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Molecular markers based upon whole chloroplast genomes and
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Abstract: As two original plants of Tibetan herb Jieji, Gentiana waltonii Burk. and Gentiana lhassica Burk.
belong to Section Cruciata of Gentiana, Gentianaceae. Here, we report on whole chloroplast genome sequences in
the alpine species, respectively, and the features of plastomes were investigated. The plastome of G. waltonii is
148 705 bp long (148 652 bp in G. lhassica) and encodes 112 genes, including 78 protein-coding genes, 30 transfer
RNA genes, and 4 ribosomal RNA genes. Two pseudogenes, namely wrpsl6 and yinfA, were found in plastomes.
In addition, two novel loci were detected, and a species-specific polymerase chain reaction assay was developed
for differentiating G. waltonii and G. lhassica from 10 alpine species in Section Cruciata. Gentiana. Our study
provides basic data for identifying Tibetan herbs, alpine species conservation and molecular phylogenetic studies of
Gentiana and Gentianaceae.
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Figure 1 Gentiana lhassica and Gentiana waltonii. A: Habit of G. lhassica; B: Type of G. lhassica in Kew! C: Habit of G. waltonii;

D: Lectotype of G. waltonii in Kew!



+ 2586 -

2% %4 Acta Pharmaceutica Sinica 2021, 56(9): 2584 —2591

Table 1 Samples and voucher specimens

Species Pop. ID \Voucher specimens Locality Indiv. No.
G. waltonii A Xiong B et al XZ201302 Mozhugongka, Tibet 5
B Xiong B et al XZ201317 Lhasa, Tibet 5
C Lu JN et al J2014081803 Mozhugongka, Tibet 7
E Lu JN et al J2014081901 Lhasa, Tibet 3
F Zhao ZL and Ni NH 2016XZ001 Langkazi, Tibet 1
| Dong BR et al XZ2018CG001 Lhasa, Tibet 5
K Zhao ZL and Ni NH Z2018XZ001 Mozhugongka, Tibet 5
G. lhassica L Xiong B et al XZ201303 Mt. Mila, Tibet 5
N Xiong B et al XZ201304 Mt. Mila, Tibet 9
o Xiong B et al XZ201319 Lhasa, Tibet 5
P Lu JN et al 2014081802 Mt. Mila, Tibet 3
Q Lu JN et al J2014081804 Mt. Mila, Tibet 3
R Zhao ZL et Ni NH 2017XZ011 Mt. Mila, Tibet 6
S Zhao ZL et Ni NH Z2018XZ003 Mt. Mila, Tibet 5
G. straminea M Zhao ZL et Ni NH 2016XZ010 Changdu, Tibet 3
G. crassicaulis J Zhao ZL et Ni NH 2016XZ011 Changdu, Tibet 3
G. robusta z Xiong B et al XZ201301 Mozhugongka, Tibet 3
G. macrophylla D Zhao ZL et Ni NH XZ201308 Linzhi, Tibet (cultivated) 3
G. officinalis H Xiong B et al QH201306 Henan, Qinghai Province 3
G. siphonantha G Xiong B et al QH201302 Zeku, Qinghai Province 3
G. dahurica X Ni NH et al GS201304 Hezuo, Gansu Province 3
G. tibetica T Zhao ZL et Ni NH 2016XZ004 Yadong, Tibet 3
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Table 2 Primers for validation of the boundary regions

Primer 1D Sequence (5'to 3) Boun.dary
region
SSC-al TTACTTTGGGGGTTTTTAGGATA SSC/IRa
SSC-a2 GGTAGCCAGATTAGTCAACATTTA
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b-SSC2 GAAAAAGGGAGGGTCTATT

a-LSC1 ACAGGTGGGGAATCTTGAGGTGAA  IRa/LSC
a-LSC2 CCGTGCTAATCTTGGTATGGA
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chloroplast genome

Gentiana waltonii
148,705 bp

Gentiana Ihassica

Table 3  Chloroplast genome structure in G. waltonii and G.
lhassica
. GenBank Total LSC SSC IR G+C
Species
number /bp /bp /bp /bp 1%
G. waltonii MK780032 148705 81068 17029 25304 37.73

G. Ihassica  MK790135 148 652 80997 17051 25302 37.73
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Figure 2 Chloroplast genome maps of G. waltonii and G. lhassi-
ca. Genes inside the circle are transcribed clockwise, whereas
those outside the circle counterclockwise. Dashed area in the inner
circle indicates the G+C content of the genome
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Table 4 Chloroplast genes in G. waltonii and G. lhassica. *: Genes containing introns; (x2): Two gene copies in the IRs; y: Pseudogenes

No. Group of genes Gene names
1  Photosystem | psaB, psaA, psal, psal, psaC
2 Photosystem Il psbA, psbK, psbl, psbM, psbD, psbC, psbZ, pshJ, psbL, psbF, pshE, psbB, psbT, psbN, psbH
3 Cytochrome b/f complex petN, petA, petL, petG, petB*, petD*
4 ATP synthase atpA, atpF*, atpH, atpl, atpE, atpB
5 NADH dehydrogenase ndhA*, ndhB* (x2), ndhC, ndhD, ndhE, ndhF, ndhG, ndhH, ndhl, ndhJ, ndhK
6  RubisCO large subunit rbcL
7 RNA polymerase rpoC2, rpoC1*, rpoB, rpoA
8  Ribosomal proteins (SSU) wrpsl6, rpsld, rps4, rpsl8, rps2, rpsll, rps8, rps3, rpsly, rps7 (x2), rpsl2* (x2), rpsls
9  Ribosomal proteins (LSU) rpl2* (x2), rpll4, rpl16*, rpl20, rpl22, rpl23 (x2), rpl32, rpl33, rpl36
10  Other genes clpP*, matK, accD, ccsA, yinfA, cemA
11 Proteins of unknown function  ycfl, ycf2 (x2), ycf3*, ycf4, ycfl5 (x2)
12 Ribosomal RNAs rrnd.5 (x2), rrn5 (x2), rrnl6 (x2), rrn23 (x2)
13 Transfer RNAs trnH-GUG, trnK-UUU*, trnQ-UUG, trnS-GCU, trnG-UCC¥*, trnR-UCU, trnC-GCA, trnD-GUC, trnY-

GUA, trnE-UUC, trnT-GGU, trnS-UGA, trnG-GCC, trnfM-CAU, trnS-GGA, trnT-UGU, trnL-UAA*,
trnF-GAA, trV-UAC*, trnM-CAU, trnW-CCA, trnP-UGG, trnl-CAU* (x2), trnL-CAA (x2), trnV-GAC
(x2), trnl-GAU (x2), trnA-UGC* (x2), trnR-ACG (x2), trnN-GUU (x2), trnL-UAG
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Table 5 SNPs and InDels in plastome sequences within section
Cruciata spp. SNP Tr: SNP transition; SNP Trv: SNP transversion

. . . SNP SNP
No Species Deletions Insertions Total
Tr. Trv.
1 G. waltonii - - - - -
2 G. lhassica 15 6 29 26 76
3 G.tibetica 33 26 101 53 213
4  G.straminea 53 54 208 138 453
5 G. robusta 58 46 209 139 452
6 G. crassicaulis 29 29 99 54 211
7 G. officinalis 48 46 236 247 577
8 G.siphonantha 52 50 238 147 487
9 G. dahurica 51 56 249 141 497
10 G. macrophylla 21 82 256 170 529
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Figure 3 Bayesian phylogenetic analysis based on 21 plastomes within Gentianaceae, with Catharanthus roseus as the outgroup. Numbers

at nodes are posterior probabilities

Table 6 Candidate loci for identifying G. waltonii and G. lhassica within section Cruciata spp

Taxon IGS (trnQ-UUG, psbK)  IGS (trnT-GGU, pshD)

IGS (trnT-UGU, trnL-UAA) IGS (ndhC, trnV-UAC) IGS (atpB, rbcL)

. waltonii 33 bp (Del) 7 bp (In)
. Ihassica + +
. tibetica - -
. straminea - -
robusta - -
. crassicaulis - -
. officinalis - -
. siphonantha - -
. dahurica - -
. macrophylla - -

OO0

75 bp (Del) 6 bp (In) 11 bp (Del)
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Table 7
and G. lhassica

Candidate loci for differentiating between G. waltonii

Taxon atpB-rbcL psal-rpl33 ycfl
G. lhassica 11 bp (In) 15 bp (Del) 21 bp (In)
G. waltonii - - -

FAEEERILH MK KE R 173 bp, 171 % L4 I
fil 8 F L4 R 248 bp, Z BEHH & (75 bp), Kl 4.

% 4 5% (Primer 1-1) 5-CGGATTGTTGGTA
ATACCGTACC J 5-CCAAATAGGCGGTGGCAAAT
TCGC; PCR & F¥ 4 94 °C, 5 min; 42x (94 °C, 30 s;
59.9 °C, 40's; 72 °C, 1~3 min); 72 °C, 7 min. %t /i AL
KA 2.7% B IE FEAERR, 145 V, 45 min, 106 mA. K
HEZ2 0 H 46 K N 172 bp, 2% 1 9 193 bp, %
PR N 5 (21 bp), KI5,

S ooF yren PET o0 ¥ yeR RIR 0 R RRNAET 0 Y vERAET 0 v yeR R GE B oy EeR AR

Figure A group-specific PCR profile of Gentiana section
Cruciata spp. Bands in the box only for G. waltonii and G. lhassica.
M: DNA Ladder Mix; 0: Negative control; G. waltonii: 1-5 (A),
17-21 (B), 33-39 (C), 49-51 (E), 64 (F), 65-69 (K), 78-82 (I); G.
Ihassica: 6-10 (L), 22-26 (O), 27-29 (P), 40-45 (R), 52-60 (N),
70-74 (S), 83-85 (Q); 11-13 (J): G. crassicaulis; 14-16 (2): G.
robusta; 30-32 (M): G. straminea; 46-48 (G): G. siphonantha; 61-63
(H): G. officinalis; 75-77 (T): G. tibetica; 86-88 (X): G. dahurica;
89-91 (D): G. macrophylla; Bracket: Pop. ID
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Figure 5 A species-specific PCR profile of G. waltonii and G.
Ihassica. Bands in the box only for G. waltonii. M: DNA Marker-B;
0: Negative control; G. waltonii: 1-5 (A), 14-18 (B), 19-23 (1),
29-35 (C), 45-47 (E), 48 (F), 58-62 (K); G. lhassica: 6-10 (L),
11-13 (P), 24-28 (O), 36-44 (N), 49-51 (Q), 52-57 (R), 63-67
(S); Bracket: Pop. ID
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B S 2 B IR A, R 90T R R VR 1 R DNA 2%
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