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ABSTRACT

Background: Artemisia argyi is an economically important medicinal plant with in the genus of
Artemisia. However, the lack of the molecular markers hinders the understanding of genetic diver-
sity and cultivar discrimination. Therefore, the main objectives of this study were to characterize
the SSRs of Artemisia argyi in the reference genome, and to developed polymorphic SSRs for cul-
tivar discrimination and population genetic studies.

Methods and Results: Novel 100 simple sequence repeat (SSR) markers were designed based on
the whole-genome sequence data of Artemisia argyi, and selected 78 polymorphic markers were
selected. Upon the assessment of the five accessions with the full set of 78 SSR, the major allele
frequency (Myr) ranged from 0.20 to 1, with an average of 0.36. In addition, the number of alleles
per locus ranged from 2 to 9 alleles with a mean value of 5.2 alleles per locus. The polymorphism
information content (PIC) values ranged from 0.27 to 0.87 with a mean PIC value of 0.69.
Conclusions: The Artemisia argyi alleles were detected in 5 accessions, among them six primers
(argyi-gSSRO003, argyi-gSSR014, argyi-gSSR035, argyi-gSSR036, argyi-gSSR093, argyi-
gSSR094) produced five cultivar-specific loci, therefore very promising for cultivar identification,
genetic diversity and breeding studies in Artemisia argyi.

Key Words: Artemisia argyi, Cultivar Discrimination, Microsatellite, Molecular Marker, Simple
Sequence Repeats
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HkS- 2= 29It} (Chen and Nelson, 2004; Kwon et al., 2005).
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SNP (single nucleotide polymorphism) -A}3EA]
FE] 2SS Bgste RS ASre Atk (UPOVY,
2010). B3+ ko] &gEo] A7e ol ¥ Ffrel o
g 7HEX7F oA varok oM7L A EoH, o] =
7F Ao FAE graly] 913 FEwE ATt X9E
At} (Bang et al., 2011; Buck and Hamilton, 2011).

aEet F 84, FEWE 9 43 O 4
restriction fragment length polymorphism (RFLP), random
amplified polymorphic DNA (RAPD), amplified fragment length
polymorphism (AFLP), single nucleotide polymorphisms (SNP),
simple sequence repeat (SSR) 52 ¥4 marker’} &85 o]
%t} (Fukunaga et al, 2002; Gobert et al., 2002; Hasan
et al., 2006, Mylonas et al., 2014; Stanley et al., 2020).

HZ A AAA EAS 7Ivke g efsre] AA Als
o] A7] (3.89 Gb), GHA 74 (2n = 34) 2 HE¥ o=
AT A= Aofske FAF vk 2y A
o ¥X3h= SSR el thdk A= dF & & AEY] 9
A FAAE oz AstH oz =AY (Liu ef al,
2013; Meng et al., 2019; Shahzadi et al., 2020; Chen et
al., 2022).

SSRS 1 - 6 bpe] ZS DNA Alde] WHEZ O g Wy
o] &, mEZ=eol g JFA Foll SAshH (Khera et al,
2015; Djedid et al., 2021), =& 52| g7 394, A
4 59 Aol ATt (Zane et al., 2002). = AINE7]
AL EA] (next generation sequencing) 7]&©] WSHHA Th
&t ZHEollA] SSR marker 7] EdsiA] Xe)E o] FE
W, 534 g B4, Jorx B4 AT 2ol €85
AT} (Van Inghelandt e al., 2010; Singh et al, 2020; Kumar
et al., 2022).

AA7FA] SSR markers &85 thfd A 2 FEwES
712 (Chung et al., 2009), & (Kim et al., 2006), =3}
(Park and Hong, 2013), Zt (Jeong et al, 2022) 52| ©f
&t ZEoA ZLEHUT & S 4. maritima, A. absinthium,
A. selengensis, A. frigida) 2= 7% FEA A FH=
SSR marker®] 7H&#} o]& 83t AHe] EFeF thdd
o] % YU} (Shahzadi et al., 2020; Chen et dl.,
2022). 22 B8l (4. argyi) genomel] HHLSHA =A)
3= SSR marker 7S #A|7HA] BarE w7} gl
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AASAT okg2EFol|A Hf
Il 5 AAS ARESIATE (Table 1). 3% =
MADLE AHE3t] B3] T GeneAll Plant SV
GeneAll, Seoul, Korea)e AM8-3led A|FE protocol
FZ319t. 5% DNAE 1.5% agarose geloll &
719% 3k <l %, Epoch Microplate Spectrophotometer
(BioTek, Winooski, VT, USAYS AME-3l] 20 ng/il 2 A=
T ARgskslnt
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2. PCR & 7TRKA 24

SSR v} 7S s H<tol® A0 2 Tllumina
MiSeq sequencingS 583 & SPAdesE ©]-831% (Bankevich
et al, 2012) °F 778 Mbe] ZHE F7IMES R
ZHE contigeS WS Z MISA microsatellite finderS ©]
831 (Thiel e al., 2003) SSR AlFZ FHE 1519 o]
% SSR motifsel]l W} di-nucleotide= 6 ¥HE- tri-nucleotide™=
5 WHE tetra-nucleotide 4 ¥H2-, penta-nucleotide ©]/g-2 3 WHE-
< 7l AHAst primers AZEALH, 2 FollA
repeat type H WHE 9] $7F B2 primers ATWSHITH

PCR HH& /2 Excel TB 2x TagPre-Mix (Inclone,
Yongin, Korea) 15 1242} 10 p/mol primer (forward / revers)
2 stb, DW 19 £0, DNA 2 b5 S35 40 4 ] mixtureE
A&kt

PCR WH8-2 95CellA] 3 & 53 pre-denaturation 3+ ¥ 95C
oA 30 %7} denaturation, Z} primerd]] EHE &%= 2714
45 %7F annealing, 72°CollX 1 £7F extensions 34 3] HHE-
IR HE extension®Z 72TCoA 15 £7F vk--A]7 ),

ZZ % PCR product= 2.5% agarose gelollA 3l &
Fragment Analyzer (Advanced Analytical Technologies Inc.,
Heidelberg, Germany)E ARg-dle] SZ& ©hHe] 7|8 £
=g

Table 1. Artemisia argyi accessions used in this study.

No. Sample ID Cultivar
| MPS005836 Line
2 MPS005837 Line
3 MPS006560-1 Pyeonganae
4 MPS005838 Line
5 MPS005839 Line
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3. HIOIEf=2A

S3E DNA ©He] =70 wet allele BF9S 7153 §
PowerMarker ver 325 (Liu and Muse, 2005)E A}-&3}<
number of allele (Na), major allele frequency (Map),
heterozygosity (H,), polymorphic information content (PIC)
£ 435199 (Liu and Muse 2005).

PowerMarker ver 3.259 23}={9)= ShareAllele distance
£ 7]¥FS 2 unweighted pair pop method with arithmetic
mean (UPGMA) ®'*H-& A}8-3}¢] Phylogenetic treeS A2}3}
3L MEGA ver 52014 8R13}5 T} (Tamura et al., 2011).

FZTES ST HA marker 75 FRISH] 918 R studio
program €] poppr package (R Studio Team, 20155 Al&-5}
o] genotype accumulation curveE 215 TH (Kamvar et
al., 2014) (Fig. 1).
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1. &oll% SSR S
Illumina MiSeq sequencingS ©]-&3sly A71MES EX3t
A F 778 Mbe] Al HolEIE SEEIL, F contigd]

/' DNA extraction
1.5% Agarose gel
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" prePCR

ORgE ARM R BB
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A4 806,823 2 BRIFAUTE Het contig?t N502] Zol=
71z} 965 bpe} 1,466 bpZE A= SATH (Table 2).

33|12 genome AlPOIA F 455776 7R SSRo| ©A
HJck &4 @ SSR F 79,555 712 primer7} TIRICIE QO
o 2 F delZ 100 AIES] primer (di-nucleotide 28, tri-
nucleotide 32, tetra-nucleotide 40Y2 A1t} 3512 genome
W SSRL tetra-nucleotide 142,852 7] (31.34%), di-nucleotide
84673 7N (18.58%), tri-nucleotide 80201 7} (17.60%), hexa-
nucleotide 60,723 7l (13.32%), penta-nucleotide 29,962 7l
(6.57%), octa-nucleotide 22,350 71 (4.90%), deca-nucleotide
16,101 7 (3.53%), nona-nucleotide 14,782 71| (3.24%) ¥ hepta-
nucleotide 4,132 71| (0.91%) o2 F3X3IS T (Table 3).

di-nucleotider= motife] =77} 12 /1= Eelx o™ TAZ}F
5,441 70(29.27%)= 71 Bkom 1 th3-2 AT (5,108 7H,
27.48%), TG (1,833 7N, 9.86%), AC (1,532 7, 8.24%) %=
o7 E¥3AUT}H (Table 4). tri-nucleotide= 60 70| motif 5
TTAZF (2,802 7H, 1326%)2 71 Bkom™, AAT (2,732 7N,
12.93%), ATT (1,115 7, 528%), TTG (972 7, 4.60%)
o7 RE¥3AT) tetra-nucleotide= 236 702l motif 3
AAATS] HIE7} (3,863 7N, 1436%) 7P Btoerm I o2
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Fig. 1. Flow diagram illustrating development of SSR markers and selection of the minimum markers set in Artemisia argyi.

Table 2. Assembly statistics of the Artemisia argyi genome.

Contigs number  Contigs length (bp) ~ Min length (bp)

Max length (bp)  Average length (bp)

N50 (bp) N90 (bp)  GC Ratio (%)

806,823 778,582,845 128

32,651

965 1,466 472 34.19
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Table 3. Frequency of different type of motif in Di-, Tri-, Tetra-,
Penta-, Hexa-, Octa-, Nona- and Deca-nucleotide SSRs
from Artemisia argyi.

SSR type SSR No. (%) Primer designed SSR No. (%)
Di- 84,673 (18.58) 18,587 (23.36)
Tri- 80,201 (17.60) 21,127 (26.56)

Tetra- 142,852 (31.34) 26,909 (33.82)
Penta- 29,962 (6.57) 7,557 (9.50)
Hexa- 60,723 (13.32) 4,044 (5.08)
Hepta- 4,132 (0.91) 1,024 (1.29)
Octa- 22,350 (4.90) 223 (0.28)
Nona- 14,782 (3.24) 64 (0.08)
Deca- 16,101 (3.53) 20(0.03)
Total 455,776 (100) 79,555 (100)

Table 4. Most abundant SSR motifs of primer designed in
Artemisia argyi genomic sequence.

Most abundant Motif frequency/

SSR Motif SSR/ primer  nucleotide motif
designed (%)
TA 5,441/18,587 29.27
. . AT 5,108/18,587 27.48
Di-nucleotide

TG 1,833/18,587 9.86

AC 1,532/18,587 8.24

TTA 2,802/21,127 13.26

. , AAT 2,732/21,127 12.93

Tri-nucleotide

ATT 1,115/21,127 5.28

TG 972/21,127 4.60

AAAT 3,863 /26,909 14.36

. TTTA 3,646 /26,909 13.55
Tetra-nucleotide

TTAT 1,550/ 26,909 5.76

AATA 1,236/26,909 4.59

AAAAT 863 /7,557 11.42

. A 699/7,557 9.25
Penta-nucleotide

TTTAT 318/7,557 4.21

AAATA 303/7,557 4.01

AAAAAT 231/4,044 5.71

Hexa-nucleotide TA 193/4,044 4.77

A 114 /4,044 2.82

Hepta-nucleotide AAAAAAT 102/1,024 9.96

Octa-nucleotide AAAAAAAT 20/223 8.97

Nona-nucleotide TTATTATTA 5/64 7.81

Deca-nucleotide ATATATATAT 2/20 10.00

S TTTA (3,646 7H, 13.55%), TTAT (1,550 7N, 5.76%),
AATA (1,236 71, 4.59%) =22 1=} penta-nucleotide
£ 580 7M9 motif & AAAAT7} (863 7H, 11.42%) 7}

2o Zloz RlEor It TTTTA (699 71, 9.25%),
TTTAT (318 7l, 421%), AAATA (303 7ll, 4.01%) &=o=
Z3F4T}. hexa-nucleotide= 1,229 7H¢] motif & AAAAAT
7F 231 7N, 5.71%) 7F8 B2 BEE Yo, 11 thg
TTTTTA (193 7N, 4.77%), ATTTTT (114 71, 2.82%) &<
Z EBEX39th hepta-nucleotide= 444 N2l motif &
AAAAAATZ} (102 70, 9.96%), octa-nucleotide= 123 7§<]
motif & AAAAAAATZ}F (20 7, 8.97%), nona-nucleotide=
53 719] motif & TTATTATTAZ} (5 7H, 7.81%), deca-nucleotide
£ 19 7H9] motif 5 ATATATATATZ} 2 70, 10%)& 7F% &
< X2 YEIT (Table 4).

old AolM, &7] FAAeNA E2JE SSRE 147,766 7)
o]™, di-nucleotide”} 77.02%, tri-nucleotide”} 19.04%, tetra-
nucleotide”} 2.67% HX3= ZoZ RIEHAT (Hur ef al.,
2021). WHEEE 979 {32 dinucleotided| X AG
(AG/GA/TC/ICT)7} 48.5%= 7HE &2 H|&S AL
tri-nucleotidesl] A= AAT(AAT/ATA/TAA/ATT/TTA/TAT)7}
34.90%°] Bl&-S AASHATE (Hur ef al., 2021).

o] 739 84,106 7] SSRo] A Aol EAlEA L
™ di-nucleotide 7} 84.58%, tri-nucleotide”} 11.99%, tetra—
nucleotide”} 1.52% EX3IA(T (Park et al., 2017). 5Lt
ol &al= =3} A A EAE SSRE 26,780 7HolH,
di-nucleotide”} 61.5%, tri-nucleotide”} 24.8%, tetra-nucleotide”}
6.3% o2 HSIon, v {32 di-nucleotide 5 AC/
CA7} 93.5%% tH-Eo| 3, di-nucleotide| A= AAC7}
50.5%% YJERETh (Thu et al., 2011).

B A443} di-nucleotide, tri-nucleotide, tetra-nucleotide”}
A FAANA 60% ©)de] =2 vlgo] FAHY 7|E A
TA} FARE S BYTE 3 AT motif’} GC motif
HU} & HEE EAlete A A AEe] 5494 ¢
X33t} (Cserhati, 2015).

2. SSR marker I ¥ Claid A

A2 100 A E primer 5 80 7N7F SEZHJL 2 F 78
AEoA B8 (polymorphism)e] SIS T de] &
Sl¥l SSR wlAC] BRI di-nucleotide”} 20 AIE (25%), tir-
nucleotide”} 23 AE (29%), tetra-nucleotide”} 37 A& (46%)
2 ZR1=Tt (Table 5).

78 AES] SSR "] M= 0.2 (argyi-gSSR003 5 16
7MiM 1 (argyi-gSSRO51, argyi-gSSR073) Alo]Z &l
on HiF M= 036 ©Ith Nye= 2 (argyi-gSSR033 &
3 70)ellA 9 (argyi-gSSRO16) Ato]S1oH ot N &= 52 7=
Uebdth Hoe 0 (argyi-gSSR008 5 13 7H)elA 1 (argyi-
gSSR016 & 97l ©I3 F Hoe 0.562F YERstth PIC
= argyi-gSSR087¢] 0272 7F& Woko™ argyi-gSSR0160]
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Table 5. Genetic diversity parameters and sequence information of the 78 selected SSR markers for Artemisia argyi accessions used in

this study.

No th;/ppeeat Marker Mar Na Ho PIC Forward sequence Reverse sequence

1 argyi-gSSRO01T 0.4 4 0.8 0.65 AGTGTGTGCTCGAAGAATGAC CACAAACGTCCTCCAGTAGTTA

2 argyi-gSSR003 0.2 7 0.6 0.82 GTAGATCGTCTTGCGGATTTAG  CATCATCCTGTAAACACAATCG

3 argyi-gSSR005 0.3 7 0.8 0.8 ATCATGGACCTACTCCTCCAC ~ CATACGGTGCATACCTTGTAAA

4 argyi-gSSR006  0.33 4 0.33 0.67 TCATCCTAGGAGAAGCTTGTGT AGTGTACCCTTCCATCAGGC

5 argyi-gSSR008 0.5 3 0 0.55 CATTGCATGGACCAGATCAA ATGCTCATCAACTTCCAACTG

6 argyi-gSSRO09 0.4 4 0.2 0.65 GATGCGAACATCTAGGTGTGAT  AAACCTCCATTCACAACTTCAC

7 argyi-gSSRO10 0.3 7 0.8 0.8 GGGTTGGCCAGAGAAGAT TTTGTTTCCTACCCTCACTTTC

8 argyi-gSSRO11  0.25 6 0.75 0.79  ATTATGCATGGAAGGTGATCC  CTTGGACGAAGTCAAATACTGGG

9 argyi-gSSRO13 0.4 5 0.8 0.7 CCCAGTAGGAGCTAAACTTCAGA AAGTTAGAAGCAGAGCACAAGC
10 Di argyi-gSSR014 0.2 8 0.6 0.84 ATCGGCCGAGTACCTCTTAACTT  TATTACCCTGCCTTAGGACAAA
11 argyi-gSSRO15  0.38 4 0.25 0.67 AGGTTCCGTATGAAAGACGTT  AAGTATTTCGCCAGTAGCACAT
12 argyi-gSSR016 0.2 9 1 0.87 CTGCATGGTCTGTAGGTGTAAA  GTCAATGGATCTGGTTCAAACT
13 argyi-gSSR017  0.25 7 1 0.82 GAAGCAGTACGGGTCCTATCTA  CTGGAAGTTATTCTGAAGACCC
14 argyi-gSSR018 0.2 7 0.6 0.82 GTTGGAAGATATGAGGCAAGAG GATCAACAATACAGGCTTAGGG
15 argyi-gSSRO19 0.2 5 0 0.77 ACATGGGTCAGTGTTAGATGCGT ACGAGCTGTGATTCCTGAGTTA
16 argyi-gSSR020 0.3 6 0.8 0.77  GTGCGTATACTCTCCAACGTA TTTAGCTATCAGATGGCCG
17 argyi-gSSR021 0.4 5 0.8 0.7  AGTAGACATGATTGCTTCTCGC  GCGGCATATCACATACTAAACA
18 argyi-gSSR022 0.4 3 0 0.56 CTAGACATTGTTATGGACCTTGC TCTTGCCGGTATTGAGTAACTT
19 argyi-gSSR025 0.4 3 0.4 0.56 ACCAAACATGTAGTGAGGTGGT ATGATCGATAACGAATCCACAG
20 argyi-gSSR027 0.3 6 1 0.75 AGCACACGCGTATGGTACTAGGT  GAGTGTTTGGATTCTGGGTTTA

Mean 0.315 5.5 0.577 0.728

21 argyi-gSSR029 0.3 7 0.8 0.8  AGGTCTCCTAGAAGCAACCTCT TGTAGATGCTTCATTGTTGCTC
22 argyi-gSSR030 0.2 8 1 0.84 CCATGCAACTAACACTTAGCAG CTAACCCTAAGGCAACTGTTTG
23 argyi-gSSR032 0.3 5 0.72  TAGTTATCACCACGACACAACC  TATACACCTTATTTGGAACCGC
24 argyi-gSSR033 0.5 2 0 0.38 GCCGTAGGACACTTTGTGTATG  CATGCGAGTTTCATCTTCACTA
25 argyi-gSSR034 0.2 8 0.8 0.84 GTGTTGCAGCGTGTGTAAA GTCTGAATGCCCTTTACTTGTT
26 argyi-gSSR035 0.4 6 0.8 0.73  ATTCTCACTACCCATTCTCGTG  ATTACCTTAGGTCGGGATTCAA
27 argyi-gSSR036 0.5 6 0.8 0.67 GCTATGGAGATTCAAGAGGTTG GGACTTTCAGGAGGAGATGAAT
28 argyi-gSSR038 0.2 8 0.8 0.84 AGGAGTGGGAGCCACAGATTT  TAGCAGAACCACCAAGAAGTTT
29 argyi-gSSR039 0.2 8 0.8 0.84 ACCGATCAACAAGAATCTTCC  AGTGTGATATTCTTTGCCCTTG
30 argyi-gSSR040  0.38 5 0.75 0.71 AATAGATAAAGGAGTGGGAGCC GAACAAGGAACTTGTGGCTTTA
31 . argyi-gSSR041 0.3 6 1 0.77  TATCACTCCACCACCATCACTA  ATGGGTATGTGAGAGGATCAAG
32 i argyi-gSSR042 0.3 6 1 0.77 CAACACCGATGAACAGTATGTC CTTAAAGAGCTCGTATCACGCT
33 argyi-gSSR043 0.3 6 0.6 0.77 GGATTCTGTTTCTAGACCTCCA AAGTGACATTCCAGTCCAGAAC
34 argyi-gSSR044  0.33 3 0 0.59 TCGCTTATGCATCACCTACA AGGAGACCGATTCGATTAACTTG
35 argyi-gSSR045 0.3 7 0.6 0.8 GTTGGGTAGAGTGTCCAGGAA  ACTCAAGTGTATTCTGCCAACG
36 argyi-gSSR048  0.33 3 0 0.59 GGTAGCGCGTGCTTGTTT ACCGAAGTTTAGGTGACAAAGG
37 argyi-gSSR049 0.5 5 0.6 0.64 TAAGAGTGTTGCGGAAGTGAGT CATCACTACCACCCTCTACCAG
38 argyi-gSSR052 0.2 5 0 0.77 TAGTTCCTCTAAGGGTGGAGGT  CTTATGATGATGACGAAGACGA
39 argyi-gSSR054  0.63 3 0.25 047  ATCTAAACTCGCCAACTCGAC  GGGAGGCAGAAGCATTATTATT
40 argyi-gSSR055 0.4 5 0.8 0.7 GATAGTGACAGCTAAGGGTTCG  ACGCATTTGAGCATCAGTCTA
41 argyi-gSSR059 0.7 3 0.4 041 GTGGAGACTTCCACTTGTTAGC  GCCATCTCTTCCATCATACTCT
42 argyi-gSSR060 0.4 4 0.8 0.6 GATATGAGATATGGCTGCGAGT  TCTCTTAAACTCACCCGACCTA

Mean 0.358 5.4 0.618 0.694

120



Table 5. Continued.

o Rt

{ 718k SSR 074 I

No. th;/%eeat Marker Mar Na Ho PIC Forward sequence Reverse sequence
43 argyi-gSSR061 0.5 4 0.75 0.6 ACAGGGTATAGCCATTTCAGGCT  GACATCGTCCAAAGTCCATTAC
44 argyi-gSSR062 0.3 8 0.8 0.82 GAACGTTTAGGTCAGGCACAT  AACACTACAATAATCCGCTGCA
45 argyi-gSSR063 0.4 6 0.6 0.73 CACACCTCCTTCATAACATGC TATGAACTCGTATCGCGTAGTC
46 argyi-gSSR064 0.6 4 0.4 0.54 CGTAGTCAATGTACGGTGGACG  CATTCTTTCTTCGAGGGTAACA
47 argyi-gSSR065 0.3 5 0.6 0.72 GGTCGCAAGTACGATACCTTTA  GACCCATGTAGGTTGAGAACAT
48 argyi-gSSR066 0.5 5 0.75 0.65 TACACTGATTGGTTCACTCTCG  TCCTTCCATCACCATCTACAAT
49 argyi-gSSR067  0.33 3 0 0.59 CGGATACCCTGCTATCATTATC  CTGGTTAAAGTTGCCAATAAGG
50 argyi-gSSR068 0.2 6 1 0.79  AGATACTATATCATCGGCGGAG  TTATAACCACTGGTCTCCAAGG
51 argyi-gSSR069 0.2 7 0.8 0.82 ACTGCTCGAGCTACAGACTTTG CGTTAACACCAGTAACCATTTG
52 argyi-gSSR070 0.3 7 0.6 0.8  GACTATTCGTCCTAACTCGCGAA  GTGCAAATGATAACCGACAACT
53 argyi-gSSR071 0.4 3 0.2 0.59 TCTTCAGCAGTATGGTAGGTGCC  ATTAAAGTCGTAGCCCAATTCC
54 argyi-gSSR072 0.4 5 0.8 0.68 TTAAGCTGAGTCTGCCAGAGAT  GCGATCCTAAGTAACTGGGTC
55 argyi-gSSR074 0.2 7 0.6 0.82 GTTAGGTCGTAATCAGTACCGG  GCCCTCATCTTAGTCAAACAAG
56 argyi-gSSR075 0.2 6 0.8 0.79 AGTTCTAGCGTCACTTAGCGCGAG GGTTGAAGCCATACGGTACTAA
57 argyi-gSSR076 0.3 5 0.4 0.72 ACAAGAGATAACTTGGTCGTGC  CAACTTTCCCTCTTTACAACCA
58 argyi-gSSR077 0.4 5 0.2 0.7 GGGTGTCTTACCACCTCTTAATG GCGTCCTCAATTTCAACAAA
59 argyi-gSSR078 0.2 7 1 0.82  CACTTCAGCTCCATGTCAACT  TACTACTTCGGAACACGTTTGA
60 Tetra argyi-gSSR079 0.5 4 0.4  0.61 TTACCTTTCCATCTATCCATGC  TGTTATCGAGCTCATCAGACAG
61 argyi-gSSR080 0.5 4 0.6 0.58 ACCTTAACGGGTTGTATCAATG  TGACACCCTTCCATATAAGGTC
62 argyi-gSSR081 0.5 3 0.6 0.55 GCAGTACCTTTCTTAGTCCTCG ATGGATGAAACACATCCCAC
63 argyi-gSSR082 0.6 2 0 0.36 TGAAACTAGACTATGGTTGCCC  CCAACTAAGATGCACCCTAAAC
64 argyi-gSSR083 0.4 3 0 0.56 TCCTGTAGCAGTTGGCAGTAGT  ACTTTAGGCTTTACCTTACCCG
65 argyi-gSSR085 0.3 7 0.8 0.8  ATACCATCCCTTTACAACATGG  CTGATGCAATGCAATCTCTATG
66 argyi-gSSR086 0.3 6 0.4 0.77 AAATATGCCGTTAAGAGGGTG  CTTAATCTGCATACCACAACCA
67 argyi-gSSR087 0.8 2 0 0.27  CACTTTCCTATGATGGTTTGGT  ACCAAAGAACCTTTAGGTCACA
68 argyi-gSSR088 0.3 6 0.8 0.75 CTCCAAGCCTTATATTATGCCA  CTTGAGCTTTAAGAGAGCAGGA
69 argyi-gSSR089 0.3 5 1 0.74  ATGTACTGCATAGGGCGTAACT  CAAACATATCAACCCGCTATCT
70 argyi-gSSR090  0.67 2 0 0.35 CACTAATTGAAGAAGTCGTCGC  TAGGTCATCCGACACATGTAAA
71 argyi-gSSR091  0.38 5 0.5 0.71 CCACCACATATGAAGTACGATG  GGCTTACCAGTAATTGCTATGG
72 argyi-gSSR092 0.6 3 0 0.5 TGTCGCATCCTCATAGGAACTTA  CCAGCCAGTTAGAGAACCTTTA
73 argyi-gSSR093 0.3 7 0.8 0.8 GGTCGTTTCTTAAGCTCGCTCT ACTGGATGTCATTGTTTCCTC
74 argyi-gSSR094 0.2 6 0.6 0.79 AGTATACCATCTTCGTCCCAGA TAGTAGTGGCCGAGCTAAGAAA
75 argyi-gSSR095 0.4 4 0 0.67 GACACGTACCACACATGTTGAA  TATCAAATGCTACACGCAAGTG
76 argyi-gSSR098 0.4 5 0.8 0.7  CTATGCTATCATGGCAGTGTCA  GGTGAATTCAAGCTCGTTCTAA
77 argyi-gSSR099 0.3 5 0.2 0.74 GCTGCTCAGAACAGATGACAGT AGGACCATCCTTCCAAGATACT
78 argyi-gSSR100 0.2 8 0.6 0.84 CCAGGACTCATTCAGATAATCC  TTCATCTCACTCCATCACTCTG
Mean 0.38 5 0.511 0.675
Total Mean 036 5.24 0.56 0.69
0872 7FF =7 YelH, MA| PIC H#3k-> 0.692 Ye 2 Yehgth F+F PICS 0.7282 YERTE tri-nucleotide

St} (Table 5).

Di-nucleotide motif’} ¥HE=& 20 7§ marker®] My S+
e 03152 YERe™, N, Hool ZF Hagke 5.5, 0.577

motifZ} ¥FEEE 22 7] markers Mur 0] 0358, N,
Hool H#zke 7t 54, 06182 UEGCH, Wi PIC #He
0.694%2 YEFGTE tetra-nucleotide motif’} ¥HEEE= 36 711€
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Fig. 2. The number of markers that can be used as the minimum
markers was determined through the accumulation curve
calculated using R studio's poppr package.

marker= Myy Ha %ol 0380, N, Hool HI3e 5.0,
05112 Jeptom i PIC 7S 06752 UEbdT). di-,
tri-, tetra-nucleotide =02 ThEAo] =4 Yehl= AL &
A=

o]Fel Cho & (2011)°] At 14 7§e] SSR markers
24 9] AR} FFo AL3ted H PICO] 0.76°2 KIS
At Hur 5 (2021)°] 10 70¢] SSR markerS 7]'d&te]
37) 81 Al F-g3le] Ha PICE 0.66°% B3 Az}

Argyi-gSSR003 Argvi-gSSRO14

A-oll 7HEe SSR marker®t -FrAFSH
Aoz ZAHAT

st =452 marker set M

Ml 78 7l9] SSR marker T FF TES % 587
Ql A marker setS AW3l7] $18le] R studio programell
EE=o1%)= poppr packageE ARE-3le] accumulation curve
gRlg Az, et E TS 5 ALS 1 70 marker
2 Fo] 7153l (Fig 2).

bl FF HEE flste] Wt E 3k 4 7o s
& A%S EUZ 548 (genotyping)e w43 A3}, 6 AE
2] SSR "} (argyi-gSSR003, argyi-gSSRO14, argyi-gSSR035,
argyi-gSSR036, argyi-gSSR093, argyi-gSSR094) o4 3ot
ANERSZE 5 2o] 25 TEFAY (Fig. 3).

“Htl = argyi-gSSR003%114] 164/188 bp, argyi-gSSRO14
ol Al 232/238 bp, argyi-gSSR035% 4 199/204 bp, argyi-
gSSR03691 4] 237 bp, argyi-gSSR0939|A 252 bp, argyi-
gSSR094¢l14] 228 bpe] 5ol& FHAEE veplint.

71Ee] A7 A, =3} 85 FFo| WES 4 AlES SSR
markerS AMg-dle] B (Hong ef al., 2013), B, 21

Z29 4 HES SSR marker® ¥Ho] 7Fs3t Aow B
52 U3Aol

IRt (Kwon et al., 2006). 26 7He] F
=2 SSR marker 5 AlE 5 2 AlEE Zgsie] yhdaEgl o

Argyi-gSSRO35

1 (204/208) 3(232/238) 1(206)
4(202) 4 (228/280) 2(205/222)
5(166/186) 5(230236) 5(207/210)
2 (162/188) 1(210) 3 (199/204)
3(164/188) 2(220) 4(204/225)
04 03 02 0.1 00 04 03 02 01 00 04 0 02 (1R} 00
Argyi-gSSRO36 Argyi-gSSR093 Argyi-gSSR094
4(213/237) 3(252) 4 (164/236)
2(231/237) 5(248/252) 1 (236/240)
3(237) 2 (236/240) 2 (240244)
1 (234/255) 1(232/244) 3(228)
5(228/235) 4 (228244) 5(248)

04 03 02 01 00

04 03 02 01 00

04 03

02

0.1

00

Fig. 3. Phylogenetic tree applied to each minimum marker that discriminates A. argyi five accessions. The numbers in parentheses
correspond to the sizes (base pair) of the DNA fragments.

122



golfes 7| 7|2 SSR 074 JHL

A EL] SSR
(Park et al.,
Al 7N
AR S

(Jang et al., 2009), 14 7} °l
marker & 4 2 HEE o]&
2013). 7|0 A A= H]F—ff}oq
kel SSR markere 3% EF
48 F US Aol

B Ao g9l 4 Ho] ) AlES o
315371 W20 marker®] #-8/d0] AL F
Aol ARGE Apo] A oR IRl ®E Bkl
2Ho] 7153 Ao 2 Hol 7fdkEl SSR markers %

9 Sedge] B8H0R A18E F UL Aot Ee 9
Fel NESS) F0H THA, ) B 9 Fel% FAA

T e ol FHATE

$Ax9e usjel 78 M) SSR B}

Aol tepy ¥4 %

ol =2l Fa

o Bg=

=

Ag Bz g9y 24 2 gars B 5 77t 5
sojok & Zelt.
ZA 2

ATAIA @AM E: PI017066)2] A

S oJa) olFol) A2 olo] A=

REFERENCES

Bang KH, Chung JW, Kim YC, Lee JW, Jo IH, Seo AY, Kim
OT, Hyun DY, Kim DH and Cha SW. (2011). Development
of SSR markers for identification of Korean ginseng(Panax
ginseng C. A. Meyer) cultivars. Korean Journal of Medicinal
Crop Science. 19:185-190.

Bankevich A, Nurk S, Antipov D, Gurevich A, Dvorkin M,
Kulikov AS, Lesin VM, Nikolenko SI, Pham S, Prjibelski
AD, Pyshkin AV, Sirotkin AV, Vyahhi N, Tesler G, Alekseyev
MA and Pevzner PA. (2012). SPAdes: A new genome
assembler and its applications to single cell sequencing. Journal
of Computational Biology. 19:455-477.

Buck M and Hamilton C. (2011). The Nagoya Protocol on access
to genetic resources and the fair and equitable sharing of
benefits arising from their utilization to the Convention on
Biological Diversity. Review of European Community and
International Environmental Law. 20:47-61.

Chen C, Miao Y, Luo D, Li J, Wang Z, Luo M, Zhao T and
Liu D. (2022). Sequence characteristics and phylogenetic
analysis of the Artemisia argyi chloroplast genome. Frontiers in
Plant Science. 13: 906725. https://www.frontiersin.org/articles/
10.3389/fpls.2022.906725/full (cited by 2023 Feb 1).

Chen Y and Nelson RL. (2004). Genetic variation and relationships
among cultivated, wild, and semiwild soybean. Crop Science.
44:316-325.

Cho KS, Won HS, Jeong HJ, Cho JH, Park YE and Hong SY.
(2011). Development of multiplex microsatellite marker set for
identification of Korean potato cultivars. Horticultural Science
and Technology. 29:366-373.

123

Chung JW, Lee GA, Lee SS, Bang KH, Park CB and Park YJ.
(2009). Cultivar discrimination of Korean and Chinese
Boxthorn(Lycium chinense Mill. and Lycium barbarum L.)
using SSR markers. Korean Journal of Medicinal Crop Science.
17:445-451.

Cserhati M. (2015). Motif content comparison between monocot
and dicot species. Genomics Data. 3:128-136.

Djedid IK, Terzaghi M, Brundu G, Cicatelli A, Laouar M,
Guarino F and Castiglione S. (2021). Genetic diversity and
differentiation of eleven medicago species from campania
region revealed by nuclear and chloroplast microsatellites
markers. Genes. 13:97. https:/www.mdpi.com/2073-4425/13/1/
97 (cited by 2023 Feb 1).

Fukunaga K, Wang Z, Kato K and Kawase M. (2002).
Geographical variation of nuclear genome RFLPs and genetic
differentiation in foxtail millet, Setaria italica (L.) P. Beauv.
Genetic Resources and Crop Evolution. 49:95-101.

Gobert V, Moja S, Colson M and Taberlet P. (2002).
Hybridization in the section Mentha(Lamiaceae) inferred from
AFLP markers. American Journal of Botany. 89:2017-2023.

Hasan M, Seyis F, Badani AG, Pons-Kiihnemann J, Friedt W,
Liihs W and Snowdon RJ. (2006). Analysis of genetic
diversity in the Brassica napus L. gene pool using SSR
markers. Genetic Resources and Crop Evolution. 53:793-802.

Hong WJ, Khaing AA and Park YJ. (2013). Cultivar
identification of Chrysanthemum(Dendranthema grandiflorum
Pamat.) using SSR markers. Journal of the Korean Society of
International Agriculture. 25:385-394.

Hur M, Um Y, Lee Y, Lee YJ, Koo SC, Park WT, Kim JH,
Huh YC and Moon YH. (2021). Development of whole
genome sequence based novel SSR markers in Astragalus
membranaceus(Fisch). Korean Journal of Medicinal Crop
Science. 29:418-424.

International Union for the Protection New Varieties of
Plant(UPOYV). (2010). The working group on biochemical and
molecular techniques and DNA-profiling in particular(BMT/12/
09): Application of SSR and SNP in maize variety
identification and database construction. International Union for
the Protection New Varieties of Plant. Ottawa, Canada. p.1-46.

Jang SJ, Park SJ, Park KH, Song HL, Cho YG, Jong SK,
Kang JH and Kim HS. (2009). Genetic diversity and
identification of Korean elite soybean cultivars including
certified cultivars based on SSR markers. Korean Journal of
Crop Science. 54:231-240.

Jeong DH, Um Y, Yun YB, Huh JH, Kim J and Park HW.
(2022). Investigation of morphological characteristics and
genetic diversity of Adenophora triphylla(Thunb.) A. DC. using
SSR markers. Korean Journal of Medicinal Crop Science.
30:411-418.

Kamvar ZN, Tabima JF and Griinwald NJ. (2014). Poppr: An
R package for genetic analysis of populations with clonal,
partially clonal, and/or sexual reproduction. Peer). 2:e281.
https://peerj.com/articles/281/ (cited by 2023 Feb 2).

Khera P, Saxena R, Sameerkumar CV, Saxena K and
Varshney RK. (2015). Mitochondrial SSRs and their utility in
distinguishing wild species, CMS lines and maintainer lines in
pigeonpea(Cajanus cajan L.). Euphytica. 206:737-746.



Lsi2t -

|'O||
O
10

0

[}

Fo

Kim SH, Chung JW, Moon JK, Woo SH, Cho YG, Jong SK
and Kim HS. (2006). Discrimination of Korean soybean
cultivars by SSR markers. Korean Journal of Crop Science.
51:658-668.

Kumar SPJ, Susmita C, Sripathy KV, Agarwal DK, Pal G,
Singh AN, Kumar S, Rai AK and Simal-Gandara J. (2022).
Molecular characterization and genetic diversity studies of
Indian soybean(Glycine max (L.) Merr.) cultivars using SSR
markers. Molecular Biology Reports. 49:2129-2140.

Kwon YS, Lee JM, Yi GB, Yi SI, Kim KM, Soh EH, Bae KM,
Park EK, Song IH and Kim BD. (2005). Use of SSR
markers to complement tests of distinctiveness, uniformity, and
stability(DUS) of pepper(Capsicum annuum L.) varieties.
Molecules and Cells. 19:428-435.

Kwon YS, Park EK, Park CU, Bae KM, Yi SI and Cho IH.
(2006). Identification of rice variety using simple sequence
repeat(SSR) marker. Journal of Life Science. 16:1001-1005.

Lee JH, Lee JW, Sung JS, Bang KH and Moon SG. (2009).
Molecular authentication of 21 Korean Artemisia species
(compositae) by polymerase chain reaction-restriction fragment
length polymorphism based on trnL—F region of chloroplast
DNA. Biological and Pharmaceutical Bulletin. 32:1912-1916.

Liu K and Muse SV. (2005). PowerMarker: An integrated analysis
environment for genetic marker analysis. Bioinformatics.
21:2128-2129.

Liu Y, Huo N, Dong L, Wang Y, Zhang S, Young HA, Feng X
and Gu YQ. (2013). Complete chloroplast genome sequences
of Mongolia medicine Artemisia frigida and phylogenetic
relationships with other plants. PloS one. 8:¢57533. https:/
journals.plos.org/plosone/article?id=10.1371/journal.pone.0057533
(cited by 2023 Feb 2).

Meng D, Xiaomei Z, Wenzhen K and Xu Z. (2019). Detecting
useful genetic markers and reconstructing the phylogeny of an
important medicinal resource plant, Artemisia selengensis, based
on chloroplast genomics. PLoS One. 14:€0211340. https://
journals.plos.org/plosone/article?id=10.1371/journal.pone.0211340
(cited by 2023 Feb 2).

Mylonas IG, Georgiadis A, Apostolidis AP, Bladenopoulos K
and Koutsika-Sotiriou M. (2014). Barley cultivar discrimination
and hybrid purity control using RAPD markers. Romanian
Biotechnological Letters. 19:9421-9428.

Park KC, Kim YG, Hwang BK, Gil JS, Chung H, Park SG,
Hong CP and Lee Y. (2017). Development of simple sequence
repeat markers from Adenophora triphylla var. japonica(Regel)
H. Hara using next generation sequencing. Korean Journal of
Medicinal Crop Science. 25:411-417.

Park PH, Park YJ, Kim MS, Lee YR, Park PM, Lee DS and
Yae BW. (2013). Analysis of genetic diversity and identification
of domestic bred Phalaenopsis varieties using SRAP and SSR
markers. Horticultural Science and Technology. 31:337-343.

R Studio Team. (2015). RStudio: Integrated development for R.

-0

124

tEs

>
o

TR

RStudio, Inc., Boston. MA, USA. http://www. rstudio. com.
(cited by 2023 Feb 2).

Shahzadi I, Mehmood F, Ali Z, Ahmed I and Mirza B. (2020).
Chloroplast genome sequences of Artemisia maritima and
Artemisia absinthium: Comparative analyses, mutational hotspots
in genus Artemisia and phylogeny in family Asteraceae.
Genomics. 112:1454-1463.

Singh RB, Mahenderakar MD, Jugran AK, Singh RK and
Srivastava RK. (2020). Assessing genetic diversity and
population structure of sugarcane cultivars, progenitor species
and genera using microsatellite(SSR) markers. Gene.
753:144800.  https://www.sciencedirect.com/science/article/pii/
S0378111920304698 (cited by 2023 Feb 2).

Stanley A, Menkir A, Paterne A, Ifie B, Tongoona P,
Unachukwu N, Meseka S, Mengesha W and Gedil M.
(2020). Genetic diversity and population structure of maize
inbred lines with varying levels of resistance to Striga
hermonthica using agronomic trait-based and SNP markers.
Plants.  9:1223.  https://www.mdpi.com/2223-7747/9/9/1223
(cited by 2023 Feb 2).

Sung JS, Lee JH, Lee JW, Bang KH, Yeo JH, Park CG, Park
HK, Seong NS and Moon SG. (2008). Phylogenetic analysis
of Artemisia spp. by morphological characteristics of reproductive
organs in Korea. Korean Journal of Medicinal Crop Science.
16:218-224.

Tamura K, Peterson D, Peterson N, Stecher G, Nei M and
Kumar S. (2011). MEGAS: Molecular evolutionary genetics
analysis using maximum likelihood, evolutionary distance, and
maximum parsimony methods. Molecular Biology and
Evolution. 28:2731-2739.

Thu MK, Ra SB, Lee GA, Lee MC, Park HS, Kim DC, Lee
CH, Choi HG, Jeon NB and Choi BJ. (2011). Distribution
and frequency of SSR motifs in the Chrysanthemum SSR-
enrich library through 454 pyrosequencing technology. Journal
of the Korean Society of International Agriculture. 23:546-551.

Torrell M, Cerbah M, Siljak-Yakovlev S, and Vallés J. (2003).
Molecular cytogenetics of the genus Artemisia(Asteraceae,
Anthemideae): Fluorochrome banding and fluorescence in situ
hybridization. 1. Subgenus Seriphidium and related taxa. Plant
Systematics and Evolution. 239:141-153.

Van Inghelandt D, Melchinger AE, Lebreton C and Stich B.
(2010). Population structure and genetic diversity in a
commercial maize breeding program assessed with SSR and
SNP markers. Theoretical and Applied Genetics. 120:1289-
1299.

Zane L, Bargelloni L and Patarnello T. (2002). Strategies for
microsatellite isolation: A review. Molecular Ecology. 11:1-16.

Zhao QC, Kiyohara H and Yamada H. (1993). Anti-
complementary neutral polysaccharides from leaves of Artemisia
princeps. Phytochemistry. 35:73-77.



	황해쑥 품종 구별을 위한 유전체 염기서열 기반 genomic SSR marker 개발
	ABSTRACT
	서언
	재료 및 방법
	결과 및 고찰
	REFERENCES


