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Characterization of simple sequence repeats (SSRs) in Pleurotus
pulmonarius cultivars
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ABSTRACT: Simple sequence repeats (SSRs) were isolated from major Pleurotus pulmonarius cultivars in Korea, namely ‘HS47’
(monokaryon, gamete of ‘Santari’), ‘GB19’ (monokaryon, gamete of ‘Santari’), ‘Hosan,” ‘Yeoleumneutali1,” ‘Sambok,” ‘Gangsan,” ‘Yaksan,’
‘Jasan,” ‘Hyangsan,” and ‘Yeoleumneutali2,” and characterized via HiSeq genome sequencing and bioinformatic analysis. The genome
sizes of the monokaryons ‘HS47’ and ‘GB19’ were estimated to be 37.3 and 37.2 Mb, respectively, and those of the other dikaryotic
cultivars ranged from 47.1 to 61.1 Mb. A total of 711 (smallest) and 1,106 (1.5 times the smallest) SSRs were found in the ‘HS47’
and ‘Gangsan’ genomes, respectively. Hexanucleotide and octanucleotide motifs accounted for the top two fractions of all SSRs.
CGA/TCG, AT, and CTC/GAG were the most frequently detected nucleotides in the SSRs. Most of the SSRs were 21~30
nucleotides long (hypervariable for application), accounting for 70% of all lengths of SSRs.
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Table 1. List of P. pulmonarius cultivars used in this study

1)

Source Cultivar Code Breeder” Reference
CAF PP3 BAk47Y HS47
o GGARES Mushroom Research Institute Choi et al., 2017
CAF PP4 GB-19 GB19
CAF PP6 Ak HS GWARES Park et al., 2008
CAF PO27 2LrElR 15 YRI RDA
CAF PO184 2 SB RDA
CAF PP8 pASS GS GWARES Park et al., 2009
CAF PP7 OFAL YS GWARES
CAF PP11 Zak JS GWARES Lee et al., 2016
CAF PP10 BFAL HY GWARES
CAF PO28 SEIRC P YRI RDA Kim et al,, 1997

YCAF : Korea National College of Agriculture and Fisheries fungi collection, 7GWARES, Gangwon Province Agriculture Research and Exten-
sion Services; RDA, Rural Developement Administration; GGARES, Gyeonggi Province Agriculture Research and Extension Services. > < * Two

compatible monokaryons are gametes of “Santari”

Zmitrovich and Wasser, 2016). Al=Elz2]& 32| =
Y3 A0} Setn wEE F2 U e o 9
3}y (Choi et al., 2017; Lee et al., 2008) “17]hE}1ﬂ »
@ olfow Ajslo] 2xle] ol oL ol
SHolM §F5E F5& A5=E 135, d5=EE23,
AEFAL 7Rk A okab gkl 3Rk Alele] So] Q)
=l °olF 67 FEol TFEo] ATh(=HZTA, http://
www.seed.go.kr).

%%173 A (microsatellite or simple sequence repeat (SSR))
t RE Q9AE e SN 1-107] =
°] DNA Age] WA o2 WiEsEs 725 7Kt ol
L A U Aozl =2 Hie 2 Holrf =R T
A vRro g geME FAERE FHAF Tk 2 7“_5_]—,
e fere] 1% A+ (Lee ef al., 2020), 42 x]E 1=
(Bindler et al., 2011; El-Rodeny et al., 2014), FH32
(QTL) ¥4 =(m et al., 2016) =E}Z] = Jthé z}u}

74 (Park ef al., 2019) 5 T}F3 o]:ow gax7 9},
AFeM e A=Ete] o] 8 FF55 Al Hiseqs

Folod fAAE A5ohu oo sS % FE30] ol
o 543 pxe Avin A sl
A EER 1R, B 1E 03 BEdr)ed
O] P AEle] T AU Table 1). 7
Ak F2lolE WAIEANIA((MCM; £59 20g, Yeast
Extract 2 g, MgSO,-7H20 0.50 g, Peptone 2.0 g, KH,PO,
0.46 g, K,HPO, 1.00 g, Agar 20.0 g(Y Al Al "Ea)/
SR 1218)dl FE sl 25°ColA widsilal, Ba Al
4co AFsiAT. F7IRES flstel dAPE ”J?if&
MCMHIAIE 1 x 1 em® Zepx] Atd mujgodel ¥
o] 4°Coll Byt Algel ARE-EFAT.
HAHFIES 7] 9I8te, #AE BEdg MCM LA
A7t x AZ 1cem x 1 ecm) 3718 MCM dA|ujj=]of] H

Z39] 25°C, 120 rpm o2 102 o1 WSt & Tz o
E A2} Aztsldtt. o1 F FAAZs ] Basle] Solg™
Genomic DNA Prep Kit(Solgent, Korea)& ©]-83}]
gDNAE 3} Th. TruSeq Library Prep Kit (illumina,
USA)C.& a}ohﬂaa = 5519 Tllumina HiSeq 25002 ©]
231 Sl 539tk SolexaQA(http:/solexaqa.sourceforge.net)
£ o]&3 A pipe lineg F3}e] short readE AL ©]
o] de novo assembly 3% (SOAPdenovo2, version
2.04)2 AAHA contigs AATE A EelA SSRE| FE&
MISA v1.0(Thiel et al., 2003) T2 o] &3IA=H,
Z7& Pl1, 220; P2, 210; P3, 27; P4, =5; P5, 24; P6,
24; P7, 24; P8, 23; P9, 23; P10, >3; interruptions
(max_difference_between 2 SSRs), 20°]T}.

ZHE contigt] FoE FHA A7E FHsIA=T,
447, GB-19, 34}, o F=Ele] 13, 4k, 704, ok,
ALk, B, AE=ER 239 §AA 27 37.2
Mbp(Table 2) FE=ST}. o]alALe] F2A) 371% ﬁ
o webA 47.1%E 61.18 MbpZ7HA] thFglEd], Tl
ARl HS473 GB19+= 72} 37.3 Mbp$} 37.2 MbpE ©|
AL A A7 Heh A S ;HARE "LE}Q
£ 7sks wieAlo|BR, 7 dIHALe] RS
Ao g gt A77F bE 015“&’\}9} H=g o s °ﬂ?
AT, AAZ = T2 BE o3 FALY] FA 27 Ht
Zitk. Aol daldA A A7) AP =ER(P
ostreatus var. florida)®] AAFAIZ 424z PC153 PCY
o] 27191 343 Mbp 35.6 Mbpe} SAFSIT(104.5~
108.7%) (Riley et al., 2014), =E}2|1(P. ostreatus) ZE}
gluh ml Ao 4] fef gk dsls#ARR] JHH0219F HMS012¢]
Al 40.8 Mbpet 403 Mbp HThE tha AR
(91.2~92.6%). Felg]e] d3FAF A 27190 43
MbpE.the ZITHRyu ef al., 2012). AFele] %9 o]3)

l:l



A€} 2| (Pleurotus pulmonarius) %52 %1737 (simple sequence repeats) 579177 343

Table 2. Comparative statistics for the genomes of P. pulmonarius cultivars

Genome assembly Characteristics

Strain HS47”  GB19” HS SB GS YS JS HY YR2

Genome size (Mbp) 37.3 37.2 61.1 54.8 60.9 47.1 53.5 57.6 53.9

Number of scaffold (contig) 9,275 9,674 129k 108k 124k 61k 99k 124k 116k
Largest scaffold (Mbp) 0.57 0.29 15748 32033 20968 12981 82473 31468 8796 12895

Sequencing platform

TruSeq Nano DNA & Hiseq 2500

1) &

? Two compatible monokaryons are gametes of “Santari”(Choi ef al, 2017).

HS47, P pulmonarius HS47(monokaryon); GB19, P. pulmonarius GB19(monokaryon); HS, P. pulmonarius Hosan(dikaryon); YRI1, P. pulmo-
narius Yeoleumlho(dikaryon); SB, P. pulmonarius Sambok(dikaryon); GS, P pulmonarius Gangsan(dikaryon); YS, P pulmonarius Yak-
san(dikaryon); JS, P. pulmonarius Jasan(dikaryon); HY, P. pulmonarius Hyangsan(dikaryon); YR2, P pulmonarius Yeoleum2ho(dikaryon).

A 37178 dIdAke] {33 Z71H 126.3~164.2%
2 AE & 7 Jded BFs] vl 25 2 A
HHEA 3 dolg e ofg oz FPETt. Hiseqs
A2 read= alignmentE &3l contigg T5sIEE RHE
Mol AR A do] Bom 2§ 3 FollA &4d
7Fedol wmotd 1 A7 AARTE FolE & UL A
o] (Zimin et al., 2017; Peona et al., 2018), L& o]
2 ZEE] d5ed AFALe] A7|7F ol F#Ae] f4
Arc BAE Aoz FZHTh A oA Bl
A7 A ] MFo] oldrE f1A 2717 S
Ao g o4 & vk, =eE&e] §AA =7)9 &)
ol ik Hre] o7} Bx] GOoHE o|zlo] HFA<I
e, AR ER, e 34 271R0A = F7t
Q1 A7t H g aitt.

FAA L] SSRS MISA v1.0(Thiel et al., 2003)
< |83t HEATE. FFE F SSRe F= HS47¢]
TE 78 Ao, ZFAke](GS)o] 1.58) B2 1,10671 =
FHohE 715318tk HS472 GB19+ SSRE7E 7HE A
k=l d3lAte| il §14 A7 % Agr] WiEe s 5
ZS¥tH(Table 3). =El2] LF#AR] JHH0212F HMS012<]
SSR 7H<=el 9497)19} 9687 Htl= H i, ARAElZ]Ql
PC97} PC159] 715709} 62279k H|S=8F S=x]o]t}, o]
£ sequencing platform 2}oJol] 2] AEEA] o2} =
7] lsEe A Ee] o] zpolof o3k AR AlgE =],
JHHO0219} HMS012& Pac-bio, Z=E}Z]= 454+Hiseq,
AVE el & 454+Sanger WHS AFES|A] (Park et al.,
2016; Riley et al., 2014) & 1 21 27] A Qo] 5=
o Zog FHHEC. Hiseqe HS read’l AJ2HE o]
assembly Zg oA SSRI} 72 repetitive sequence®] *]
goll AE Heltke Zlo] W]l 1A o|th(Frey er
al., 2014). Yo 2 FHA 9] A7]9} SSRe] Jloll=
2 Aol vk A 9ok (Karaoglu ef al., 2005),
ol A= FAAY Z717F E45 SSRY N7t Bl
AZHATHR2 =0.90). o= =], AR =EH], 2=
2 9] SSR¥} FAA| A79] dAAA T E AoE Hid
23 AR)sR=t (Park e al., 2016), =E}E]&e] 29F

¢

< ¢

2l A+ Q= 3}, §43 Mbp & #ZE = SSR
o] F(HE)E A% A7, AEER 25 (YR2)7F 16.8
2 7P 9 A= 15 (YR)7F 7FE =2 196
SSRs/Mbp S HoA & zfole AFEA] ot A€}
g]e] SSR E¥x ¥z ARHXER] PCY(17), PC15(21),
JHH021(23), HMS012(24)(Park et al., 2016)3} H]aLsked]
Tha B 2102 HR, o]¢} 22 A= 7] A1de]
Zo]9} assembly} ##Ho] 9l Aoz FASIC), o]9]

2 774 SSR #Z WIEE 10~100 SSRs/Mbp Alo] 2
B3 = (Karaoglu et al., 2005; Labbé et al.,
2011), ¥ AFAH= o] W9 ot F-9]o A&S &l
& 4 9ok

HEE Z39] SSR2| £F+ hexanucleotide®} octanucleotide
7F 7 B& RIER A2 A= (Table 3), ol# g 3
© e, AFE =Bl 9] SSR typedt HIS3F ol A
W (Park et al, 2016). =El2], APELElE]e] H$=
hexanucleotide®} trinucleotide®] EXH|Eo] T =UT}.
A. nidulansg X33 dF A7 (Ascomycota) 1A
9] SSR X+ F=Z mononucleotide®} dinucleotide] H]
Zo] =3(70~80%), pentanucleotide ©]’d-2 H]F0] Yo}
B ApAstel 2o)7t JE ALz AlFE Y (Karaoglu et
al., 2005).

7h FEHE SSRUO 7 W=7t 22 4719] 97
Mg ddste] vl =t, CGA/TCGel 7
B2 164 AZHAL 107 EFFolA 25 Rz 39
491l 912819 TH(Table 4). 2 2] A/T7} 570 EFol|A]
92H, CTC/GAGZ} 671 FF14 83, GAC/GTC7} 6%
Zold 75 HAEHAY. ZEl fY LIAEA
JHHO0219] 79~ CGA/TCG7} 1], GAC/GTC7} 1591, A/T
7 159 HAEEO] IR YIS A= B o TCTA/
TAGA”} 3081, GGGAACGAAAS} GGGAACGAAGZ} Zt
7} 159 A o] tha T2 P A ATHPark et al.,
2016). AFE=ERR](PCY)S] Zd¢el= GGA/TCC 104,
ACC/GGT 10¥1, GAC/GTC7} 91, A/T7} 8 AZH S
t}(Park et al., 2016; Riley et al., 2014). I=F7F =2

el 713 the 0] 9 A GAIs 31
i)

~
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Table 3. Occurrence of SSR in the ten P. pulmonarius cultivars

Repeat type

Number of SSR loci

HS47°  GB19” HS YRI SB GS YS JS HY YR2

Mononucleotide 26 38 8 24 12 11 17 9 15 15
Dinucleotide 25 23 28 29 35 32 27 27 28 32
Trinucleotide 86 105 149 131 131 144 113 118 152 122
Tetranucleotide 53 55 79 95 89 85 81 80 74 61
Pentanucleotide 81 74 111 119 114 128 91 107 111 105
Hexanucleotide 144 124 202 181 171 192 168 198 159 153
Heptanucleotide 64 69 117 97 102 131 91 95 111 96
Octanucleotide 134 132 238 232 227 245 184 206 220 201
Nanucleotide 70 73 108 131 133 108 92 94 88 101
Decanucleotide 28 19 36 23 31 30 26 24 27 21
Total 711 712 1,076 1,062 1,045 1,106 890 958 985 907

&2

“two compatible monokaryons are gamets of “Santari”(Choi et al., 2017).

HS47, P pulmonarius HS47(monokaryon); GB19, P. pulmonarius GB19(monokaryon); HS, P. pulmonarius Hosan(dikaryon); YR1, P. pulmo-
narius Yeoleumlho(dikaryon); SB, P. pulmonarius Sambok(dikaryon); GS, P. pulmonarius Gangsan(dikaryon); YS, P pulmonarius Yak-
san(dikaryon); JS, P. pulmonarius Jasan(dikaryon); HY, P. pulmonarius Hyangsan(dikaryon); YR2, P. pulmonarius Yeoleum2ho(dikaryon). The

two most frequently detected repeat types are in bold.

Table 4. Abundant SSR motifs and frequency in the ten P,
pulmonarius cultivars

No. of cultivar

Repeat motif
P containing the motif

No. of repeat

CGA/TCG 10 164
A/T 5 92
CTC/GAG 6 83
GAC/GTC 6 75
GA/TC 3 51
GGA/TCC 4 45
ACC/GGT 2 22
CCA/TGG 1 15
CAC/GTG 1 13
AT/AT 1 11

SSR WHEAES, F9] 7= AT9 ACCE A|9stale
A=A =] A ESHAIRH(Song er al., 2010), B S-AAU <]
SSRIH= SALEH 8-S HolA] (Khush er al., 2008) A=
ol wpEbr] thddo] EAlshs o= AE gt

Repeat motife} “4#¢lo] SSRe] o7} F7ko]
AgAl, A, FRA LEl FE Qe Bavt 9o
B2 (Lier al 2004), 7t S-AA W2 BASEo=], A
e EFF 107] A 2% 21~30 nt(nucleotide) H 9
] SSRe| 7W =2 Hlolm WA 70%E 2FAIsIT
20 nt )T 14 %, 31~40 nt= 10%= 2FAI3FA . SSR
o] Zol7} AAAFE WIEF7t o= Aot

(Fig. 1). o1& APddT #8°]9] SSRe| o] #x9 o
sz Aotk (Karaoglu et al., 2005). SSRe] Zol7}
20 nto]dd o 7P Wol7t Alste] mpARA S &8 7t
S0] =3 12 nt MY W= Wolrt Arhal B
=4l (Khush et al., 2008), ©]i= DNA ploymerase 117} Ht
EZQ1 Aol 20 nt odY 75 FHA EASHA] X
3t7] wiiEolgkal B AE AT (Castillo-Lizardo et al.,
2014). ¥ AF+ZAAZ =% SSRS F-E Zo]7} 20 nt
ooz Ao WHolg 7H ¢ UL FO=E AEHT.
ol g Y T vtk Aole drEtE AP =
e, e, F5 SE, P& e deEliAl, S
A3 FAHKNR2312P5)oN A = H]S281A] B2 T} (Park
et al., 2016).

SSRA Y-S sh=Ele] 59 FAAWAME 731
SAstar Wol7h ol A&E = A2 EAjst] ¥4
Adbshs A AY #5S wE 3

U

KeN
=

S
=

dhetl 288 4 3
102 ALRdTE Ml 719 EAtvirle o A=A
Ay APAoT ARE A (-ﬁ—%j]]— %—)—% A

=l F-838, o1& whes izt #

XMJPJ ARG L7 &5, A S2, ol

2ol FARA B4 o] Bt FolN 28-H o
SktH(Miah ef al., 2013). AFLP, RAPD %5 t}43 579
A7 EE Ao, WEL 9 FAH] SSR
A WM = BPgdS Bfsto] ARE2] Fo] gojA]
At & ATE Tl =EH A=l #3529 SSR
&5 =gl o] o gd EA N AR
FEistA el Aol ol FF WE 59 =2 &
7Fed Zlo= Azt

t:u ‘
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Fig 1. Length-frequency distribution of the SSRs in the ten P pulmonarius cultivars. Refer to the text for the abbreviated

cultivar name.

q Q

o] F8 Ab=El] F59 3Ah47(YE, Ateke] vl
$7b), GB19(¥ 3, AFele] wj-9-2}), S4h, o E=E 13,
AHE-, TR, oFAE, Ak, Y, B ERR] 28] FAAE
HiseqS o]&3ato] a53allar o] AE AHol|A SSRS
Este] EATHE AT daAFA] SAF 47, GB19
o] fFAAe] A= zh2t 37.39F 37.2 Mbpo] L, o] A}
A A AheErE] FE0 §HA A71e 47.1~61.1
Mbp?l Aoz &, 5 F SSRe| = HS47°]
TR 7B H oz, Ao (GS)e] 1.58] B2 1,10670 = 2
U= 7] =31t} SSRE repeat motif 5914 hexanucleotide
¢} octanucleotide”} 71 2o Wl=2 #AAET, 7P
o] #EE v E-S CGA/TCG, A/T, CTC/GAG®)
ATk SSRe| Hole BE FFA WHo|rt Bol f-84¢]
=2 20~30 n7t 7P =2 H590 70%E 2R ST

Al =
2 AFe B As SHEAER Golden Seed project
AR (RS2, A S: 213007-05-5-SBI30)] 2]

3l o] %olzl Aoz AH] Ao FAL=GULE,
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