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Abstract; Characteristics including base composition and gene type of chloroplast genome of Thalictrum
cirrhosum Lévl. were analyzed, and comparison and phylogenetic analysis with those of related species in
the same genus namely Thalicirum viscosum C. Y. Wu, Thalicirum foeniculaceum Bunge, Thalictrum
coreanum H. Lév., and Thalictrum thalictroides (Linn.) Eames et Boivin were carried out. The results
show that AT content (61.6% ) in chloroplast genome of T. cirrhosum is obviously higher than GC content
(38.4%) , and GC content in the inverted repeat region (IR) is the highest (43.2%) ; 20 out of 133
annotated genes contain two copies, and 17 genes contain two introns, while only clpPl gene contains
three introns; based on the products of genes, 133 genes can be divided into 17 categories, in which, the
number of genes that encode small subunit of ribosome protein and subunit of photosystem Il are the most
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(14) among protein-coding genes; there are 58 SSR loci in the chloroplast genome, in which, the single
and C are the most (51), which accounts for 88% of total
number of SSR loci. The large single copy region (LSC) , small single copy region (SSC) ,
of the chloroplast genomes of T. cirrhosum and its four related species contain 409, 84,

nucleotide SSR loci consisting of T, A,
and IR region
and 260
polymorphic loci, respectively, and the averages of nucleotide polymorphism are 0.009 4, 0.014 0, and
0.002 1,
relatively conservative. The structures,
cirrhosum and its four related species are all relatively similar,
sequences is obviously higher than that of coding sequences,
boundaries of IR regions. The cluster analysis result shows that Thalictrum Linn. species can be clustered
into one branch, in which, T. cirrhosum has the closest genetic relationship with T. wiscosum. The
comprehensive study result shows that the base composition of chloroplast genome of T. cirrhosum prefers
A or T, the three regions corresponding to trnV-UAC gene, ndhF and ndhD genes, and ycfl gene were
nucleotide polymorphism hotspots of T. cirrhosum and its four related species; the characteristics of
chloroplast genomes of T. cirrhosum and its four related species are relatively similar, and contraction or
expansion of y¢fl, ndhF, rpl2, and rpsl9 genes are the main reason for the differences in IR regions of
chloroplast genomes of Thalictrum species;

respectively; the sequence variation of IR region is small, indicating that the IR region is
and GC contents of chloroplast genomes of T.
and the variation degree of non-coding

but there are some differences in the

gene numbers,

the chloroplast genome can provide reliable basis for the
classification and identification of Thalictrum species.

Key words: Thalicirum cirrhosum Lévl. ;
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*1 EEEREMHZEEFEAREEHEK
Table 1 Composition of bases in chloroplast genome of Thalictrum
cirrhosum Lévl.

FEEEH/% Base content

X 35§, Region
A T C G GC

KEPE DX Large single copy region  31.0 32.3 18.8 17.8 36.6
JNEAYE DL IX Small single copy region  34.1 33.6 17.1 153 32.4
M EHE X Inverted repeat region 28.6 282 209 223 432

S Overall 30.5 31.1 19.6 18.8 38.4
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Table 2 Results of chloroplast genome annotations of Thalictrum cirrhosum Lévl.

HERY

TN

i

7<}J|J
Producl category Gene" Number
tRNA trnA-UGC( x2) #% trnC—-GCA ,trnD —GUC ,trnE-UUC ,trnF-GAA ,tirnG-UCC , 37
trnG—GCC *% trnH-GUG ,trnl-CAU( x2) ,trnl-GAU( x2) **  trnK-UUU ** |
trnl—UAA #% |trnL—UAG ,trnL—CAA( X2) ,irnM—CAU( X2) ,irnN-GUU( X2) ,
trnP-UGG ,trnQ-UUG ,trnR-UCU ,trnR-ACG( X2) ,trnS=GCU ,trnS—UGA ,trnS—
GGA ,imT-UGU ,irnT-GGU ,trnV-UAC ** ,imV-GAC(x2) ,irmnW-CCA,
trnY-GUA
rRNA rrd.5(x2) ,rrn5(%x2) ,rrml6(X2) ,rrm23(x2) 8
R (/N % Small subunit of ribosome protein ps2,rps3 ,rpsd ,ps7( X2) ,rps8,rpsl 1 ,rps12(X2) *% [rpsl4 ,rpsl5 ,psl6 * % | 14
rps18,rpsl9
R A RIE 3 Large subunit of ribosome protein pl2(X2) #x rpll4 ,rpll6 #+ [rpl20,rpl22 ;rpl23( X2) ,mpl33 ,1pl36 ,1pl32 11
RNA A H# V5 Subunit of RNA polymerase rpoA ,rpoB ,rpoCl1 ** [rpoC2 4
NADH i Z## IV % Subunit of NADH dehydrogenase ndhA #% ndhB(x2) #% ,ndhC ,ndhD ,ndhE ,ndhG ,ndhH ,ndhl ,ndh] ,ndhF 12
ndhK
FFE %5 T W I Subunit of photosystem T psaA ,psaB ,psaC,psal ,psa] 5
FFR G 1 W3 Subunit of photosystem 1T psbA ,psbB , psbC , psbD , psbE , psbF ,psbH , psbl , psbJ] , psbK , psbL ,psbM ,psbT , psbZ 14
2t 2,25 T 3 Subunit of cytochrome petA ,petB *% petD **  petG ,petL ,petN 6
ATP 45 % Subunit of ATP synthase atpA ,atpB ,atpE ,atpF ** ,atpH , atpl 6
1% i gk - 1 ,S—Z%M\Zﬁ'fkﬁﬁj(ﬂ% Large subunit rbelL 1
of rubisco
FAEE Maturase matK 1
A Protease clpP1 ##x% 1
AR 11 Envelope protein cemA 1
Z T CoA W.3E Subunit of acetyl-CoA accD 1
MR C A R Synthase of cytochrome C ccsA 1
AHYIFEFE H Unknown function protein yef1(X2) ,yef2( X2) ,yef15(X2) ,infA,pafl ** ,pafll ,pbf1 10
AT Total 133

D (x2); 2 f3¥ 01 Two copies;

x3 EEEMEMREEESA SSR 57
Table 3
cirrhosum Lévl.

. T 2 AN F Containing two introns;

wxx o A 3IMNNET Containing three introns.
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SSR analysis on chloroplast genome of Thalictrum

ML

ARSI SSR L5 HK

ENCE o Number of SSR loci with different repetition rates
Repeat

i Bt
unit 6 7 10 11 12 13 14 15 16

Total

A 9 4 3 16
C 1 1 2
T 17 6 3 2 4 1 33
AT 2 1 3
TA 2 2
St Total 58
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Fig. 1 Analysis on nucleotide polymorphism of chloroplast genome of Thalictrum cirrhosum Lévl. and its related species
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Table 4 Comparison on characteristics of chloroplast genomes among Thalictrum cirrhosum Lévl. and its related species')

YFh Species lg/bp lisc/bp Lssc/bp Lig/bp n ny n3 ny Cee/ %
SR EBFEWIL Thalictrum cirrhosum 155 969 85 324 17 657 26 494 133 88 37 8 38.4
FHFERA L Thalictrum viscosum 155984 85339 17 655 26 495 134 88 38 8 38.0
S2I BN EE Thalictrum foeniculaceum 155923 85323 17 628 26 486 132 87 37 8 38.2
& FEFARE Thalictrum coreanum 155 088 84 733 17 549 26 403 133 88 37 8 38.1
S RN Thalictrum thalictroides 154 924 84 899 17 497 26 273 134 89 37 8 38.1

D, FEHAKE Length of genomes; 1. : KUFE LXK FF Length of large single copy region; leg.: /NP8 DX K F Length of small single copy
region; [y : JINE S XK JE Length of inverted repeat region; n: HEF %01k Number of gene; n,: £ 151 % % 3 K 4L Number of protein-coding
genes; ny: tRNA XJ R Y FEFE L Number of genes corresponding to tRNA; n, : tRNA XJ 1 [ FE %L Number of genes corresponding to tRNA; C :

GC & GC Content.
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Fig. 2 Sequence alignment results of chloroplast genomes among Thalictrum cirrhosum Lévl. and its related species
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Fig. 4 Phylogenetic tree of Thalictrum Linn. species based on chloroplast genomes
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