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oA AlEs 7l duyatelgtae s Fae] th
A 2BAEZ e Astragalus membranaceus, <F8-2
Astragali Radix@ ARSI 371= =3} 52, S 55
i, BA, A ERA e HERt AF SR o]8Eo] ¢

ABSTRACT

Background: Although Astragalus membranaceus is a major medicinal herb used for food and
medicinal purposes, genome-based research for its exploration is insufficient. The introduction of
the genetic breeding system for medicinal crops, based on genomic analysis, will have a great
impact not only on the establishment of the origin but also on understanding the existing traditional
breeding system.

Methods and Results: A. membranaceus from five accessions of Poongsung, Asung, Jecheon,
Sancheong, and Jilin from China were used, which are cultivated in the test field. The produced
nucleotide sequences were assembled de novo to obtain 450,449 contigs, and the repeat sequences
were extracted using the selection criteria, two to six nucleotide sequences repeated five time or
more. Finally, we obtained 147,766 simple sequence repeat (SSR) marker candidates. Using the
CLC genomics workbench program, 949 SSR markers showing mutations for Astragalus in the 5
accessions were selected. From the designed primer sets, 99 were randomly selected and applied to
the genomic DNA which was extracted from five cultivars and pooled. Ten primer sets showing
more than two bands were finally selected as SSR markers, and were used for the genetic relation-
ship analysis in 81 strains of A. membranaceus.

Conclusions: The data of this study can be used as a marker when registering A. membranaceus
varieties through pure line selection and line breeding in the future. It is thought that it can greatly
contribute to securing intellectual property rights for domestic Astragalus breeding varieties.
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AsHoR v=, ﬂ%@ﬂ Adsl, S 5 SAIE
5433# HoFlRl 7195 IHAATE AR Hol AMEH
o gkom, olejo %‘%ji LN RTAS: S0 g o - R Sl
K }Olﬂi*, AFEH BE, WS &, st 59 &%
o] Ry® u} T} (Zhang et al, 1984; Kajimura et al.,
1996; Wang and Feng, 2000; Dong et al., 2003; Kim et

al., 2003, 2007; Lee et al, 2003; Lei et al., 2003; Du et
al., 2012).

A e A o S48 A @A ARl &
3k A9 QTL (quantitative-trait locus) mapping 2 F3} &
ToF 22 g F9oA del AHEETH (Moose and
Mumm, 2008). 53] PCR<S €83 SNP, SSR 59 #2
uAE &850 AL 2] DNAE o83l 2Ee] AR}
Faglo] kg 22olA PFA o= wir| gao] ket
H|w 2] 22 H]§-07 WE A7k ol EA]o] o]FojZitk=
3AS 7T (Jo et al., 2013; Um et al., 2016).

2 NGS 719 22 gige] v 22 7l &t
aiow% (Mardis, 2008; Wang et al., 2009), L A3} S5,

Z}A S

2, ¥ 5 Fe ARt Ak, SHIAE 55 /1%
W) 9] A A 0] B A7) B9 ool

Ao (Nybom, 2004; Henry, 2012; Kilian and Graner,
2012). Z22v}, NGS 71H& 283 82| F3 vl
g3 A+= oY (Kim et al, 2016), T (Gil et al.,
2017), =24 (Kim er al, 2020)%F 7+ FQ oFgAES
Xﬂﬂﬂﬁ‘ AL o] AF7E ulg- m e AAgelth
(2017 719 A 4 A7 F8l F719]
/‘é Q1 calycosinZ} calycosin-7-O-B-D-glucoside2] Y 33
d fF2120 715S BRl vk 9ot o]9]e] AR el
Ao #et A Bie gzl v gl

SUollMe 7] el Eke] Ev]F 54 wE
af AEst Al A= 7Ie AR, vk s & uEel ofg
G719 S S H ESHE L?iﬂr T 22 A
7l AT, 7] FEEC dER 2 AN 8% 5 AR
ofe| g5 H7tol tig rs] 8 Sl
Aot 8k AEsH At vSe Aolt) (Lee ef al,
2021).
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\=]
22 34,

web 2 Al =ellA el s o8-stal 9l
T 718 Wd2E NGS 42 53 SSR v & 7idate]
G719 14 S B I BASTOl 2ad o
T 7Ieks ekt skl

Mz 9y
1. 8| MZ

B A4 high depth? WGS (Whole genome sequenc-
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E}ﬁé*é SSR iﬂMUﬂ s
okg2= 3 AP EA A ZHHH—é—OJ
FHEA A, A a3 =9

afolom Ak SSR mAe] A3

AT AEE= fgAEHelA F4
81 7A1%E2] o NEE ARSI

i

k)

pul

2. SSR S ! Z2l0|0] A=}

NGSE lllumina Hiseq 2500 =% (Illumuna, SanDiego,
CA, USA}— olgate] Fasllon, olF il 42 Hikx
ZHS Gil 5 (2017)9] "ol w2l SOAPdenovo2 version
2.049] SOAPecS ©]8€3} errors XA % & SOAPdenovo2
o] gafo] zgtstArt.

Microsatellites, transposable elements, rDNAs 53 72
HHE- 2 g2 RepeatMasker version 4.0.52} RepeatModeler
version 1.0.82 o83l EA3T) S SSR finders Af
&3td SSR 7HE FASIGITh SSR RS BAEk] flsh
2 7H¢] WS itk A A= 2 7Rl 6 e ¢
717 (base pairs)°] HEZ FHa 5 3] o) HHEEE H7|A
dE A AEEilar, 7 WAE WHEEEE motifl] Hel7t Sl

T U

=

= AL A¢JstATE. Primer3 program (Untergasser et al.,
2012y& ©]&3te] SSR Zete|w MEE vhedt 22 2ol
A BRI

Zol= 18 bpollA 26 bp #HA o] 23 bp)elL GC
< 50% oS 71E o, Tm 32 55CeA 62T

&4 =7 580)= *éZé 319tk PCR product®] ZolE 150
bpellAl 250 bp Alel7t EA AAISHE, BE wHE MY 9
AlLgh Upz] Fgea ZetolmE A zbaielon seto|ug
Atole]l M2 T2 motife] WHE F7ko] B0t A5 BF
A 231tk HF2 S22 Blastn took AMEsle] Zalo|ue] 4l
TS s

2. O34 SSR Zejo|i Mgt
AollA AE 5 7] 7] fARR (F4, ok, AR, 2

A, A=ellA Z2t 1 RS delE AL genomic
DNAE F=3 §, o8 FHOoZ E§3= genomic DNA
pooling WS ©]&3t EFE genomic

DNAZ 99 7ie] Zefo]wo] 2-g3sl3int.

Fragment Analyzer Automated CE
Analytical Technologies, Ankeny, 1A, USA) 7]71& o]&
3Fe] Quant-iT PicoGreen dsDNA reagent kit, 1 - 500
bp (Invitrogen Co., Carlsbad, CA, USA)E A7|9%5S 43
&Rt

system (Advanced



519 - 24Ral - 0l0] - OIR - THE - uE) - 2TE

SZ% ¥Wl== PROSize version 2.0 software (Advanced
Analytical Technologies Inc., Ankeny, 1A, USA) T2 135
ol-gslo] AT ol vORE, A¥gte] F8lskal, PCR
product®] SF Zo|7} A=Y FX|9F Hlszsh, B3 2
N olde] Wi=E Hole xeto|uE AHsigl
3. SSR OB{e] M 2
Ak vAE FE AR

q

o

KLl
2g3je] e v EE

=

a4

S ARSI ol & flsiA Al ZefelrE F 81 JHA
of Ztzt AL3193, SH5%E PCR 4AHES DNA Fragment

Analyzer Automated CE System (Advanced Analytical
Technologies Inc., Ankeny, 1A, USA)S ©]-83lo] 4931304}
I AFE v B4 Z=2 301 Power Marker software
(Version 3.23) (Liu and Muse, 2005) & o]&3fo] Xat®
SSR mle] 8L B slgnt.

2 9 oz
1. 20| QMY 24 Y SSR 2+ Bt Zejo|o] MIE}

B oA Illumina Hiseq 2500 platforme ©]-8-3}]
719 dA71ME A4S FsISth. Paired-end sequencing
WS o83t F 844,014,134 719 reads Xl F
4206 Gbpel @71XE HRE AU, GC H[&ES
3848%2 HERETE HolM 7] f304 A7E R vt
SA7] Wl de novo IAEEE FHSINL k-mer T
ZHEY ] £ #5917 kemer o] EXN I3 (k-
mer Z1°]: 12/22)& YepoH, 34 Z71= 1,535,632,662

bp= UERTE ol& Al AAlel] A3 = oS Al
A\ iz=
de novo o11E2] A3} AAE contig X scaffolds®] &

% 450,449 7 913, NS0 2,861 bp, N9 783 bp L}
ElstTth (Table 1). A E contig & scaffold 5 7HF 71
contig & scaffold®] ZAo]= 46,758 bp ST} (Table 2).

RepBase databaseE AME-3}e] RbE A& Fohfl=
Az, 7] F3129 1227%04 WHE AES ERIT 9l
3 2AY A e ANE TS F Sold v AES
o= Wgoz BAS A3 42.05%2] HHE A Es E}l
T UAT} o7 reference based®} de movo based W
How Fropdl wHE AHe] Wl A= 43.67%= AEU
t} (Table 3).

7] FrAAlA EAE F SSRE]
7IME Aolol] Zgaglo] 2 ¥ RHRy
HEEE AL 19.04%, 4 ¥ HHEE
Aol 2 ¥ REEEE S Hol=
ZHATEIAL AT} (Table 4).
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Table 1. The non-redundant transcript statistics of A. membranaceus
cv. Poongsung.

No. of
sequences’

450,449

, Total bases” Longest? N50Y N90”

Contig 844,014,134 46,758 2,861 783

"No. of sequences; Number of contigs and scaffolds, ?Total bases;
Number of total base sequences, ?Longest; The length of the longest
contig and scaffold, “N50; Contig and scaffold length correspending
to 50% of the total number of total nucleotide sequences produced
when accumulating in descending order for the generated contigs
and scaffolds, *N90; Contig and scaffold length correspending to
90% of the total number of total nucleotide sequences produced
when accumulating in descending order for the generated contigs
and scaffolds

Table 2. Genome sequencing of A. membranaceus cv. Poongsung
accessions.

Contents No. of sequences

Total number of sequencing reads 416,405,310
Total sequencing bases (bp) 42,056,936,310
Total number of assembly contigs 450,449
Total assembly bases (bp) 844,014,134
Longest contig length (bp) 46,758

¥

T3k SSR motif w4 A H71A4E 2 7} (2 bp repeat)
7} WHE-E = di-nucleotide H]-&©] 8.88%, tri-nucleotide
9.62%, tetra-nucleotide 10.29%, penta-nucleotide 7.81%,
hexa-nucleotide 11.65% 2 6 7l Y714 Eo] W= SSRE]

T7F 7P 2 e AAshe e & 5 USlT (Table 5).
1=}

s = A7 Ee] /e BA81IE W= AG (AG/GA/
TC/CTY}F 48.5%= 7F¢ B2 H&S A 7+ HA &

S &S AAFE S AT (AT/TAEA 35.62%00 31
atIth (Table 6). ©AE &7] SSR FollX F&5EE SSR
motif’t SIS 10,101 7§S] SSR Zeto|mE A A 83itt.
2. SSR Zz2jo|0] Ayt

4 F7E AYE 4 T (oM, AA, A, AE)9
gDNAE FZ3lo] 7} 5 Gbp F7IAES Aitsiait. ALk
zt A%l 471494 CLC genomic walkbench 2 ©]-8-}]
AMELSIAL in silico “FolA A AR 10,101 7] =gk
ojHE o|gst] T FAE FASIAL 2 AH 949 7Y
9] polymorphicdt ZeolH & Aded 4 93]t

949 72l SSRFIA WHE A{do] 3 71?0 tri-nucleotide
ool wHE A& FHel Indele] = SSRE et
At 99 7i9] wpAZE EREACE ©lE #HAS motif TH=
tri motif 56 7|, tetra motif 32 7N, penta motif 4 7}, hexa
motif 7 7NN, A3 0 Z motif B2 I =2A w77 7t
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Table 3. Details of the repeat search from the A. membranaceus cv. Poongsung whole genome assembly.

Reference based - RepBase

(20140131) De novo based Combined
e %)in %)in %)in
Length (bp) genome Length (bp) genome Length (bp) genome
Retrotransposons 74,677,050 8.85 143,626,057 17.02 156,115,200 18.50
SINEs 364,057 0.04 1,143,048 0.14 1,179,696 0.14
LINEs 9,849,855 117 22,865,531 2.71 24,687,758 2.93
LTR elements 64,468,616 7.64 119,762,090 14.19 130,584,428 15.47
Retroposon 0 0.00 0 0.00 0 0.00
DNA transposons 13,006,193 1.54 41,912,941 497 45,159,617 5.35
DNA 12,131,986 1.44 41,233,639 4.89 44,122,206 5.23
RC 875,472 0.10 679,426 0.08 1,041,159 0.12
Other 538 0.00 0 0.00 538 0.00
Inserted sequence 41 0.00 0 0.00 41 0.00
Segmental duplication 0 0.00 0 0.00 0 0.00
Unclassified 19,417 0.00 168,769,234 20.00 168,746,876 19.99
Small RNA 99,360 0.01 31,613 0.00 120,702 0.01
Satellites 76,816 0.01 397,048 0.05 462,059 0.05
Simple repeats 12,182,427 1.44 6,829,242 0.81 12,690,878 1.50
Low complexity 3,646,125 0.43 1,655,331 0.20 3,707,945 0.44
Total 103,545,285 12.27 354,925,022 42.05 368,556,604 43.67
Table 4. Repeat types of A. membranaceus cv. Poongsung. Table 6. Quantity statistics of SSRs classification in A. membra-
Frequency  Proportion of all naceus cv. Poongsung.
Repeat Type  Frequency per million SSRs (%) SSR Motif Frequency (%)
2 113,810 134.84 77.02 AC (AC/CA/TG/GT) 17,740  15.59
3 28,135 33.33 19.04 AG (AG/GA/TC/CT) 55200  48.50
‘5‘ ??‘5‘3 ;‘-g’g (2)% AT (AT/TA) 40,540 35.62
6 '575 0.68 0.39 CG (CC/CQ) 330 0.29
7 115 0.14 0.08 AAT (AAT/ATA/TAA/ATT/TTA/TAT) 9,820  34.90
8 18 0.02 0.01 AAG (AAG/AGA/CAA/CTT/TTC/TCT) 5,008 17.80
9 13 0.02 0.01 AAC (AAC/ACA/CAA/GTT/TTG/TGT) 4,229 15.03
10 3 0 0.00 ATG (ATG/TGA/GAT/CAT/ATC/TCA) 2,579 9.7
Total 147,766 100.00 AGT (AGT/GTA/TAG/ACT/CTA/TAC) 518 1.84
) AGG (AGG/GGA/CGAG/CCT/CTC/TCO) 1113 3.96
Table 5. SSR motif types of A. membranaceus cv. Poongsung. AGC (AGC/GCA/CAG/GCT/CTGITGO) 408 1.45
Repeat type y;g;;‘gg In SSR (%) ACG (ACG/CGA/GAC/CGT/GTC/TCG) 168 0.60
Dinuceotide 10,101 5.68 ACC (ACC/CCA/CAC/GGT/GTG/TGQ) 4210  14.96
Tri-nucleotide 2,707 9.62 GGC (GGC/GCG/Ccaa/aee/cca/caa) 82 0.29
Tetra-nucleotide 406 10.29
Penta-nucleotide 90 7.81
Hexa-nucleotide 67 11.65 AEE & 5 A
Hepta-nucleotide 11 9.57
Octa-nucleotide 1 5.56 3. 7&A J|¢E SSR 0Pl 84 HA
Ennea-nucleotide 1 7.69 G nFS ol fsl] ZTE oA o 37 AE 81 )
13,384 DNACl thall 28 A4 A3 10 52 271 SSRAIA]
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Fig. 1. Dendrogram generated using neighbor joining cluster analysis based on genetic diversity of 81 A. membranaceus
accessions.
=2 AAEE AT 5 AT (Table 7). 0.02-0.74 (B 0.50)9 21, polymorphism information

MekE ne) 284S ASS] Hste] 81 Aol 283 content (PIC)S] 7+ 0.38 - 0.85 (Bt 0.66)°1At}. PIC %k
of EAek A3}l frequency of major alleles (MAFYS 0.23 °l 7F4 ZE e Am-gSSR149.2H, o] v+ PICH
- 061 (H 045)°1Q0 3L, genotype number (GN)&] ZHe E ¥ ollg} GN&= =4 YERST) (Table ).
2.0-15.0 (B 8.9)32H, heterozygosity (HEy= 0.50 - 0.87 10 71¢] SSR WHAE o83t I AE uigo= &
(H 0.70)°] AT}, Observed heterozygosity (HO)S| Zh< 2 7] §HAR 81 AellA] fRA S BAlsle] AlBT

73
—E
=
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Table 7. Characterization of 10 polymorphic single sequence repeat (SSR) markers validated in 81 A. membranaceus accessions.

Marker ~ Accession ~ SSR  SSR SSR specific primer (5'— 3) Product Region

name No. Modif.  No. Forward Reverse size (bp)
Am-gSSR1 KX148386 AAC 8 CCATCGCAGTTGGACAAT GGATTTGGTCTCAGCAGAGTAG 184 Intergenic
Am-gSSR2 KX148387 AAC 5 CCCTCTATCTCTAGTCACATCGG  AGAGGATTGAAGGTAGAGTGGG 154 Intergenic
Am-gSSR4 KX148389 AAC 7 GCTTGGAACACAAGCAATGG GATGTAAGTGCTGCTGCCA 198 Intergenic
Am-gSSR6 KX148391 AAT 5 CGCAAGACGACCAATGTGTA GGAGCTCCTCCACTTGAATATC 196 Intergenic
Am-gSSR8 KX148393 AAT 7  CACGTTGCTGCTCAATCTGT AGTTGCTTGCGAGCTTTG 192 Intergenic
Am-gSSR11  KX148396 CAA 7 GGGTTCAGATGGCTCAACTAAC  AGAGAACGAGTTCCACGTGTC 167 Intergenic
Am-gSSR12  KX148397 GAT 7  GCAACAACCACAACTACTCAGG  AAGCCAAAACAGGGAACC 200 Intergenic
Am-gSSR14  KX148399 TGA 14  ACTAGCACCAACAGGTCTGA ACCTCCGCCACTAGTTAAGAAC 190 Intron
Am-gSSR16  KX148401 GAGG 6 GCAGACAACAAGCATGGAGAAG CTAACACGTTCTCTCACTCCCA 182 Intergenic
Am-gSSR17  KX148402 TCAC 5 GTGTAACAGCTGGGGGATAAAG  GATGGCCATGTCGAAGGTA 154 Intron
23 A3} AQPH-R 10| o]FoiX|A] ¥ BElEE S DNA I 3R] 2 opefst fRiFee) A8 5 9l
ISHATt (Fig. 1). wEbA 7Ed 7] SSR viA= ek the A3lS 7HAL vk B3 o] & o] &ste] =uf-9] 27]
Fe Klstket 3 vdS & AT AR TS AT RN, 7] o] Hestar A

371 (A. membranaceus)?] A8 AT= AT Aol A0l AT E5 2 A A 53 78 B 85 o

Aot HZ F=olA FFA DNAS] 44 A Alsel ¢ g 724 ARE AT 5 AUtk £ AFolx JigE SSR
A4 2 BAE w Juh (Lei er al, 2016; Wang et al,  vHFE &5 U] 7] el g g Uk B4,
2016). = Tian % (2021)° 28l Astragalus & 3 £ ¢ T 4o EF E B8 F F0= AR "rh

=2 DNA7} $d A
B w9l o

=4 DNAGS] SSRE #4438 A
FEuEtelA AujE s 271
membranaceus)?| e+ 42} vizle e o] U] &
2 AFollA ALE $719] SSR v = AAA7IME
AR BA 7|HE 383 f4A ARE 7o g 3 ZHow
A, B71e] AR g 8l A7IME FdlM e /A o

P
Py wAo) 9S)7h gk =S HAA B4 B 53

o]

(A

Table 8. Diversity statistics from initial primer screening in 81 A.
membranaceus accessions.

Marker MAFY  GN? HE? HO®  PICY
Am-gSSR1 039 1500  0.80 0.73 0.79
Am-gSSR2 040 1000 0.71 0.53 0.67
Am-gSSR4 0.61 7.00 0.58 0.60 0.55
Am-gSSR6 0.49 9.00 0.70 0.65 0.66
Am-gSSR8 0.53 5.00 0.63 0.37 0.58
Am-gSSR11 0.51 8.00 0.69 0.43 0.66
Am-gSSR12 032 1000 0.81 0.51 0.79
Am-gSSR14 023  13.00 087 0.38 0.85
Am-gSSR16 0.50 2.00 0.50 0.02 0.38
Am-gSSR17 0.53 1000 067 0.74 0.64
Mean 0.45 8.90 0.70 0.50 0.66

MAF; frequency of major alleles, GN; genotype number, ¥
heterozygosity, “HO; Observed heterozygosity, *’PIC; polymorphism

information content.
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