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Abstract: Objective A detailed analysis of the chloroplast (CP) genome structure and sequence characteristics of Thalictrum plants
was conducted to screen for candidate molecular markers, laying the foundation for addressing the controversies in species
classification and identification of Thalictrum species caused by their wide distribution and complex phenotypic variations. Methods
The CP genome sequencing and structural analysis of Thalictrum finetii and Thalictrum cultratum were performed for the first time
using the [llumina HiSeq4000 sequencing platform. Subsequently, a comprehensive analysis was performed simple sequence repeats
(SSRs), inverted repeat (IR) region boundary structures, nucleotide diversity (Pi) and other characteristics, combined with the
chloroplast (CP) genome data of 14 congeneric species published in the NCBI. Finally, by integrating the CP genome data of 45 species

from 10 genera within the Ranunculaceae family, an ML phylogenetic tree was constructed and phylogenetic analysis was performed.
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Results The chloroplast genome lengths of 7. finetii and T. cultratum are 155 953 bp and 155 901 bp, respectively, both exhibiting a
typical circular quadripartite structure. A total of 131 genes were identified, with codon usage bias showing a predominant preference
for A/U endings. While the CP genomes of Thalictrum species demonstrate high conservation in both gene count and genomic structure,
specific differences are observed in the lengths of particular genes at the IRs/LSC and IRs/SSC boundaries in certain species. In terms
of sequence variation, the divergence in non-coding sequences was significantly higher than that in coding sequences, with the IR
regions exhibiting markedly lower variability compared to the LSC and SSC regions. Ultimately, ten hypervariable regions (ndhF-
rpl32, yefl, petN-psbM, ndhC-trnV, trnT-trnL, trnS-psbZ, ndhG-ndhl, ndhD, infA, rpl16) were identified as candidate DNA barcodes
for the Thalictrum genus. Through systematic evolutionary analysis, the evolutionary relationships among the species within the genus
Thalictrum and the systematic evolutionary position of this genus in the Ranunculaceae family were clarified. Conclusion This study
presents the first report of the chloroplast genomes of 7. finetii and T. cultratum, with a detailed analysis of the genomic structure and
sequence characteristics of the Thalictrum genus. Ten hypervariable regions were identified as candidate DNA barcodes for species
identification within Thalictrum. And a more comprehensive and reliable phylogenetic tree of the family Ranunculaceae was
established.
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Table 1 Information of 14 species in genus Thalictrum

released by NCBI

s hT 4 Genebank 5
BRI T aquilegiifolium NC_058830.1
JUM/RFERA L Thalictrum baicalense MZ962406.1
BBFERE Thalictrum cirrhosum NC 061927.1
A R AR L Thalictrum coreanum NC 026103.1
NG Thalictrum elegans NC _085600.1
7 e S AA B Thalictrum fargesii NC_070058.1
AL R /N Thalictrum foeniculaceun ~ NC_053570.1
EQU i VNN Thalictrum foliolosum NC _058920.1
TR E R BE Thalictrum minus NC_041544.1
eSS AR T Thalictrum petaloideum MK253449.1
ik A BE Thalictrum simplex NC_068627.1
Y RE A B Thalictrum tenue MK?253448.1
JERAETE Thalictrum thalictroides NC_039433.1
R P Thalictrum viscosum NC 058831.1
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Fig.1 Structure of chloroplast genome of 7. finetii and T. cultratum
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Table 2 Genetic composition of chloroplast genomes of 7. finetii and T. cultratum
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JER 41 psad. psaB. psaC. psal. psaJ 5
JER G psbA~ psbB~ psbC. psbD. psbE. psbF. psbH. psbl. psbJ. psbK. psbL. psbM. psbN. psbT. psbZ 15
MPEREE SR petd. petB*. petD*. petG. petL. petN 6
ATP & i atpA~ atpB~ atpE. atpF*. atpH. atpl 6
NADH Jii & ndhA*\ ndhB*(x2). ndhC. ndhD. ndhE. ndhF. ndhG. ndhH. ndhl. ndhJ. ndhK 12
R SNIE rbel :
RNA AW RNA  rpod. rpoB. rpoCI*. rpoC2 4
BHERNESEER AT rps2y 1rps3< rpsds rps7(X2)s rpsSs rpslls rps12**(x2). rpsi4- rpsl5. rpsl6*. rpsi8. rpsl9 14
A R WIEER AR rpl2*(<2)« rpll4~ rpll6*. rpl20. rpl22< rpl23(x2)s rpl33. rpl36 10
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EHIADNETRER, "EE 2 AMAE TRER: (X2) §F 2 MEIIERE.
“Gene containing one intron; ““gene containing two introns; (>2) gene with two copies.
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Fig.2 Codon content of protein-coding genes in chloroplast genomes of 7. finetii (A) and T. cultratum (B)
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Fig.3 SSR analysis of chloroplast genomes of 16 Thalictrum species
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