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Discrimination of Korean Agaricus bisporus cultivars using

CAPS markers
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ABSTRACT: The cleaved amplified polymorphic sequence (CAPS) marker uses a restriction enzyme recognition site resulting from
single nucleotide polymorphisms and insertions and deletions on the DNA sequence. This technique does not require expensive
equipment, the process is simple, and clear results can be obtained reliably. In this study, Agaricus bisporus cultivars SaeA, SaeDo,
SaeHan, SaeYeon, SaeJeong, Dodam, Seolgang, Dahyang, Hogam, and Hadam developed in Korea were discriminated using four
CAPS markers. Our results indicated that it is possible to distinguish the ten cultivars and determine the genetic diversity among

them.
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A5t X2 F71=5 5
NANAY, dS7HE
2007). &, 3its) €4do] =i
Aog A AAAZR R AH|E ATHYun ef dl.,
2009; Jeong et al., 2010). ©] WAl 1 °F 4407 Eo]
AatElo] A AA WA AR 15%E A8, 1978-
2013 F<F AYAkEFo] 30ul o] F71eFStH(Royse et
al., 2017). o] WAL AA 9, HolEl7), A=, S
Sl F2 AL 00w (Kabel ef al., 2017), Z ol
= = =l Ay Skl Ak (Sonnenberg
et al., 2011).

UFole o|FA wul AAZ AL o (Raper et
al., 1972), shte] A A PP = oF 95% o3
GAZAE ninFE 2 T2 D@xpEareke] itk glo] 23}
AR A 4 A5 (Summerbell er al., 1989), kel
AR oA 22 0.5%7F TFE EREARe} mde] 7 st
Sl be o] GREAE A5t (Elliott, 1985), WS
of ojz-°] Atk(Sonnenberg et al., 2011). EA| HAA|
o] Thekgl ko] FFS 1980 2 vldd=ollA A
% Horst Ul 9575 REOZ Jiuy Aoz 484 9
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tH(Savoie et al., 2013). =] o] F£2] 72 2010
d o]% F&EZ153 (Rural Development Administration)
oM A A oI FE EHARTFE
wApst] AT B AobE Afen HuE S
B B e A, AR S 4609

THOh ef al, 2013). A FEol= AMAHOR Bo] A
2%, 2¥)E 3 917) wjee] EF Aw 2glo] o ot

7t &K 02 & Q s},

19914 HEAES 552 d2E 2oy sty
UPOV(International Union for the Protection of New
Varieties of Plants) ko] FHEJTL, S }eh= 2002
9 S0HAE A2 7Hdsinr. B, 2010 BETFEE
¢F(Convention on Biological Diversity) #| 102} & Al=F
T3] AR H B o] Ffroll ek Lok
7} A= ATk (Park et al, 2016). ol W, Be
7heol A AEE AE BHo A%y xS Adsia
SF7He] Aot #A-EE PHES APsty deH
(Sonnenberg et al., 2008), A8l FF ARl gt 2 EE]
o] o ZUTE Ao R odFETY(Min ef al., 2014). 2
gﬂr WAl F50 TS FEiSH 3 st 540
7127} ®th(Hong et al., 2013; Paisey and Abbas,
2015). FefA Aslehd EALe =8 A0 wgst E4
o] 17] wiZoll FF2] el eA7T At} (Kauserud et
al., 2012). FAMAE 749 FFg wH] go} o3t
TAE FEE ¢ Ath(Lopez et al, 2008; Menolli
Junior et al., 2010). ¥Fol FF R w5l st
restriction fragment length polymorphisms (RFLPs),
random amplified polymorphic DNA (RAPD) markers,
length polymorphisms (AFLP),
simple sequence repeats (SSRs), E|3L single
nucleotide polymorphisms (SNPs)$} 72 Exjul7{7} o]
L5 A}(Moore et al, 2001; Lee et al, 2019;
Foulongene-Oriol et al., 2011; Oh et al., 2020). &J2] &
k7] = CAPS "= DNA 714 <¥€ Are] SNP
(single nucleotide polymorphism)<} Indel (insertion and
deletion)= 18 A7 AR AgEs AXFHE

amplified fragment

=2 (Konieczny and Ausubel, 1993), 2.7}
o] An= .»‘_gg_ 2 3k gow Ao zhekslar, eHdA
oz I3 A= 0401144 & g Ado] Utk
(Kaundun and Matsumoto, 2003).

B Ao M= CAPS PHAE o]&3ste] oA 7gt
St o] 3 }—AHO} AHT: Agh, A, A, =9, A7

7} FE7e) A4 4

HEM=E & DNA F=&
B Aol ALGE Sl T Gl FE Aok, Al

A A, g, =9, A7, o, 578, shee w&3
23 S9dd 5273k HWJMW HoF ol AR5k
th. ko] #ARE W%k CDAMIAE o] &-3131th. CDA

HiA= EH] 40 g& FRT 1ol #< EJHl FZd
malt extract 7 g, sucrose 10g, agar 20 g& H7I3 &
121°CollA 1587 Baste] Az o, dAks 25°C
o 45 7F vigstint. vigE FFol dAbE 3U7E 54
Az Al 71 ¥ Tissue Lyserll (QIAGEN, USA)Z 23|
DNAE 3Z319tt. DNAE Plant SV mini kit
(GeneAll, Korea)E ARl AAE v 7ol we} 53}
Att. =% DNAT spectrophotometer (BioTek, USA)
S ARE3l 25 ng/ul= B ko] ARSI

CAPS O}7{E 0|8¢t ¢&0| EF e

A-oll ARS-El CAPS vl = At BrsClE ©]-8-3F
£ AB-gCAPs-017, #3822 HpyCH4VE ©]-&3= AB-
gCAPS-047, A3& 4 ApolS ©]-&3l= AB-gCAPS-055,
A gt& A Hpyl881< ©]-&3h= AB-gCAPS-071< ©]-&3}
A THTable 1).

= 7 10709] FEo] FFLZHE] FE3 genomic
DNA 20 ngs FHO 2 o] 4719 vAN LS ZFZ 319
T} PCRAFE-Z 95°CollA] 23, THA] 95°CellA] 20%, 55°C
oA 40%, 72°ColA 45%E 30Al01ES FZ3 5, &

Table 1. CAPS marker information used in this study developed by An et al. (2021)

Marker Primer sequence Ref. Alt. Restriction enzyme
Forward: GTTCTGGAAGTAAAGCGAAGAC
AB-gCAPs-017 G A BtsCI
Reverse: CGTAGAACACAAAGTCTTGCAG
Forward: CTCTTAGCGAGGCGTTATCTTA
AB-gCAPs-047 G A HpyCH4V
Reverse: ATTGGAACATAATTCATTGGGA
Forward: GATCCCCAAATAATGAATGCTA
AB-gCAPs-055 A T Apol
Reverse: TATACTCCCGACGTAGAACAGC
Forward: AACCTCATTCCCAACCTTATCT
AB-gCAPs-071 A G Hpy188I

Reverse: AATATATTGGTCATTGGAACCG




7FE 72°CoA 1087 WEEAIZ T, 2t riA X o] whgo]
B PCRAME) ZF A& AE A28t 2.5% agarose
geloll A 71953l 7 T (fragment)2] FNE-S B 25}
ok, 7 ] MAellM FF fAEE Hlalske
phylogenetic treeE 2g3te] 107] FFo] 52 &3}

st
an % 3

CAPS "= SNP & indeldl 2)&te] A HAY &
AEe Agtas AR5 gX e o)E uAR o|&
3= W oltk(Konieczny and Ausubel, 1993). ©] CAPS
wAE olF{FEH AR Aol Thseh 394
Aoy, MES BA4d B ar) glo] PCR HHS- & A3
BAE o]&S el RS Fall H R HAAE =
=3 ¥ F e FHe] Aok (Kaundun and Matsumoto,
2003). ¥ AFoM= CAPS vAE o] &sle] =) 7t
107 FEol FF5 st} skt

B Ao AREE AN E S AMEE BE F5A
ZEoH, 7 npAX A Agtatel ofg ey
2 FAAE S TR 7 AR ATEA BrsClol 9] st
o] AgEE AB-gCAPs-0179] viAAdol| o)ste] g
o] FF I Mok, A=, Mgk, A, Y, =, A7,
o3, g e PR FEEAT. nAXE
AB-gCAPS-047& A|Zta A HpyCH4VYl| Aetz|o] %
Eo] 3709 2Fo R FrE] Aok, A=, o R 4
H a2F, A, AR, B, o, 37 st R AE
T4, 28] Al A7ke] HEEITH. AB-gCAPS-0559] w1A
ML AFEAL Apolell oste] A&, Aoz A
25, Mok, A, A, EEe® 99 25, Aot 27,
o, 37, stgeR A" aF, "RECE AB-
gCAPS-0719] viAMEE ATas HpylssIdl 23t

o of\
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Aok, Afgt, =, AAe] 2%, A=, A4, stEe s 74
O, A, o, 37 2502 FEE AT (Fig 1).
37+ 7% A E AB-gCAPs-0173} A|ZHa 4 BrsCl
o9 sl B} FFEH FHo| HE AL I3 T 5 3
R, AFE wAMYE  AB-gCAPs-0472F A|Tas
HpyCH4Vell €J3te] Bf 553 F2= AT kA%
FLTE2 shte] v E shue] FFo] FEEA ST

2 Aol AREE 47]9] mAE BF olgshd S
A 10709 FFo] B FEE AT AB-gCAPs-017¢]
oA FFte] e FEEH =AU, AB-gCAPs-
017} AB-gCAPs-0475 &A°l| ©] &3S o, vm=] 9
Mol FE & A7) uE FL5E TEEUTH AB-
gCAPs-017, AB-gCAPs-047, AB-gCAPs-055% ©]&-3}%]
< o, YA 8l FEE T Mot b FEES 7
Aok, vRge 2 AB-gCAPs-017, AB-gCAPs-047,
AB-gCAPs-055, AB-gCAPs-0712] 4712 nlAZS FAlol
ol &L ), = ML 107] FF BF FEEE Zlo] &
Q1= A tH(Fig. 2).

CAPS "= 394 mhAelH, Zhdst 34& Sl <k
AHoz Ads =FI E F de FHol U
(Kaundun and Matsumoto, 2003), &7], vje} 7+& 2=
oA FE WEE fI8 /=it (Kunihisa er al.,
2003; Moriya et al., 2007). Z12]3 EvfE, B, IF 5
I e AEoxe A= T, AR 5 F4o
AdE FAAA G2 7] CAPS v = e AT
(Caranta et al., 1999; Kuklev et al., 2009; Okada et al.,
2012). ¥Ale] A9 F39] FES FEstaA 23] A
ARHAA ARE Mo R 3 FF AR 1S, A2
3, 35, chagE, dulgks Rslr] 913k CAP v
7} W= ATH(Moon ef al., 2017, Moon et al., 2018,
Moon et al., 2021). &, 0] AWHIE S TE3}7] 93
CAPS vIARE 7= o 9]

Fig. 1. Fragment patterns by CAPS markers (A, AB-gCAPs-017; B, AB-gCAPs-047; C, AB-gCAPs-055; D, AB-gCAPs-071).
(Lane 1, SaeA; Lane 2, SaeDo; Lane 3, SaeHan; Lane 4, SaeYeon; Lane 5, SaeJeong; Lane 6, Dodam; Lane 7, Seolgang; Lane 8,

Dahyang; Lane 9. Hogam; Lane 10, Hadam.).
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Hogam Hogam SaeYeon
Hadam Hadam Dodam
SaeA SaelJeong SaeJeong
SaeDo SaeYeon Hogam
SaeHan Dahyang Dahyang
SaeJeong Dodam Hadam
SaeYeon — Seolgang SaeDo
Seolgang SaeHan SaeHan
Dahyang SacA SacA
Dodam SaeDo {

Seolgang

AB-gCAPs-017
AB-gCAPs-047
AB-gCAPs-055
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Fig. 2. Diagrammatic display of cultivar discrimination by phylogenetic trees using ten Agaricus bisporus cultivars at each stage

by four CAPS markers.

= Al e CAPS v Sl A ol F
Fo] A Rt FF0] Bl 7]odF 4 9lor,
A FEol FFoE o] 8T F US Aol

¥ Q
£ AFelM s el g oA e 1071<]
FEol FFE CAPS "HAE ol gato] FE3ItH An 5
(2021)°] 7k CAPS =} AB-gCAPs-017, AB-gCAPs-
047, AB-gCAPs-055, AB-gCAPs-071< ©]8-8td Ao}, A}
T, AE A, AN, B, A7, O, 33T shee
g 4 Ut 2 A Adke Sl N ol F5
tiate] FE7ke] PEAS F174 S Folstd £
oo gk TAMIESE 2AE rFasIsth

Al =
2 AFE FEFMETY AL R FHFMET
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