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Characteristics of the chloroplast genome of Isopyrum
anemonoides

TURDI Rayhangul, MU Lihong, TIAN Xinmin

Xinjiang Key Laboratory of Biological Resources and Genetic Engineering, College of Life Sciences and Technology,
Xinjiang University, Urumqi 830046, Xinjiang, China

Abstract: In order to characterize the chloroplast genome and phylogenetic relationships of Isopyrum
anemonoides, we performed Illumina Hiseq high-throughput sequencing to sequence the complete
chloroplast genome of this plant and constructed a whole-genome map based on contig assembly and
annotation. The chloroplast genome of /. anemonoides is 161 034 bp in length and has a typical tetrad
structure, comprising 85 protein-coding genes, 37 tRNA genes, and 8 rRNA genes. The genome also
contains a total of 44 dispersed repeat sequences and 47 simple sequence repeats. Among the genome’s
53 678 codons, the largest proportion are leucine-encoding codons (5 251), whereas the smallest
proportion encode tryptophan (712). Colinear analysis revealed an absence of inversions and
rearrangements between /. anemonoides and related species at the chloroplast genome level. Whereas
phylogenetic analysis indicated that /. anemonoides did not cluster in a clade with 1. manshuricum, it did
show a very close phylogenetic relationship with Paraquilegia microphylla. The findings of this study
provide basic data that will contribute to further species identification and phylogenetic study of the

genus Isopyrum.

Keywords: Isopyrum anemonoides; high-throughput sequencing; simple sequence repeats loci; chloroplast
genome; phylogeny; codon preference
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Table 1 NCBI sequence numbers of related species of 1. anemonoides

Species ITS matK trnL-F rbelL GenBank No.
Aquilegia ecalcarata U75657.1 EF437127.1 EF437096.1 AY954495.1 NC_041529.1
Aquilegia oxysepala EF437114.1 EF437128.1 EF437097.1 EF437140.1

Semiaquilegia adoxoides EF437123.1 EF437137.1 EF437106.1 EF437147.1 MK569498.1
Isopyrum manshuricum EF437119.1 NC 041541.1 EF437102.1 EF437143.1 NC 041541.1
Isopyrum thalictroides EF437120.1 EF437134.1 EF437103.1 EF437144.1

Enemion raddeanum EF437117.1 NC_041535.1  EF437100.1 AY954494.1 NC_041535.1
Isopyrum anemonoides EF437118.1 EF437132.1 EF437101.1 EF437142.1

Paraquilegia microphylla EF437122.1 EF437136.1 EF437105.1 EF437146.1

Leptopyrum fumarioides EF437121.1 EF437135.1 EF437104.1 EF437145.1 NC 041542.1
Thalictrum javanicum EF437124.1 DQ478615.1 EF437107.1 AY954496.1

Thalictrum robustum EF437125.1 EF437138.1 EF437108.1 EF437148.1

Dichocarpum dalzielii EF437115.1 KY235705.1 EF437098.1 EF437141.1 MK253459.1
Dichocarpum sutchuenense EF437116.1 KY235714.1 KY235760.1 AY954493.1

Hydrastis canadensis MF349151.1 NC_034702.1 EF437112.1 AF093725.1

Thalictrum minus NC 041544.1
Urophysa rockii NC 039742.1
Paraquilegia anemonoides NC 041479.1
Isopyrum anemonoides OM491213 OM457045

http://journals.im.ac.cn/cjben
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Figure 1 Chloroplast genome map of 1. anemonoides. The species name and specific information regarding
the genome (length, GC content, and the number of genes) are depicted in the center of the plot. Genes with
different functions are represented by different colors. The dark part of the inner circle indicates GC content,

and the light part indicates AT content.
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Table 2 The base composition of the chloroplast genome of /. anemonoides

Region A% T% C% G% GC% Length (bp)
Chloroplast genome 30.3 30.9 19.7 19.0 38.8 161 034
Small single-copy region, SSC 34.2 334 17.1 15.3 324 17 387
Large single-copy region, LSC 31.0 324 18.8 17.8 36.6 84 877
Inverted repeated region A, IRA 28.0 28.3 22.4 21.3 43.8 29 385
Inverted repeated region B, IRB 28.3 28.0 21.3 22.4 43.8 29 385
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Table 3  Genes in the chloroplast genome of /. anemonoides

KARAF PSSR T HE K [H] X314~ (65.96%),
WS T3 g X 81 (17.02%) FIHEEH Y
FFX8 (17.02%), XiEM T SSREZE /- fi
75 L R A] B X, 3 28 SSR 3= % A/T4H (1) B
B E R, HZIEEASSREGWIMA. T
TR At

Gene function Group of genes Gene name
classification
Photosynthesis Photosystem I gene psad, psaB, psaC, psaJ, psal

Self-replication

Other genes

Unkown function

Photosystem II gene

Cytochrome b/f complex gene
ATP synthase gene

Rubis CO large subunit gene
NADH dehydrogenase gene

RNA polymerase gene
Ribosomal proteins (LSU) gene

Ribosomal proteins (SSU)

Ribosomal RNAs gene
Transfer RNAs gene

Translational initiation factor gene
Maturase K gene

Subunit of acetyl-Co A gene
c-type cytochrome synthesis gene
Envelop membrane protein gene
Protease gene

Hypothetical chloroplast reading frames (ycf)

psbA, psbB, psbC, psbD, psbE, psbF, psbH, psbl,
psbJ, psbK, psbL, psbM, psbN, psbT, psbZ
petd, petB*, petD*, petG, petL, petN

atpA, atpB, atpE, atpF*, atpH, atpl
rbeL

ndhA*, ndhB*(2), ndhC, ndhD, ndhE, ndhF, ndhG,
ndhH, ndhl, ndhJ, ndhK

1poA, rpoB, rpoCI1*, rpoC2

rpl2*(2), rpli4, rpll6*, rpl20, rpl22, rpl23(2),
rpl33, rpl36

rps2, rps3, rps4, rps7(2), rps8, rpsll, rps12*(2),
rpsld, rpsl5, rpsl6*, rpsl8,

rpsl9

rrn4.5(2), rrn5(2), rrnl6(2), rrn23(2)
trnA-UGC(2)*, rnC-GCA, trnD-GUC, trnE-UUC,
trnF-GAA, trnfM-CAU, trnG-GCC, trnG-UCC¥*,
trnl-CAU(2), trnH-GUG, trnl-GAU*(2),
trnK-UUU*, trnL-CAA(2), trnL-UAA*, trnL-UAG,
trnM-CAU, trnN-GUU(2), trnP-UGG, trnQ-UUG,
trnR-ACG(2), trnR-UCU, trnS-GCU, trnS-GGA,
trnS-UGA, trnT-GGU, trnT-UGU, trnV-GAC(2),
trnV-UAC*, trnW-CCA, trnY-GUA

infA

matK

accD

cemA

ccsA

clpP
yef1(2), yef2(2), yef3*, yef4

The number of genes in parentheses; *: the intron-containing genes.

&B: 010-64807509
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Table 4 Lengths and locations of introns in chloroplast genome of /. anemonoides

Genes Location Exonl (bp) Intronl (bp) ExonlI (bp) IntronllI (bp) ExonlII (bp)
trnK-UUU LSC 37 2534 35

rpsl6 LSC 40 874 221

trnG-UCC LSC 23 696 48

atpF LSC 145 713 410

rpoCl LSC 432 755 1619

yef3 LSC 124 712 230 765 153
trnL-UAA LSC 35 560 50

trnV-UAC LSC 36 593 37

rps12P* LSC 114 535 232 26
clpP LSC 71 783 292 659 251
petB LSC 6 809 642

petD LSC 8 724 475

rpll6 LSC 9 940 399

rpl2* IR 391 658 434

ndhB* IR 777 703 756

trnl-GAU* IR 37 923 35

trnA-UGC? IR 38 800 35

ndhA SSC 553 1 060 539

The rpsi2 is a trans-spliced gene with the 5’ end located in the LSC region and the duplicated 3’ end in the IR regions. a: 2
copies, b: 3 copies.

6000 1
5000 -
4000
3000 F

2000

o 1| 1 1

Ala|Cys | Asp| Glu| Phe| Gly | His | lle | Lys|Leu |Met|Asn| Pro | Gin| Arg| Ser| Thr| Val| Trp| Tyr

(=]

CTG AGGITCG

CTA| AGA|TCA
GCG iGG CTC CCG CGG|TCCIACGGTG
GCA GGA ATA CTT] CCA CGAITCTIACAIGTA

GCCITGCGAQGAG TTCIGGCICACIATCIAAGITTG AACCCCICAGICGAGOACCIGT( TAC]

GCT|TGT|GATIGAATTT|GGT|CATIATTIAAATTAJATGAAT|CCTICAAICGTIAGTIACT|GTT|TGG|TAT]

B2 RREMFFERAMZTHFEAME xBTS R e y B L
Figure 2 Codon usage frequency in the chloroplast genome of 1. anemonoides. The x-axis represents codon
families, frequency of codon usage is plotted on the y-axis.
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Table 5 Repetitive sequences of chloroplast genome of /. anemonoides

No. Size Position 1 Type Position 2 Location 1 Location 2

1 84 64 434 P 64 434 petA-psbJ petA-psbJ

2 76 92 176 F 92 194 yef2 yef2

3 76 92 176 P 153 617 yef2 yef2

4 76 92 194 P 153 635 yef2 yef2

5 76 153 617 F 153 635 yef2 yef2

6 67 92 176 F 92212 yef2 yef2

7 67 92 176 P 153 608 yef2 yef2

8 67 92212 P 153 644 yef2 yef2

9 67 153 608 F 153 644 yef2 yef2

10 63 14 068 P 116 830 atpH-atpl ndhF-trnL-UAG
11 52 74 894 P 74 894 psbT-psbN psbT-psbN

12 49 92 176 F 92 230 yef2 yef2

13 49 92176 P 153 608 yef2 yef2

14 49 92 230 P 153 662 yef2 yef2

15 49 153 608 F 153 662 yef2 yef2

16 40 57 691 P 57 691 rbeL-aceD rbeL-aceD

17 49 101 467 P 101 467 rpsi2-trnV-GAC rps12-trnV-GAC
18 49 101 467 F 144 371 rps12-trnV-GAC trnV-GAC-rpsi2
19 49 144 371 P 144 371 trnV-GAC-rpsi2 trnV-GAC-rpsi2
20 39 44 550 F 99 648 yef3* rpsi2-trnV-GAC
21 39 44 550 P 146 200 yef3* trnV-GAC-rpsi2
22 36 118 693 P 118 734 cesA-ndhD cesA-ndhD

23 42 6763 P 102 216 trnQ-UUG rps12-trnV-GAC
24 42 6763 F 143 629 trnQ-UUG trnV-GAC-rpsi2
25 40 118 152 P 118 152 ccs4 cesA

26 30 6 727 P 102 263 rps16-trnQ-UUG rps12-trnV-GAC
27 30 6 727 F 143 594 rps16-trnQ-UUG trnV-GAC-rpsi2
28 30 6775 P 102 216 trnQ-UUG rps12-trnV-GAC
29 30 6775 F 143 641 trnQ-UUG trnV-GAC-rpsi2
30 30 8 005 P 45992 psbl-trnS-GCU trnS-GGA

31 30 122 162 P 122 198 ndhG-ndhl ndhG-ndhl

32 32 7958 P 7958 psbl-trnS-GCU psbl-trnS-GCU
33 32 103 909 F 104 240 rpsi2-trnV-GAC rpsi2-trnV-GAC
34 32 103 909 P 141 615 rps12-trnV-GAC trnV-GAC-rpsi2
35 32 104 240 P 141 946 rps12-trnV-GAC trnV-GAC-rpsi2
36 32 141 615 F 141 946 trnV-GAC-rpsi2 trnV-GAC-rpsi2
37 31 92176 F 92 248 yef2 yef2

38 31 92 176 P 153 608 yef2 yef2

39 31 92 248 P 153 680 yef2 yef2

40 31 153 608 F 153 680 yef2 yef2

41 33 39570 F 41 794 psaB psaAd

42 32 39 562 F 41786 psaB psaA

43 30 36 309 P 45992 psbC-trnS-UGA trnS-GGA

44 30 47 583 R 122 181 trnT-UGU-trnL-UAA ndhG-ndhl

F: a forward repeat; R: an inverted repeat; C: a complementary repeat; P: a palindrome repeat; *: the repeat sequence located
in the intron region.
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Table 6 SSR in chloroplast genome of 1. anemonoides

No. Type SSR Size Start End Location

1 pl ()10 10 4318 4327 1IGS (¢rnK-UUU-rpsl16)
2 pl (A)11 11 4478 4488 IGS (trnK-UUU-rps16)
3 p2 (AT)6 12 5061 5072 rpsl6*

4 pl (M12 12 6 048 6 059 IGS (rpsi6-trnQ-UUG)
5 c (T)10ataaaaggaaagtgaatggaatgtctaaatcat(C)10 53 6 440 6492 IGS (rps16-trnQ-UUG)
6 pl (A)11 11 7 364 7374 IGS (psbK-psbl)

7 pl (T)15 15 8 151 8165 IGS (trnS-GCU-trnG-UCC)
8 pl ()10 10 8 825 8834 rnG-UCC*

9 pl ()10 10 11931 11940 atpF*

10 pl ()10 10 15963 15972 1GS (rps2-rpoC2)

11 pl (M11 11 18 043 18 053 rpoC2

12 pl ()10 10 25742 25751 rpoB

13 pl (A)10 10 30804 30813 IGS (PsbM-trnD-GUC)
14 pl (A)10 10 31225 31234 1IGS (¢rnD-GUC-trnY-GUA)
15 pl (T)10 10 33551 33560 IGS (truT-GGU-psbD)
16 pl (A)14 14 43346 43359 1GS (Psad-ycf3)

17 pl (T)10 10 46 948 46 957 1GS (rps4-trnT-UGU)
18 pl (15 15 47066 47 080 IGS (rps4-trnT-UGU)
19 c (AT)7tatataaatgt(A)13 38 47248 47285 1GS (rps4-trnT-UGU)
20 pl (A)14 14 48 051 48064 IGS (trnT-UGU-trnL-UAA)
21 pl (A1l 11 48 215 48225 trnL-UAA*

22 c (T)11a(T)11 23 48 764 48 786 1GS (trnL-UAA-trnF-GAA)
23 pl (A)12 12 49411 49422 1IGS (trnF-GAA-ndhJ)
24 pl (M1l 11 51087 51097 ndhK

25 pl ()10 10 52048 52057 IGS (ndhC-trnV-UAC)
26 p2 (AT)6 12 57684 57695 1GS (rbcL-accD)

27 pl (M11 11 60543 60553 IGS (Psal-ycf4)

28 pl (12 12 69012 69023 IGS (rpsi8-rpl20)

29 pl (T)13 13 70186 70 198 IGS (rpl20-rpsi2)

30 pl (11 11 71185 71195 clpP*

31 pl (T)10 10 75615 75624 petB*

32 pl (M12 12 80 132 80 143 IGS (rpsii-rpl36)

33 c (T)10g(A)13 24 80727 80750 IGS (infA-rps8)

34 pl (13 13 82829 82841 rpli6*

35 pl (A)12 12 83363 83374 IGS (rpll6-rps3)

36 pl (T)14 14 84984 84997 IGS (rpsi9-rpl2)

37 pl (A)10 10 111932 111941 IGS (rrn5-trnR-ACQG)
38 pl (A)10 10 114 117 114126 ycfl

39 pl (A1l 11 121281 121291 IGS (ndhE-ndhG)

40 pl (A)10 10 122272 122281 IGS (ndhG -ndhl)

41 p2 (AT)6 12 123 657 123 668 ndhA*

42 c (T)10atcaattatttcatatttcatataattattagta(T)11 55 128 370 128 424  ycfl

43 pl ()10 10 129 681 129690 ycfl

44 pl (M1l 11 130358 130368 ycfl

45 pl ()10 10 131762 131771 ycfl

46 pl (10 10 133947 133956 IGS (trnR-ACG-rrnS5)
47 pl (A)14 14 160 891 160904 IGS (rpl2-trnH-GUG)

Note: P: single SSR type; C: composite SSR type; IGS: intergenic spacer; *: is located in the intron region.
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Figure 3 Colinearity analysis of 10 chloroplast genomes by Mauve. Homologous regions between different
chloroplast genomes are represented by the same color blocks linked by lines.
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Figure 4 Comparison of similarity between two species of Isopyrum. The sequences are connected by different

colors according to similar regions and similar lengths, with scored colors shown in the histograms. The blank
area between the connecting lines in the figure indicates that the two species do not have any similarity.
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Figure 5 Phylogenetic tree based on ntDNA ITS sequences. H. canadensis was used as an outgroup, node
support values are Bayesian posterior probabilities. The material used in this study is marked with a dark
blue asterisk. Species and NCBI accession number used for phylogenetic analysis are listed in Table 1.
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Figure 6 Phylogenetic tree based on three chloroplast fragments (rbcL, matK, trnL-F). H. canadensis was
used as an outgroup, node support values are Bayesian posterior probabilities. The material used in this study
is marked with a dark blue asterisk. Species and NCBI accession number used for phylogenetic analysis in

the present study are listed in Table 1.
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