ajeydsoyd- joyuikis-q-IAurew-o-¢
G2'8¢ Sv'0C 18T 99'8TT T €9¢L 86'G9 25°GL €8'G8 T 192TTT uxa aselawosl03onpal ajeydsoyd-G-aso|njAx-g-AxosQ-T
oT'TT 09y 299 7991 4 8y'vT 9L 6L'G LE'S 4 L1122 sxa aseyiuAs syeydsoyd-g-aso|njAx-g-Ax0aQ-1 dan
6809 9g'Ly 80'9L 6T €0V 1 S6'€L 8y've 7£'89 1.'G6 € eEETTY ann ase|Axoqteaap ajeuojenstuoydsoydiq
€8Tl 109 60°L 79T € eT'LT 18'9 LETT G0'ST S LT MINd aseury syeuojeAawoydsoyd
GE'S9 ST'TE 96'TIT  LL°2L T 12°0€ 06°0T 6€CC SC'6 14 9ETLT MIN aseuly| aJeuo[eAsN
99°€S vZ0 99'G 2088 T LTe8 850 vyee G9°ZrT T YETTT YOWH (HdAVN) asernpal yoD-|Asein|BIAYIWAX0IpAH
95°€8 Ly'LE 1209 Si'6TT 14 v6'2vT  GE'6T ZT'80T  9g'€L L 0T'eee SONH aseyIuAs 0Q-|Arein| Bl Ay1awAxolpAH
9e'€6 06'56 GL'SOT  9g'62C 1 1§18  0S€L 9§'G9T  80'¢he T 6TEC 1oVvVY aselaysue|f1eoe-0 voO-|A1oy VAN
Jamol4 Jean wals 1004 sousBiun  J8Mold Jea] wals 1004 ssuabiun

INdL 8belany 10 ON INd L abelany 10 'ON o3 199v aleU aus9) Remuyred
elsngol ‘9 HHuoljem ‘9

950

S1SaUIUASOIQ PIOPLII Ul PAAJOAUI SausBiun ¢ 8|geL



RS LR SR e L SR AR 1220 2 R X2 B 08 - 051 -

4 FHREFFF SSR T

2 MISA B 75 K48 25 L FH H: %2 JT unigene H
23 BIKS I £ 20 257 K 21 809 4™ SSR (% 5). SSR % JiF
II AR LR, PSPl b B e 1 3
BB SSR, A 5 BRI I i S Y SSR ¥ N HLTE
200 LA I (K1 7). HRBe2E SSR % 5 56% LA, HoA
7 L9 B A AT R L B SE SSRELE IR,
A2 18% A1 15%; PUBHHE | Tl L /S B 2k SSR 34 4H
XL, Hod i b ) 2 Ful 2k SSR.

201.87 21738

W G. waltonii

175 B G robusta

g

B

SSR number per Mbp
a 8

504
25_
O.
mono- di- tri- tetra- penta- hexa-
SSR type

Figure 7 SSR density of transcriptomic unigene

EAERE R, ANV b S8 K I 31 2 8.5% 11 5
& SSR. ¥ FH Primer3 it & # 11 SSR 514, %4 5l
YK 18~27 bp, iB KR FE (T,) 56~63 C, A5 54
T EAHZ 4 °C, P29 K /N~ 100~300 bp; 4 51 & h %
THKAEZE I 15 809 Xof A AH H: 2% 7T 16 842 % SSR 514 .
5 LSRRI SNP T

DL B 2 P #2245 21 ) K A% 22 7L unigene A reference,
I3 BIAEAR L2 I RITE ) 4t A R 31 113 663,94 012,
105 820 #1109 941 /> RAF A7 £i (£ 45 SNP Al InDel).

Table 5 SSR analysis of transcriptomic unigene. c*: Compound SSR

L i 22 B #2459 2 R 25 I unigene A reference, 43 71l
FERR 25 L mE AT B FHE Hh ks 31 116 5701 119 655,
125 684 F1 119 580 4™ K AL A7 i (L 4% SNP F1 InDel).
AN AL B0 d H, SNP #4122 T InDel, #5 # % H Lh: 4.3:
1~4.6:1 (X8).
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Figure 8 SNP and InDel numbers of transcriptomic unigene

5 reference LL %, SNP B 4% H R S 7 M 2K HF 12
Fho S EBALEHE H, F3 (transition) 257 1) SNP £ H
)0 2 £ T Hi 4 (transversion) 27 (& 9); KA 0 4
AP R B 2 AR R 0N G>A; HHE R L A
HERZERRYFEERNC>THIG>A,

g

DA 2 fif o ISR B SR A 2 ——— K Z= HL G.
waltonii Burk. 5 fif 75 W& (R 5: S A M) <« ——— R Z U
G. robusta King ex Hook. f. A5 =0AE Y, & (I 52 5 5%
A5 55 B0k SR 25 S RIAE SR AT B AT e . U
J7 E 4 2 Trinity B1F B2 55 3 75 31 79 455 %% .78 466
Zkunigene. N AHAYIE B 25750 BHE TR unigene
HEAT VR AIINBE 4335, 52% () unigene 3 BV ERE . A

Repeat number

Species Type

5 6 7 8 9 10 11 12 13 14 15 =16 Total
G. waltonii mono- 0 0 0 0 0 4504 2129 1262 751 552 410 1755 11 363
di- 0 997 539 358 293 182 180 104 45 46 47 275 3066
tri- 1886 817 459 301 49 51 31 28 26 12 1 4 3665
tetra- 170 51 8 13 5 0 0 0 0 0 0 0 247
penta- 61 11 4 1 0 0 0 0 0 0 0 0 7
hexa- 80 31 12 3 1 0 0 0 0 0 0 0 127
c* 1712
G. robusta mono- 0 0 0 0 0 4769 2335 1356 843 580 486 2066 12 435
di- 0 908 651 408 272 206 180 88 40 38 25 294 3110
tri- 1872 878 494 319 64 63 35 30 21 25 13 22 3836
tetra- 189 55 9 11 3 0 0 0 0 0 0 0 267
penta- 71 18 9 2 2 1 0 0 0 0 0 0 103
hexa- 95 55 17 7 4 2 2 2 0 0 0 0 184
c* 1874
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Figure 9  SNP types of transcriptomic unigene

BRI 4, 2 KRR ARG BA B0k, 4F
S hi 7 51 BT I D e R G R R B2 A A it — B AT .

s KEGG idf i, KA 2 00 VHDH: 28 JU A e 4
B BAT AR IR AT, VR R BE 2R MR ORI &
S A= Wy 2 5 20 AN TR AR AR 1T 3 i ik DR 3% 315 2% A
340 % . VENZR JLALZ FRE YD T8 A 1 1 23 B3 1 1 oy
Z—, PRME R G T AU I R 2 B (AR AR R
KA BAME M PR, KRR A=A
173 5 80 4% .57 %% unigene 2 5 4 Y P 445 Tk i 17 25
A BUEAE ) 24 A G HERE, B4 MVA R MEP & 1%
Fr A B R (B T2 901 CMK 2 /) Ko K& 2
T BRI I T s 1 26 I S AR R o R VAR B )
HHEFEETRA: O SHAEKKERER X Q
JEREAEAFHE A, ©® PRk 275, AT
RIXEH R, 5 RAER 2L A FRAL R
BEAARHEMER. GG 244 R EGAHE K
unigene [~ 35 TPM {8, £ N0 b, 255 9 1 % e,
H A e, 22 AL B AR BAIC . AR
RN R T A R (SLS) 2[R, 79 4 Fh R RN fE H
£ T TPMAE R IL B i iy, 74 345.94~633.93.

AR IL IR, B R 2 o0 AR T e R, AR
TEEG W o BT FR R DR, BRSO LA SR, B8
flH Gentiana rigescens Franch. ex Hemsl.. ¥ =% Z& 7
Gentiana crassicaulis Duthie ex Burk. 25 #H 5¢ 8 # /¢ fH
JE AR5 E BN S i AR B AR 25 M W b 44 356D
Il FL AR S, 29 KA R T B2 A
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VG 8 O 2 %5 e IR RHRE A AH A Ee27 , [m] B, DL 4 o A
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