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Comparative and phylogeny analysis of four Veratrum medicinal plants complete
chloroplast genomes
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Abstract: Objective The chloroplast genomes of Veratrum mengtzeanum, V. taliense, V. stenophyllum and V. grandiflorum were
sequenced and assembled, laying a foundation for the further development of molecular identification and population genetics.
Methods The chloroplast genomes of four Veratrum plants were sequenced using high-throughput sequencing technology.
NOVOPIlasty and Geneious R11 were used to assemble and annotate the chloroplast genomes from the sequence reads respectively.
Comparative and phylogenetic analyses were conducted based on gene annotation results. Results The chloroplast genomes of
Veratrum plants were 151 875—153 711 bp in length, GC content of 37.7%—37.8% and both exhibited the typical quadripartite
circular structure. A total of 135 genes were annotated, including 83—84 protein-coding genes, 38 tRNA genes, eight rRNA genes.
Comparative analyses of chloroplast genomes in four Veratrum plants revealed that no obvious expansion or contraction of the
inverted repeat regions. The chloroplast genome sequence of V. grandiflorum was relatively conservative, with fewer mutation sites.
The sequences variation of V. mengtzeanum, V. taliense and V. stenophyllum were relatively large, and the interspecific differentiation
were relatively small. In addition, 13 sequences with higher variation interspecific were detected in the LSC and SSC regions.

Phylogenetic trees showed that V. grandiflorum had farther relationship with V. mengtzeanum, V. taliense, V. stenophyllum, and the
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relationship between V. taliense and V. stenophyllum was the closest. Conclusion The complete chloroplast genome of four

Veratrum medicinal plants and phylogenetic relations were analyzed in this study, and the results will provide data information for

the further development of molecular identification and population genetics.
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Table 1 Information on eight populations of four Veratrum plants

s h 14 REM  EESS 2 (B) 4 (N)  EIEFRA GenBank B35

SEEP V mengtzeanum Loes. f “HEENE VmBC  100°25' 25°35' 5329240001
ZEAMILT VmL] 100°14' 27°02' 5307000001

KEEEEPS V. taliense Loes. f ZHARIMEE VisZ 103°59"  24°45' 5303230001
LHEAHEE VtYB 100°04' 25°43' 5329220001
oHEAENE VIBC 100°25' 25°35' 5329240002
LHBEILE VtCI 102°31" 24°27' 5304220001

PeME 227 V. stenophyllum Diels ZEEERE VSHQ  100°17"  26°42' 5329320001

EHE V. grandiflorum (Maxim.) Loes. f  ZFF4 AN VeZT  103°05'  27°12/ MN613592
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Fig.1 Gene map of four Veratrum plants chloroplast genomes
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single copy region, LSC); 1/4VNEFEUIX (smallsingle  83~84 1, rRNA &K 8 MAITRNA K 38 4N (£ 2).

copy region, SSC) M1 % FEEX (inverted repeat, 4 MIEY) AR > RGN 3 PR, R
IR). FHLEKSE 151 875~153 711 bp, & GC & HINEERTLLAh 4 K36 5UE/ERA QBB (45
37.7%~37.8%; LSC. SSC. IR XKJEM GC &&m . SHLEHA KRR (74 1. RENThREK
HN: 81967~83367bp. 17 537~17 628 bp. 26 148~ IR (10 4 PLRARIER (matK). 5
26 358 bp; 35.7%~35.8%+ 314%~31.5%. 429%~  MEEHAEEK (cemd) FHABIER (6 ). fEIXLLHL
43.0%. FTAETFHEAERER] 135 MR, OGS BRI SE 21 A8 DU, A4 2 MR O 5
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Table 2 Comparison of chloroplast genomes features of Veratrum plants

, Whole LSC SSC IR e .

P by 6% Kby GC% Folilbp GC% KEbpGCos ki ML RNA BN RNA JIA
VvmBC 151888 37.8 81967 358 17537 31.5 26192 43.0 135 84 8 38
vmLJ 152176 37.8 82238 358 17542 31.5 26198 43.0 135 84 8 38
viSz 151875 37.8 82029 358 17550 31.5 26148 43.0 135 84 8 38
VtYB 152037 37.8 82119 358 17558 31.5 26180 43.0 135 84 8 38
VIBC 152062 37.8 82124 358 17542 315 26192 43.0 135 84 8 38
viCc] 152061 37.8 82123 358 17542 315 26198 43.0 135 84 8 38
VsHQ 152054 37.8 82108 358 17550 31.5 26198 43.0 135 84 8 38
VgzZT 153711 37.7 83367 357 17628 314 26358 429 135 83 8 38

®k3 REEEYMREERERBERS L
Table 3 List of genes of Veratrum plants chloroplast genomes
LIRS HER 4 FE[K 475
self-replication large subunit of ribosomal rpl2*<\ rpll4~ rpll6* rpl20 rpl22. pl23°\ rpl32. 1pl33. rpl36
small subunit of ribosomal 1ps2s 1ps3s rpsds 1ps7¢s 1ps8s rpsll rpsI2PY\ rpsld. rpsi5. rpsI8. rpsl9
DNA dependent RNA polymerase 1po4~ 1poB+ rpoCI*\ rpoC2
TRNA genes rmd 56 rmdes rml 6 rrn23°
tRNA genes trnduec™~ trnCeca~ trnDeucs trnEvucs trnFaas trnfMcaus trnGeces trnGueds trnHeuc®
trnleat® trnloa™S trmKvuits trnLeas®s trnLuad®s trnLuacs trnMcavs trnNeutts trnPuce-
trnQuues trnRacc®s trmRucu~ trnSecus trSeea~ trnSucas trnTecus trnTucus trmVoacs
trnVuac*s trnWeeas trn¥oua
gene for photosynthesis  photosystem I psad. psaB. psaC. psal. psaJ
photosystem II psbA~ psbB. psbC. psbD. psbE. psbF. psbH. psbl. psbJ. psbK. psbL. psbM. psbN.
psbT. psbZ
NadH oxidoreductase ndhA*s ndhB*\ ndhC. ndhD~ ndhE ndhF. ndhG- ndhH. ndhl. ndhJ. ndhK
cytochrome b6/f complex petd. petB*\ petD*. petG. petL. petN
ATP synthase atpA*s awpB. atpE. atpF. atpH. atpl
rubisco rbel
other genes maturase matK
translational inf4
protease clpP®
envelop membrane protein cemA
subunit of acetyl-CoA aceD
c-type cytochrome synthesis gene cesA
unknown function conserved open reading frames yefles yef2°, yef3's yefds yefl15es ycf6s

WEINNET PEE LG T AR, R EER

“Gene containing a single intron; *Gene containing two introns; ‘Gene with two copies; “Trans-splicing gene
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Table 4 Interspered repeat sequences information of

Veratrum plants

. E=F 5
IEFESR RIES BISFH AN
VmBC 14 1 18 1
VmL]J 13 1 18 /
VisSZ 13 3 21 1
VtYB 13 3 19 /
VtBC 13 3 19 /
VtCJ 13 3 19 /
VsHQ 12 3 19 1
VgZT 13 3 19 /

33 IR XA FLER S

FEMERASENZH A, IR X5 LSC #1 SSC X A%
7 4 NiAF, Bl LSC/IRb. IRb/SSC. SSC/IRa.
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HE rps19 FERIALT LSC X, 437 #E LSC/IRb ik
J% 49, 3 bp. 1 IRb/SSC 1A 1 yefl FERI 2 15k
%, RN AMEER, B JE#ER) IRb/SSC. SSC/IRa
BRI yefl BEEFF yefl FEEWN, H yefl
TBE R KB 73 AR AE IRb [X (960~991 bp), f 1~
9 bp 7T SSC IX; yefl FEF K534 TE SSC X
(4401~4398 bp), A 960~991 bp 434 7F IRa [X .
[Ra/LSC U FHEFTA JE R IIALT ornH 5 psbA F
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Table 5 Type and number of SSR loci of four Veratrum plants chloroplast genomes

JER#E

SSR A7 58 (/%)

PREHR CERER CEER VIERER AERER IR SSC LSC CDS
VmBC  50(69.44)  10(13.89)  4(5.56) 6(8.33) 2(2.78) 0 16(22.22)  56(77.78)  14(19.44)
VmLJ 41(64.06)  12(18.75)  4(6.25) 6(9.38) 1(1.56) 0 15(23.44)  49(76.56)  14(21.88)
ViSZ 46(69.70)  11(16.67)  3(4.55) 5(7.58) 1(1.52) 0 142121)  52(78.79)  16(24.24)
VtYB 44(68.75)  11(17.19)  3(4.69) 5(7.81) 1(1.56) 0 14(21.88)  50(78.13)  16(25.00)
VtBC 46(69.70)  11(16.67)  3(4.55) 5(7.58) 1(1.52) 0 142121)  52(78.79)  15(22.73)
VtCJ 45(69.23)  11(16.92)  3(4.62) 5(7.69) 1(1.54) 0 1421.54)  51(78.46)  15(23.08)
VsHQ 47(69.12)  11(16.18)  3(4.41) 5(7.35) 2(2.94) 0 16(23.53)  52(76.47)  15(22.06)
VeZT 41(59.42)  13(18.84)  4(5.80) 6(8.70) 5(725)  2(2.90) 21(30.43)  46(66.67)  15(21.74)
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Table 6 Repeat types of SSR of four Veratrum plants
TRHR Pl 5 H%
VmBC VmLJ VtSZ VtYB VtBC VtCJ VsHQ VgZT
A/T 47 38 44 42 44 43 45 39 63.93
C/G 3 3 2 2 2 2 2 2 3.36
AT/AT 10 12 11 11 11 11 11 13 16.82
AAG/CTT 1 1 1 1 1 1 1 2 1.68
AAT/ATT 1 1 / / / / / 1 0.56
ACT/AGT 1 1 1 1 1 1 1 1 1.50
AGG/CCT 1 1 1 1 1 1 1 / 1.31
AAAG/CTTT 2 2 2 2 2 2 2 2 3.00
AAAT/ATTT 2 2 1 1 1 1 1 2 2.06
AATG/ATTC 2 2 2 2 2 2 2 2 3.00
AAAGT/ACTTT 1 1 1 1 1 1 1 / 1.31
AATAT/ATATT 1 1 / / / / / / 0.37
AAAAT/ATTTT / / / / / / / 1 0.19
AATAG/ATTCT / / / / / / / 2 0.37
AATGG/ATTCC / / / / / / 1 / 0.19
ACTAT/AGTAT / / / / / / / 1 0.19
ATATC/ATATG / / / / / / / 1 0.19
JLB JSB JSA JLA
VgZT 83,367 bj f—m—//— M - = /W._lm
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Fig. 2 Comparison of boundaries of four Veratrum plants chloroplast genomes
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Fig. 3 Global comparison of Veratrum plants chloroplast genomes
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Fig. 4 Nucleotide diversity of Veratrum plants chloroplast genomes
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