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Abstract 
The family Aristolochiaceae, comprising about 600 species of eight genera, is a unique plant family containing aristolochic acids (AAs). The complete chloroplast genome 
sequences of Aristolochia debilis and Aristolochia  contorta are reported here. The results show that the complete chloroplast genomes of A. debilis and A. contorta comprise 
circular 159,793 and 160,576 bp-long molecules, respectively and have typical quadripartite structures. The GC contents of both species were 38.3% each. A total of 131 genes 
were identified in each genome including 85 protein-coding genes, 37 tRNA genes, eight rRNA genes and one pseudogene (ycf1). The simple-sequence repeat sequences mainly 
comprise A/T mononucletide repeats. Phylogenetic analyses using maximum parsimony (MP) revealed that A. debilis and A. contorta had a close phylogenetic relationship with 
species of the family Piperaceae, as well as Laurales and Magnoliales. The data obtained in this study will be beneficial for further investigations on  A. debilis  and A. contorta 
from the aspect of evolution, and chloroplast genetic engineering. 
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The traditional Chinese medicine plants, Aristolochia debilis and 
Aristolochia contorta, are herbaceous climbers in the family 
Aristolochiaceae. These two species have been recorded as 
traditional herbal medicines which can clear lung-heat to stop 
coughing and activate meridians to stop pain. Modern pharmacology 
studies have shown that the primary chemical constituents of the 
two species are aristolochic acid analogues including aristolochic 
acids (AAs) and aristolactams (ALs).  
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Results 

The complete chloroplast genome of A. debilis is a circular molecule 
of 159,793 bp in length comprising a large single-copy (LSC) region of 
89,609 bp and a small single-copy (SSC) region of 19,834 bp 
separated by a pair of inverted repeats (IRs), each 25,175 bp in 
length. The complete chloroplast genome of A. contorta is 160,576 
bp in length, which is divided into one LSC (89,781 bp), one SSC 
(19,877 bp) and two IRs, each 25,459 bp in length. 
 
A total of 131 genes were identified from each genome including 85 
protein-coding genes, 37 tRNAs, eight rRNAs, and one pseudogene 
(ycf1). The functional ycf1 copy existed encompassing IR-SSC 
boundary and the other pseudogene ycf1 copy was on the other IR 
region. Six protein-coding genes, seven tRNA genes, and all rRNA 
genes were duplicated in the IR regions. Coding regions including 
protein-coding genes (CDS), tRNAs, and rRNAs constituted 56.7% and 
56.4% in the chloroplast genomes of A. debilis and A. contorta, 
respectively; while the non-coding regions including introns, 
pseudogenes, and intergenic spacers constituted 43.3% and 43.6% of 
the genome, respectively. 
 

Introduction 

Gene maps of the complete chloroplast genomes of A. debilis  and A. 
contorta. 

Results 

With further research, current evidence from studies of AAs has 
demonstrated that AAs can cause nephrotoxicity, carcinogenicity, and 
mutagenicity, especially after prolonged low-dose or shortdated 
high-dose intake. In this study, we determined the complete 
chloroplast genome sequences of A. debilis and A. contorta, which 
are the first two sequenced members of the family Aristolochiaceae. 
 

Data revealed the presence of 18 genes containing introns in each 
chloroplast genome, including atpF, rpoC1, ycf3, rps12, rpl2, rpl16, 
clpP, petB, petD, rps16, ndhA, ndhB, and six tRNA genes. All the 
protein-coding genes were composed of 26,239 and 26,255 codons 
in the chloroplast genomes of A. debilis and A. contorta, respectively.  
 
A total of 129 and 156 simple sequence repeats (SSRs) were 
identified using the microsatellite identification tool (MISA) in the 
chloroplast genomes of A. debilis and A. contorta, respectively. In 
these SSRs, mononucletide repeats were largest in number, which 
were found 81 and 96 times in A. debilis and A. contorta, 
respectively. A/T mononucleotide repeats (96.3% and 94.8%, 
respectively) were the most common.  
 
The comparative genomic analysis showed that the two IR regions 
were less divergent than the LSC and SSC regions. The four rRNA 
genes were the most conserved, while the most divergent coding 
regions were ndhF, rpl22, ycf1, rpoC2 and ccsA.  
 
The phylogenetic tree were constructed using the Maximum 
parsimony (MP) method based on 60 protein-coding genes 
commonly present in 37 species, and the result illustrated that two 
Aristolochia species were sister taxa with respect to four Piper 
species (Piperaceae), and these species were grouped with four 
species from Laurales and five species from Magnoliales.  

Gene contents in the chloroplast genomes of A. debilis and A. contorta. 

Genes on the inside of the circle are transcribed clockwise, while 
those outside are transcribed counter clockwise. The darker gray in 
the inner circle corresponds to GC content, whereas the lighter gray 
corresponds to AT content. 

No. Group of Genes Gene names Amount 

1 Photosystem I psaA, psaB, psaC, psaI, psaJ 5 

2 Photosystem II 
psbA, psbB, psbC, psbD, psbE, psbF, psbH, psbI, psbJ, psbK, psbL, psbM, 

psbN, psbT, psbZ 
15 

3 
Cytochrome b/f 

complex 
petA, petB *, petD *, petG, petL, petN 6 

4 ATP synthase atpA, atpB, atpE, atpF *, atpH, atpI 6 

5 
NADH 

dehydrogenase 
ndhA *, ndhB *(×2)1, ndhC, ndhD, ndhE, ndhF, ndhG, ndhH, ndhI, ndhJ, 

ndhK 
12(1) 

6 
RubisCO large 

subunit 
rbcL 1 

7 RNA polymerase rpoA, rpoB, rpoC1 *, rpoC2 4 

8 
Ribosomal proteins 

(SSU) 
rps2, rps3, rps4, rps7(×2), rps8, rps11, rps12 **(×2), rps14, rps15, rps16 

*, rps18, rps19 
14(2) 

9 
Ribosomal proteins 

(LSU) 
rpl2 *(×2), rpl14, rpl16 *, rpl20, rpl22, rpl23(×2), rpl32, rpl33, rpl36 11(2) 

10 
Proteins of unknown 

function 
ycf1, ycf2(×2), ycf3 **, ycf4 5(1) 

11 Transfer RNAs 37 tRNAs (6 contain an intron, 7 in the IRs) 37(7) 

12 Ribosomal RNAs rrn4.5(×2), rrn5(×2), rrn16(×2), rrn23(×2) 8(4) 

13 Other genes accD, clpP **, matK, ccsA, cemA, infA 6 


