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Abstract: Polygonatum franchetii Hua is a medicinal plant endemic to China from Polygonatum Mill. The
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the DNBSEQ-T7 high-throughput sequencing platform. After assembly and annotation, the two complete chloroplast
genomes were characterized, and then comparative and phylogenetic analyses were performed with other published
chloroplast genome sequences from Polygonatum. The whole chloroplast genomes of the two P. franchetii individuals
were 155 942 and 155 962 bp in length, with a large single copy region (LSC, 84 670 and 84 722 bp), a small
single copy region (SSC, 18 564 and 18 566 bp) and a pair of reverse repeats (IRa/IRb, 26 354 and 26 337 bp),
respectively. Both of them contained 113 genes, including 79 protein-coding genes (PCGs), 30 transfer RNA
(tRNA) genes, and 4 ribosomal RNA (rRNA) genes. Comparative analyses showed that the genome length, the
guanine and cytosine (GC) content, genes content and order were highly conserved between the two P. franchetii
individuals and among different Polygonatum species. The detected repeat sequences, including dispersed repeats,
tandem repeats and simple sequence repeats (SSRs), were also relatively similar in types and positions, though
showing a slightly difference in number. No significant expansion or contraction of the inverted repeat regions
was found. Sequences variation between the two P. franchetii individuals was lower than that among different
Polygonatum species. Besides, coding sequences (CDS) showed less divergence than noncoding sequences, and
sequence divergence of IRs regions was lower than that of the LSC and SSC regions, both intraspecifically and
interspecifically. Eight sequences with high nucleotide diversity among different species were screened, all of
which were found located in the LSC and SSC regions. Phylogenetic inference showed that all Polygonatum
species clustered into a monophyletic clade with a 100% bootstrap value, within which, species in section
Verticillata formed a distinct group, section Sibirica and section Polygonatum were sister groups. The two
P. franchetii individuals grouped together and showed the closest phylogenetic affinity to P. stenophyllum Maxim.,
belonging to the section Verticillata. The chloroplast genome of P. franchetii and its phylogenetic position in
Polygonatum were comprehensively investigated and clearly elucidated in this study, the results may lay a
foundation for the resource development and utilization of P. franchetii, as well as further molecular identification
and phylogenetic studies of medicinal Polygonatum species.
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Figurel Chloroplast genome map of the two P. franchetii individuals. Genes inside of the large circle are transcribed clockwise and those
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guanine and cytosine (GC) content
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Chloroplast genome features of the two P. franchetii individuals and other 25 Polygonatum species. LSC: Large single copy; SSC:

Small single copy; IR: Inverted repeats; CDS: Coding sequence; PCGs: Protein coding genes; tRNA: Transfer RNA; rRNA: Ribosomal RNA

. . Genome LSC SSC IR CDS Genome LSC SSC IR CDS Total PCGs tRNA rRNA
Species Accession
Length/bp GC/% Gene number
P. franchetii ON101705 155942 84670 18564 26354 79677 37.7 357 31.6 430 38.0 113 79 30 4
P. franchetii OM219012 155962 84722 18566 26337 79659 37.6 357 315 430 38.0 113 79 30 4
P acuminatifolium  NC_058569 155354 84271 18455 26314 79572 37.7 357 31.6 430 38.0 113 79 30 4
P. cirrhifolium NC_053687 155583 84412 18427 26372 79626 37.7 357 315 429 38.0 113 79 30 4
P. curvistylum NC_058554 155939 84563 18546 26415 79809 37.6 357 315 429 38.0 113 79 30 4
P. cyrtonema MW248135 155816 84618 18440 26379 79629 37.7 357 31.6 429 38.0 113 79 30 4
P, filipes NC_058555 155334 84280 18454 26300 79536 37.7 357 31.6 43.0 38.0 113 79 30 4
P, hirtum NC_058556 155490 84385 18419 26343 79572 37.7 357 31.6 429 38.0 113 79 30 4
P. hookeri NC_058557 155976 84600 18546 26415 79809 37.6 357 31.5 380 38.0 113 79 30 4
P. humile NC_058558 155015 83999 18388 26314 79572 37.7 358 31.7 430 38.0 113 79 30 4
P. hunanense NC_058226 155609 84438 18427 26372 79626 37.7 357 315 429 38.0 113 79 30 4
P inflatum NC_058559 154898 84270 18454 26087 79575 37.7 357 31.6 430 38.0 113 79 30 4
P involucratum NC_058560 155370 84280 18450 26320 79572 37.7 357 31.6 430 38.0 113 79 30 4
P. jinzhaiense NC_058561 155510 84463 18292 26379 79626 37.7 357 31.7 429 38.0 113 79 30 4
P. kingianum NC_047406 155399 84234 18424 26372 79620 37.7 357 315 429 38.0 113 79 30 4
P. macropodum NC_058562 154610 83554 18464 26296 79536 37.7 358 31.6 430 38.0 113 79 30 4
P. multiflorum NC_058563 155495 84391 18418 26343 79572 37.7 357 31.6 429 38.0 113 79 30 4
P. nodosum NC_058564 155205 84143 18422 26320 79560 37.7 357 31.6 430 38.1 113 79 30 4
P. odoratum NC_050926 154468 83417 18457 26297 79536 37.8 358 31.6 430 38.1 113 79 30 4
P. prattii NC_058565 155915 84538 18547 26415 79809 37.7 357 315 429 38.0 113 79 30 4
P. punctatum NC_058566 155657 84542 18423 26346 79 644 37.7 357 315 43.0 38.0 113 79 30 4
P. sibiricum MZ029093 155585 84460 18417 26354 79626 37.7 357 31.7 430 38.1 113 79 30 4
P. stenophyllum NC_035995 156028 84677 18561 26395 79764 37.7 357 31.6 43.0 38.0 113 79 30 4
P. tessellatum NC_058567 155688 84488 18564 26318 79638 37.6 357 314 429 38.0 113 79 30 4
P. uncinatum NC_058568 155797 84614 18531 26326 79686 37.7 357 31.6 429 38.0 113 79 30 4
P, verticillatum MZ150865 155589 84242 18523 26412 79794 37.7 357 31.6 429 38.0 113 79 30 4
P. zanlanscianense  NC_058227 155911 84650 18431 26415 79797 37.6 356 315 429 38.0 113 79 30 4
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Table 2 Gene composition of the chloroplast genomes of the two P. franchetii individuals. x2: Genes duplicated in the IR regions; *:

Genes with one intron; **: Genes with two introns; #: Pseudogene. NADH: Nicotinamide adenine diuncleotide; ATP: Adenosine triphos-

phate; CoA: Coenzyme A

Category Group

Name

Ribosomal RNA
Transfer RNA

Self-replication

rrnd.5X2, rrn5x2, rrnl16x2, rrn23x2
trnC-GCA, trnD-GUC, trnE-UUC, trnF-GAA, trnG-UCC*, trnG-GCC, trnK-UUU*, trnL-

UAA¥*, trnL-UAG, trnM-CAU, trnP-UGG, trnQ-UUG, trnR-UCU, trnS-GCU, trnS-GGA,
trnS-UGA, trnT-UGU, trnT-GGU, trnV-UAC*, trnY-GUA, trnW-CCA, trnfM-CAU, trnH-
GUGX*2, trnA-UGC*x2, trnl-CAUX2, trnl-GAU*x2, trnL-CAAX2, trnN-GUUX2, trnR-
ACGx2, trnV-GACx2
Ribosomal protein (small subunit) rps2, rps3, rps4, rps7x2, rps8, rps11, rps12¥*x2, rps14, rps1S, rps16*, rps18, rps19%2
Ribosomal protein (large subunit) rpl2*x2, rpl14, rpl16*, rpl20, rpl22, rpl23x2, rpl32, rpl33, rpl36

RNA polymerase

Photosynthesis Subunits of photosystem I
Subunits of photosystem I1
psbZ

Subunits of cytochrome

Subunits of ATP synthase

rpoA, rpoB, rpoC1*, rpoC2
psaA, psaB, psaC, psal, psal, ycf3**, ycf4
psbA, psbB, psbC, psbD, psbE, psbF, psbH, psbl, psbl, psbK, psbL, psbM, psbN, psbT,

petA, petB*, petD*, petG, petL, petN
atpA, atpB, atpE, atpF*, atpH, atpl

Subunits of NADH dehydrogenase ndhA*, ndhB*x2, ndhC, ndhD, ndhE, ndhF, ndhG, ndhH, ndhl, ndhl, ndhK

Large subunit of Rubisco rbcL
Others Maturase matK
Envelope membrane protein cemA
Subunit of acetyl-CoA accD
Synthesis gene cesA
ATP-dependent protease clpP**
Translational initiation factor infA*

Unknown function Proteins of unknown function yef1x2, yef2x2

Table 3 Simple sequence repeats (SSRs) types and numbers in

the chloroplast genomes of the two P. franchetii individuals

Number
Repeat type Type Repeat S N10170s _OM219012
Mononucletide A/T 10 24 26
11 9 11
12 2 2
13 5 3
15 1 2
C 11 1 0
Dinucleotide GA/TC 5 3 3
AT/TA 5 10 11
6 2 2
7 1 1
Trinucleotide TAA/TTA 4 1 1
5 1 1
CAG 4 1 1
Pentanucleotide CGAAA/TTTCG 3 2 2
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Figure 2 Numbers, types and distribution patterns of SSRs detected in the chloroplast genomes of the two P. franchetii individuals and
other 25 Polygonatum species. A: Number of each of the six SSRs; B: Distribution patterns of SSRs; C: Number of SSRs distributed in LSC,

SSC and IR regions; D: Number of SSRs distributed in IGS, extron and intron. Mono: Mononucleotide; Di: Dinucleotide; Tri: Trinucleotide;

Tetra: Tetranucleotide; Penta: Pentanucleotide; Hexa: Hexanucleotide; IGS: Intergenic spacer
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Figure 3 Comparison of the borders of LSC, SSC and IRa/b regions of the whole chloroplast genomes among the two P. franchetii individ-
uals and other 25 Polygonatum species. JLB: LSC/IRb border; JSB: SSC/IRb border; JSA: SSC/IRa border; JLA: LSC/IRa border
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Figure 4 Chloroplast genome sequences identity of the two P. franchetii individuals and other 25 Polygonatum species
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Figure 5 The nucleotide diversity of 26 Polygonatum species. Window length: 200 bp; Step size: 100 bp. Pi: Nucleotide diversity
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Figure 6 Phylogenetic relationships of 26 Polygonatum species (27 individuals) inferred using the whole chloroplast genome sequences

based on the maximum likelihood (ML) method. Numbers beside each node are bootstrap values (BS)
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