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Abstract: Atractylodes chinensis has important medicinal and economic values. In this study, the chloroplast
genome sequences of four A. chinensis samples from different producing areas were sequenced using the Illumina
platform. The specific DNA barcodes were screened and the germplasm resources of A. chinensis samples from
different producing areas and the genetic diversity of the population were analyzed basing on the specific barcodes.
The whole chloroplast genomes of the four A. chinensis samples had a typical cyclic tetrad structure, with 112
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genes annotated. The comparative genomics results indicated that ccs4 and trnC-GCA_petN were potential specific
DNA barcodes for intraspecific identification of A. chinensis. Polymerase chain reaction (PCR) analysis of ccs4
and trnC-GCA_petN was performed on 256 samples from 14 areas in 9 provinces, and the amplification efficiency
was 100%. Sequence analysis showed that ccs4 and trnC-GCA_petN had 11 and 22 variant positions, which could
identify 16 and 22 haplotypes, respectively. The combined sequence analysis identified 39 haplotypes, named
Hapl-Hap39, of which the most abundant and widely distributed genotype was Hap9. Haplotype diversity (H,) =
0.896 and nucleotide diversity (Pi) = 0.002 22 indicated high genetic diversity at the species level in A. chinensis.
The genetic distances of the haplotypes were 0.000 00-0.004 88, indicating that there were small genetic
differences among the haplotypes. The results of phylogenetic tree analysis showed that 39 haplotypes had very
close genetic relationship, and formed two obvious branches with other groups of the same genus except
Atractylodes macrocephala. This study plays an important role in the identification of the origin of 4. chinensis and

the protection and breeding of germplasm resources.
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Table 1 The information of samples

Region Label Latitude Longitude Altitude/m Number
Zhalaiteqi, Neimenggu NZL 47.31 122.43 270 38
Hulunbeier, Neimenggu NHL 48.13 123.45 700 15
Chifeng, Neimenggu NC 39.98 116.42 580 4
Chengde, Hebei HBCD 38.43 115.33 30 42
Xinxiang, Henan HNXX 33.19 112.85 69 16
Luoyang, Henan HNLY 34.70 112.51 144 14
Daxinganling, Heilongjang HLIDX 51.93 124.59 625 18
Xi'an, Shaanxi SXXA 33.86 109.94 1233 7
Shangluo, Shaanxi SXSL 34.23 108.93 636 8
Baishan, Jilin JLBS 41.95 126.42 475 2
Zhangjiakou, Hebei HBZIJK 40.97 115.28 726 23
Zibo, Shandong SDZB 36.49 117.86 39 17
Miyun, Beijing BIMY 40.38 116.84 83 10
Linfen, Shanxi SXLF 33.86 109.94 800 42
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Table 2 Primer names, sequences, and amplification conditions
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DNA fragment Primer Sequence (5'-3") Amplification procedure
cesA ccsA-F ATGATATTTTCAACTTTAGAGCA Pre-denaturation at 94 °C for 4 min; denaturation at 94 °C for 45 s,
annealing at 48.0 °C for 30 s, 72 °C extension of 1 min (35 cycles);
ccsA-R AAACGAACCATAACTATGTAGCC o .
finally, at 72 °C for 5 min
trnC-GCA_petN trnC-GCA-F  CATCAACAAACGAATCGAAAT Pre-denaturation at 94 °C for 4 min; denaturation at 94 °C for 45 s,
annealing at 49.2 °C for 30 s, 72 °C extension of 1 min (35 cycles);
trnC-GCA-R  AATCAATGGTCCAGAGTCAAA

finally, at 72 °C for 5 min

Table 3 Comparison of the plastid genome features of four Atractylodes chinensis. LSC: Large single-copy; SSC: Small single-copy; IR:

Inverted repeats; CDS: Coding DNA sequence

. Genome LSC SSC IR CDS
Species Length/bp G+C/% Length/bp G+C/% Length/bp G+C/% Length/bp G+C/% Length/bp G+C/%
A. chinensis 1 153 111 38.52 84 160 37.79 18 657 31.53 25 147 43.17 78 789 37.94
A. chinensis 2 153 068 38.52 84 302 37.79 18 658 31.51 25054 43.16 78 789 37.94
A. chinensis 4 153226 38.52 84 249 37.71 18 679 31.52 25149 43.16 78 810 37.95
A. chinensis 5 153 194 38.53 84279 377 18 626 31.56 25 147 43.16 78 750 37.95
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Figure 1

Gene maps of the chloroplast genomes of Atractylodes chinensis. Genes on the inside of the large circle are transcribed clockwise

and those on the outside are transcribed counterclockwise. The genes are color-coded based on their functions. The dashed area represents

the GC composition of the chloroplast genomes
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Table 4 Gene composition in the plastid genomes of Atractylodes chinensis. *: The gene with one intron; **: The gene with two introns;
(2): The copy number of the multi-copy gene; NADH: Nicotinamide adenine dinucleotide; ATP: Adenosine triphosphate; CoA: Coenzyme
A; ORF: Open reading frame

Category
Photosynthesis

Gene group
Subunits of photosystem I

Gene name

psad, psaB, psaC, psal, psaJ

Self-replication

Subunits of photosystem 1T

Subunits of NADH dehydrogenase
Subunits of cytochrome b/f complex
Subunits of ATP synthase

Large subunit of rubisco

Subunits photochlorophyllide reductase

Proteins of large ribosomal subunit
Proteins of small ribosomal subunit

Subunits of RNA polymerase

psbA, psbB, psbC, psbD, psbE, psbF, psbH, psbl, psbJ, psbK, psbL, psbM, psbN,
psbT, psbZ

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

petA, petB*, petD*, petG, petL, petN

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

rbcl

rpll4, rpll16*, rpl2*(2), rpl20, rpl22, rpl23(2), rpi32, rpi33, rpl36

rpsll, rpsl2, rps12%(2), rps14, rpslS, rps16*, rpsi8, rps19, rps2, rps3, rps4, rps7
(2), rps8

rpoA, rpoB, rpoCI*, rpoC2

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

Transfer RNAs 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, trnT-UGU, trnV-GAC(2),
trnV-UAC*, trnW-CCA, trnY-GUA, trnfM-CAU

Other genes Maturase matK

Protease clpP**

Envelope membrane protein cemA

Acetyl-CoA carboxylase accD

c-Type cytochrome synthesis gene cesA

Translation initiation factor infA

Genes of unknown

function

Other
Conserved hypothetical chloroplast
ORF

yefl, yef15(2), yef2(2), yef3**, yef4
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Figure 2 The distribution and type of simple sequence repeats (SSRs) in the four Atractylodes chinensis chloroplast genome. A: Frequency

of SSRs in LSC, SSC and IR regions in the chloroplast genomes of Atractylodes chinensis of four different origins; B: Number of SSR

repeat types in the chloroplast genome of Atractylodes chinensis of four different origins
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Figure 3 Comparison of the boundaries of LSC, SSC and IRa/b regions among the four A. chinensis plastid genomes
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Figure 6 PCR analysis of ccs4 gene (A) and trnC-GCA_petN gene (B)

Table 5 Nucleotide position of ccsA. *: The same base as the UGG rpsl6-petN psbM-petA_psbJ.ndhFndhF rpl32.
first column v 9 S LI R ] 96285 X, (1387 L 9 550 B0 UE
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Table 6 Nucleotide position of trnC-GCA_petN. *: The same base as the first column

Nucleotide position/bp

Number ™30 140 154 194 285 395400 419 420 421

HapCl G G A A T A AAGTA A T A

Hapcz * * * * * * * * A *
HapC3 * * * * #* c = * * *
HapC4 * T * * * c * * * *
Hapcs * * * * * C * * G *
HapC6 * * * * * C * - * *
Hapc7 * * * * * C * * * *
HapC8 * * * * * C * * * *
Hapc9 * * * * * C * * *® *
Hapclo * * * * *® C * * * C
Hapcll * * * * *® C * * *® *
HapC12 * * * * * C * * * *
HapC13 * * * * G C * * * *
HapCl4 T C C * * c * * * *
HapC18 * * * * * C * * * *
Hapcl9 * * * * * C * * * *
Hapczo * * * * * C * * * *
HapC21 * * * * * Cc * T A *
HapC22 * * * * * C * T * *

423 428 452-456 519 569 582 592 610 624 628 678 715
T — A G C C A T A T C
ES —_— ¥ * ¥ ES * * * ¥ *
* _ * * * * * * * * *
* _— * * * * * * * * *
* _ * * * * * * * * *
* —_— * * * * * G * * *
* —_— C * * * * * * * *
* _— * * * A * * * * *
* —_— * * * * G * * * *
* _ * * * * * * * * *
* - * % * * * * G * %
* —_— * * ¥ * * * E G *
* —_— * * £ £ * * kS * *
ES —_— £ * kS ES * * £ £ *
£ —_— £ * £ A * * £ £ *
ES —_— £ * £ £ * * £ ES *
- —_— £ * £ ES ¥ G £ £ *
- —_— E3 * £ ES * * £ ES *
* ATA"[‘A * * * ES * * * ¥ A
* * * * * * * * * *
* * * * * * * G * * *
- * * * * * * G * * *

Table 7 Haplotype distribution table for different regions. *:
Unique haplotype

Population Haplotype distribution

NZL Hap9, Hap13, Hap15, Hap19, Hap30, Hap33, Hap34,
Hap37, Hap38*

NHL Hap6, Hap7, Hap8*, Hap11, Hap20

NC Hap6, Hap9, Hap21

HBCD  Hap6, Hap9, Hap10, Hap15, Hap18, Hap22, Hap23,
Hap24*, Hap27*, Hap28*, Hap29*, Hap30, Hap31

HBZJK Hapl, Hap3*, Hap9, Hap30, Hap37, Hap39

SXLF Hap9, Hap13, Hap23, Hap30, Hap33, Hap39

JLBS Hapl8
HNXX  Hap5*, Hap6, Hapl1, Hap19, Hap20, Hap25*, Hap31,
Hap32*

HNLY  Hap9, Hap13, Hap26, Hap30, Hap33

HLIJDX Hapl2*, Hapl3, Hapl5, Hap16*, Hap17*, Hap30,
Hap35*, Hap36*

SXXA  Hap4*, Hap9, Hap21, Hap37

SXSL Hap9, Hap13, Hap14*, Hap26

SDZB Hap9, Hap10, Hap15, Hap19, Hap31

BIMY  Hap9
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Figure 7 The 39 haplotypes accounted for the distribution

Table 8 Genetic diversity parameters of Atractylodes chinensis

inferred from chloroplast DNA. S: Number of segregating sites; h:

Number of haplotypes; H: Haplotype diversity

Population S h H, Pix10”
NZL 8 9 0.735 1.63
NHL 8 5 0.808 2.49
NC 3 3 0.800 1.38
HBCD 8 13 0.919 1.59
HBZIJK 6 6 0.818 1.93
SXLF 7 6 0.775 1.93
JLBS 0 1 0.000 0.00
HNXX 11 7 0.911 2.30
HNLY 5 5 0.805 1.66
HLJDX 9 8 0.956 1.81
SXXA 3 4 0.857 1.26
SXSL 4 4 0.972 1.38
SDZB 5 5 0.861 1.38
BIMY 0 1 0.000 0.00
Total 24 39 0.896 2.22




FORMEAE: bt AR Rk DNA SRS i Pl o 53R T8 S it % 2 4 1 2 - 1703 -

65 Hap35

39 Hap1

37 Hap20
Hap2
Atractylodes_koreana_NC_056987.1

100 |_|: Atractylodes_japonica_NC_056949.1
62 Atractylodes_lancea_NC_037483.1

Figure 8 Neighbor-joining algorithm phylogenetic tree of 39
haplotypes and others
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