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Abstract: Platycodonis Radix is the dry root of Platycodon grandiflorum of Campanulaceae, which has a
variety of pharmacological effects and is a commonly used bulk Chinese medicine. In this study, the chloroplast
genome sequences of six P. grandiflorum from different producing areas has been sequenced with Illumina HiSeq
X Ten platform. The specific DNA barcodes were screened, and the germplasm resources and genetic diversity
were analyzed according to the specific barcodes. The total length of the chloroplast genome of 6 P. grandiflorum
samples was 172 260-172 275 bp, and all chloroplast genomes showed a typical circular tetrad structure and encoded
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141 genes. The comparative genomics analysis and results of amplification efficiency demonstrated that trnG-
UCC and ndhG_ndhF were the potential specific DNA barcodes for identification the germplasm resources of
P. grandiflorum. A total of 305 P. grandiflorum samples were collected from 15 production areas in 9 provinces,
for which the fragments of t7rnG-UCC and ndhG_ndhF were amplificated and the sequences were analyzed. The
results showed that t7rnG-UCC and ndhG _ndhF have 5 and 11 mutation sites, respectively, and 5 and 7 haplotypes
were identified, respectively. The combined analysis of the two sequences formed 13 haplotypes (named Hapl-
Hap13), and Hap4 is the main genotype, followed by Hapl. The unique haplotypes possessed by the three
producing areas can be used as DNA molecular tags in this area to distinguish from the germplasm resources of
P. grandiflorum from other areas. The haplotype diversity, nucleotide diversity and genetic distance were 0.94,
4.79x10” and 0.000 0-0.020 3, respectively, suggesting that the genetic diversity was abundant and intraspecific
kinship was relatively close. This study laid a foundation for the identification of P. grandiflorum, the protection
and utilization of germplasm resources, and molecular breeding.
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Houma, Linfen, Shanxi SXLFHM (85) E110°52'10.40" N38°13'88.26" 713
Louyang, Henan HNLY (14) E112°43'44.68" N34°63'04.10" 585
Baoding, Hebei HBBD (4) E113°45'32.00" N38°14'29.00" 25
Yiyuan, Zibo, Shandong SDZB (26) E118°17'10.50" N36°18'53.60" 154
Qiaocheng, Bozhou, Anhui AHBZ (16) E115°60'59.64" N33°76'49.58" 36
Dalian, Liaoning LNDL (12) E121°44'00.00" N39°01'00.00" 29
Shangzhou, Shangluo, Shannxi SXSL (6) E109°92'44.18" N33°87'86.34" 1037
Chaoyang, Liaoning LNCY (31) E120°16'46.44" N41°40'91.13" 307
Jingyu, Baishan, Jilin JLBS (26) E127°16'00.00" N42°48'00.00" 132
Kalaqingi, Chifeng, Neimenggu NMGCEF (18) E118°65'34.58" N42°02'92.66" 652
Jian, Jilin JLJA (18) E125°45'00.00" N40°52'00.00" 136
Chifeng, Neimenggu NMGCEF?2 (20) E118°65'34.58" N42°02'92.66" 652
Hongshan, Chifeng, Neimenggu NMGHS (18) E118°57'33.37" N42°15'56.92" 742
Chishang, Boshan, Zibo, Shandong SDCS (6) E117°51'42.19" N36°29'41.03" 230
Zhangjiakou, Hebei HBZJK (5) E118°17'10.50" N36°18'53.60" 154
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Six complete chloroplast genome maps of P. grandiflorum genes in the outer circle are transcribed counterclockwise, and genes

in the inner circle are transcribed clockwise. Color bars represent different functional groups. The darker gray area in the inner circle indicates

the GC content, while the lighter gray corresponds to the at content of the genome. LSC: Large single copy area; SSC: Small single copy

region; IRA and IRB: Reverse repeat region
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Table 2 Gene composition of six chloroplast genomes of P. grandiflorum. *: Genes with one intron; **: Genes with two introns. (2) means

genes with two copies

Category Gene group

Gene name

Photosynthesis Subunits of photosystem I
Subunits of photosystem 11
psbZ

Subunits of NADH ehydrogenase

psaA, psaB, psaC, psal, psaJ
psbA, psbB, psbC, psbD, psbE, psbF, psbH, psbl, psbJ, psbK, psbL, psbM, psbN, psbT,

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

Subunits of cytochrome b/f complex  petAd, petB*, petD*, petG, petL, petN

Subunits of ATP synthase
Large subunit of rubisco rbcL
Proteins of large ribosomal subunit
Proteins of small ribosomal subunit

Self-replication

Subunits of RNA polymerase
Ribosomal RNAs

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

rpl14(2), rpll 6*(2), rpl2*(2), rpl20, rpl22(2), rpl23(2), rpl32, rpl33, rpl36(2)
rpsll, rps12¥%(2), rpsl4, rps15(2), rps16*, rpsi8, rps19(2), rps2, rps3(2), rps4,
rps7(2), rps8(2)

rpoA, rpoB, rpoCI1*, rpoC2

rrnl6(2), rrn23(2), rrn4.5(2), rrn5(2)

trnA-UGC*(2), trnC-GCA, trnD-GUC, trnE-UUC,

trnF-GAA, trnG-GCC, trnG-UCC*, trnH-GUG, trnl-CAU(2), 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

trnV-GAC(2), trnV-UAC*, trnW-CCA, trnY-GUA, trnfM-CAU

Transfer RNAs

Other genes Maturase matK
Protease clpP**(2)
Envelope membrane protein cemA
c-type cytochrome synthesis gene cesA

Genes of unknown Conserved hypothetical

function chloroplast ORF

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

yef3~ndhG_ndhF %5 23 /> Fr B A AN R F2 B2 (1) Fl 9 A8
5, 5 mVISTA 45 B — 3. 454 Fik4s B &,
ycfl~ rps4~ ndhJ~ ropB~ trnG-UCC. rpl2. rpsi8- rpl23.
rpsl6_trnT-GGU- psaA_ycf3~ rpl23_clpP~ psbZ trnG-
GCCrps8_rpl36.ndhG _ndhF %5 23 A F B Al LAE A
A P9 A5 IR 4 T VR T 14 DNA KRS . X
23ANFER Wit 514, #E47 PCR Y1, KB trnG-UCC FI
ndhG_ndhF W3 38 30 % N 100%, [ A B 90 % £
trnG-UCC 1 ndhG_ndhF N5 IRl A % 52 (45 5+ DNA
I, BT G BT
3 AEZHbEFER R rnG-UCC 1 ndhG_ndhF )
i8R

DA 15 /> 7 4 305 4 A5 BEAE it 5L DNA DY BSOS B
16 1R 2 AN W 2t A i R 4 8 A2 (X 3R AT PCR 738, 900l
J7 45 RFEAT S .. FIAHBEE K 6rnG-UCC 51703347 PCR
Y14 AL 18 F1) 500~750 bp Z 7], X} PCR =4
gtk Jg iy, 5 PG1 (PG: Platycodon grandiflorum) [
trnG-UCC ¥ 55 Le ] H Wr Ho o~ ern G-UCC 7 31 F)
BT ndhG_ndhF 5193547 PCR Y38, 4 ¥R FE 7 4
F| 500~750 bp 2 [8], X} PCR P=#4ift J5 I 7, 5 PG1
H) ndhG_ndhF F¢ 5% LG o] B H N ndhG_ndhF P51 .

B[R trnG-UCCHERTIN B 5 AL S A7 55, FLIR RS A
PR (K 3). HA AL T 430 F1597 bp 1) 2 ML 5 5838
BRIt N, AL T 141,344 F1374 bp ) 3 A7 Y B

RA . B ndhG_ndhF LA 2 11438 A0, P
J T AN BAE R (K 4)o H AL T 589 1591 bp Y 24N
FRAR IR i NFIR I TRAL ;AT 588,590 1592~
596 bp (1] 7 AL 51 RAS KA Atk 5k TRAE; Hopth 2 A7 A5
N AR Ay AL T 401 F1427 bp. XA FERIBE S
SIWTIIERL T 1358, (St 2 A ) A A
N Hap4, 15 4= #FE i 117 45.90%, 37k & Hapl, &t
30.39%. WIS Frow, W7 A8 I v 1 6 5 T G R R
BA% Y Hap3Hap12 1 Hap13; 75 #k48 A 11 15 35 7= £ 4
A 5 B8 8 Hap6; 75 A48 82 22 17 40 5 S P B A Y
Hap8, 5 5 545 0 A] 5 %7 B e A3 10 A s 9% 5 LA
P55, TR RTAE 55 T R 5 R U5 ) DNA 43 T 745

Table 3 Nucleotide position of t7rnG-UCC. *: Nucleic acid is the

same as GHap1; —: Nucleic acid deletion

No Nucleotide position trnG-UCC
T 141 344 374 430 - 597 - haplotype
1 T G G A - T - GHapl
2 C * * * * * * GHap2
3 C A * * * * * GHap3
4 C * A * * * * GHap4
5 C * * A A T T GHap5

4 EEZHMESH
i 3 DNAsp 6 X Ik 15 70 #r i) 5135 R R A7 22 4 1
TP (R 6)e 154> HiL I Je B A 5 7 A 2 (S) AN LA
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Figure 2 Global comparison of six chloroplast genomes of P. grandiflorum (PG)
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Table 4 Nucleotide position of ndhG _ndhF. *: Nucleic acid is the same as FHap1; -: Nucleic acid deletion

N Nucleotide position ndhG_ndhF
o 401 427 588 589 - - - - 590 591 - - 592 593 594 595 596  haplotype
1 C T A T - - - - A T - - T A T A T FHapl1
2 * * — - * * * * - - * * * * * * * FHap2
3 * * * * * * * * * T A T * * * * * FHap3
4 * G * * * * * * * * * * * * * * * FHap4
5 * * * * * * * * * _ * * — - - FHap5
6 * * * T A T A T * * * * * * * * * FHap6
7 T * * * * * * * * * * * * kS £ * * FHap7
Table5 Haplotype distribution table for different source. *: Unique Table 6 Genetic diversity of P. grandiflorum from 15 regions. S:
haplotype Number of segregating sites; h: Number of haplotypes; H,: Haplo-
Source Haplotype distribution type diversity; Fu&Li's D: Fu&Li's D neutral test; Tajima's D:
SXLFHM Hapl, Hap2, Hap3*, Hap4, Hap9, Hap10, Hap11, Tajima's D neutral test
Hapl12*, Hap13* Populati S h H Pi(x10%) Fu&Li'sD Tajima's D
HNLY Hap!, Hap4, Hap5, Hap7, Hap10 opuaron (L uels T armas
SXLFHM 237 094 5.96 -1.12 -1.17
HBBD Hapl HNLY 10 4 09 321 -0.60 -0.60
SDZB Hapl, Hap4, Hap10 ' ' ’ ’
HBBD 0 1 0.00 0.00 - -
AHBZ Hapl, Hap4, Hap7 SDZB 9 3 1.00 438
LNDL Hapl, Hap4 ' '
AHBZ 1 2 0.67 0.47 - -
SXSL Hapl, Hap2
LNDL 1 2 1.00 0.71 - -
LNCY Hapl, Hap4, Hap5, Hap7, Hap11 SXSL g 2 1.00 5.79 _ _
JLBS Hapl, Hap4, Hap6*, Hap7, Hap9 LNCY 7 4 0'90 2'17 075 075
NMGCE — Hapl, Hapd, Hap5 JLBS § 3 080 245 ~0381 ~0381
JLJIA Hap1, Hap4, Hap8*, Hap10 - . o 0.67 0'47 N N
NMGCF2  Hapl, Hap4, Hap7 ' '
JLJIA 19 4 1.00 7.40 -0.85 -0.85
NMGHS Hapl, Hap4, Hap7, Hap9, Hapl1
SDCS Hap4. Hap10 NMGCF2 1 2 067 0.47 - -
’ NMGHS 2 3 080 0.72 0.24 0.24
HBZJK Hapl, Hap2, Hap4
SDCS 9 2 1.00 6.57 - -
HBZJK 9 3 1.00 4.34 - -
0.003 Total 19 9 094 4.79 -0.49 -0.93
rpsl6_trnT-GGU
trnF-GAA_ndhJ
Q N =i — N =7 N
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Figure 3 Nucleotide diversity of six chloroplast genome of

P. grandiflorum. Window length: 600 bp; Step size: 200 bp. Pi:

Nucleotide diversity
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Table 7 Genetic distance of haplotypes by joint analysis
Hapl Hap2 Hap3 Hap4 Hap5 Hap6 Hap7 Hap8 Hap9 Hapl0  Hapll Hapl2  Average
Hapl
Hap2 0.002 9
Hap3  0.0126 0.0102
Hap4  0.0007 0.0036 0.0134
Hap5  0.0080 0.0065 0.0158 0.0073
Hap6 0.0007 0.0022 0.0119 0.0000 0.003 7
Hap7 0.0007 0.0036 0.0134 0.0000 0.0073 0.0000 0.007 5
Hap8 0.0114 0.0148 0.0079 0.0122 0.0203 0.0123 0.0122
Hap9  0.0000 0.0029 0.0126 0.0007 0.0080 0.0007 0.0007 0.0114
Hapl0 0.0029 0.0007 0.0094 0.0037 0.0059 0.0022 0.0037 0.0149 0.0029
Hapll 0.0022 0.0007 0.0094 0.0029 0.0058 0.0015 0.0029 0.0140 0.0022 0.000 0
Hapl2 0.0148 0.0125 0.0055 0.0156 0.0180 00142 00156 00102 00148 00117 0.0117
Hapl13 0.0073 0.0058 0.0150 0.0080 0.0007 0.0044 0.0080 0.0195 0.0073 0.0051 0.0051 0.0172
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Figure 4 Haplotypes NJ Tree of combined analysis of two genes
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