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Abstract: Veronica polita Fr. is an important Tibetan medicinal herb. Herein, the chloroplast genome of V.
polita was sequenced based on high—throughput sequencing, and its basic characteristics were analyzed using
bioinformatics methods. The phylogeny of V. polita was studied using the protein coding sequences of chlo—
roplast genomes. The results were as follows: 1) The complete chloroplast genome of V. polita is 150 191 bp
in length, with a GC content of 37.9%. The lengths of large single copy (LSC), small single copy (SSC) and
inverted repeat (IR) regions are 81 847 bp, 17 414 bp and 25 456 bp, respectively; 2) The chloroplast genome
contains 134 genes, including 88 protein coding genes (PCGs), 8 ribosomal RNA (rRNA) genes and 38 trans—
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port RNA (tRNA) genes, including 2 pseudogenes; 3) A total of 26 529 codons were detected in the chloro—
plast genome. Among them, 32 types of single codons have relative synonymous codon usage (RSCU) values
less than 1, 30 types have RSCU values greater than 1, and 2 types have RSCU values equal to 1; 4) The IR
boundary regions of Veronica are highly conservative, without obvious contraction or expansion; 5) Most varia—
tions in chloroplast genomes of Veronica plants exist in intergenic regions; 6) V. polita is most closely related

to V. persica. This study laid the foundation for species identification and genetic diversity research of the

genus Veronica.
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Table 1 Base composition of the V. polita chloroplast
genome

Percentage of a base or base pair/(%)

Region

A C G T AT GC
Genome  30.7 19.2 18.7 31.4 62.1 37.9
LSC 31.4 18.3 17.6 32.7 64.1 35.9
SSC 344 16.4 15.2 34.0 68.4 31.6
IRA 28.2 22.4 20.8 28.6 56.8 43.2
IRB 28.6 20.8 22.4 28.2 56.8 43.2
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Fig.1 Chloroplast genome map of V. polita

Genes inside the circle are transcribed clockwise, and those outside the circle are transcribed counterclockwise. The inner gray

circles represent GC content.
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Table 2 Genes of the V. polita chloroplast genome

Gene function Gene group Gene name
Self-replication ~ Small subunit of ribosome rps16*, rps14, mps1l, rps3, ps2, rps19, rps18, mps1S, mps4, rps8, rps12%#(2), rps7(2)
rRNA genes rrn16(2), rrn23(2), rrm4.5(2), rm5(2)
Large subunit of ribosome pl2#(2), rpl16*, mpl32, rpl33, mpl22, rpl20, rpl14, pl23(2), rpl36
DNA dependent RNA polymerase  rpoC1*, rpoC2, rpoB, rpoA
tRNA genes trnC-GCA, trnD-GUC, trnE-UUC ,trnF-GAA, trnW-CCA , trnH-GUG, tirnT-UGU,

trnS-UGA, trnlL—-UA G, traM-CA U, trnK-UUU*, trnS—-GGA, trnS-GCU, trnQ-UUG,
trnR-UCU, trnL-UA G*, trnL-UAA*, imP-UGG, trnl-CA U(2), irmA-UGC*(2),
trnL—CAA(2), trnN-GUU(2), tirnR-A CG(2), trnV-GAC(2), trnG-UCC*, trnV-UA C*,
trnG-GCC, irnT-GGU, trnl-GA U*(2), imfM-CAU, irnY -GUA

Photosynthesis  Subunits of ATP synthase atpA, atpB, apE, atpF*, atpH, atpl
Subunits of NADH dehydrogenase  ndhA*, ndhB*(2), ndhC, ndhD, ndhE, ndhF, ndhG, ndhH, ndhl, ndhJ, ndhK
Cytochrome b/f complex petB*, petD*, petA, petN, petl., petG
Photosystem [ psaA, psaB, psaC, psal, psal
Photosystem Il psbZ, psbT, psbN, psbM, psbL, psbK, psbJ, psbl, psbD, psbA, psbH, psbF,
psbE, psbB, psbC
Subunit of rubisco rbel
Others Subunit of acetyl-CoA-carboxylase accD
Envelope membrane protein cemA
C—type cytochrome synthesis gene  ccsA
Protease gene clp P¥*
Maturase gene matK
Translation initiation factor IF-1 infA
Unkown function Conserved open reading frame vef1(2), yef15#(2), ycf2(2), yef3**, ycf4

E R AR AANASTORRE, , AF 2 AT RRE # BAR, 2, BA2AENGAR,

Notes: *, gene with one intron; **, gene with two introns; #, pseudogene; (2), gene with two copies.
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Fig.2 Heat map of RSCU values in the V. polita chloroplast genome

*3 BEMMHEFEERAHNENENZEBRTFERE
Table 3 RSCU in the V. polita chloroplast genome

Amino acid Codon No. RSCU value Amino acid Codon No. RSCU value

Phe uuu 1010 1.36 Met AUG 624 1.00
uuc 480 0.64 Ser Ucu 608 1.74

Leu UUA 898 1.90 ucc 328 0.94
uuG 575 1.22 UCA 425 1.21

CUU 616 1.30 UucG 211 0.60

cucC 175 0.37 AGU 421 1.20

CUA 391 0.83 AGC 109 0.31

CUG 181 0.38 Pro CCU 428 1.52

Ile AUU 1094 1.49 CCcC 230 0.82
AUC 429 0.58 CCA 321 1.14

AUA 683 0.93 CCG 148 0.53

Val GUU 542 1.48 Thr ACU 542 1.61
Guc 192 0.52 ACC 247 0.73

GUA 544 1.49 ACA 419 1.24

GUG 185 0.51 ACG 142 0.42

Tyr UAU 765 1.62 Ala GCU 606 1.72
UAC 178 0.38 GCC 241 0.68

TER UAA 52 1.81 GCA 409 1.16
UAG 20 0.70 GCG 153 043

UGA 14 0.49 Cys uGU 227 1.54

His CAU 474 1.51 uGC 68 0.46
CAC 154 0.49 Trp UGG 464 1.00

Gln CAA 732 1.55 Arg CGU 344 1.30
CAG 214 0.45 CGC 108 0.41

Asn AAU 997 1.54 CGA 367 1.39
AAC 296 0.46 CGG 119 0.45

Lys AAA 1078 1.49 AGA 468 1.77
AAG 369 0.51 AGG 182 0.69

Asp GAU 863 1.61 Gly GGU 564 1.25
GAC 209 0.39 GGC 183 0.41

Glu GAA 1011 1.49 GGA 715 1.58
GAG 343 0.51 GGG 344 0.76
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Fig.3 Comparison of IR boundaries among species of Veronica
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Fig.4 Alignment of chloroplast genome sequences among species of Veronica
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Fig.5 BI tree based on protein coding sequences of the chloroplast genomes
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