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Comparative and phylogeny analysis of Asarum caudigerum and
A. cardiophyllum complete chloroplast genomes

BAI Guo-qing, LU Yuan, WEI Qian, LIU An-cheng, LI Ren-na, CONG Xiao-feng,
ZHOU Jun-hui, CHEN Chen"

(Shaanxi Engineering Research Centre for Conservation and Utilization of Botanical Resources, Xi'an Botanical
Garden of Shaanxi Province (Institute of Botany of Shaanxi Province), Xi'an 710061, China)

Abstract: The complete chloroplast genome of medicinal plant Asarum caudigerum Hance and its close
relative 4. cardiophyllum Franchet were sequenced using Illumina Hiseq technology, and assembled, annotated,
and characterized by bioinformatic methods in this study. Then phylogenetic analysis of the complete chloroplast
genomes of A. caudigerum, A. cardiophyllum, and twelve published species was conducted. The results indicated
that the chloroplast genomes ranged from 186 215-186 985 bp in length, with a large single copy (LSC, 89 445-
90 169 bp) and two inverted repeats (IRa/IRb, 48 387-48 408 bp). The overall GC content was 37.4%-37.5%. A
total of 144 chloroplast genes were annotated, including 98 protein coding genes, 38 tRNA genes and 8 rRNA
genes. In addition, complex genomic rearrangements were detected in the chloroplast genome of Asarum.
Meanwhile, visual evaluation of the discrete type of the sequence indicated that the variation level of non-coding
region was higher than that of coding region. Phylogenetic analyses suggested that 4. caudigerum and A.
cardiophyllum were clustered into a single clade and 4. cardiophyllum, A. sieboldii var. seoulense, A. misandrum
and A. maculatum were clustered into another single branch. These two clade were sister species. This study
provides a scientific basis for the identification, phylogenetic relationship, molecular breeding of Asarum species.
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Table 1

Comparison of plastid genome feature and GenBank sequence numbers from Aristolochiaceae used in this study. LSC: Large

single copy; SSC: Small single copy; IR: Inverted repeat

No. Species From GenBank No.  Size/bp  Overall GC content/% LSC/bp  SSC/bp  IR/bp
1 Piper bambusifolium NCBI NC062129 161476 30.8 89 143 19429 27058
2 Saruma henryi NCBI MT130705 159914 38.8 88 643 19504 25884
3 Aristolochia kwangsiensis NCBI NC036153 159 849 38.8 89 395 20817 25568
4 Aristolochia hainanensis NCBI NC036152 159 764 435 89 134 19306 25662
5 Aristolochia contorta NCBI NC061937 160 576 383 89 781 21118 25459
6  Aristolochia debilis NCBI NC052833 159 793 383 89 609 21107 25175
7 Aristolochia bracteolata NCBI MG520100 158 234 38.4 88 346 20855 25261
8 A pulchellum NCBI MZ440306 177 905 37.7 90 885 8921 39049
9 A misandrum NCBI NC058739 193 163 36.2 96 357 - 48 403
10 A. maculatum NCBI NC058740 193 105 36.2 96 301 - 48 402
11 A. sieboldii var. seoulense NCBI NC037190 193 356 36.2 96 554 - 48 401
12 A. sieboldii NCBI OP355583 160 521 38.5 89 359 16729 27224
13 A. heterotropoides var. mandshuricum NCBI OP355584 160 555 385 89 353 16 728 27237
14 A. cardiophyllum Sequencing - 186 985 37.4 90 169 - 48 408
15 A. caudigerum Sequencing - 186 215 37.5 89 445 - 48 387
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Table 2 Chloroplast genome information statistics of 4. caudigerum and A. cardiophyllum. PCGs: Protein coding genes; tRNA: Transfer
RNA; rRNA: Ribosomal RNA; IRA: Inverted repeat A; IRB: Inverted repeat B

Species Location A% T/% C/% G/% GC/% PCGs tRNA rRNA  Number of genes Length/bp
A. caudigerum LSC 31.8 32.2 17.5 18.6 36.1 59 22 0 81 89 445
IRA/IRB 30.6 30.6 19.4 19.4 38.8 20 8 4 32 48 387
In total 31.2 31.3 18.5 19.0 37.5 98 38 8 144 186 215
A. cardiophyllum LSC 32.1 32.1 17.4 18.4 35.8 59 22 0 81 90 169
IRA/IRB 30.6 30.6 19.4 19.4 38.8 20 8 4 32 48 408
In total 31.3 31.3 18.4 18.9 37.4 98 38 8 144 186 985




FATETE S FRACH - L 18T 4 7 2 Ak R 2 LU R R G0 b -+ 1367

Asarum caudigerum
186,215 bp

Asarum cardiophyllum
186,985 bp

SSC: 16812

photosystem |
photosystem Il
cytochrome b/f complex
ATP synthesis
NADH dehydrogenase
RubisCO larg subunit
RNA polymerase
small ribosomal protein
large ribosomal protein
clpP, matk, infA
hypothetical reading frame
transfer RNA
ribosomal RNA
other

OEEODOEOEEOODEEE

Figure 1 Chloroplast genome map of A. caudigerum and A. cardiophyllum

Table 3 Functional classification present in chloroplast genomes of 4. cardiophyllum and A. caudigerum. The superscripts a and b indicate
1 and 2 introns, respectively; the superscript ¢ indicates 2 copies of the gene. NADH: Nicotinamide adenine dinucleotide; ATP: Adenosine

triphosphate
Category Gene group Gene name
Self-replication Ribosomal RNA genes rrnl6S°, rrn23S°¢, rrn4.5S%, rrn5S°¢
Transfer RNA genes trnE-UUC, trnY-GUA, trnD-GUC, trnR-UCU, trnG-UCC*, trnS-GCU, trnQ-UUG,
trnK-UUU, trnH-GUG, trnT-GGU, trnS-UGA, trnG-GCC, trnfM-CAU, trnS-GGA,
trnT-UGU, trnL-UAA®, trnF-GAA, trnV-UAC?, trnM-CAU, trnW-CCA, trnP-UGG,
trnl-CAU", trnL-CAA®, trnV-GAC®, trnl-GAU™, trnA-UGC*, trnR-ACG*, trnN-GUU",
trnL-UAG", trnC-GCA
Small subunit of ribosome rps2, rps3°, rpsd, rpsT:, rps8, rpsll, rps12™, rpsi4, rps15e, rps16°, rps18, rpsl9°
Large subunit of ribosome rpll4, rpl16°, rpl20, rpl22°, rpl23°, rpl32°, rpl33, rpl36
DNA-dependent RNA polymerase rpod, rpoB, rpoCI*, rpoC2
Translational initiation factor infA
Genes for photosynthesis Subunits of photosystem I psaA, psaB, psaC®, psal, psaJ
Subunits of photosystem 11 psbA, psbB, psbC, psbD, psbE, psbF, psbH, psbl, psbJ, psbK, psbL, psbM, psbN,
psbT, psbZ
NADH oxidoreductase ndhA*, ndhB*, ndhC, ndhD°, ndhE*, ndhF*, ndhG*, ndhI°, ndhJ, ndhK, ndhH*
Subunits of cytochrome petd, petB*, petD’, petG, petL, petN
Subunits of ATP synthase atpA, atpB, atpE, atpF*, atpH, atpl
Large subunit of rubisco rbeL
Other genes Maturase matK
Envelope membrane protein cemA
Subunit of acetyl-CoA accD

C-type cytochrome synthesis gene ccsA°
Conservedreading frames Conserved open reading frames yefl®, yef2°, yef3°, yef4

FlER (1 gmAD3E K % H 85~100, tRNA JE R KT H 34~38, 5 LRI, @A R 4 A 3k DR 20 3 TR 50 H LR
FERE128~146 KT HIHKSE 160 521~193 356 bp (K 1). FI G A ol 17 22 S A K 8 N4 J@ A 4 1) LSC/IRb




2
T
o

#ii  Acta Pharmaceutica Sinica 2023, 58(5): 1364-1371

S
Ty " —
—
oL ¥ SR, WY PV T g N VY T e
o —
i T WY M o W VY
—l
'ﬂ'-'vw-"'m'**!  W— Y W =
T [W | Y W PV o — Y

. henryi

. bracteolata

. contorta

. debilis

. hainanensis

. kwangsiensis
I

. pulchellum

. sieboldii var. seoulense

100k 106k 112k 118k 124k 128k 134k 140k 146k 149k 156k 162k 168k 174k

Figure 2 Sequences alignment of chloroplast genomes of 14 Aristolochiaceae plants
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Figure 3 Mauve alignment among 14 Aristolochiaceae plant chloroplast genomes
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