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SNP double peak methods through chloroplast genome profiling for
identifying Gentiana crassicaulis and two closely related species
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(1. Shanghai University of Traditional Chinese Medicine, Shanghai 201203, China; 2. Tibetan Traditional Medical
College, Lhasa 850000, China)

Abstract: Gentiana crassicaulis Duthie ex Burk. is one of the plant sources of Gentianae Macrophyllae Radix
(QinJiao). Gentiana tibetica King ex Hook. f. and Gentiana robusta King ex Hook. f. are relative species of G.
crassicaulis. Due to the large intraspecific morphological variation, G. crassicaulis showed high morphological
similarity with G. tibetica and G. robusta. And the distribution area of the three species overlaps to some extent,
which makes it difficult to identify them. On the basis of morphological identification, the method of molecular
identification of the three species was constructed in this study based on chloroplast genomes. The chloroplast
genome of Gentiana tibetica is 148 765bp long, with LSC, SSC and IR 81 163 bp, 17 070 bp and 25 266 bp,
respectively. The structure of the three is consistent. The chloroplast genome sequences of G. tibetica and G. crassi-
caulis are highly similar, and the number of variable sites is 9 (149 267 bp in total). Diagnostic SNP that could
effectively identify the three species was screened and verified, and a dual-peak SNP detection method was estab-
lished for the effective identification of each species and mixed samples. Our study provides basic data for the
molecular identification of G. crassicaulis and its related species, and the arrangement of related Tibetan medicine.
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Table 1 Sources of plant materials

Species Voucher specimens Number

Locality

Longitude and latitude

QH201405 3
GS201301
GS201601
GZ201601
GZ201602
SC201601
SC201602
YN201601
YN201603
2016XZ008
2016XZ009
2016XZ011
XZ7201214
2012XZ014
2012XZ004
2012XZ006
2012XZ007
XZ7201306
X7201307
X7201314
XZ201316
2015XZ002
2015XZ003
2016XZ004
2016XZ005
2016XZ012-2
XZ7201201
X7201202
XZ7201209
XZ7201211
XZ201301
XZ201318
XZ7201401
XZ7201404
XZ201405
2015XZ005
2016XZ002
J2014081801
12014081902

G. crassicaulis

G. tibetica

G. robusta

W W W W = = W W W W W W W= W W W W W W W W WK W WWIN N W W W W wN

Banma, Qinghai
Maqu, Gansu

Maqu, Gansu
Weining, Guizhou
Weining, Guizhou
Kangding, Sichuan
Daofu, Sichuan
Lijiang, Yunnan
Lijiang, Yunnan
Basu, Tibet

Basu, Tibet
Changdu, Tibet
Dingqing, Tibet
Dingqing, Tibet
Linzhi, Tibet

Linzhi, Tibet

Linzhi, Tibet

Linzhi, Tibet

Linzhi, Tibet

Linzhi, Tibet

Linzhi, Tibet
Longzi, Tibet

Cuona, Tibet
Yadong, Tibet
Yadong, Tibet
Gongbujiangda, Tibet
Lhasa, Tibet
Gongbujiangda,Tibet
Gongbujiangda, Tibet
Lhasa, Tibet
Mozhugongka, Tibet
Lhasa, Tibet
Mozhugongka, Tibet
Mozhugongka, Tibet
Mozhugongka, Tibet
Cuona, Tibet
Langkazi, Tibet, Tibet
Mozhugongka, Tibet
Lhasa, Tibet

N 32°46.608'; E 100°49.695"
N 34°03.815'; E 102°04.138’
N 34°03.815"; E 102°04.138'
N 27°06.396"; E 104°07.377
N 27°06.393"; E 104°07.362
N 29°54.618'"; E 101°59.538"
N 30°29.862"; E 101°29.727"
N 27°00.938'; E 100°09.601"
N 27°25.266'; E 100°25.518"
N 30°07.148'; E 97°16.886'
N 30°08.997"; E 97°17.618'
N 31°09.173"; E 97°14.025'
N 31°21.458'"; E 95°52.533'
N 31°21.458'"; E 95°52.533'
N 29°09.303"; E 94°12.861'
N 29°37.450"; E 94°21.184'
N 29°46.809'; E 94°24.584'
N 29°36.913"; E 94°24.426'
N 29°09.303"; E 94°12.861'
N 29°43.313"; E 94°43.743'
N 29°35.739'; E 94°20.763'
N 28°17.900"; E 92°45.394'
N 27°52.891"; E 91°47.500"
N 27°29.006"; E 88°53.822'
N 27°31.745'; E 88°58.493'
N 30°00.689'; E 92°59.311"
N 29°42.952"; E 91°10.394'
N 29°52.151"; E 92°34.714'
N 29°52.160"; E 92°40.557'
N 29°42.538"; E 91°10.256'
N 29°41.305"; E 92°06.737"
N 29°42.952'; E 91°10.394'
N 29°41.305"; E 92°06.737'
N 29°41.305"; E 92°06.737'
N 29°41.305"; E 92°06.737'
N 28°00.732"; E 91°57.736'
N 29°02.849'; E 90°23.746'
N 29°41.305"; E 92°06.737"
N 29°42.952"; E 91°10.394'
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TC il S A R 9 BBE 5 R J5 40 ) e B 25 LG 451 2 2001410
1250101214 1:5.1:10.1:20 ()5 DNA VR A 18, 33547

cesA-ndhD v B3 88 S0, L 5E SNP U A8 4k

HR50H

1 FERERAMREERBLSR

VG 8% 28 F 1) I 2% R 2 R 4H 4 K 148 765 bp, 23
K, a4 A H R 7 — A KB # DLIX (LSC,
81 163 bp), — /N DX (SSC, 17 070 bp), LA K
AN HAMNE A X (IRa, IRb, &% 25 266 bp) (K 1). 3%
T 124, A E A gAY R 78 4N (tRNA JE K]
30/ rRNA ZE[K 44>, Hrb g I8 MR IR X A .
AN, FEAE wrps16 Al yinfA W AMERCEE A, rps16 Bk 25 5
TANRT, infA P A RN LS. BRI GC
&R ON 37.71%, IR X (43.37%) 5 T LSC X
(35.47%) 1 SSC [X (31.62%), iX 5 IR [X [ rRNA
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Figure 1

Gentiana tibetica
chloroplast genome

148 765 bp

Chloroplast genome map of Gentiana tibetica. Genes drawn inside of the map are transcribed in the clockwise direction and

genes outside of the map are transcribed in the counter-clockwise direction. Genes belonging to different functional groups are expressed

with different colors. Pseudogenes are marked with "y" and genes containing introns are marked with "*"

BA &R GC & & (55.3%) F X, P % 5
A DR 2H I 25 4 e B R A i 5 A 25 8 00 i R L —
FHU IR XK ERARAEZE R (R2).

% Fl Reputer F2 7 % 75 j8k 2 JC M 2 4 5 R 41
) IE 7] # & ¢ 41 (F, forward repeat sequence). X [i]
5 F ¥ (R, reverse repeat sequence)- 1L [A] F %) ¢ %)
(C, complement repeat) Al [a] 3 ¥ 1| (P, palindrome
sequence) 5 4 M E G HIHAT b . S5 RN, A 324
HEFH, B IS FELZ 16X PHELMIN CH
H,ARRME R EE . RE S P84T JE 9 i
X, K#tA 14 ELJF AT HwSIX, 75 0406 T yefl

Table 2

tibetica, G. crassicaulis and G. robusta

Chloroplast genome features comparison results of G.

Feature G. tibetica G. crassicaulis G. robusta
GenBank ID KU975374  KJ676538  KT159969
Total length/bp 148 765 148 776 148 911
GC content/% 37.71 37.72 37.70
LSC length/bp 81 163 81 164 81 164
SSC length/bp 17070 17 070 17 081
IR length/bp 25266 25271 25333
Total genes 112 112 112
Duplicate genes in IR section 18 18 18
Genes encoding protein 78 78 78
rRNA genes 4 4 4
tRNA genes 30 30 30
Pseudogenes 2 2 2
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yef2psaA psaBtrnG-UCC fll trnG-GCC. HH 2¥ &
S 5 15 Y i X 5 B IR ) B DX HE B o S FH AR (7] 5 1A
W, HZRIAEZ TSR GV E w4 —
G MR OUE L T A EE At 5 FHoAh A Fh
FAERH R Z S (K2).

of 4 R 25 L H- 4 A 35 IR 20 7 f SSR BEAT 20 #, 45
RAIR, 3 41> SSR, Hor 27 /> A% H R SSR4 4>
TR H R SSR2 A =% H R SSRL 7 AN MY B H R SSR
LA N % B BR SSR. HL A% 1 R SSR 7 L ] B K
(65.9%), I H 350 A/T B, 31X 5 SCHRPI RIS 4 7 1
2R LR 4 b SSR BA A/T 2 |5 = SR A — 8. B
A1 k% AT IR SSR KB A& AT/TA. H 7131 4> SSR
(75.6%) A7 T AEgm A5 X ; 10 4~ SSR AL T4 fith 3 A, AL 45
rpoC2.rpoCl.atpB.ycfl Ml ndhF; F 1 $A% 1 & SSR
5 Y R [X 5 5 TR [ DX HE B o 7 R ) 7 26, A
LRI V2R LI SSR Y K 43 Aii 58 4 — 5 KD
Z% 70 SSR WAL H 73 A 16 5L 5 HoAth P9 AN Folt 47 £ B W] 2
25 (K13).
2 MEEERAT RSO

WM ZE 2R 90 U R 25 ST AHDH: 28 90 1 - A 3 [

A 14 B
1245 [] G. tibetica
2 M G. crassicaulis
%10 I B G. robusta
2er
o
5 611
E
= 471
& 2 1
0 i 1
30-39 | 40-49 ) ‘ 3039 | 40-49 ‘ ‘30-39 ’
F P G

Length of repeats

21 DNA J7 50 HE A7 AT LL B o B o HCH: 2 L 510 %
TLZ A 415 DMAR AL 55, WHE 327 N H IR 2 &
£ 55 (SNP) F1 88 M Nk 2% (InDel); #HH: 28 JT 5 25
Z& L[ 407 N8 AL R, B4 322 4~ SNP AT 85 A4~
InDel; V68 28 31 5 K 22 2 905 B AHALL B A o, 98 2
A A 9 A48 AT s, ELHE 6 4~ SNP Al 3 4™ InDel (]
4,3 3).

=AY R ] [R] I A LE 72 S AR R AL A 1A,
NALT cesA-ndhD Fr BEI S 159 £ i, e 2222 00
NG, PN T, M2 I8 C (E5). A s vl fE
NI X 433 = AP T AE 4 F-FRid
3 SNPEHILLIIE

R 25 22 90 36 AN B PR L Pk = 9L 33 /N B PR REDH:
Z J0 35 AN BRI cesA-ndhD 55 159 A7y 0 e 45 %
B, AL AR =AM A R R, ER AR R

454 GenBank A1 I 2R A4 JE R 4H 1 471, %o 22 L 4H.
10 P ces A-ndhD AL s AT 43T . 45 3R, 7
JBLZE JL N T; BRAETE R 28 00 VR 2R 00 ik 5 L%
HERLEERINC 2ERIL KEREIAME SR
HNGo EAL RN P R T )4 0 A BT L B 1 .

[JiGs
. Intron
W cDs-IGS

)
6.2% i 36.5%

32.8% 28.9%

G. robusta

G. tibeticalG. crassicaulis

Figure 2 Repeat sequences in G. tibetica, G. crassicaulis and G. robusta chloroplast genomes. A: Frequency of the three repeat types by

length; B: Repeat distribution among four different regions: IGS (intergenic spacer), CDS (coding sequence), CDS-IGS (part in CDS and

part in IGS) and intron. F: Forward repeat sequence; P: Palindrome sequence; C: Complement repeat
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Figure 3 Simple sequence repeats in G. tibetica, G. crassicaulis and G. robusta chloroplast genomes. A: Frequency of different repeat

types of SSRs; B: SSR distribution among four different regions: IGS
and part in IGS) and intron

(intergenic spacer), CDS (coding sequence), CDS-IGS (part in CDS
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Figure 4 Venn diagram of variable sites among cp genomes of
G. tibetica, G. crassicaulis and G. robusta (the number represents

the variation sites between the corresponding species)

Table 3 SNPs and InDels among cp genomes of G. tibetica, G.
crassicaulis and G. robusta. A: G. crassicaulis; B: G. tibetica; C:

G. Robusta.* Different with each other

LSC SSC IR Total
SNP InDel SNP InDel SNP InDel SNP InDel
AvsB 5 2 1 0 0 1 6 3
CvsB 216 73 96 6 15 9 327 88
AvsC 211 71 96 6 15 8 322 85
AvsBvs C* 0 0 1 0 0 0 1 0

4 REMREE

I3 A = R LA YRR 0 &S DNA IR & )5
HEAT cesA-ndhD Fr B4 S8 A0 o DU 7 B R 1%
SNP 7 £ 52 I 97 79 A Bk 525 114) 25 8 0, RVHEDH: 2= J0 AN
FZER LR AN C/G, T ZE LA 22 R ILHR
GFNT/G, R R AU S ARG R C/T. #
3P DNA TR A )5, HEAT cesA-ndhD v B 141
BRI P, 1% SNP A7 s 75 W e P o 52 300 A0 92 3 AN Bk
B ESIE (C/G/T). 45 RERW, ZAL SR X 73X
=N AR (B 6).

EHCH 25 = SURI PG R L, 3 — DR RE IR A
Eb A5 S A 0 425 SR RS . 4 SRR B, TR A B 0
e T AR ) BB 2 — s R AH M, BE S P R 2R DL AE

VR it R ) B AG 328 K, 12 A7 s Ak T i 2 LA A
T 76 06 ] e 1 Ll A9 Ak S 188 G 3 (18 7). B AN [
k) . 5 B A AE 72 S, R 2R 2 G0 A RUAL G R R R
TP AEILT. MM RIS T ZE LM BN
2001 I, I 0 P R A AT DR 25 R DI G A AR, T Y
FHZE % 0 5 75 2 AL LLBN 1220 B, P ANl 1) A
AUG/T YRR W W 2 LI, R 22 R 0 G Ar
AUV AR B v T VO g ZR L T

g

Z LA YRR TS A, HATAE A T AR S P 5%
KRR A AR B IR G M AETE B AR AL FE U ™, 3
W LE RN LS e R . M ER U NP AR
FLRIRIE 2 —, P Ze JURHDIE 22 70, A TEBAIE I
T LRNFR, DR A 24 2 O3 D R A SR U ) HE R 1, 7E
TE DIV A5 D0 % e 7 ikl B R R AR R
FU VG 9 2 JUAVKEDH: 28 T (0 I 24 L (R AL 41, 0 e 4
FIAL A, 3 D ST A KIS o S T
[Fi) B 25 FS 21 TT G A7 7E 1) Fl 9 25 (R B, 7R 5 ) o 4 A7 X
I BUORE, 3EAT %5 B 5 AR e PRI IE, 97 HY cosA-
ndhD J Bt 4 A [ I %5 523X = AN AP 9 SNP AL . 2=
FUEAH 10 AR W () 7 41 Ll e 4 SR 3R 0, a2 A Ak 7 K
ZAHMECHRIFWE B cesA-ndhD AR B
DNA %209 v B, B8 /0 AR AE 2 70 8 i 4
IR At iR, BRI HE B AR &KL R
PR AT 25 G A G 2 RBE N 8 AR 3 SRR E— 2D T
RAARL )5 FFRid

SNPTEZr PR B AL Z N, JLH &R
SNPRS00 — 0 R SNP XL (£) Wk
W5 v, JE I R P e e R, AT L LA A
B SR AR S AT X A S, (AN LR — e Ya LN
Al MR A LL) . (BT RN 2 HEURE S RS 56 R
AR, RIS E 27 HAFE R IR o Bl A =il = 7 4
AR, N 7% 2 A 1 AR SR & 2544 A R 24 1) %
SEWE AT H f BCEAET, AT RN DL B . B AR

1 10 20 30 40 50

G. crassicaulis ATTCACGAACGTATCTTACGACTACAACAGAGTATGTTGCATATAAAATT
G.robusta ATTCACGAACGTATCTTACGACTACAACAGAGTATGTTGCATATAAAATT
G.tibetca ATTCACGAACGTATCTTACGACTACAACAGAGTATGTTGCATATAAAATT

51 60 70 80 90 100

G.crassicaulis TTTTTGTGAACCAACACGAACCATATGAATCGATACACTATTGTATTGAT
G.rqbu§ta TTTTTCTGAACCAACACGAACCATATGAATCGATACACTATTGTATTGAT
G.tibetca TTTTTGTGAACCAACACGAACCATATGAATCGATACACTATTGTATTGAT

) 101 110 120 130 140 150

G. crassicaulis TCATACGGTTCGTATCCATGTGGTTTTCAATTTTCTTTACTTAAAAATAC
G.robusta TCATACGGTTCGTATCCATGTGGTTTTCAATTTTCTTTACTTAAAAATAC
G.tibetca TCATACGGTTCGTATCCATGTGGTTTTCAATTTTCTTTACTTAAAAATAC

s ¥160 170 180 183
G.crassicaulis TTCTAAAT[GIATTTTTAACATAGTATTTTTAAGT
G.robusta TTCTAAAT|ICATTTTTAACATAGTATTTTTAAGT
G. tibetica TTCTAAAT|ITIATTTTTAACATAGTATTTTTAAGT

Figure 5 The alignment of ccsA-ndhD of G. crassicaulis, G. tibetica and G. robusta
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G. robusta G. tibetica
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Figure 6 SNP peaks of G. tibetica, G. crassicaulis and G. robusta

G. crassicaulis

CI/T

C/IGIT
G. robusta G. robusta
G. tibetica G. tibetica

G. crassicaulis

Al )

20:1 10:1

1:10
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