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SUMMARY

[ . TITLE
Development of molecular markers for improving breeding efficiency and breeding of new
cultivar with good traits

II. OBJECTIVE AND NECESSITY OF THE STUDY

1. This study was conducted to develope molecular markers linked to agriculturally important
traits in three major mushrooms, Lentinula edodes, Pleurotus eryngii and Agaricus
bisporus and construction of MAS(marker assisted selection) system that enable the
selection of traits at mycelial state. Classical mating based breeding is time
consuming works and expensive, thus development of the molecular markers allows
breeders to efficiently breed new varieties which fulfill the demand of the market.
Breeding new strains with improved traits is a long-standing goal of mushroom
breeders that can be expedited by marker-assisted selection (MAS)

2. In case of shiitake mushrooms, the standard genome information is not available yet.

- The linkage map according to the current cross rate has been analyzed, but there are
still many parts that are not enough to be used for breeding in case of shiitake
mushroom. In Korea, new varieties have been developed through breeding and the
breeding program at the Forestry Academy, the Academy of Agricultural Sciences, and
the Forest Mushroom Research Center. However, its superiority is low compared to
Talwanese and Japanese varieties.

3. Pleurotus ostreatus is one of the important mushrooms in the Asia. Many cultivars have
been bred to meet the consumer’ s needs. Identification of cultivars based on the
morphological characteristics is restricted because fruit bodies are frequently capricious
by environmental conditions, thus sequence based identification methods have to be
adapted to differentiate cultivars.

4. Simple sequence repeats (SSR), also called “microsatellites” consist of tandemly
repeated short DNA sequence motifs and have applied in various marker-based studies.
Two major oyster mushroom cultivars, Heuktari and Miso genome were sequenced, it was
needed to access their SSR properties.

5. Button mushroom 1is the most widely consumed moshroom in the world, and
domestic consumption is increasing in Korea. Before 2000, most Korean mushroom
farmers cultivated foreign varieties, but recently, Korean breeders are developing
hybrid strain using molecular breeding tools.



6. Growth rate of mycelium, yield, quality of fruiting body are major agronomic character

in button mushroom. Lately resistant cultivars are needed because increase disease and
insect pest be caused by climate change. Also, button mushrooms are hard for
secure mono-karyon and hard of develop cultivar.

7. Thus development of the molecular markers related to major traits allows breeders to

efficiently breed new varieties which fulfill the demand of the market. Breeding new
strains with improved traits is a long-standing goal of mushroom breeders that can be
expedited by marker-assisted selection (MAS)

llI. METHODS

2.

3.

1. To develop SSR markers for the shiitake mushroom, 5 strains from the National

Institute of Forest Science in Korea Forest Service and 18 strains from the Forest
Mushroom Research Center were kindly provided. The list of strains is shown in the
text. The mycelia of the strains were cultured for 10 days at 25 ° C in darkness.
Over 1,000 SSR loci of the shiitake mushroom were found in whole genome
sequencing performed by Shim et al. using L. edodes monokaryon strain B17 and
comparing the resequencing data of 1 strain, Chamaram. We choose 205 SSR loci to
test for polymorphism among the shiitake mushroom strains, and 44 SSR markers
were finally selected for proper PCR conditions fixed in 23 strains. The primer
design parameters were set as follows: length range, 18-23 nucleotides with 21 as
the optimum; PCR product size range, 150-200 bp; optimum annealing temperature,
58 ° C; and GC content 50-61%, with 51% as the optimum. The extracted DNA for
PCR templates was diluted to 20 ng/uxL using a K5600 micro spectrophotometer
(DaAn Gene, Guangzhou, China). The PCR reaction mixture consisted of 2 xL
template DNA, 1 xL each forward and reverse primer (5 pmol, 10 L 2 X i-Taq
Master Mix (Intron biotechnology, Seongnam, Korea), and 6 xL distilled water. PCR
reactions were performed as follows: 95 ° C for 3 min; 35 cycles of 95 ° C for 30 s,
58 ° C for 30 s, and 72 ° C for 30 s; and finally, 72 ° C for 20 min. The size of the
PCR product was confirmed by fragment analyser (Advanced Analytical Technologies,
). The amplified SSR loci were scored for 23 shiitake mushroom strains. Major allele
frequency (MAF), number of genotypes (NG), number of alleles (NA),  observed
heterozygosity (HO), expected heterozygosity (HE), and polymorphic information
content (PIC) values were calculated using PowerMarkerV3.25.

We constructed a genetic linkage map of Pleurotus eryngii based on segregation analysis

of markers in postmeiotic monokaryons from KNR2312. In total, 256 loci comprising 226
simple sequence-repeat (SSR) markers, 2 mating-type factors, and 28 insertion/deletion
(InDel) markers were mapped.

SSRs were isolated and characterized from “Heuktari” and “Miso” , which are one of
the major oyster mushroom cultivars in Korea by the genome sequencing and

bioinformatic analysis.

_‘IO_



4. A total of 546 SSR primers which were designed based on the genome sequences of two
P. ostreatus cultivars (Heuktari and Mison) were screened to find polymorpic bands on
the major cultivars of P. ostreatus.

5. We evaluated some traits of button mushroom strains.

- Mycelial growth rate at different culture temperatures(10C, 15C, 20C, 25C, and 30C)

- Mycelium’ s resistance degree to bacterial brown blotch (Pseudomonas tolaasii, P.
reactans, and P. agarici )

- Cultivation characteristics (Required days for pin-heading and harvest, diameter and
thickness of pileus, individual weight, and color of pileus.

6. Re-sequencing analysis of genetic resources. genotype modification exploration (SNP,
InDel etc.) and molecular marker large quantity development

7. Color of pileus, bacterial brown blotch resistant estimate and relation molecular marker
development.

IV. RESULTS

1. Molecular marker-based trait correlation analysis for the isolation and cultivation of
differentiated traits by highland traits
- The average temperature was about 18 C to 21 C, the high temperature was about
27 C and the moderate temperature was about 20 C. The low temperature varieties
were about 15 C. Therefore, it was concluded that the highest temperature was
observed in the high temperature varieties and the average temperature in the low
temperature varieties.
- The representative quantitative traits were examined for the diameter of the carp, the
thickness of the carp, the length of the carp, and the thickness of the carp. The
diameter of carp was the largest at 665 mm in Sanjo 701 and JMS 5A-1, and was the
smallest at 705 in Sanjo and about 58.2 mm in Songgo. The thickness was about 25.3
mm, the thinnest at Sanjo 101 and 18.3 mm at Songgo. When we looked at the
characteristics, Sanjo 701 had the largest diameter and thickness of the carps, and them
were the smallest and thinest. The length of the stalk was the longest at about 63.1 mm
at Sanjo 705 and the shortest at 39.7 mm at JMS 5A-1 and Mori 468. The thickness of
the stals was the thickest at Sanjo 705 and Sanjo 706, about 16.9 mm, the thinnest at
Sanrim 1, Songgo, JMS 5A-1 and Mori 468. Therefore, among the cultivated mushroom
cultivars, the thickest and thickest varieties were Sanjo 705, and the smallest and thinest
varieties were Songso, JMS 5A-1, and Mori 468.

2. Elucidation of refference genome of shiitake mushroom

- Lentinula edodes (Chamaram monokaryon Strain B17) 46 Mbp genome size and 31
scaffold assembly completed.

_‘I‘I_



- Completion of 13,028 genes in high-level genome and construction of web browser
(Http://112.220.192.2/led/) for genome information.

3. Development of molecular markers through Resequencing of core population of shiitake.
- Consortium formed with Forestry Academy to complete the analysis of 45 varieties of
highland core resources and SNP analysis.
- Developed 13 SSR markers to distinguish 45 different varieties (Patent application
completed)
- Identification of high temperature type related genes.
- Identification of the mutation related to the brown film formation of Chamaram.

4. Development of SSR markers for distingushing shiitake mushroom varieties.

- SSRs were developed as markers for breed identification based on information on
standard reference genome information.

- The 44 SSR markers developed consisted of di-, tri-, tetra-, and pentanucleotide DNA
motifs. The SSR motif consists of 59.09% dinucleotide repeat, 31.82% trinucleotide repeat,
6.82% tetranucleotide repeat, and 2.27% pentanucleotide repeat. AGA / AGA | GGA, CAG
| CGA | GCA, AGA, GAT, GCT, and GTT are the dinucleotide repeats in the SSR motif.
TCA, TCG, tetranudleotide repeat were TACT / TATC, CTTT, and pentanucleotide repeat was CTTCC.
- The developed 44 SSR markers were analyzed by 23 shiitake mushroom varieties. The
major allele frequency (MAF) ranged from 0.13 to 0.94, with an average of 0.575.
Number of genotypes (NG) ranged from 2 to 11, mean 5.5, number of alleles (NA)
ranged from 2 to 11, mean 4.9. The observed heterozygosity (HO) ranged from 0.00 to
1.00, the mean was 0.309, the expected heterozygosity (HE) was 0.10 to 0.90, the mean
was 0.552, and the polymorphic information content (PIC) was 0.10 to 0.89 and 0.511.

5. The map consisted of 12 linkage groups (LGs) spanning 1047.8 cM, with an average
interval length of 4.09 cM. Four independent populations (Pd3, Pd8, Pdl4, and Pdl5)
derived from crossing between four monokaryons from KNR2532 as a tester strain and
98 monokaryons from KNR2312 were used to characterize quantitative trait loci (QTL)
for nine traits such as yield, quality, cap color, and earliness.

6. Using composite interval mapping (CIM), 71 QTLs explaining between 5.82% and 33.17%
of the phenotypic variations were identified. Clusters of more than five QTLs for various
traits were identified in three genomic regions, on LGs 1, 7 and 9. Regardless of the
population, 6 of the 9 traits studied and 18 of the 71 QTLs found in this study were
identified in the largest cluster, LG1, in the range from 65.4 to 110.4 cM.
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7.

10.

11.

12.

The candidate genes for yield encoding transcription factor, signal transduction, mycelial
growth and hydrolase are suggested by using manual and computational analysis of
genome sequence corresponding to QTL region with the highest likelihood odds (LOD) for
yield. The genetic map and the QTLs established in this study will help breeders and
geneticists to develop selection markers for agronomically important characteristics of
mushrooms and to identify the corresponding genes.

Only one SSR primer, JHH SSR 184 was found to show polymorphism on the major
cultivars with similar morphology, Suhan 1ho, Whaseung 2ho and Kimje 9ho and
additional 6 cultivars. Polymorphisms were dependent on copy number of three kinds of
repeat and locus. The sequences of the loci showed variable tandem repeat loci-like
feature thus might be applicable to a wide range of cultivars of P. ostreatus.

The genome sizes of “Heuktari” and “Miso” were estimated 40.8 and 40.3 Mb,
respectively, it was larger than the other P. ostreatus species (PC9 andPC10) and less
than P~ eryngii (KNR2312P5). A total of 949 and 968 SSRs were found in the
“Heuktari” and “Miso” genomes, respectively. A comparative analysis of five
mushroom fungi revealed that SSR numbers from “Heuktari” and “Miso” were the
highest among the P. ostreatus var. florida (PC9 ad PC15), P. eryngii and all fungi
studied showed have similar SSR distributions. Tri-, hexa- and octanucleotide motifs
accounted for the top three fractions of all SSRs.

Result in major character of 49 button mushroom genetic resource’ s mycelium and
fruiting body, mycelial growth rate at different culture temperatures was investigated by
25C> 20C > 15C > 30°C > 10°C. ASI1338 strain showed excellent mycelial growth rate
at differnr temperatures. We confirmed that ASI1007, ASI1085, ASI1310, ASI1339 were
strongly resistant to bacterial brown blotch, whereas ASI1053, ASI1103, ASI1140, ASI1146,
ASI1177, ASI1183, ASI1195, ASI1321, ASI1331, and ASI1336 were relatively weekly
resistant. The average number of days for pin-heading was 16.5 and that for harvest
was 5.7. The average yield was 142.7g/2kg bag.

We finished SNP analysis by conducting re-sequencing about 38 mushroom’ s collection
of resource and developed large quantity SSR marker from reference genome and
re-sequencing. So those markers for collection of resource diversity estimate and
cultivar division.

Through re-sequencing by using secured marker, we developed 4 pairs of marker for
classify color of pileus that group clearly 23 white button mushroom and 13 brown
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button mushroom and conducted proteome analysis being revealed specifically at white
button mushroom and brown button mushroom on pin heading.

13. For developing bacterial brown blotch relation marker, we developed two segregation
population derived from both of resistant strain and sensitivity strain, finally we
evaluated resistance degree to bacterial brown blotch of two population.

V. FUTURE PLANS

In this study, we obtained standard reference genome information of shiitake mushroom
and developed SSR markers that can distinguish cultivars based on this information. Four
patents were completed. As a result, it is possible to protect the varieties developed in the
domestic country. In addition, we will develop SNP markers related to traits that are
specific to the variety and their specific characteristics. These markers could be used for
cultivar protection and breeding. These information and technologies could be applied to the
established experimental procedure to other mushroom species or other crops.

The two molecular markers for identification of 2. eryngii mating type and P. ostreatus
cultivars will be distributed to mushroom breeders and public office for protection plant
disease and seed reservation. The QTL markers and genetics maps for agronomic traits
could be used in the next round of Golden Seed Project to improve their resolution and
efficiency.

The information of major agronomic traits for 49 genetic resource will be distributed to
mushroom breeder using breeding resource. Molecular markers developed in this study and
whole genome sequence database of 38 button mushroom strains could be used for
developing traits-related molecular markers.
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= FAC AT Il E MAe AR v i,
dgezA WAe FaAdel SuEHI Atk =ulelA 20099
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3£ 3 WAeE A% (1990-2012)

o FEF (B) .
2008 2009 2010 2011 2012
st 122,984 123,195 157,844 158,070 172,959 37.0
Hdas 85,777 80,021 95,661 104,835 115,789 24.8
Chal 67 317 436 1,318 41,529 8.9
ofdME 72,388 43,764 41,305 37,267 37,522 8.0
7ot 20,309 19,851 28,424 27,109 31,456 6.7
A = 32,613 25,814 25,790 28,603 30,534 6.5
g Fotyo} 32,621 32,876 21,585 24,955 27,657 5.9
=< 4,125 4,897 9,045 7,018 9,821 2.1
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@ =l HAANG A%
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i
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o
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Akel(el drkA 2,760 2,983 2,606 2,871 1,961
Al 7,135 8,861 6,724 7,377 6,162
=4 2011 =4 A AT, 2011-2013 FHSAMA FH, 2013 AFE A AAHEAAPERAL
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Il HE Bael FFE TRIE BAU A S @D ot sl Utk
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L &2 mA 79k @4 A3 #48 F3 FI52 A=A

7} o] %
ot 3 AujAfel A AElFA 4AFE 1085, 4z 1113, *&& 30235,

927 w%—«l o] HAEx= 72 8.2 C, 107 €, 11.7 C, 82 C, 82 C, HA2E+= 7 188
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oh A2 1085, 4z 1115+ 30.9 CoA = "Holste] 124 FFo2 Ay, i do]
T7F 274 €l 2kx 30288 FLA FF, 4bx 50239 9278 Ha wolexyl 7+ 221 C,
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aeg)a zke] AAe] F7] vlE FABFA T 2o A 4kx 70135, IMS 5A-1914 <F 66.5
mm= 7} a3, AFF 7069 3ol A ¢F 58.2 mm=E 7HA Zgtoew, Zte] FAE Zolgh Ak
Z 7015, 2z 706594 ¢F 253 mmE 71 FAKYOeH, Ax 1015, $394 18.3 mm=
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7V grgtrh ztel A4S wake o ALuz_ 015% skl AAT FA7} A AT FAHOw,
e M A3 grstth oo Aoy 4z 7053004 oF 631 mm=z s Ao, Fi,
IMS 5A-1, =& 46814 °F 39.7 mm& b Zskth TEla tio] FHVlE 4bE 70559 4bx
706504 °F 16.9 mm=z 7 FAYI, AutE1E, £3, IMS 5A-1, 2 468914 71 JHs
Atk wmebd A FawAel FFFA the] o] /b FAL FUW FFL A= 705
T o, b Fa gk FFL Fa, IMS 5A-1, = 46810tk el A AT gle Holg
o] deolrb &#otd $3, IMS 5A-1, Re4680A °F 1652 7 i, the] ol vt
199 4bx 705914 oF L0S2 7bg Hsith g2 EELe oF 12 ~ 143 % otk o)
2733 F71e vl IMS 5A-13} =2 4680] oF 5.9% 7P i, 4tz 70557} oF 34
A

2. THEU AujAbel A e Fa FTE FHEE

Bl
—

Folgh  AZ1015 AFE111E AFR502E 2427015 AR7055  A27065 AEF1E $3m 0 ]MS 5A-1 R.2]468

(n=87) (n=55) (n=25) (n=57) (n=23) (n=45) (n=67) (n=60) (n=53) (n=69) (n=35)
7kel A7 (mm) 635%8.02 64.3+11.16 60.2+10.37 62.2+12.04 68.7£7.63 59.0£7.32 640692 616794 57.3:8.14 65.119.32 65.1£11.93
749l Trl(mm) 256%458 189+402 158211 150+688 255:4.82 235325 252+454 231:540 17.7+261 21.0+340 21.2+455
7o) (mm) 529+10.87 56.7+13.38 428+985 47.9+835 49.4+7.83 63.1x10.59 50.0+10.47 54.3+836 37.0+9.25 40.8+9.82 41.3+10.20
ANA/M Al 12:026  12:031 14105  13+144 14031 1.0+0.16 13031  12:019 1.6+0.36 1.7£0.57 1.6+0.40
go] #7(mm) 155+362 1413469 167+292 165:265 166302 17.84351 160341 11.3+2.73 11.3+2.87 11.6+2.54 11.2+2.93
A7/ 7] A3+114 49148  36+355 377445 45:075 34075 42+090 56+110 53+1.22 5.8%1.34 6.0£1.16

gt g
4 L

Hojs
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ot

22| 468

Genomic DNA Prep. mRNA Prep.
Single Molecule Real Time Long-mate pair sequencing Paired-end sequencing mRNA sequencing
(SMRT) Sequencing (5,10-kb) (500 PE) ( 1 Library)
Raw data|(3.08Gbp) 61.6x Raw datg (6 Gbp) 120x Raw dafa (4.23Gbp) 84.6x Raw data (3.36 Gbp)

Contig assembly

C:772,B:49Mb, N50 : 551kb

T

@ MDNA were removed

Scaffoding > Scaffolding & Gap filling (S: .: I‘E:II:. g: ::anf'tflaglsas
5$:74,B:46.18Mb,N50: 1.19Mb  5:31, B: 46.10Mb, N50 : 3.66Mb :;J‘?tﬁlsgases
N H|E :0.43%
13 1-3. A F-4A de novo assembly W W Az QoF

_28_



(D 71 A< sil= "oy QC

Oh B4

'L

ox,
o
N
N
™
o

¥ 1-3. Q scoreo] W& 47| A A=

Quality Score Error & AEesre
10 1in 10 90%
20 1 in 100 99%
30 1 in 1000 99.9%
40 1 in 10000 99.99%
50 1 in 100000 99.999%
5ol g o] AMEY o AEE Flst= 84 F sl

]

i 3 1 & 3 % OB RIS Mela 3034 &S
Peastion = read (bp

dYEU FIME HE YY HZUH I IME H 2 €Y

a9 1-4. 971 A Ble N F 8 oA

Z53 DNAOA F292 A7IAEE dlFe] HA=A A tgk AFEE &1str] £8)
A9 w8 A (duplication level) <1ttt

_29_
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Tacpiaon Dphestaon Lavel =m 11800 Sagamtes Dhpheation Lgval »o BA 00N

—_— =
3 o
- 2000
4 1750
L] 14t
% 1350
40 1804
4 54
F-] 204
1 L

1 i 3 i 5 0 7 W W B " i 3 3 i 5 [ ¥ i 0 16w

Sepance Duphorio Leved Lequence Dgacwen Levei
HHEA HIME EE HE HEEQ G7IME e e

9 1-5 971 AE wHE AR gl R oA

REe]

J

Mate-pair long insert g}o]BE 88|22 AY4td F7IA<E 35 dolH+= self-ligationo] &+ H
o) junction adaptor’} AFle] Hojlal, PCR duplication 7] wj&o] AME & = A=
mate-pair A€ junction adaptor trimming @ PCR duplication #|AZ Z33tA k. AHEE Tool
£ NextClip v1.3°]aL, mate-pair7} AhE FAHFHA &S readEo] talA= otefo] 18 e)9
At#l 9} o] trimming H AW AAZE HA &7] W&ol a), d typeol] tig ALERF ARESHA
=2

Read 1 Mapping onentation
_—
al i a4 FF e
{I'In.'rj 2
Asad 1
—
b] - @ 4 R ———— |
FHaad
Faas 1
R
C) L e 4§ FA Sl {a—
Faa
R
Cl) s — FF s —
Plesacd 2
Raad 1
g) FR S {a—
Faag 7

18 1-6. Junction adaptor ZE % trimming =24 =

T3, Single-Molecule Real-Time (SMRT) sequencing WS AF&3ted, = 107 SMRT cell2
3+ 10Kboll sig3h= Long-Read #12He =35kl th
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DNA Polymerase/ _ _
Template Complex ZMW Confinement Phospholinked Nucleotides

I +

Ll

Il
ik
' .| sl Lot _._n.:..

a9 1-8 %3l @A B9, B17(3h) 3 A vl (%)

A uf Ao AhulFste] Gene All genomic DNA prep kitE Al&3le] DNAS FE3}9ch
DNA QCZA} o}F =& +£%9 DNAV}I &1HA 2L 3215kt
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<AIE>EZIGE 22>

n 2.3 & 6.6 7§09

10 11 12 13 14

¥ o ¥ marker
woun BN s
7% 1-9. DNA 5% #7195 A 4%
448 En}
Qubit & Nanodrop =2}
gf:ncl_- Volume_ | Fluorescence | Conc_ | g4 | agyy | uv
NO Delivery ID Theragen ID iT EB(UJ JIE_an uv /280 230 ®(ug)
okl (@ | tho/u) |
1 B17.1 TN1508D0102 . 140 43 5692 | 2 | 236 | 797
2 B17.2 TN1508D0103 140 34 513 o1 | 233 | 79
3 B17.3 TN1508D0104 141 39 5368 231 57
4 B17 4 TN1S08C 50 16 3844 199 232 57.7
5 BI7S | TN1508D0106 84 | 152 | 43 [ 4677 | 2 | 23 | ma
6 B17.6 | TN1508D0107 | 171 | 153 | 26 | 3856 | 201 | 237 | s90
7 B17.7 TN1508D0108 150 32 1325 2 | 235 | 649
8 E13.1 TN150800109 : 99 17 343 | 198 | 224 | 340
9 £13.2 TN1508D0110 108 18 3705 | 199 | 229 | 400
10 133 | TN1508D0111 | : [ 150 | 30 3256 226 | 48
11 £13.4 TN1508D0112 | 18 151 28 3145 | 198 | 226 | 475

1% 1-10. DNA QC 23}

(th &4 23

170 ¢] paired-end short insert 2to] B8 8] & (F 4.2G bases) A4Fsl 3t

¥ 1-4. Paired-end short insert 2folB 8]l 7|4 d3l= dolg A Z2u

15 16

Level

= e e e e e e

Library

Total Reads

Total Bases

GC_Rate

>Q30 (%)

>Q20 (%)

500_L1

41,870,422

4,228,912,622

41.89%

77.81

90.51

_32_




Readl Read2

Qualty scores scross all bases (Sanger f Tharans 19 encoding] Quality 3¢

40 40 =
8 8 ]

t t |

3 EP) L
3t a2

0 B kL]

26 =

% %

24| 24

ET n

n o

16 16

16 16

14| 14

1 1

10 16

B L3

L] L]

. 4

o o
1T 2 3 & 5 6 7 B 91014 2024 0.4 40-44 5054 GO.A4 7T0.04 8088 S0.04 100-100 L 2 3 4 5 68 7 & 91044 2024 3034 4044 5054 #0-64 7074 BOBE 90.84 100101
b2

st m read (gl Frition i reed ihp)
Suguance contet moss o3 bans Sequenice content across o bases
160¢ 10,
W
e %
0 A B
£ 80
o 0
80
5 50
@ 4
»n | == W | ==
0 | D 0 | S
1 10
T 2% 4 5 6 7 & 9104 2090 3034 #44 5054 6064 D74 @064 R4 W00 1 2 3 4 5 6 T @ @104 2024 3034 @0-40 5054 6064 7074 BO-g4 8054 100101
Poction = read (bp) Soution i rend (bp)

Per Base sequence content

Snquence Duphestion Level = 40 71% Secquence Dugheation Lerel >= 3371%

100, 100,
% Dapbcare releuree t uugue “Duptente relsirre 1o une
L) L
§ 80
n
@ 0
¥ 3
a“w @0
0 w
w W
. /
b i 2 2 i 3 5 7 F o we ° 1 2 3 a s ) 7 0 ] 100
Soquance Depheation Levet Sequence Dupbostion Lavs!

Duplication level

J= 1-11. 500_L1

27019 mate-pair long insert 2}o]E 2 g] (F 6G bases)oll A4 junction adaptor trimming %
duplication A4 A3 AArE readd] 53.30%, 22.21% read=%r S35}

¥ 1-5. Mate-pair long insert #}olB.#j#] 7|4 dsi=E Az 2 junction

adaptor trimming % duplication A& #| A A3}

Trimmed Trimmed

Library Total Reads Total Bases > Q30 (%)
Reads Reads (%)

5kb_L1 18,471,226 1,865,593,826 89.17 9,845,458 53.30%

10kb_L2 41,026,398 4,143,666,198 85.73 9,109,964 22.21%
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Readl

O 1734567601245 1815 425 3031 36.37 47.03 4849 3335 4001 9887 72,75 7670 BLES HOL G687
Fouttion mread (bp)

O 33556755 1745 1818 2925 3031 36.37 4343 4545 S48 606) BRT 7275 6T B45% 3061 FO8T
Fostian in e (k)

Per Base Quality

Suguance canters acrass 3 bazes ‘Secuance canter acrass 3 bases
WT W
ue ue
wiE &8 & = & i e B BRIl E S S i = E =B EE
s s
L R R ElLSABERERBELEEElEEESEEEREEE NSt s B Blils S BEl RS i NGBS lERERNSS o
) -———- -—== ==— 70 ---- -———- ==
L e LY I e
wle g a2 d a8 o J2adssL o0 fassauoasa suBaLEs 2 2HUUAMES
W —— ——— ——— ———— —— mlmee = = —
" NN -
2 | P = == Rt es s = - - ----------=o —
W=+ T T T T T T T T T T T T T T W= T T T T T T T T T T T T T
12345878812031819 2025 30,31 38,37 8243 9045 5955 6041 8847 7273 7879 64€8 BOSL 9667 U 1234587 8912132818 245 30.31 3837 4243 8849 5045 601 87 7273 769 6.5 OB 687
Banition in sead ibp) Fasition in read i)
Per Base sequence content
Parcant of segs ramaining ¢ deduplicsted 93, 34% Parcent of seqs memaining if dedugicated 83 At
109 — e e i i e = it — T — = =
Detuplit atod cequentes % Deduplicsted sequences
...... e % 1ol sequences !
£ — — —_— _ — ™ 1N I S S L L1 e =
e | ' mmm | = T s T " _ — —_ S — 1 -1 1
70 — — — — — — —_ g ||
w0 T Ean O e s e e e —_
50 S S S S S SN _ so ! == === == === ==
a0 — e — = @ —_ —_— —_— _— — —_ —_—
n = 3 # + —
n g £l —\— — — _——— — —
10 -—4\‘:—————-————-—————— 10 ‘
L B 3 ¢ 35 E T R T L e L L T e e e e

@
Seguance Cuplicatn Leval

‘Saquence Qupication Level

Duplication level

1% 1-12. 5kb_L1
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Readl

Quility cores across all bases (Sanger { Bumina 18 encodag)

Read2

Guility aores atroes al bises (Sangar f fumna 1.8

ancading)

£ HHH g 'llun al g TTTTTTTTTTTIIHHH
3 HH kil Tl—l'

. ey s Uegls e HHHH (I HHH TT TT=

x Lull HHHHHH FHHAF HHH TTTITLLIT,
2 L] S | e

» i T I 1
Fo Ll il |

; ] TR
2

Frs

® Lil1ll

iw|

14 1] [

" il

12 i

10 il A

B . 1

¢ )

* L]

£ 2

g L)

Fostian in read (bp)

1232567801213 1819 2425 3031 36.37 4243 4545 5458 8061 66.67 72.73 7070 GLES 60.61 5607

Festion in read o)

1234567639 1713 1819 3835 3071 3637 4243 40.45 5155 6061 SE87 727,

75 0455 G058 5857

“equance cantant acrass 3 bases Saquence contert acrast sl baces
100 100 -
e we
w % .
% wG
o w0
£ 7
w 0
50 )
W o
3
o _—
0| )= - >¢-‘c¢
10 10
O 1 2349078813031018 2035 30,31 3037 4343 2045 5455 6041 B0.07 7273 7876 BAES B0SL 8687 T ) 33456788 1243.1809 2055 1091 3637 4243 4608 SL55 0081 6867 7173 678 BLES 8051 Ba-67
eoation n read {Ep) Postion @ read (bgh
Farcent of sgs remaning ¢ dedupl catud 61,65 Percnt. of veqs romainng f vedupicsted B2 11%
190 150
 Deduplcated nquentos * Deuglicatod Setuentes
 Total sequences % Total vequences

" ®

8 8

n b

na 8

2 50

@ a

3 »

» 2

w e

L T T e ® 0z 3 % % 8 7 8§ 8 -i0 50 -100 500 #1¢ P =10k

Sequence Duplcation Lavel

571¢] Single-Molecule Real-Time
3.08G basesE A§4F3}SiTh.

Sequence Dupbcation Level

Duplication level

19 1-13. 10kb_L1

(SMRT) sequencing ©o.& HE 9
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# 1-6. Single-Molecule Real-Time (SMRT) sequencing 971 4&l5 A4t

Library No. of Reads No. of Bases Longest Ave.length
SMRT1 84,346 660,300,358 39,433 7,182
SMRT?2 84,612 654,432,535 41,386 7,735
SMRT3 86,048 684,415,694 45221 7,954
SMRT4 98,265 807,524,025 40,509 8,218
SMRT5 92,463 773,365,996 43,754 8,364

@) A FF FAA =1

AN

b &4 UH
Overlap Layout Consensus (OLC) ¥iel&< AF83te] repeato]t}t diploidol Al WE+=
heterozygosityell 3l Yetu+= TA™S FA3IAT

SMRT long reads . -

-

-
e .-

-

-

Longest seed reads | Daligner

Preassembled reads |, S e o e e e . T S— S—_—
l Falcon

Assembled contig i & B B B

Error correction

y

Consensus
corrected contig

19 1-14. SMRT sequencing A4S AFE3+ Contig A2 &4

!

SMRT sequencing long-reads THEo] WA gk, 1o tfdt 3+ base error rate’} 16%8 =
22 depth coverage(x)E 50v]<~ ©] ¢lo] random base errors 274 & 4 d+= FALCON
assembler 7] X o] 3} Fo]9lE Daligner tools AR&3le] long-readell thak RAS £33}t
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S 183 A E reade=S 7FA 3l pre-assemblyE 4333}<] longest seed A ES TEoWH
% Contig assemblyE TF=o] W 5 R AHH long-readE AF&3}o] Contig assembly 23}l ts}k
BA Y359t Tool> FALCON assemblerZS AFE3Fth A|ZE Contig Aol thsf & A
mtDNAE A4 3 ¥ SMRT sequencing readE& AF&3s}e] Scaffoldings 43331 a2, short
insert paired-end library®} long insert mate-pair library sequencing 23& Alg3le] thA] g
scaffoldmg 2 gapfillingS 3J(SSPACE, GapClosen)atAith. EaHA EFE FHA 2Hol g=
H Ao €71 A 8= tlolHE thA alignment AlA A= FAA Z2Hol AHEH A7IAE
o] A& B]& 2 insert size AE FYS WA}

Taxonomy
information

Assembled 7 Taxonomy
enome Database Profilin
g (NCBI) g

18] 1-15. Taxonomy profiling W5 X224 %=

wal, 9 2383 o] de novo assembly’t HEF @89 Ao thdt genome ZFo 3 F&
S Febstr] 98l megablast ¥ EFS  AFE3ed  NCBI®] non-redundant nucleotide
databaseql nr databaseel alignmentE <3§3slSth. alignment’} EF Zol ois] NCBI
taxonomy ARXRE o]&3}o] Krona toolZ assembly Aol taxonomy assigne 3Y3FH I
assembly 29| assign® taxond 71X LD MFE Fotar, oldd s F HrIAEY] ol
3t ¥l &S A4FElY pie chart ¥ FASE 658 FE3AT

/KC-)] o

Jo
[0
2
o
i)
%

%)
o 0012l FALCON#} SSPACEES =3 Al83te] %9
Aok =Y AT Hrp| e AWAE AA 2HE =279 d=d 524A4 =279
2 % 2] EL7]§ 71FEo 2 =& 9 scaffold 3719 FAZko] 50% ©]
s

F3tol 29 4% B

g
Z
(S}
=
5
et
N

)
oﬁ
wn

O

o

—h
—h
=)
(@R
S
i
o
o
=
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E 174 §FHA =29 A9
No. of No. of
Progress N50 (bp) | N90 (bp) | Longest (bp)
Sequences | Bases

SMRT (Contig) 772 49,020,136 551,570 52,071 1,937,496

SMRT (Scaffold) - Removed mtDNA 74 46,188,591 1,194,430 396,964 4,000,281

PE + MP + SMRT (Gap filled) 31 46,107,382 | 3,663,064 | 805,900 5,849,037

ScaffoldID Length GC_Count GC_content Coverage

Scaffold1 5,311,644 2,440,490 45.95% 60.43
Scaffold?2 4,000,690 1,850,279 46.25% 61.59
Scaffold3 3,600,692 1,661,062 46.13% 59.18
Scaffold4 3,662,990 1,678,546 45.82% 62.52
Scaffoldb 5,330,550 2,454,826 46.05% 61.05
Scaffold6 2,065,898 954,205 46.19% 61.33
Scaffold7 5,849,119 2,675,528 45.74% 60.13
Scaffold8 1,789,215 819,470 45.80% 64.04
Scaffold9 1,678,028 773,667 46.11% 58.79
Scaffold10 1,585,523 732,009 46.17% 58.49
Scaffold11 1,779,288 820,310 46.10% 59.22
Scaffold12 1,205,196 546,282 45.33% 59.38
Scaffold13 1,030,649 465,257 45.14% 64.61
Scaffold14 1,231,013 569,663 46.28% 59.94
Scaffold15 934,971 428,918 45.88% 61.72
Scaffold16 805,900 363,988 45.17% 61.55
Scaffold17 652,519 303,994 46.59% 58.37
Scaffold18 619,333 289,057 46.67% 56.08
Scaffold19 586,226 265,281 45.25% 59.56
Scaffold20 561,984 261,733 46.57% 56.07
Scaffold21 498,599 229,424 46.01% 60.25
Scaffold22 344,103 157,701 45.83% 54.55
Scaffold23 279,175 126,502 45.31% 59.09
Scaffold24 236,933 107,717 45.46% 58.73
Scaffold25 176,572 76,187 43.15% 500.98
Scaffold26 98,480 46,613 47.33% 55.64
Scaffold27 86,771 40,857 47.09% 67.77
Scaffold28 34,043 16,000 47.00% 48.93
Scaffold29 33,025 14,500 43.91% 1207.35
Scaffold30 27,876 13,657 48.99% 106.22
Scaffold31 9,736 2,523 25.91% 5192.37

F7A4 2Ho] &5 H Ao FA7IAE sll= HlolHE tA alignmentE A1A A%
ol A8 A7)A D9 insert sizeE AZsFF T}

B
H

4000

40000

Count
20000 30000
L !
Count
2000 3000
I L
Count

10000
1
1000
I

T T T T T T T T T T T
0 500 1000 1500 0 2000 4000 6000 0 5000 10000 15000

Insert Size Insert Size Insert Size

500 bp 5 kb 10 kb

19 1-16. Short, Long insert @F°] X 2] ¢] insert size A< 23}
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19 1-17. Taxonomy profiling 2 3}

¥ 1-8 FAE A3} gE

Taxon Name Taxon ID Assigned Length (%)

Lentinula_edodes 5353 46,078,865 99.93%

Q) MEZE=got Ad =H

b 24 ¥
MEZEL L AAE A 3] sl LB vEFEe ok HolEuel (NCBD & @
g3ld AlEA HolElE alignment AlZTh alignment AFoA mEZE ol HolE Mol
(NCBDel| alignmnet ¥ readE%t F&3t1, F2% readES o Z Assemblys F3sled, HZ
mitochodira A &8-S A|2}+sF53 T
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Mitochondria DB (NCBI)

Readl Read2
Readl Read2 N
Readl Read2 !4 ¢

L R — Read2 3 ¢ (1) Alignment

Unmapped reads mapped reads
(removed)

Giiginai reads
Error correction  § |

Corrected reads

simplified DBG o 4

Repeat resolution ? )

el R (2) Assembly

| Postprocessing |

Final contigs

SPAdes

Draft mitochondria genome

an

a9 118 vERS et A AS gy B

b 24 Az

rEZEgole] fASS 3] fste] mEZE=gol HolEuo] 2ol alignmentE 4383

¥ 1-9. 4 A nEFZ =g o} to]EH|o]~9] alignment Z 3}

Description Length GC_Count GC_content Coverage Ave.Depth
Lentinula edodes mitochondrion, complete genome 121,394 37,269 30.70% 100.00% 6581.69
Penicillium solitum mitochondrion, complete genome 28,601 7,285 25.47% 62.82% 49.86
Egglc)ilgitgnéenroorggefor‘ti strain UASWS Pl mitochondrion, 29.908 7.595 25 39% 59.04% 36.69
Penicillium digitatum mitochondrion, complete genome 28,978 7,343 25.34% 58.48% 26.82
Aspergillus fumigatus mitochondrion, complete genome 30,696 7,822 25.48% 49.36% 20.23
Aspergillus oryzae mitochondrion, complete genome 29,202 7,637 26.15% 46.93% 8.19
Aspergillus oryzae 3.042 mitochondrion, complete genome 29,192 7,638 26.16% 44.44% 7.65
Aspergillus niger mitochondrion, complete genome 31,103 8.367 26.90% 35.49% 8.51
Canis lupus familiaris mitochondrion, complete genome 16,727 6,633 39.65% 33.59% 5.83

* Description : &ol g nEIZ=gol A1
* Coverage @ A A gol| dldl alignment’} ¥ H&
* AveDepth : HA| A Qo ot alignment ¥ depth

_40_



¥ 1-10. v|E=Z=go} A9 Az A

Total size Non - N Bases N Bases
121,596 121,542 54
* Total size : MEZE=g o} AE F F7IAE M
* Non - N Bases : &F8le 971442 ‘N'o] ofld A7A4 7l

* N Bases : &8l& g71440 ‘N2 d7I4E A5

.

b

WA F2A genome annotation 43 A}
D) F2 98 Ad g4

b 4 ¥H

Reference

RepeatMasker RepeatModeler SSR Finder

| , }

Reference based Simple Sequence
De novo based
(RepBase 140131) Repeat (SSR)

[
l Marge

Combined repeat

S5R Target
Primer design

a9 1-19. 8 whE Aqd B3 gy 1

1>
ol

Repeat 225 ©]&3% Transposon ol &3 F+x22 S mE &7 (Transposon &/ %
A9 Aade 44 27 € 33 EAS S-S A ATk A7-FAA dsE A
< 5% T 5013 wrEAdLS Fsta, 919 (Refernece based, de novo based) ol T
RepeatMasker2} RepeatModeler Tool2 AF&3FGth 34 A Lol A motif @2 5HHE o]
d A Simple Sequence Repeat (SSR T+ microsatellite) & FE3F % .

F=9% SSRQ| primerE A|Z3sl7] $ls] annealing %5 ¢F 58C (55-62C), primer Zo|+=
18-26 bp, GC FF2 50% °]7d, EE &8 Ad 99& A9 (masked reference) U= H
wol A primer A&, primer A% & FAA W E TS primer pair ¥4 Al AZ+E primer A
AE 7|22 primerg AE3t T SSR % SSR target primer& A|Z}kell SSR Finder, primer3,
blastn ToolS AF-&3}R T

3

o 2 > ol

o]

s
Repbase ZE-& o] &3 EMAEE oF g do|Euo]xd EX1A Ee T 5olFoz
o]

HHEAE EAE &9 A AT FAAY vE T 25.25%7F WHEAE dS FAsA



F 1-11. 9FE Jdo] WjE Bz sl

RepBase (140103) de novo based Combined
Type (%) in (%) in (%) in
Length(bp) Length(bp) Length(bp)

genome genome genome
Retrotransposons 2682296 bp 5.82% 8182280 bp 17.75% 8328116 bp 18.06%
SINEs 0 bp 0.00% 11267 bp 0.02% 11267 bp 0.02%
LINEs 11901 bp 0.03% 283731 bp 0.62% 291860 bp 0.63%
LTR elements 2670353 bp 5.79% 7887988 bp 17.11% 8028008 bp 17.41%
Retroposon 47 bp 0.00% 0 bp 0.00% 47 bp 0.00%
DNA transposons 35751 bp 0.08% 195446 bp 0.42% 222802 bp 0.48%
DNA 24870 bp 0.05% 81980 bp 0.18% 106850 bp 0.23%
RC 10881 bp 0.02% 113466 bp 0.25% 116078 bp 0.25%
Other 0 bp 0.00% 0 bp 0.00% 0 bp 0.00%
Inserted sequence 0 bp 0.00% 0 bp 0.00% 0 bp 0.00%
Segmental duplication 0 bp 0.00% 0 bp 0.00% 0 bp 0.00%
Unclassified 2775 bp 0.00% 2858714 bp 6.20% 2858989 bp 6.20%
Small RNA 39891 bp 0.09% 0 bp 0.00% 39891 bp 0.09%
Satellites 0 bp 0.00% 0 bp 0.00% 0 bp 0.00%
Simple repeats 255998 bp 0.56% 165666 bp 0.36% 258562 bp 0.56%
Low complexity 66711 bp 0.14% 37480 bp 0.08% 67045 bp 0.15%
Total 3080544 bp 6.68% 11423026 bp 24.78% 11641447 bp 25.25%

=3, Al ALEAe simple sequence repeat (SSRE: microsatellite) EFY-S #4241 (Repeat
motifs 571 ©]/ ®HE Search) 3}t

3% 1-12. SSR &2 8.9

RepeatType Frequency Frequency per million
Di-nucleotide 1,531 33.21
Tri-nucleotide 738 16.01
Tetra-nucleotide 108 2.34
Penta-nucleotide 15 0.33
Hexa-nucleotide 31 0.67
Hepta-nucleotide 9 0.2
Octa-nucleotide 4 0.09
Ennea-nucleotide 9 0.2
Deca-nucleotide 5 0.11
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¥ 1-13. Di—nucleotide, Tri—nucleotide motif A% &5F 33}

Motif Frequency (%)
AC (AC/CA/TG/GT) 254 16.59%
AG (AG/GA/TC/CT) 879 57.41%
AT (AT/TA) 314 20.51%
CG (CG/GC) 84 5.49%
AAT (AAT/ATA/TAA/ATT/TTA/TAT 15 2.03%
AAG (AAG/AGA/GAA/CTT/TTC/TCT 104 14.09%
AAC (AAC/ACA/CAA/GTT/TTG/TGT 47 6.37%
ATG (ATG/TGA/GAT/CAT/ATC/TCA 93 12.60%
AGT (AGT/GTA/TAG/ACT/CTA/TAC 20 2.71%

)
( )
( )
( )
( )

AGG (AGG/GGA/GAG/CCT/CTC/TCC) 128 17.34%

( )
( )
( )
( )

AGC (AGC/GCA/CAG/GCT/CTG/TGC 76 10.30%
ACG (ACG/CGA/GAC/CGT/GTC/TCG 146 19.78%
ACC (ACC/CCA/CAC/GGT/GTG/TGG 63 8.54%
GGC (GGC/GCG/CGG/GCC/CCG/CGC 46 6.23%

=25 SSRel s 9ol AFH WHO= primer A =5}

¥ 1-14. SSR target primer A%+ 23}

RepeatType Primer pair 7]$ (%)
Di-nucleotide 836 54.60%
Tri-nucleotide 436 59.08%
Tetra-nucleotide 40 37.04%
Penta-nucleotide 7 46.67%
Hexa-nucleotide 14 45.16%
Hepta-nucleotide 1 11.11%
Octa-nucleotide 2 50.00%
Ennea-nucleotide 3 33.33%
Deca-nucleotide 0 0.00%

ooemd 29 99 44 2L 454 402 59 s B4

(1) Gene prediction2 1%+ RNA F& % QC 23
RNAZF Ag] 7R A &3 & EE=HAA S FAT = AN, o]F ]85} RNA-seq
< 2133 A T
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33 1-20. B17#AMOlA RNA 5% 2 ®7|9% Aa}

N Rg RIN 25s/18s | Sample BA7IE
o Delivery ID Theragen ID _Conc. i s Vol(ul) | £%ug) 4
(ng/ul)

1 B17 RNA @ TN1508R1145 1785 9.5 16 46 821 A
2 B17 RNA @ TN1508R1146 1690 9.6 16 41 69.3 A
3 B17 RNA ® TN1508R1147 1495 9.6 16 44 65.8 A
4 B17 RNA @ TN1508R1148 1990 9.6 16 44 87.6 A
5 B17 RNA ® TN1508R1149 2545 10 14 46 1h 7 A
6 B17 RNA ® TN1508R1150 2480 9:9 1.6 45 1116 A

19 1-21. RNA QC A3}

(2) &4 O

Repeat masking® genomeol| thal Tophat2Z Ah-&38}e] transcript alignmentS <33},
Transcript alignment 23 o] &3}l GeneMark-ET ToolZ pre gene predictiong 43} T
o] A5 A3t AUGUSTUS tool®] I gene model& T3t

oA taxonomy profiling Aol thall FAFE 1Fel the taxonomy HEE ©]-&3te] NCBI
non-redundant protein database$! nr databaseol 4] -FAF£2] proteing F% & exonerate tool
< AH83t] gene ol thal ol ST

A RHE01X AfF gene modelE AH&-8he] intron AEWHE ZEA|AL Q= transcript hint
79} exonerate tool Z¥} 9] cording partial AR % intron XEe] Wit protein hin A&
Z33te] repeat masked gene setS =3It

repeat #-&2| simple repeatelut, TEZ} ¥¥- insertion HAYE FHAVF ASHA e o
Aol A& FES 13k, repeat masking H A gk GGl = AUGUSTUS tool& A}-&-3h]
FRAAE A5 s

kA repeat masking H A %S F9| false positive geneS A A3t7] $5}e], RepBase El
o]El#| o] 2~ 2] Transposon element A A=l thblastxE AME3le] match7} H& SAAE= A As
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Ab initio

Genome
Sequence

(Repeat masked,
Non-masked)

GeneMark-ET

Created
Gene model
for AUGUSTUS

N

#AAEL
el

Transcript Protein

based based

Taxonomy
classification
(nt)

Similar species
proteins (nr)

Alignment
Tophat2
(hint)
Alignment
Exonerate
(hint)

Gene prediction (AUGUSTUS)

Repeat masked

o2 RNA-Seq dHlo]ElE A3 alignment 2 NCBI nr<
FAAERZ HF gene setS T340

Repeat Non-masked
Gene prediction

Checking Repeat
masked gene model

Yes

\NO\A

Existed gene Not existed
model gene model
tblastx
(TE)

/No

RNA-Seq based
(Using BWA)

Homology based
(NCBI nr)

gene model

Yes Yes
Final gene model

2% 1-220 FAA oS U BAE

# 3 gene setoll tisl]l Uniprot, NCBI nr, InterProScan databaseE Al&3te] 54 HAMNS
ZIHko 2 FAA 7% =383, BLAST2GOE ©]&3ted, GO ® KEGG pathwayZE o =3}

ATt

BLASTp InterProScan

Uniprot ProSitePatterns Gene3D
nr ProSiteProfiles Hamap
PANTHER TIGRFAM '
SMART PIRSF
, SUPERFAMILY PRINTS
Pfam
% 1-23. A AME S5 Vs A B BEAR
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3 &4 A=
F 13426719 AR} oA =0] HAoH, o]F 13,0287)= Unique gene model) S 21313
o} AF8-% RNA-Seq dlolEl) alignement =+ FdA= 12,165712 &<l =1, genome
B W 46.94%7F AR FHoE FAFHAT

F 1-15. AR o5 23

Quantification

Total no. of gene models predicted 13,426
Unique gene models (No.) 13,028
Genes with isoforms (No.) 398
RNA-Seq supported gene model (No.) * 11,807
RNA-Seq supported gene model (No.)* - NonMasked 358
Homology supported gene model (No.)* - NonMasked 339
Average gene length (bp) 1,612 bp
Total bases of gene models (Mbp) 21.64 Mbp
%Genes in the draft genome 46.94%%
No. of CDS 77,650
Average no. of CDS per gene 5.78
Average CDS length (bp) 204 bp
No. of intron 64,224
Average no. of intron per gene 4.78
Average intron length (bp) 90 bp

% 13426709 AT 11,02471¢] FAA ke thali A= 71E dlolE o] 29te] dad AN
0% 7%g d=3grh
E 116 454 A4S BH s 24 2o A
Transcripts Uniprot NCBI nr InterProScan Annotated (%)
13,426 5,874 10,829 8,449 11,024 82.11
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GeneAce TranAoc  Symbol  Desc Domain

GENEDO91 GENEODIL zprl Zinc finger ZPR1 zine-finger domain{PFO3367),ZPR1 zinc-finger domainiPRO3367) [Source-Pfam]
GEMED7S1 GENEDTS1 - ubiguitin = Zn-finger in ubiguitin-hydrolases and other prot=in{PF02148) [Source:Pfam]

GEMEDEE3 GENE0RGI WSS DMA-depe Zn-finger in Ran binding protein and others(PFODG41LWLM domain(PRIG325) [Source:Pfam]
GEMEDD34 GENEOD34 Nupl53  Muclear pcZn-finger in Ran binding protein and others(PFO0641} [Source:#fam]

GEMED202 SENEDSOZ - hypathetic Zni2)-C6 fungal-type DNA-binding domain profile.(PS50048) [SourceProSite]
GEMEQRST GENEDS3T - hypothetic Zni2}-C6 fungal-type DNA-binding domain profile.(PS50048) [SourceProSite]
GEMEQS22 GENEDS22 - hypethetic Zni2}-C& fungal-type DNA-binding domain profile (PS50048) [SourceProSize]
GEMEQ334 GENED334 pil&7 Uncharact: Zn(2)-C6 fungal-type DMA-binding domain profile (PS50048) [SourceProSite]
GEMED334 GENEDI34 pide? Uncharacts Zni 2)-C6 fungal-type DMNA-binding domain profile.(PS50048) [Source-ProSite]

GEMELLD3 GEME1103 Catsup Protein catZ? Zinc transporter{PFO2535).202 Dinc transponterPFO2535) [Source:®fam]
GEMEDLT1 GEMENITL ZRTL Zinc-reguli 2P Zinc transporter/PFO2535),2% Zinc transpomerPF02535) [Source:®fam]
GEMEDEOL GENE020L =393 Zinc transpZIP Zinc transporter PFO2535) [Source:Pfam]
GEMEDO41 GEMEQNCAL zrtd Zinc-reguli 217 Zinc transporter{PFO2535) [Source:Pfam]

GEMEDGTS GEMNEQOTS zrtd c-reguliZI® Zinc transporter(PFO2535) [Source:Pfam]
GEMELO96 GENELOIE - predictad zinc-RING finger domain(PF14634) [Source-Pfam]
GEMEQROD GEMED20 - hypethetic Zinc-finger of the MIZ type in Nse subunitPF11785) [Source:Pfam]

GEMEQS30 GENEDS30 MESS1  Protein MEZine-finger of mitochondrial splicing suppressor SLIPFL3824} [SourcaPfam]

GEMEQESS SENEDSSS - hypothetic Zinc-fingar of CZH2 type(PFl2874) C2H2-type zinc fingerPF13854) [Source:Pfam]

GEMED213 GENEO213 ECO1 M-azetylerzzine-finger of acetyl-transferase ESCOIPFLIETE) EECOL2 acetyl-transferase(PFL3E80) [Source:Pfar
GEMEQT44 GEMEQT44 SPCCE50.1 Cytoplasm Zinc-fingar double-stranded RMA-bindingiPF121710.C2H2 type zinc-finger (2 copiesWPFLITEE) [Sc
GEMED490 GENED430 Zmat2 Zinc finger Zinc-finger double-stranded RMA-binding(BF12171) [Source-Pfam]

GEMEOS43 GENE0S43 znf533  Zinc finger Zinc-finger double-stranded RNA-binding{PF12171) [SourcePfam]

GEMEL252 GENE1252 ZNF274  Meurowrop Zinc-finger double domain(PF13465] Zinc-finger double domain{PF13465) Zinc-finger double dom
GEMEDLOS GENEDLDM opa Pair-rule p Zinc-finger double domain(PF13465) Zincfinger double domain{PF13465) Zinc-finger double dom
GEMEDSER GEMEDSEE rosl Protein rd:Zinc-finger double doman(PF13465) Ferritin-like domain{PF13868) [Source:Ffam]

GEMEDS84 SENEDIRS jecl INOED conZinc-finger double domain{PFL3465}C2H2-ype zine fingeriPF13912] [Source:Ffam]

GEMEOLSE GENEO153 BCR Biofilm an: Zinc-finger double domain(PFL3465] [Source:bfam]

GENED305 GENEDS0S BCR1 Biefilm an:Zinc-finger double domain(PFL3465) [Source:Pfam]

GEMEOL3E GENEO13E - C2H? type Zinc-finger double domain{PF13485) [Source:Ffam]
GEMEQSST GENEDSST cred DN A-bindiZinefinger double domain(PF13465} [Sourca:Pfam]
GEMEQ959 SENEDISS - predicted Tinc-finger double domain(PFL3465) [Source:Pfam]
GEMEQ4S9 GENE0459 CRI1 Transcripti Zinc-finger double domain(PF13465) [Source:Ffam]}
GEMEQS04 GENEDS0S CRT Transcripti Zinc-finger double domain(PFL3465) [Source:?fam]

19 1-24. 131 52 A} anotation ¢

BLAST2GO 23 % 109712 KEGG pathway match”} 3, F2Ae] Me= 1.867M1=2 &
Q1= AT

Pathiray Seqsn Pathway  Enzyme Seqsof Enyme Seas Patirazy 1D
Aflatorin biosynibesis 1 carborylsse 1 GENEDLOSAL mEpl0zst
Aanine, aspartate snd ghatamate metsbalism 7 transsminise (omerting) 1 GENEeaRT mapl0zs0
Aanire, aspariste and ghitamate metabolism 7 gy 2 GEEDRSIEL GEMEOTIRAL mapt02s0
&anire asparte and glusmats metsbolism 17 symihase 1 GENEDIB00 mapda2sy
Aanine. 3spanate and glutamate metsbalism 17 igase: 3 GEMEDS655.1 GENEITESE] GENEIZZSEL mapl0zs0
Miarine, asparste and ghramate metsballsm 17 hyase 1GRERSEL mapizs0
Sianine, ssparste and glusmats metsbalism I fyme mapDdS0
Alanine aspartsie ard glutamate metabolism 17 carbamaykransferase mapl0zs0
Alanine, 2partata and ghutamate metsbolism 17 decarboyiase mapl0g
Aanire. 3spartite and gluwmate metzbalism 17 synthase (ghnarmine-hydralysing) map0izs0
Aanine aspanste and glumate metabolism 17 phosphoribosyidiphasphate 5-amidotmansierass mapf0z50
Alsrire, asparmte and ghismete metsbolism 17 dehydrogerass mispR250
‘Aanine, aspartat= snd glutamate metsbalism 17 gheaminase 1 map0ozs0
alpha-Linoleric acd metabolism 1L oidase map00sE0
Aming sugar aod ruceside sugar messbalism 32 wransaminase (somartzing! misgt0s20
Armine sugsr and nudleatide sugar metabolism 3 hesokinase 1ype IV ghcokinase mapd0s20
Aino sugar and rucleatide sugar metabalism 33 galactokinsse (phosphorysting] mepi0I0
Arino sugar snd nuciests siger metsbolism 33 Sspimerase oS0
aemine sugar and mucieotids sugar matsbolism 3 zymthaze mapcos20
Arnine sugar and nucisotids sugar matsbolism 3 deamirass mapo0s0
Amino sugar snd nucientde sugar messbolism 38 somerase mapdIS20
Amino sugar and nucleotide sugar metsbolism 38 isomerase 1 GEEDSEST L mapr0s20
Armin sugar and nucieatide sugar matsbolism 3 hevesaminidase 3 GRED2S mapiEa0
Arino sugar snd ruciestds augar matabolism 33 end alphs L-arsbinofuranosidase 1158 mapl0s20
Amino sugsr 3nd rucksotds sugar metbolim 3 4 6dshydratazs mp00s20
Amin sugar 308 rucestids ugar metabalism 3 undyytrancieraze mapo0s20
#ming sugsr and nuckectids sugar metabolism 33 mumse mepQ0s20
Aming sugar aod rucieotide sugar metsbolism 38 mannose phosphomumase mapf0s20
Arin sugsr 308 rucestide sugar metabalism 32 6-dehydrogenase mispfE20
aemin sugsr and nucleatide sugsr marsbolizm 33 symhase map00sa0
Amino sugar 3nd nucisatids ugar matabalizm 3 chitodarinase 3 GEEDE19 L GENEL0S33 1 GEVEIDS331 GENENISSL GENEIGX | GENSOOITL L GENEDSS mapl0s2
Aminoaryl-1RNA biosyrehesis 32 igse 1 GEELA map0s?0
Aminoacyl-tANA biceynthesss 3 ligase 3 GEMEDEOS 1. GENGIT206.1 GENEITT2L, mepl0s70
Aminoac/ RNA biosynthes's 3 ligase 1 G5BT mapl0s?0
Aminary| tRNA bicsyrithesis 3 gze 3 GRELOTIIL GENEIOML GEVELISELL MOS0
Amincacyl 1RNA biosmthess 3 ligze mapcos70
Arminaac) RN biosyrthess Eop=, mapo0s70
Aminoary|4RNA biosyrthess 3 hge mapl0TI0
Aminoacyl-RNA biosymithesis 3 ligese. map00sT0
Anmincacy-RNA biosynthesis 3 ligase miapl0s70
Armingacyl-RNA bicsynthes's 33 ligase: mapl0s7)
Aminoaryl-RIA biosymibesis 3 ligase: maplSI0
Arinoaryl- N biceymthess g map00m0
Amingacyl-RNA biosynthesis. 33 ligase. mepl0s70
Aminoacy-tRNA biosmihesis 7 ligase mapl0sI0
Aminganyi-tRNA biosyrihesis 3 ligase 2 GEEDGA0LL GENEERERL map0EI
Aminoacyl-ANA biogynthesss 3 ligase 2 GENEDZS03, GENEI2BA0L maplCs70
‘Aminoacyl TNA biosynthesis 3 ligase: 7 GEVELMS 1L GENEME0A L maplsI0
Aminoary|-tRNA biosyribesis 3 ligase 2 GEREISTT L GEMELZEATL maplsI0
Aminoacy-tANA biceynthesss 3 ligase 4 GENEZ332.1 GENBI2275.L GENEDSSS7.L GENEDISRL mepl0s70
Amincbenzosts Gegradation 52 nitropheny| phosphatase 52 GENEM51 L GENELIEDEL. GENEO33E1 1 GENEDSA67.L. GENEDOEST.L GENEDSH672. GEMEDGOI mapl06Z]
Amingkenzoate degradation 2 phosphatase 9 GENED3T0.L GENBII4Z7.1 GENEIS9IS.L GENEDISELL GENEC7S17.L GENEOSTIBL GEMEIOX mapl0R27
Arachidonic aid membolism 1 permidase a maptss0
Arginine and proline metsbolism 9 ovdzse (GENESE15.1. GENELIDNL GENEODI4LL miapd0330
Arginine and proline metsbolism Sarginine smidinass mep00330
Arginine and proine merskolism 35 dinaze mepi30
Arginine and profins metabelism 9 dehydirogenass map00330
Argining and proling metabolisn 9 racemase mapl0z0
Aaginine and profine metabolism 5 redductase: mapl30

a9 1-25. KEGG PATHWAY 4
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3. 21 FF FELS 9% SSR marker 7iw
1 FEFFHAA ARE niglo g Fopdl SSRE EEZTRS 3 marker® 7fEE Tk

HS & L AR

1 ) 5} 5F

2 e

3 Fda Ea R A= R RS
4 AR 15

5 Ak 2%

6 A% 1015

7 Az 1023

8 Az 103%

9 A% 108%

10 A% 109%

11 A% 110=

12 AZE 111

13 A% 301=

14 22 5015 A SRRl
15 AHE 7023 AW A A T AL E]
16 A% 7045

17 A2 7055

18 A% 7065

19 Az 7075

20 A% 708%

21 A% 7095

22 A% 710%

23 Srol &t

DNA 22 &, Wik & FAAS A Axox SAANA st AH&s4T DNA F
=< GenEX Plant Kit (Geneall, Korea)E AH&-3tA ™. FE3 DNAE -80 TolA H¥ it

R ZF FAAARAA FS3F SSRA Frobshe] resequencing Aol A L2 SSRe HlwL
te] 205709] SSRE A1Walm, PCR 2ol TAH & 4470 SSRE Aeetgic). primer T A<l
2 nucleotideZ o] 7} 18-23 &2 21, PCR #% 4F& =7]7} 150-200 bp, annealing temperature
¢k 58 ° C, 18]aL GC content= 50-61% #HZ& 51%E 7|+=o2 SFHTH

F+Z% DNA+ micro spectrophotometer (K5600, DaAn Gene, Guangzhou, China)Z 20 ng/ u
LZ 343te] A3t PCR ¥F-gH2 2 4L template DNA, 1 xLe] Z+ forwarde} reverse
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primer (5 pmol), 10 L 2 x i-Taq Master Mix (Intron biotechnology, Seongnam, Korea), ~L&]
I 6 uL SFFTE ARSI PCR ¥ 95 ° CollA 3&, Itk 95 ° ColA 30%, 58 ° C
oA 30%, 72 ° ColA 30xF 35¥HEsSta, mA|Ho g 72 ° ColA 20& &< WA A
PCR 4tEeo] =Zr]: w@HEAM7] (Fragment Analyzer'™ Automated CE System, Advanced
Analytical Technologies, Ankeny, USA)Z EX3}3tt. 2% SSRe =Z7]E ©HIESZ Power
Marker V 3.25.& ©]&3}a] Major allele frequency (Map), number of genotypes (Ng), number
of alleles (Na), observed heterozygosity (Ho), expected heterozygosity (Hg), and polymorphic
information content (PIC) valuesZ #4+&}$4t}.

. d72a%

4471 2] SSR markers& di-, tri-, tetra-, 18] 1 pentanucleotide DNA motif2 A= o] AN
o}, SSR motif= 59.09%7} dinucleotide repeat, 31.82%7} trinucleotide repeat, 6.82%7}
tetranucleotide repeat, 1&]3l 2.27%”7} pentanucleotide repeat® T4 %o At} SSR motif 5
dinucleotide repeat= AG/GA, CT/TC, AT/TA, AC/CA, CG/GC, TG, trinucleotide repeat=
AGG/AGA/GGA, CAG/CGA/GCA, AGA, GAT, GCT, GTT, TCA, TCG, tetranucleotide repeat=
TACT/TATC, CTTT, —L&]a pentanucleotide repeat= CTTCCo]t}.

44 SSR markerE-< 23719 %1 EF 02 EA314 . major allele frequencyMap)= 0.13 ~
0.94, H+ 0.575. number of genotypesiNe)+= 2 ~ 11, H+ 5.5, number of allelesNpDE= 2 ~
11, 3+ 4.9. observed heterozygosity(Ho)= 0.00 ~ 1.00, 3+ 0.309, expected
heterozygosity(Hg), 0.10 ~ 0.90, 3+ 0.552, polymorphic information content(PIC) #t-2 0.10 ~
0.89, H+ 0.511 o]k

oMM (Auricularia auricular-judae) % T 93t 7l#® SSR marker= PIC 2
0.10 ~ 0.84, H+ 047, Na + 2 ~ 11, H+ 4.7 (177} SSR marker®} FF 165 Al
&)(Zhang et al, 2014), ¥5ol(Agaricus bisporus) ¥% T+ SSRu}A = allele frequency”} 0.02
~ 0.94, H+ 0.18, Ho 7} 0.00 ~ 0.83, H+ 0.35 (337} SSR markere}, %ol FF 65, ok
§ 17%, 12813 A bisporus var. burnetti ¥ & 2% AF-8)(Foulongne-Oriol ef al, 2009). ¥ o]
WA (Flammulina velutipes) EFTF-ES 98] Atd SSR marker= PIC kol 0.13 ~ 0.69, 3
o+ 0.42 (557) SSR markere} %% 14F AH8)(Zhang ef al, 2010). “e}&|(Pleurotus ostreatus)
FETTES st 7dE SSR marker= Ny o] ¢F 4.7. How= 0.027 ~ 0.946, %+ 0.398,
He= 0.027 ~ 0.810, B+ 0.549 (3670 SSR markere} AEF-©€el2l(P. sajor - caju) 2¥%%, 1d]
3L AFol(P eryngi), <B=€}2|(P. cornucopiae var. citrinopileatus), ¥ “=€E}2](P.
nebrodensis) 7t 1¥FF < E3ste 37709 =] FF5 AH8)Ma et al, 2009). o|Hel 7idd
R FF TEES A% SSR markerE2 & AEHAS st J¢E SSR markere} AR
AL, PIC kol 0.6 ]9l 2070 9] SSR markers= ®il EFFo| ¥ #88 7oz FdHT)

¥ 1-18 ®3 FF 7R 908te] /dE SSR markere] =4

L Expected GenBank Ta L
Marker Primer sequences (5’-3") Motif X | Description
size AccessionNo. 0

F:GTGCACTGTGCGATTGTTC Subtilase  family(PF00082), Pro-kumamolisin, activation
RL-LE-017 199 CA NM-0418-000001 59 .
R:CAGCAAGGATGACTCTTGGA domain(PF09286) [Source:Pfam]

F:CCCACAGGTTTACAGAGTTCCT
RL-LE-018 152 TA NM-0418-000002 59
R:GTGGACATCCACCTTTTGTC
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Expected

GenBank

Ta

Marker Primer sequences (5'-3") Motif X § Description
size AccessionNo. 0
F:TACTTTCGAA Al A
RL-LE-019 CTTTCGAAGCCAGCC 191 CTTCC NM-0418-000003 58 -
R:GTAGCTCTTTAGGTCTGCTTGG
F:GACGGAGTTGTCAAGATCTACC
RL-LE-020 173 AT NM-0418-000004 58 -
R:ACCTAGGCTTTGCTCTACACAG
F:GCTTGAAGAGCGAGTTTGAG Usol / pll5 like vesicle tethering protein, head
RL-LE-021 200 AG NM-0418-000005 58 .
R:CAAGACACGCTTCGTAGTCA region(PF04869) [Source:Pfam]
F:CAAACGAAGGAGGAGGTAGTTC
RL-LE-022 199 GCA NM-0418-000006 60 -
R:GAGTCCATTACTCATCGTGCTG
F:GAGGTAGCACCAGTTGAGGTAA
RL-LE-023 150 AGA NM-0418-000007 59 -
R:ATAAGACTTCGTCTCGTCCTGC
F:GTAAGGCTTTAGGACTCGTCG
RL-LE-024 187 TC NM-0418-000008 59 -
R:CCACAGATGTTTCCGAGTTG
FTT! AGAT AGTAGTT PCL in(PFO1 2 i
RLLE-025 GGGAGATGCGAGTAGTTC 200 AT NM-0418-000009 58 C domain( 399), 6S  proteasome  subunit
R:ATTCAGTCGCTCAGTAGGAGAC RPN7(PF10602) [Source:Pfam]
F:GATTTGACGCTCACATCCC
RL-LE-026 197 AG NM-0418-000010 59 -
R:CCCCTAAGTATGAGCTTCCGTA
F:GGGTCACAAGAGCAATGTAGAC
RL-LE-027 192 CT NM-0418-000011 59 -
R:CTGTATGGTGATCAAGGACGAG
F:GAGACGACACGAGGAATTTG .
RL-LE-028 174 CA NM-0418-000012 59 Ras family(PF00071) [Source:Pfam]
R:GTCGTTCTCATTGGAGACTCTG
F:CAAGATCCGTCGCCATATAC
RL-LE-029 178 GGA NM-0418-000013 58 -
R:AACTCACCCTCGTCTACCTCTAC
F:.CTTGGGAAGGAGGAATGG
RL-LE-030 164 TACT NM-0418-000014 59 -
R:GTGGGACCAATATGAGGACAGT
F:ACTTCAGTTACA ACTCT PA in(PF1342! PA! in(PF14
RL-LE-031 CTTCAGTTACAGCGACTCTGC 194 CAG NM-0418-000015 58 S domain(PF13426), S domain( 598)
R:GTCGGAGACTGTGCGTTC [Source:Pfam]
F:GTAGAAGGTGCACCAGTTTCTG
RL-LE-032 190 AGG NM-0418-000016 59 -
R:CGTCTCTTACCAGGAATCACAC
F:GACAGAAGAAGGACTTACCAGC
RL-LE-033 197 CT NM-0418-000017 58 -
R:CCAGAGCCCAAGGATAACTT
F:AGGTGGAGTTGAGTGTTTGAGG
RL-LE-034 170 TA NM-0418-000018 59 -
R:AGTCTCAGGAGACCTTCACTAGC
F:GTCGGAAGCTTTATGACACG
RL-LE-035 196 GAG NM-0418-000019 58 -
R:TCAACTTTCTGCTCCCTCAC
F:TCTAGCTCGGTGAGCAATGT
RL-LE-036 181 CG NM-0418-000020 59 -
R:GAGACCTTGAGGAAGAGACTCC
F:CTCTCATCCTTAAGAACCT
RL-LE-037 CTCTCATCC CAACCTCCC 198 CGA NM-0418-000021 59 -
R:GAGAAGCTTACATATGGTCCCG
F:CGTTTGAGTGTCAACGGTCT
RL-LE-038 199 AT NM-0418-000022 59 -
R:CATGTCAGACTAGTCAGGGGTC
F:GTACGAGGACAGCAATACAGC
RL-LE-039 200 GA NM-0418-000023 58 -
R:GCTTCTATATCTCCTCTGCCCT
F:GGTTTCCTCTCACACCTTACCT
RL-LE-040 178 CT NM-0418-000024 59 -
R:GAAAATGTGCTGTAGCGAGC
F:GGTGTATAAAGAGAGCCCTTGG SNF2 family N-terminal domain(PF00176), Ring finger
RL-LE-041 153 AG NM-0418-000025 59 .
R:CCCCTTATCCAGTCTACTGCTAC domain(PF13639) [Source:Pfam]
F:TCCTCTGCTTCACTAAGTCTCC .
RL-LE-042 167 TCG NM-0418-000026 58 STAG domain(PF08514) [Source:Pfam]
R:AGTACTCGCAAGGCAGGTAAG
F:GTTCGTCACT TACTTT
RL-LE-043 CTTCGTCACTCGCTAC ce 177 AC NM-0418-000027 58 -
R:AGATGCAGGAGTATGACCTGAC
F:GTAAGCCTAAGGAGGGTGGAG WH1 domain(PF00568), P21-Rho-binding
RL-LE-044 198 GGA NM-0418-000028 59 .
R:CACCTCCTTCATCTGGTCC domain(PF00786) [Source:Pfam]
Cytochrome b5-like Heme/Steroid binding
F:ACATCTGAGAGGTCGTACGCT . .
RL-LE-045 164 CA NM-0418-000029 59 domain(PF00173), Acyl-CoA dehydrogenase, C-terminal
R:GTACCGAAGCGAGCAAGTT .
domain(PF00441) [Source:Pfam]
F:GCACGCAGTGATGAATAGAGAG
RL-LE-046 154 AG NM-0418-000030 60 Cytochrome P450(PF00067) [Source:Pfam]
R:ACACTTACGGATTTGGCAGG
F:CTACCACTCGTCACTCCTTAGGT
RL-LE-047 194 TC NM-0418-000031 60 -
R:GAAGGAGTGTGAAGCTGAAACC
F:GTGGTGAAGTTACCGACAGG
RL-LE-048 197 GC NM-0418-000032 58 Pectate lyase(PF00544) [Source:Pfam]
R:AGGTGCCCAACTTCTGGT
F:GCTACCTAGATCCTCCTAGAT
RL-LE-049 CCTACCTAGATCCTCCTAGATCG 184 GA NM-0418-000033 58 -
R:GACTACGTCAAGTTGAGGATGC
F:TACCCGAAGGAACTAACGAGTC
RL-LE-050 200 TG NM-0418-000034 59 -
R:GTCGTCGTATAACGACTCATCC
F:ACTCTGCTGCCACTCTTGAC .
RL-LE-051 172 CT NM-0418-000035 58 short chain dehydrogenase(PF00106) [Source:Pfam]
R:GACCGTCTCTAGCTTCTTGATG
F:CTAAAGCAACGGTAGACGTAGG
RL-LE-052 178 GCT NM-0418-000036 58 -
R:ACAACAAACGCTAGAGCGAG
F:CTCAACGTCTCATTCCCTTC
RL-LE-053 179 GTT NM-0418-000037 58 -
R:CTCGAGTTGAGGGTGAGGTTAT
F:GAATCAGCTAGACCATCTCTGC
RL-LE-054 200 GAT NM-0418-000038 58 -

R:TCTTTACCCGTCTTGTCTGC
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Marker Primer sequences (5-3") i\;’:ected Motif (\’j(nill:(;\m ;l":a o Description

RL-LE-055 EZ;iiigégég;ggg?;ggngG 165 CTTT NM-0418-000039 58 -

RL-LE-056 ig?iﬁgf_izggﬁzﬁiﬁ?ﬁ?zgﬁzc 159 TATC NM-0418-000040 58 -

F:AGGAGAACGGAACCGAAGTTAC Protein ~ of unknown function DUF262(PF03235)

RLAE-OT | CAGTAGACGTTGCTTACTGCAC 160 AT NNOAIB-000041 ) 59| (s purce:pram)

N T pe—

e | CCOOAGATOTACCAATICCTG N e Fe—

RL-LE-060 iAC/C\FéCGAGGACGC;\iAGCAAAF;CGT?CGACJCTA 191 TCA NM-0418-000044 58 -

3 1-19. 23F9] #3L FF RS kel AHRE 7 primerd] TS

Marker Mur Ng Ny Ho He PIC

RL-LE-017 0.13 11 11 0.00 0.9 0.89
RL-LE-018 0.29 6 6 0.08 0.77 0.74
RL-LE-019 0.41 7 5 0.87 0.68 0.63
RL-LE-020 0.67 3 3 0.00 0.5 0.45
RL-LE-021 0.52 11 10 0.43 0.68 0.66
RL-LE-022 0.70 5 4 0.04 0.48 0.45
RL-LE-023 0.63 6 5 0.09 0.55 0.51
RL-LE-024 0.80 4 4 0.13 0.33 0.31
RL-LE-025 0.43 7 6 0.64 0.72 0.68
RL-LE-026 0.34 9 6 0.68 0.74 0.69
RL-LE-027 0.50 S 5 0.26 0.64 0.58
RL-LE-028 0.37 6 4 0.35 0.73 0.68
RL-LE-029 0.81 3 3 0.00 0.32 0.29
RL-LE-030 0.65 4 3 0.26 0.51 0.46
RL-LE-031 0.46 4 6 1.00 0.68 0.63
RL-LE-032 0.87 3 4 0.22 0.24 0.22
RL-LE-033 0.46 10 9 0.48 0.72 0.69
RL-LE-034 0.50 6 6 0.22 0.68 0.64
RL-LE-035 0.65 B B} 0.17 0.52 0.47
RL-LE-036 0.72 3 3 0.04 0.42 0.35
RL-LE-037 0.50 6 4 0.39 0.62 0.55
RL-LE-038 0.39 7 9 1.00 0.72 0.68
RL-LE-039 0.50 3 3 0.13 0.56 0.46
RL-LE-040 0.52 6 5 0.52 0.66 0.61
RL-LE-041 0.43 4 5 0.09 0.65 0.58
RL-LE-042 0.80 4 3 0.04 0.33 0.3
RL-LE-043 0.87 2 2 0.00 0.23 0.2
RL-LE-044 0.76 3 3 0.42 0.37 0.32
RL-LE-045 0.39 6 5 0.35 0.73 0.69
RL-LE-046 0.43 7 6 0.09 0.71 0.66
RL-LE-047 0.48 10 6 0.35 0.69 0.65
RL-LE-048 0.43 8 5 0.39 0.7 0.66
RL-LE-049 0.41 4 5 1.00 0.66 0.6
RL-LE-050 0.94 2 2 0.00 0.1 0.1
RL-LE-051 0.28 9 6 0.65 0.79 0.76
RL-LE-052 0.70 5 5 0.09 0.47 0.43
RL-LE-053 0.39 10 10 0.61 0.79 0.77
RL-LE-054 0.76 B 3 0.09 0.39 0.36
RL-LE-055 0.72 4 4 0.13 0.44 0.38
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Marker Myr Ng Ny Hp Hg PIC
RL-LE-056 0.59 5 4 0.68 0.58 0.53
RL-LE-057 0.87 3 3 0.09 0.23 0.22
RL-LE-058 0.93 3 3 0.04 0.12 0.12
RL-LE-059 0.35 6 5 0.30 0.74 0.69
RL-LE-060 0.91 2 2 0.17 0.16 0.15

Mean 0.575 5.5 49 0.309 0.552 0.511

My major allele frequency, Ng number of genotypes, N number of alleles, Hy observed
heterozygosity, Hz expected heterozygosity, PI/C: polymorphic information content

Sanjo102

Sanmaruft

‘ Sanmaru2
Sanjo103
Sanjo109
Sanjo704
Sanjo705
Sanjo702
Sanjo108
Baekhwahyang
Sanjo707
Sanjo706
Sanjo501
Sanjo708
Chamaram
Sanjo301
Sanjo101
Sanjo710
Sanjo111

Poongnyunko

Soohy angko
Sanjo110
Sanjo709

a9 1-26. g 44709 markerE o] £ 3}¢]
#

237 E=

l
TE Bl H2 IPHE FuHA {FHA AEE o]&F F A= TS AAT
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A 2ARD> =eERY FaFd, WA B WA Y #d EAA g

ARAIR> =eE o] F3A4 Z1nk =234, A 2 WAslAd #d EA4vA i

1L “EelRel §44 AR 85S % 948 sadw 44
2~k
‘T'

- 5, F4 0 o¥ol3 % 130g,F 2 7.5 KNR2503 30g, ¥4 3.0

- ZbA ool o] ZhA BE(L) 50, of=ol3 kA W= 80, FEhe] ZHA W= 45, W
& AR E 80

- 248 - ASA 57 3.2 cm, KNR2502 257 1.5

- WA AR T8 1ed FEE BT A4

- WA L FEFZC] AR ATE BT A4

2. NGS 7I8F €714 £45 o] &3 FxFd #d f44 &A4vA W

2 -4 A - NGS714}t re-sequencing®.2 FAA T3 dPAFWHEY InDel, SNP &=

- ERFAAS SNP, InDel& A48t Fodd, WA, WANE 237 #dA
At ExpvbA A

- NGS data”|9t =etg] AEFF B 7H5s vbA g

3. AAAI9F QTL HKRE o] &3t FHH T8 2 EA4vA /L

- g, 4, 20, 2y, WA, AEA 3d 3 4l fEA v d A

- g, F4, 2, 2E, HA, WAlsi A 82 QTL mapping &AwkA 7

- 5% Ao FAPSE EUE st AAA, FAA, QILAR, SXx /A4 T

- @23 SNP, InDel¢] d#AES A8t 1858 FA0A 1T

7 2reemAel f83WnA A

=

D) #2% B4 2L aByeey

(MDA Y] FAnAE JiEetr] st WA FEE TS AT
o] 9ot KNR2312A1F A gk 1007 9] S3 A AR @S o] &3tk SSR, InDel Zz}o]
HE OxRIs7] skl KNR23129) AFAAE Eeste @aFAE wEAWY IF
KNR2312P5  GS-flx, Hi-seq'do2 FdA4 Ad  BAsle]  scaffoldingst i iz
KNR2312P6= Hi-seq WHoZ PS5 FAAZS reference® 3] re-sequencingdt A tH(13
2-1. @3 +AE 1007H(PmDe] gDNAE F53te] P5E HIR O E TjAlgE SSR zzjo|m 9
P6E Hl®to 2 TiAQI3F InDel Zzlo|HE F43 EAS AASte] JoinMap ZRI1HOo R
linkage groupingatAith. o] % KNR2532-3, 8, 14, 159} Pml¥te]l wHlZ 47]¢] o]l F e
< TSt £d3 E4E& AN olF HiECE ARFTE AR A QIL &4& I
4=
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P5(n) XP6(n) (Ryuetal, 2012)
de-dikaryotization by protoplast homogenization

KNR2312(n+n) (Ryuetal. 2012)

homokaryotic haploid meictic spores produced in the fruiting body

Pmi Construction of the P.eryngii
(Monokaryons (n=98)) linkage map

98 ndividuals (n) of ENR2312
was crossed by four monokarvons {n) of
ENE2332asa tester,

Pdx

(Four populations of dikaryons
(n=58))

fructification

QTL mapping for vield and morphology
-related traits of fruit body of P. eryngii

Mature mushroom ——
(Four populations of fruit bodies(n=98))

a9 2-1 R FHEWH QIL BAL A% FAAE T4 RAE

et (Al FoDe FEE EeRds A et AAA #E 3@ phenotypingell Ak
g By KNR23129F KNR2532%1H] ©]&9 AKEALS 3 2-1¢ Yt = 5
©] mating type locus?! A, B locie] mujd S M2 %E}H 01: z3to| =X wuj7} Yoyttt
KNR2312& ®AdA  Fag Ao =E FAA KNR2532E Srlstdth. F832
KNR23127}  79.6g(650cc  7]s)°]lar, KNR2532+= 51.8ge= 153% =3, F4A=
KNR23127} 7.2919]  Hbs] KNR2532+= 482 UxZ<d S HAY =74
KNR25327} 16.3©.2 KNR2312x.t} 1.8¢ wWsoh(E 2-1).

OFO

f

rlo
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-

3E2-1 F M ool AT AP E Y 54 (KNR2312 and KNR2532).

KNR2312 KNR2532

Trait Code
Mean(SD) [Min-max] CV(%) Mean (SD) [Min-max] CV(%)

Yield-related trait

Yield (g) Y 79.6(11.6) [64.0-99.0] 145 51.8 (10.28) [40.0-65.0] 199
Earliness (day) E 18.1 (0.4) [18.0-19.0] 2.0 16.3 (0.50) [16.0-17.0] 3.0
Period of spawn

) S 474 (3.6) [43.0-52.0] 77 26.3 (1.26) [25.0-38.0] 48
running (day)
Period of
. ) P 7.4 (0.91) [6.0-9.0] 12.3 75 (0.58) [7.0-8.0] 7.7
pin-heading (day)
Morphology-related
trait
Length (mm) L 1154 (5.4) [107.0-1250] 47 104.5(4.80) [100.0-110.0] 46
Quality (1-9)* Q 7.2 (0.7) [6.0-8.0] 9.4 4.8 (0.96) [3.5-5.5] 20.2
Stipe thickness (mm) T 30.5 (3.2) [27.0-35.0] 10.5 25.5 (2.38) [22.0-27.0] 9.3
Pileus diameter (mm) D 56.8 (6.0) [49.0-54.0] 10.6 57.8 (9.57) [47.0-70.0] 16.6
Cap color (LogitZ) C 0.14 (0.02) [0.12-0.18] 14.3 0.16 (0.07) [0.07-0.28] 419

® 9-point rating scale (1: bad to 9: good; Ryu ef al, 2006).

SSR locatorE o]&3dte] ZielzjuiAl KNR2312P59] FAAoA feist= SSRY EEZES
At 2-20] UERATE WHE-YEl= Trinucleotidert A9 21%E AAste] 7H B
S HE=4E H A, hexanucleotideZ} 110712 122 XA SATHE 2-2). Primer 3 Z &
a8g ol&3dled SSRE FEF 5 e ZgeolwE YARISEY. olE EelolHe}
Resequencing®dt Hl°|El S ©]&3}t] InDel ZgtolHE TAQl kAT
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3 2-2. 2=t A w2 SSRe| A7E £

ofN OPN &2

ANE A&t FH3
2P H2ECA Ryl 112
of gt Eeul= 49
2 1.1 BEguE 290 @1 2370(8.9%;
Fokal 670(2.0%; P<0.00D)e] w7 AZskA 1

2
1

TANBI%)7F 35

FAEEA HlolHE Joinmap TEIPOZ linkage groupingd A} F
Wﬁlmwliﬂﬂﬂ%Ei%ﬂﬂ@%%éﬂ%%%z%gii;4
FAHJAHE 2-3). 7+ 25
LGlol 38702 7b¢ wekw, LGl 28, LG4, 59 2774ach 2zt :L—goﬂ HA% vl T4
B, HoHoEe

et olF 27¢] 7
qsHeze 12709 gl

87.3 cMol3dt}. LGle]
cMez 7H ggkal, w9

tpohol .

Ad(codominant), 11170(25%)7} 5

o] Mol HiEF]
Aol MEA gh= A2 Yelyk=d],
0.001 < P<0.05¢ w77 1:19) Helnl7F e
1&2¥17F YAl e¥kthdata not shown).
o7 285719 JE}OIUU} 987l @3l ALe] gDNAO|A T3 A (polymorphism)< EF=H], ©
A(dominant) #FA 2 JE}ET)

226 SSR, 28 InDel, 2 mating type "}tk 2 1048.1 cMe] Zo|=
130 cMog b4 Aga ool 1219 cMe LG5 LGI2E 555
TE TR 71 AU
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Type of repeat Number of locus Frequency

Mononucleotide 17 3%
Dinucleotide 41 8%
Trinucleotide 195 37%
Tetranucleotide 31 6%
Pentanucleotide 76 15%
Hexanucleotide 110 21%
Heptanucleotide 39 7%
Compound  type 14 3%
Total 523 100%

KNR2312o A1 e gF T3l FAF 1007 S o] 83} SSREZeho]® 430972+ InDel = g}o]lm™ 50

e AAEET 2 g3 Ado]l #EE SSR Zgolm= o]EF o=
A Amol gz Wiz 1
H Ao nAEL AGHE

14718 %

zejo]m 9]



¥ 2-3. Z-¢}g] genetic mapoll Aol LGE n}# ¢ BEZEA

Average marker

Linkage group Length (cM) No. of markersa )

interval (cM)
LG 1 130.0 38 3.42
LG 2 914 18 5.08
LG 3 88.4 24 3.68
LG 4 83.0 27 3.07
LG 5 121.9 27 451
LG 6 106.9 24 4.45
LG 7 76.8 17 452
LG 8 68.0 17 4.00
LG 9 63.3 28 2.26
LG 10 92.2 20 461
LG 11 70.7 9 7.86
LG 12 55.5 7 7.93
Ave 87.3 21.3 4.09
Total 1,048.1 256

4 226 SSR markers, 28 InDel markers and 2 mating types.

(2) 2FFHEH

:i

ABYFL ° &8 QTL £4
KNR23122F¥ f-2igk KNR2312P5¢} -P6 TElFALY] EAS 3ostr] 9ste] testerset

FlE AASe AKEHS 2ASI E 240 UEHNUT P6E FEOE k AFES ¥
A, FA, A, AHAe]l B S5HA WE PSS FEOE /1 AT wPE, ol
2895 AErade] B,

I 2-4. KNR2312 4 ©+all KNR2312P59} -P6<} 332 <l testere}o] wujA ASEA

1 KNR2312P5+KNR2532- |
Co KNR2312P5*KNR2532-8 | 14 ' KNR2312P5*KNR2532-15
p ! !
Trait de Mean [Min-max CV | Mean [Min-m CV | Mean ) CV
i i [Min—-max]
(SD) ] (%) | (SD) ax] (%) | (SD) (%)
Yield-related i i
trait i i
. 315 [28.0-40.0 | 42 [26.0-71. 34. 491 B
Yield (g) Y (4.2) ] 13.3 i (1456) 0] 3 i (14.9) [28.0-66.4] 29.7
Earliness 15.0 [1.05-15.0 1158 [15.0-17. ! -
(day) E 0.0) 1 0.0 i (1.0) 0l 6.6 i 16.1 (0.8) [15.0-17.0] 5.2
Period of - ' - '
spawn rumning S o0 210790, 0 4270 27021 00 tora @) (2102901 27
0.7) ] 1 (0.0) 0] |
(day) ! !
Period of 89 ! 31 !
pin—heading P ) [8.0-9.0] 4.0 Lo [8.0-9.0] 4.4 185 (0.5) [8.0-9.0] 6.3
o) (0.4) L (0.4) :
| |




Morphology-rel

i i
] ]
ated trait i i
731 [67.0-8L0 1729 [600-90. 13. ! 796
Length (mm) L 60 [ [68.9-94.0] 126
(4.4) ] ' (10.0) 0] 7 1 (10.0)
Qualit (1-9* Q 2.2 [1.3-2.7] 21.4 E 35 [2.3-5.3] 26. E 4.0 (0.8) [2.8-4.9] 145
uali - 3-2. ) 3-5. . ) 8-4. .
o (0.5) L 09) |
Stipe 24.6 [22.0-31.0 126.0 [22.0-30. !
] T 11.9 96 1264 (4.7) [23.0-37.0] 17.7
thickness (mm) (2.9) ] 1 (2.5) 0] !
Pileus 36.9 [30.0-41.0 1 53.8 [2.0-77.0 24. 1
. D 96 | 1404 (62)  [30.64811 153
diameter (mm) (3.5) ] ! (12.9) ] 0 :
Cap color 0.10 [0.09-0.11 1 -0.03 [-0.03- 10.02
, C 18 | 00 | [0.00-0.02]  120.0
(LogitL) 0.01) ] | (000)  -0.03] | (0.02)
i KNR2312P6+KNR2532- |
Co KNR2312P6+KNR2532-8 | 14 ! KNR2312P6xKNR2532-15
. ] ]
Trait de Mean [Min-max CV : Mean [Min-m CV : Mean . CvV
i i [Min-max]
(SD) ] (%) ' (SD) ax| (%) ! (SD) (%)
Yield-related i i
trait i i
Yield (g) v 41.0 [31.0-51.0 174 1 56.3 [46.0-66. 11. ! 530 (6.7) [39.0-60.0] 196
e AV R B o 1 Sl '
Earliness 20.0 [19.0-21.0 1 179 [17.0-19. |
E 5.3 : 36 1224 (0.7) [21.0-23.0] 3.3
(day) (1.1 ] : (0.6) 0] !
Period of I I
. 32.8 [30.0-34.0 1 289 [28.0-29. |
spawn running S 36 1 1.2 1336 (0.7 [33.0-35.0] 2.2
(1.2) ] 1 (0.4) 0] i
(day) ! !
Period of ' '
) . 9.0 1 10.5 [9.0-11.0 I
pin-heading P [9.0-9.0] 00 72 1105 (0.8) [9.0-11.0] 72
(0.0) 1 (0.8) ] I
(day) ' '
Morphology-rel i i
ated trait i i
739 [69.0-840 1738 [67.0-8L. !
Length (mm) L 6.7 64 1801 (66) [68.0-8701 83
(4.9) ] VA7) 0] |
Qualit (1-9* Q 5.3 [2.2-4.3] 225 E 1 [3.4-4.9] 14. E 4.3 (0.8) [2.9-5.3] 12.6
uali - 2-4. ) 4-4. ) ) 9-5. .
v (0.7) | (06) 0 |
Stipe 30.1 [25.0-34.0 1 34.6 [29.0-41. 11. !
. T 9.9 i 1349 (3.5) [30.0-41.0] 10.0
thickness (mm) (3.0) ] 1 (3.8) 0] 0o !
Pileus 438 [380-50.0 1559  [41.0-63. 12 |
. D 108 | | 434 (70)  [340-520] 163
diameter (mm) (4.7) ] ! (7.2) 0] 0 !
Cap color 0.38 [0.36-0.40 1011 [0.11-0.1 10.27
) C 8.7 | 48 | [0.26-0.27] 1.57
(Logitl) 0.03) 1 1 (0.01) 2] ' (0.00)
Gl FAY] FHEP S FASIAoF st G FARICEE AAA Y EAS ¢A EIE=E
fARoE FE8 BolA BalFA 1007 2o @k B KNRBRZGH HoRAE o
sl wufsk FH AAAE FAYAAA BESEALS ZASIATE KNR2532-3. 8, 14, 155 tester=

AHgele] o]dlHF AL 1ES FAdSte] Pd, Pd8, Pdl4, P12 W 3H T

FEA7]o webA B HAS dAlH oz ZA o] AR ZHAo] AsjAl= SA o 3
o] —’Fi‘fﬂ-‘ﬂ dEZJA =AAH *é-_é ol Bastty. mE e tiFAek 2HAF 9 HlEe2 o
L4z ¥zl o, ol fEHa e et Ae] HlEd v oz FEA7] 9
27 o] 7% Hwe & F AAHIH 2-2).
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00 11 22 33 44 55 66 77 88 99 110 00 94 193292391 400530 638 727 886 985
oV of cap color (Pd3) v of yield (Pd3)
400 400
& 300 & 300
= =
@ w
3 200 g 200
@ @
Pl o]
0.0 100
0.0 00
00 97 195293391489 587 68.5 78.3 831 97.9 0 18 37 56 75 94 11.3132151170189
€V of pileus diameter (Pd3) CV of earliness (Pd3)

a9 2-3. Pd3 el FHE WHolA(CV)
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AHEE AT

AW (2d 2-4), FAAEAA

te] Fao] A&HQl wolel FRT SAL Hoja 7 Fo] QTLel ofs) =

7}
Wrol JlZFA ¢lo] HEE HolEHE

= -

200 20.0
g 150 T 3 150
| _— ]
g 100 = S 100 ——
& =
I 2
50 - Y 50 —
0.0 0.0 T T T t
40 152 264 376 488 600 71.2 824 936 10481160 17.0 183 196 209 22.2 235 248 261 27.4 237 300
Yield (g) Earliness (day)
250 40.0
> 200 — . 100
§ 150 = g
=S S 200 p—
@ 100 o
[ra = T
“ | |
I
0.0 ] ! 1 0.0 ! ==
270 27.9 288 297 306 315 324 33.3 34.2 351 360 80 86 92 98 104110116 122128 134140
Period of spawn running (day) Period of pin-heading (day)
300 25.0
— 200
20.0 ] B
E- E 15.0 e
2 T 100 =
§ 100 = =
i m - — -
0.0 00
347 443 538 635 731 827 923 1018111512111307 05 11 17 223 29 35 41 47 53 59 65
Length {(mm) Quality
250 250
» 200 T e— 200
£ &
= 3 c 150 e ——
:'; 15.0 T §
& 100 g 4
= "5
5.0 20 y—| _‘
0o — =TT |
Do et ’ ! ! ! ' ' ' '
102 161 220279 338 39.7 456 515 574 63.3
140174208 242276310 344 378412 446 480
Stipe thickness {mm) Pileus diameter (mm)
250 B
200
E 150
Eé- . H‘;*
s 100
"5
50 rd =
oo
471492 513 534555576597 618 639660 681
Cap color (L)
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FAAT 7 e HolAFCVIZE tdE2ve AS o F Jed, AAFeE Pd3e CV7
O Jdrig =2 %‘Eol"i‘i‘r(ﬁ 2-5). AAA el Aoy FAZHAAE Pd3Y FTH ol
g2 Hdo Hls) EHZﬂE] 2 92 Holdh. o] PA3E FAste= KNR2532-3 @&l A7}
S @ATA M S4B JRE D A YGE AE VATE Sem 43T £ 9
o oEk olgA 532‘4_9] G FALE testerE2 EE3IARS A BAE St @A TAS] &
245 9 44 Jéﬂﬁ T AE -] dE F e Aot

2-5. ol R AT HHY =4

Pd3 Pd8

Trait Code Mean (SD) [min-max] CV (%) | Code Mean (SD) [min-max] CV (%)
Yield-related traits
Yield (g) Y3 70.4 (25.45) [4.5-116.0] 36.2 | Y8 79.0 (14.0)  [41.3-120.0] 178
Earliness (day) E3 215 (3.36) [16.7-30.0] 157 | E8 175 (2.1) [14.3-24.0] 12.0
Period of spawn running

S3 30.6 (1.83) [27.0-36.0] 598 | S8 31.7 (2.1 [27.0-36.0] 6.6
(day)
Period of pin-heading (day) P3 9.6 (1.70) [8.0-14.0] 177 | P8 9.1 (1.48) [7.3-15.0] 16.26
Morphology-related traits
Length (mm) L3 94.6 (1870)  [35.0-130.7] 198 | L8 1016 (12.7)  [76.7-134.3] 125
Quality Q3 3.8 (1.28) [0.5-6.5] 33.7 | Q8 4.2 (0.8 [2.3-6.0] 182
Stipe thickness (mm) T3 34.3 (6.67) [14.0-48.0] 194 | T8 31.8 (5.8) [22.0-50.7] 183
Pileus diameter (mm) D3 43.1 (11.57) [4.0-63.3] 26.8 | D8 53.9 (6.9) [31.7-69.7] 12.8
Cap color (LogitL) C3 0.15 (0.07)  [-0.05-0.33] 465 | C8 0.24 (0.07) [0.01-0.39] 305

Pd14 Pd15

Trait Code Mean (SD)  [min-max] CV (%) | Code Mean (SD) [min-max] CV (%)
Yield-related traits
Yield (g) Y14 75.8 (15.4) [35.7-101.3] 20.3 Y15 75.1 (15.2) [26.5-104.0] 20.2
Earliness (day) El4 17.0 (1.6) [11.7-24.0] 9.5 E15 183 (2.1 [15.3-26.3] 114
Period of spawn running

S14 30.6 (2.0) [26.7-36.0] 6.6 | Sl 31.6 (2.0) [27.5-36.0] 6.4
(day)
Period of pin—heading (day) P14 8.7 (0.96) [5.7-13.3] 11.03 | P15 9.4 (1.12) [5.7-13.0] 11.91
Morphology-related traits

102.3

Length (mm) L14 85.1 (15.0)  [47.7-119.3] 176 | LI15 138 [65.5-134.0] 135
Quality Q14 35 (0.9 [1.2-55] 26.0 | Q15 44 (1.0) [1.5-6.5] 21.6
Stipe thickness (mm) T14 39.6 (6.5) [25.7-59.0] 164 | Ti15 34.6 (5.7) [22.0-54.0] 16.6
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Pileus diameter (mm) D14 477 (9.4) [17.7-69.3] 198 | D15 44.4 (9.9) [14.3-63.3] 22.2

Cap color (LogitL) Cl4 0.15(0.07)  [-0.88-0.36] 471 | C15 0.20 (0.08) [0.02-0.39] 38.4

7t Ak 22 tester2 wHizE Q7] wiiEel Hohel YElys WHols we RE 3l
A Zr gAY genotypeoll Al FrEldttta & 4 ) o] E tester?] genotypee] Zb Fhol
FFE v X=A EAHENANOVAS AAISH Z%JJr A, A& 5‘_3% ik, wold, &

5 2 RE Ao YolA 1= fositE FX7F UStHE 2-6). m
1 BAREA o] 7Hss AT

2

Trait F value PrCCF)

Yield (g) 3.71 0.0117

Earliness (day) 69.7 2.20E-16
Period of spawn running (day) 8.01 3.48E-05
Period of pin-heading (day) 6.79 0.000179
Length (mm) 26.75 9.58E-15
Quality 17.16 1.76E-10
Stipe thickness (mm) 27.14 5.95E-16
Pileus diameter (mm) 24.78 1.10E-14
Cap color (LogitZ) 35.5 2.20E-16

Broad sense heritability= oJHo|X o2 HE FHHo=Z
oANA HelA= A dHF+= AL, Pdl4et Pdl5e] F49
s

e Ao driuts FEE

i3 € gl Bl 2Tk
2-7). Pd3el A% &%, 274, F4, 4ol T2 d&o] dUHoE FobM 0.5900A
0.839 A& HAth Pd8e A-¢ w8, =71 34, 2tH 749 4 0339A4 0.38= ofF
@ FXE HEATh Pd3, Pdl4, PdlSe] zHAe] fxge 0600z FHuko] gdagle]l w2 H
o] T},

3 2-7. Broad-sense heritability of the yield-related and morphology-related traits.

Population Pd3 Pd8
Source of variation Genotype” Error Vid Genotype Error Y
df 96 194 97 196
Yield (Y) 0.68 0.33
MS* 1963.57 265.57 593.61 238.36
df 97 196 97 196
Earliness (E) 0.83 0.59
MS 34.3 2.21 13.32 2.47
. . df 94 190 94 190
Period of spawn running
. 0.32 0.53
(S) MS 15.81 6.48 13.72 3.17
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df 96 194 97 196

Length (L) 0.7 0.62
MS 1059.53 131.78 493.56 83.56
df 96 194 97 196
Quality (Q) 0.71 0.36
MS 497 0.59 1.81 0.67
df 96 194 97 196
Stipe thickness (T) 0.59 05
MS 1335 25.15 102.51 2591
df 96 194 97 196
Pileus diameter (D) 0.66 0.38
MS 401.81 58.42 142.28 50.23
df 94 190 97 196
Cap color (C) 0.63 0.65
MS 56.49 9.13 44,63 6.76
Population Pd14 Pd15
Source of variation Genotype Error Vid Genotype Error Vd
df 97 196 97 196
Yield (Y) - 0.37 0.44
MSs? 714.2 259.19 697.34 207.78
df 97 196 97 196
Earliness (E) 0.45 0.59
MS 7.95 2.3 13.18 245
. df 97 196 83 168
Period of spawn
, 0.34 046
running (S) MS 12.54 4.9 12.32 3.48
df 97 196 97 196
Length (L) 0.68 0.56
MS 681.34 92.83 577.48 119.31
df 97 196 97 196
Quality (Q) 0.55 0.51
MS 2.51 0.53 2.78 0.67
df 97 196 97 196
Stipe thickness (T) 0.4 0.6
MS 126.83 42 98.95 18.02
df 97 196 97 196
Pileus diameter (D) 0.53 0.6
MS 267.3 60.31 291.9 53.28
df 97 196 97 196
Cap color (C) 0.6 0.37
MS 49.83 9.2 61.62 22.57

® MS, mean square. ’98genotypes were evaluated however some traits were not able to be
accessed.

Zt A Il AEATE B4t A3E E 2-80 YERIY F4, o], FE A
2 A s e E, ol ol S Auste A FEFES AT o
S F4e FAokol A#lo] 0.63914 0.930.2 wj¢ & AAS HAFUL BEAHOEE &
O BFHTHP < 0.00D). F#F3} Zoj<} Z71 T o ABBAAE RAFIJa, ol 3o A
A= Adug Eti(-0.82 and -0.78 for Pd3 and -0.28 and -0.30 for Pdl4). zte]
APy & ALY ZHe jle AeE yey o] FEE U FHdA FHHoR AE
o= AS AL F AAHTE 2-5, & 2-9).
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T S 37 >~ 2=
& 2-8. 7t Aol FA7 Foj& ABAS
Pearson’s cotrelation coefficient (significance)
Fid
44 ¥ I T D Q E 5 P o
¥ 0.64(<0.001) 0.41(<0.001) 0,35 (<0001 0.74¢<0.001) 023 (<0010 0.08 (0.42) 007 @31 0.10(0.33)
L 0.72(=0.001) 0.24(<0.035) 0.26(<0.01) 0.50¢<0.001) 0.30(<0.01) 0.12(0.24) 004090 0.10(0.34)
T 036 (=0.001) -0.12(0.08) 0.23(<0.05) -0.12(033) 0,100 34) 0,26 (<0.05) 0.03(0.78) 035(<0.001)
D 0.51(<0.001) 0.29 (<0.01) 0100308 039 (<0.001) 0.25(<005) 0.03(0.78) D05063 023(<0.05)
Q 079 (<0.001) 0.7 (=0.001) 0.007 (094 0,45 (=0.001) - 036 (<0001 0.07 (0.52) 004071 0.07(0.49)
E -0.47 (#0.001) 0,55 (0001 031 (z001) 038 (=0 001) 0.58 (0.001) 0.17(0.08) 0.54(=0001) 013021
5 -0.08(0.42) 015007y 0,19 (0.08) 0.18(0.32) 0.13(0323) 0.16(0.14) i 035(<0.000) 001091
P 014047 0.38(=0.001) 0,33 (<0.001) 0.08(0.44) 023(002) 0.55(=0.001) 0.30(<0.05) 3 014017
8 0.05(0 60 014017 013(0321) -0.02(085) 0,003 (097) 0.22(0.00%) 0002093 005(062) #
Pearson’s correlation coefficient (significance)
P
o ¥ L T D Q E 5 P C
¥ 088 (<0.001) 051 (=0001) 068 (=0 001) 093 (<0001) -0.22(<0.001) 00655 0550000 -032¢=000)
L 0,63 (20.001) 028 (<0013 064 (<0.001) 0,89 (=0.001) 0,78 ¢=0.001) 013023 061(0000)  -0.13(0.16)
i 01,43 (0.001) 030(=0,01) . 023 (<0.05) 0.34(<0.001) 0.29(=001) 005065 012025 0.24(0,05)
D 049 (0 001) 0.08 (0 45) 023(0.02) 0.72(<0 001} -0.70(=0 001 0040 9% 047 (0000  039(<0.001)
Q 067 (=0.001) 070¢=0.001) 003080 031 (=0.001) -0.72(<0.001) 003075 D56(<0001)  -0.14(<005)
E -0.26 (0.05) 0,41 (=0.001) 026 (<0.01) 021 (<0.05) 0,34 (<0.001) ] 006059 0.73 (0 001) 0.27(<0035)
5 0.30(40.01) 032 ¢<0001) 0.04(0.69) 012(0.23) 031 (<0.01) 0.23(0,02) P 0.08 @ .47) -0.074(0.48)
P -0.04(0.06) -0.37(=0 001 027 (20005 06O -0.22 (0.03) 088 (<0.001) 0.19(0.08) 0.0001(0.9%)
g -0.05 (0.60) -0.03(0.70) 001 (095) 001021 -0.07 (0.46) 0.10(032) 017 (@002) 006 (0.57)
140 - 140 + 140 -
*
120 150
100 - 100 -
o) T g0 - z
= g = 80 -
5 g <
< =" =
s = 60 -
60 - y = 0.6477x + 48.96
Ri= 07770
A0 40 4,
200 20 -
| 0 0
8 0 2 4 8 0 50 100 150
Q(Quallty) L (Length)
# = 140 - 15 -
g - 120 - < T8 ¥
&
2 13 -
5 y=-03047x+ 10525 100 - g
£ i , = 2 i@ £ 12
=/ i 21
" =
34 TN 60 - £
. “\,\ é 10 -
. 3 s
2 4 . . 40 - Bog
* e
P =
1 - LR 20 - g =
:
0 7 0 T 7 T T T 1
15 20 25 30 35 15 20 25 30 15 20 25 30 35
E (Earliness) E (Earliness) E (Earliness)

a9 25 7 gAY A AxE
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a3 npAE HAAS7] 918 threshold= 1,000-permutation LR testE F3}
1.737 517Akelell So FASA L, IS HiEs 73 A 2.29 to 3.249)
Ak BEAA e 1ste] LODo] 3.00)4od fasitty Adstgey LA
BAS 93te] 2.5 - 3.09] QTLE F38te] EASATHE 2-9).

® 2-9. F9J3F LODE] 7]+(permutation test with 1,000 LR, P<0.05)

Trait Pd3 Pd8 Pd14 Pd15 Average
Yield (g) 3.01 2.75 2.85 2.78 2.85
Length (mm) 2.57 4.10 3.16 2.78 3.15
Quality 2.74 3.45 2.99 2.79 2.99
Thickness (mm) 2.57 2.80 2.64 2.82 2.7
Diameter (mm) 2.78 2.80 2.67 2.71 2.74
Earliness (days) 2.839 2.73 2.59 2.79 2.75
Period of spawn running (days) 1.73 1.80 2.92 2.69 2.29
Period of pin—heading (days) 5.17 2.58 2.46 2.76 3.24
Cap color (Logitl) 2.87 2.84 2.72 2.92 2.84
Average 2.93 2.87 2.78 2.78 2.84

ZrelgimAle] dd@do) FHsE= QTLEAS QTL cartographere] CIM 2]& AL-&3}o]
QTL mappingS A A3t 71 A3S Table 109} Figure 6o VebIt 2zH @2 QTLe LOD
= FA3 Hoko] wet 25004 949 EXE 1Btk 2 FEEE Hoke] AAAFR)E 5.8290
A 3257%% JERST g w8 R2E52.33%E PA3Y T o] #AE mAAL F 90
ol n7= Zbzb 23, 23, 8, 17719 w77} Pd3, Pd8, Pdl4 PdISE ol A AE AT o &
o FAnAEe] dAFTHY F2 HHWolA AZ FAH HAHAE, 24 JAHEE SolatA
WEhbE #FA(C3D on LG6 and L1411 on LGHE AAA T, B FE ozt Aolglo] &
EXo g wARE Aotk @ FHo| #HAste= 18709 6719 QTLs2 LG1e 65.4 cM

Z 1153 CMA}O]Q} LG7¢] 383 65 cM Abole] F& A oA HAFHIJIHIH 2-6, &
2-10). o= FAAL FE AGe] BEHAL F& a5 FAAY THTAY FAZ ARE
.
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2-10. QTL for yield- and morphology-related traits found in fruiting bodies of the
Pd3, Pd8, Pdl4 and Pdl5.

P FaE
: Tolalol Totalol
Teait QIL LG Cl¢ehDa  LODb N“fs‘ P“‘“;‘ R2(%) vananeeexpl Aiditive QTL LG CI(ch)  LOD N“L“‘ Boston  poan onancempls  0diTE
matkerc (& 0] winedi%) effect marker (eMD) s (%) effect
Field(g) 731 1 87.0.014 04 SSR428 B84 2289 5233 129286 vg 1 11 236437 25 S8R 342 1696 1696 60334
¥3 1l 1 767317 5.1 SSR256 767 1312 10,1500
¥3 11 7 381.522 50 SSR45 422 1092 88979
¥3IV 9 211304 28 SSR433 213 582 65132
Letigthim ) 131 1 864924 70 SSR428 884 1370 3200 81402 L8 1 1 858918 46  S§SR498 884 1097 3604 43633
L3 1 768309 45 SSH236 768 2021 9Epld4 L8l 1 767.801 40  ESRIE 769 1232 46505
L31n 7 01524 27 SSR26 496 1150 72423 leln 1 731769 33 @8RSI 739 2009 60447
L8 1y 3 323378 35 S5R3 335 902 39262
Quatity 031 4 373940 85 SSR428 903 2342 4250 06613 Q8_1 1 355974 27  SSR428 88 330 2041 03295
Q3 7 423621 41 S3RE6 546 1135 04350 Q81 3 487660 25 BSR13 585 762 03213
Q31n 5 252294 59 SSR310 269 1206 04732
ety T 11 0125 28 SSR340 i 940 9.40 24504 T8 I 2 624676 39  SSR202 672 1332 2768 21705
P ) 811 3 13211 28 §SRIB1 148 838 17607
T8 11 4 257339 32 SSRI8 313 990 18967
T2 1Y 9 124228 27 S3RIDL 205 251 -1.8001
Piteus dism ety D221 2 64.0:62 1 27 §SR292 672 294 1201 37548 Dé1 4 410575 35 @ERIT0 408 1175 1175 24537
D311 6 626.749 43 Indeldd7s58 687 1381 68087
Eatiness(day)  E3.1 1 £53.880 6.1 SSR428 872 1647 4011 -13967 E8 I 1 757808 64 BERISE 765 1715 4032 08036
E3 1 1 765831 48 SSR130 791 1370 12931 E8_II 1 654749 33 @RI 712 1521 08509
E3_11 7 422587 55 SSRE6 5300 1377 12842 EsIl 1 834878 48  SSR49B 862 1498 08237
E3_IV 9 211310 29 §SR433 233 685 09422 EBIV 7 436612 30  ©3RBE 515 697 05876
E8 ¥ 9 132259 46 SERI6 243 1180 07578
Paiad ot i P31 1 67.0:802 40 SSR256  T6E 1203 330 06128 P2l 1 750832 42 SR 768 1313 1313 05465
Bentere P3_II 6 536796 31 Indeld7658 676 981 0.5521
F3_111 7 422652 34 SSR86 S04 1217 05087
Period of spawn
§8.1 10 070 25 B3RI9S i .60 360 05503
running(days) =
Capcolar o3 1 5 79.0-930 43 SSR178 849 1436 3291 00257 o8l 4 369560 39 SERI79 501 1062 3524 00251
(LogtL) £3 1 6 1121 31 SSR271 63 1417 00288 ce Il 5 §21932 85  SSRI178 884 33.17 00427
(S 10 461538 43 SSR131 503 1793 00322 €3N 10 560590 43 SSRI89 575 1191 00354
o8IV 10 403.54% 30  SSR366 526 1465 00375
Pl PdLS
; Totalof ; Totalof
TL Nearest. Postion Additrre TL Hearest Position Additrre
Trait Q L& CIE  LOD Ty RR0E vememesp Clent o Q LG CI(eb) LoD metker gy 206 vedswemgl T
lained (%) ained (%)
_— ¥15.1 ] 17290 31 SSRZ1 179 1118 1733 51723
(e ¥15 11 11 124300 3 §SR201 204 893 54126
1141 5 1036-1218 30 S3RED 1157 1647 1800 63756 LIS 2 728757 20 S3R53 738 357 3257 80157
Lengh(ma)
L14_11 12 007 27 BSR43L 00 936 46870
Quality Q41 12 0.1 31 @SR43l 31 158 2158 04453
T1d 1 10 604708 44 SSR32 670 2007 413 31906 TI51 6 359.505 41 SSR84 a8 1332 923 21928
Stipethicknessnml gy g 10 503-565 36 SSR266 542 1462 26685 TSI 3 28178 16 SSR128 150 1015 18785
T15_01 8 196309 27 SSR360 257 894 17508
Pileusdiameloz(mum)  D14_1 3 108209 32 SSR38l 17§ 1160 2837 32562 DISI 3 103300 41 3SR381 202 1671 3798 31562
D14 11 4 368404 44 SSRIZO 451 1659 39357 D15l 4 437571 41 SSRI79 501 1214 35193
Eatline ss(days) - E15.1 1 384988 31 SSR43 947 vl 1747 0£610
E15_1 6 660-766 31 Indeld 47658 622 560 06770
EL5 10 ] 389.424 37 Indels9h6dy 408 2122 0970
Petiod of pin-
e L5 I 3 195555 25 SSR163 354 931 931 3569
Petiod of spawn.
8151 6 160-433 25 SSR210 325 1180 1180 40344
runsing (days)
CapeolorLogtll  Cl4 1 3 17.2-46.1 30 S3R3 322 1037 1037 00230 @51 1 22.2-100.1 72 E3R311 962 2761 4437 00414
C15_1 1 1033-1153 Tl SSRE4 104 2263 00376
C15_10 5 822:941 62 SSRI78 893 2408 00395
C15 I¥ 10 148378 32 SSRES 329 980 00248

# 1-LOD support mterval  LOD score value at the LOD score peak. © Nearest marker to
the LOD score peak. ¢ Position of the LOD score peak in cM.

k

Q) 2" QTLe 7 & &
b A¥A s

FA¥ QILS A% A s/je QTLo] RIS AT & &
7} 5.82%(Pd3% e, FE)NA 32.57%Pd15H &, Ao)7kA| Therstgith
A5 FRRAOL PA3R TS FHFI AR 5233%0] 23] FHFEAF A o] g AR

A YA gl SR,
b 5%, 2ol

79 @A QILe] 33 THPd3, P8 and Pd15)9) 4] % Aol FAgE o] Lkt Y3
and Y3_II& LG19] 76.7 - 914 cMollA wbAs =, ztz 8 F o] 22.89%9} 13.12%5 A5

<
ina)

s nﬁ
=
o =

o
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o
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Aol A2 Aol

919tk Pd3 Hwke] LGIoIA @A
e Aoz AnEAth

>~k
_l_

9.8 Zo= BAXTHIE 2-6).

dojgd e

+ L3_Ielth LG1oA %

37 Ao A

AEH A=,
AZ¥ 7ol QILS(L3_L, L3I, L8_L, L8_ID< Zol,

714 Ee LODE 7002 13.70%9] A

=4, =4

A e whelA, LG29} LG59] Zol#d QTLE Syxog EAstgin)

0.0
12.6
143
15.3
171
20.9
30.8
48.0
49.1
323
543
58.9
63.4
65.0
65.8
67.9
69.7
70.5
73T
74.4
748
75.6
76.6
80.4
81.3
82.0
834
88.2
94.5
101.3
115.6
120.0
124.7
129.0
130.0

SSR260

SSR409

InDel76599

SSR196

SSRA08(T)

SSR318

InDel76592

InDel76602 InDel76593

InDel76595

SSR257-3

Il SSR124

SSR56

- SSR124(7)

SSR107

SSR106

iI- S3R12*

Jir SSR11

SSR28

SSRE8

S5R252 SSR30

SSR49 &1L

b\ SSR48 i
I\ SSR256 9.4

I-ssr130 W3
SSR183

SSR94*
SSR239

SSR428
SSR311

SSR126 SSR127

SSR64

SSR65

SSR66

SS5R291

SSR290

2
0.0 ———S5R224
86 SSR73(7)
17.7 ——— SSR146
21.6 ——— SSR145"

40.5 —| - S5R147
432 —[—55R265

53.1~] |~ SSR213
55.6 —1—S3R176
57.4 <] [>~SSR112
61.6 <] [~SSR257-1 27
671 —[—SSR292 m,
70.0 < [™~SSRe1
76.3 —— SSR53
814 —-|— SSR285
84.3 —T T~ SSR3TT
88.5 —T~ISSR395 SSR312
- SSR468

m

ﬁ'i 3.1m

= Q A =
}If ;Zﬁ 91.4 <"

I £a

33

B

B Pd3
o Pdg
® pPdi4
0 Pd15
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SSR415
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=z 52T 24 zma 2zo ol o@) oo ze [T ooms T
®etel 7 Sa ASZ B9 25 162 a6+ o+ SFB 1836
o) g Slal Ak 234 25.8 1.1 63.2 + + dikal, a7.4
a9 2-14. R SErEe) vie] AAA 25 ¢ 5
E 2-12. SEpEef miAe] WA wje, AASEA
HMS o o I P I I e al 8 2 = b
JHH Wl el | wel | Aol | # | @ | | w8 ] g 4
L a b L a b b e f g BN
010020 | 621 | 12 | 67 | 879 | 40 | 45 |3 | 381 | 502 | 499 | 181 | 702 | 88 | 2| 2| 1| 3| 4
010021 | 678 | 10 | 65 | 884 | 38 | 38 |4 | 369 | 426 | 579 | 154 | 910 | 154 | 2| 4| 1| 3| 4
010-022 | 790 | 09| 14 | 867 | 37 | 51 |2 | 370 | 506 | 626 | 229 | 1148 | 202 | 2| 4| 2| 5| 4
010-023 | 674 | 16 | 56 | 891 | 37 | 25 |3 | 365 | 420 | 625 | 155 | 1072 | 286 | 2| 1| 1| 6| 4
010-024 | 838 | 01| 10 | 907 | 39 | 15 |5 | 369 | 453 | 527 | 228 | 680 | 80 | 1| 4| 1| 3| 4
010-025 | 712 | 38 | 91 | 888 | 40 | 38 |3 | 359 | 424 | 681 | 148 | 854 | 166 | 3| 4| 1| 3| 4
010-026 | 761 | 19| 03 | 877 | 33 | 36 |3 | 364 | 400 | 57.2 | 159 | 948 | 126 | 4| 4| 2| 3| 4
010-027 | 737 | 34 | 77 | 905 | 37 | 22 |3 | 411 | 504 | 540 | 158 | 986 | 146 | 5| 5| 5| 3| 4
010-028 | 657 | 23 | 67 | 855 | 33 | 46 |3 | 379 | 385 | 627 | 140 | 900 | 138 | 1| 2| 1| 3| 4
010-029 | 588 | 44 | 115 | 829 | 46 | 93 |3 | 412 | 496 | 577 | 205 | 676 | 82 | 2| 4| 1| 4| 4
011-020 | 612 | 00 | 31 | 845 | 33 | 42 |3 | 344 | 390 | 571 | 123 | 968 | 220 | 3| 4| 1| 3| 4
011-021 | 645 | 20 | 7.1 | 833 | 28 | 50 |2 | 351 | 393 | 670 | 107 | 800 | 250 | 3| 4| 2| 5| 4
011-023 | 597 | 39 | 103 | 887 | 37 | 38 |2 | 354 | 441 | 521 | 136 | 730 | 248 | 4| 5| 2| 6] 5
011-024 | 597 | 17 | 75 | 842 | 36 | 58 |3 | 364 | 419 | 718 | 157 | 872 | 126 | 2| 4| 1| 4| 4
011-025 | 562 | 43 | 110 | 845 | 31 | 55 |3 | 360 | 417 | 632 | 151 | 816 | 206 | 4| 4| 2| 6] 5
011-026 | 692 | 14 | 56 | 874 | 32 | 33 |3 | 330 | 384 | 608 | 126 | 1072 | 396 | 3| 4| 2| 5| 4
011-027 | 679 | 11 | 46 | 842 | 24 | 46 |3 | 327 | 394 | 578 | 187 | 934 | 300 | 3| 4| 2| 5| 4
011-028 | 542 | 49 | 119 | 829 | 31 | 67 |3 | 377 | 407 | 663 | 131 | 948 | 200 | 3| 4| 1| 5| 4
011-029 | 569 | 27 | 83 | 866 | 36 | 56 |2 | 387 | 448 | 477 | 126 | 646 | 148 | 3| 4| 1| 6] 6
012-020 | 582 | 29 | 85 | 844 | 31 | 57 |3 | 367 | 393 | 666 | 130 | 1150 | 324 | 3| 4| 2| 4| 4
012-021 | 604 | 33 | 99 | 852 | 29 | 47 |2 | 340 | 375 | 728 | 95 | 1230 | 392 | 5| 5| 2| 4| 4
012:022 | 732 | 03 | 39 | 882 | 38 | 32 |3 | 358 | 446 | 550 | 184 | 930 | 230 | 3| 4| 2| 6| 4
012-023 | 537 | 45 | 114 | 841 | 32 | 58 |3 | 346 | 424 | 640 | 129 | 1294 | 322 | 3| 4| 2| 6] 5
012-024 | 607 | 03 | 54 | 840 | 31 | 56 |3 | 366 | 405 | 789 | 145 | 1248 | 260 | 3| 4| 2| 4| 4
012-025 | 516 | 46 | 116 | 838 | 28 | 57 |3 | 342 | 385 | 644 | 130 | 1220 | 390 | 3| 4| 2| 6| 6
012-026 | 619 | 20 | 79 | 865 | 27 | 37 |2 | 329 | 388 | 617 | 102 | 1480 | 552 | 3| 5| 5| 6| 4
012027 | 631 | 18 | 7.2 | 849 | 16 | 35 |2 | 365 | 435 | 684 | 96 | 1370 | 392 | 4| 4| 2| 5| 4
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012-028 | 534 | 36 | 10.2 | 830 | 25 56 | 3| 347 | 380 | 800 | 119 | 1166 | 282 3| 4| 2| 6| 4
012-029 | 498 | 44 | 106 | 854 | 35 58 |3 ] 326 | 415 | 60.2 | 144 | 1054 | 248 31 4| 1| 6] 5
013-020 | 530 | 41 | 117 | 897 | 37 | 31 |3 | 320 | 368 | 623 | 146 | 1086 | 276 3|1 4| 1| 3| 4
013-021 | 635 | 19 | 94 | 876 | 33 38 | 2| 326 | 377 | 745 | 125 | 1206 | 384 3|1 4| 2| 4| 4
013-022 | 822 | 25 | 41 | 909 | 40 | 23 |3 | 372 | 460 | 589 | 179 | 978 | 164 21 4| 1| 4| 4
013-023 | 612 | 36 | 106 | 878 | 27 | 24 |2 | 333 | 391 | 686 | 120 | 1366 | 38.0 3| 4| 2| 5| 4
013-024 | 672 | 12 | 70 | 902 | 37 | 1.7 |3 | 345 | 394 | 761 | 435 | 1320 | 26.6 21 41 1| 3| 4
013-025 | 668 | 3.6 | 109 | 859 | 34 | 58 |3 | 372 | 453 | 67.1 | 157 | 1110 | 234 3| 4| 2| 5| 4
013-026 | 728 | 22 | 83 | 901 | 3.7 | 27 |3 | 354 | 434 | 60.7 | 13.6 | 1480 | 384 3| 4| 2| 5| 4
013-027 | 703 | -0.8 | 43 | 908 | 30 | 07 |3 | 290 | 325 | 587 | 111 | 976 | 346 2| 4| 4| 3| 4
013-028 | 577 | 45 | 11.7 | 858 | 31 | 48 |3 | 350 | 420 | 733 | 128 | 1268 | 254 21 2| 1| 4| 4
013-029 | 622 | 44 | 116 | 860 | 34 | 59 |2 | 370 | 432 | 648 | 161 | 1364 | 29.2 2| 4| 1| 5| 4
014-020 | 493 | 43 | 103 | 811 | 38 | 75 |3 | 367 | 407 | 703 | 133 | 882 | 322 2| 4| 1| 4| 4
014-021 | 604 | 3.7 | 11.2 | 864 | 35 50 | 2| 337|377 | 726 | 104 | 106.0 | 25.8 3| 4| 2| 4| 4
014-022 | 649 | 39 | 109 | 896 | 42 | 43 |3 | 317 | 422 | 60.2 | 150 | 926 | 23.6 2| 4| 1| 4| 4
014-023 | 527 | 45 | 117 | 874 | 33 | 41 |2 | 339 | 407 | 710 | 119 | 1266 | 458 2| 4| 2| 6| 5
014-024 | 645 | -08 | 28 | 875 | 30 | 3.0 |3 | 366 | 399 | 73.7 | 143 | 1470 | 258 21 41 1| 3| 4
014-025 | 532 | 43 | 121 | 839 | 31 | 59 |3 | 33.0 | 379 | 676 | 13.7 | 1384 | 342 31 4| 2| 4| 4
014-026 | 641 | 3.0 | 98 | 883 | 29 | 26 |3 | 355 | 427 | 67.2 | 11.0 | 1426 | 422 3| 5| 4| 3| 4
014-027 | 488 | 42 | 103 | 899 | 34 | 12 |2 | 341 | 400 | 668 | 114 | 107.2 | 33.0 31 4| 2| 4| 4
014-028 | 511 | 34 | 122 | 838 | 14 | 45 |3 | 347 | 419 | 693 | 119 | 1498 | 322 3|1 4| 1| 5| 4
014-029 | 525 | 43 | 115 | 856 | 36 | 58 |2 | 334 | 347 | 684 | 128 | 1188 | 41.0 3|1 4| 1| 5| 4
015-020 | 561 | 3.0 | 89 | 89 | 39 | 49 |5 | 352 | 401 | 592 | 144 | 816 9.6 21 41 1| 3| 4
015-021 | 56.6 | 53 | 129 | 835 | 40 | 76 |5 | 394 | 434 | 754 | 143 | 922 | 126 3| 5| 2| 4| 4
015-022 | 760 | 21 | 60 | 874 | 42 | 71 |3 | 367 | 584 | 581 | 259 | 776 6.4 1| 1| 1| 6| 5
015-023 | 587 | 44 | 118 | 883 | 39 | 44 |3 | 372 | 408 | 59.3 | 157 | 1100 | 29.8 1| 2| 1| 6| 5
015-024 | 531 | 34 | 97 | 843 | 36 | 62 |3 | 372|427 | 731 | 221 | 1414 | 184 21 2| 1| 4| 4
015-025 | 59.0 | 44 | 108 | 850 | 35 53 | 5| 411 | 497 | 624 | 248 | 926 | 532 2| 4| 1| 6| 4
015-026 | 654 | 42 | 99 | 875 | 40 | 53 |3 | 344 | 391 | 565 | 176 | 1374 | 29.8 3| 4| 2| 4| 4
015-027 | 628 | 42 | 116 | 842 | 35 | 70 |4 | 388 | 429 | 680 | 129 | 1188 | 1838 3| 4| 2| 4| 4
015-028 | 456 | 6.2 | 127 | 81 | 38 | 65 |4 | 341 | 369 | 66.7 | 180 | 1006 | 15.0 21 4| 1| 4| 4
015-029 | 503 | 63 | 140 | 844 | 47 | 79 |3 | 288 | 33.0 | 540 | 177 | 80.0 | 143 21 4| 1| 4| 4
016-020 | 519 | 42 | 103 | 815 | 31 | 61 |2 | 320 | 370 | 716 | 108 | 1528 | 694 3| 4| 2| 5| 4
016-021 | 59.7 | 33 | 100 | 855 | 27 | 35 |2 | 342 | 408 | 627 | 11.0 | 934 | 270 3| 4| 2| 5| 4
016-022 | 66.0 | 21 | 7.7 | 871 | 42 59 | 3] 363 | 466 | 614 | 197 | 744 | 19.2 21 2| 1| 6| 4
016-023 | 475 | 55 | 129 | 837 | 3.2 56 | 2| 323 | 375|671 | 118 | 1180 | 51.2 31 4| 2| 6] 6
016-024 | 529 | 3.0 | 96 | 86 | 34 | 45 |3 | 359 | 390 | 730 | 151 | 1224 | 344 2| 4| 1| 4| 4
016-025 | 496 | 54 | 131 | 802 | 34 | 80 |2 | 362 | 422 | 590 | 151 | 1112 | 212 3| 4| 2| 6] 6
016-026 | 557 | 43 | 115 | 871 | 34 | 44 |3 | 347 | 388 | 604 | 129 | 1430 | 470 3|1 4| 1| 6| 4
016-027 | 585 | 26 | 74 | 841 | 25 | 46 |2 | 339 | 405 | 672 | 110 | 1244 | 4438 3| 4| 2| 6| 4
016-028 | 450 | 54 | 128 | 847 | 26 | 45 |1 | 315 | 366 | 69.0 | 121 | 1304 | 46.6 3| 4| 1| 5| 4
016-029 | 468 | 48 | 114 | 854 | 38 | 57 |3 | 349 | 423 | 582 | 159 | 1108 | 314 2| 4| 1| 6| 6
017-020 | 516 | 14 | 55 | 8.8 | 29 | 29 |3 | 297 | 337 | 642 | 113 | 1428 | 36.0 31 4| 1| 3| 4
017-021 | 541 | 43 | 117 | 834 | 32 | 66 |2 | 342 | 363 | 66.7 | 11.1 | 1182 | 53.0 3| 5| 2| 4| 4
017-022 | 718 | 01 | 37 | 872 | 38 | 48 |3 | 375 | 457 | 655 | 241 | 1022 | 188 3| 4| 2| 5| 4
017-023 | 619 | 3.0 | 97 |83 | 21 | 32 |2 | 315|353 | 691 | 121 | 1576 | 59.0 21 2| 2| 6| 4
017-024 | 610 | -14 | 20 | 878 | 32 | 22 |3 | 331 | 371 | 696 | 171 | 157.2 | 388 1| 4| 1| 3| 4
017-025 | 56.8 | 46 | 128 | 844 | 27 | 56 |3 | 388 | 449 | 670 | 184 | 1514 | 26.8 3| 4| 2| 6| 4
017-026 | 633 | 32 | 90 | 872 | 27 | 36 |3 | 292 | 335 | 650 | 122 | 1582 | 64.2 5/ 5| 4| 4| 4
017-027 | 622 | 11 | 74 | 840 | 14 | 38 |2 | 302 | 366 | 735 | 99 | 1622 | 512 3| 4| 2| 5| 4
017-028 | 463 | 65 | 146 | 843 | 32 | 63 |3 | 368 | 390 | 774 | 139 | 1278 | 24.2 3| 4| 1| 4| 4
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017-029 | 499 | 57 | 123 | 847 | 36 | 61 |3 | 388 | 440 | 629 | 207 | 1202 | 274 21 2| 1| 5| 4
018-020 | 573 | 1.2 | 61 | 89 | 28 | 43 |3 | 323 | 349 | 613 | 101 | 1420 | 338 3| 4| 2| 3| 4
018-021 | 539 | 46 | 131 | 8.1 | 1.7 | 27 |2 | 335 | 389 | 755 | 91 | 1222 | 282 4| 4| 5| 3| 4
018-022 | 783 | 05 | 45 | 876 | 24 | 32 |3 | 345 | 390 | 565 | 119 | 1224 | 204 3|1 4| 2| 3| 4
018-023 | 573 | 38 | 121 | 857 | 23 | 29 |2 | 329 | 371 | 675 | 80 | 1574 | 546 3| 4| 2| 5| 4
018-024 | 676 | 03 | 48 | 891 | 28 | 18 |2 | 358 | 398 | 646 | 13.0 | 1386 | 320 21 4| 2| 3| 4
018-025 | 505 | 41 | 124 | 838 | 27 | 53 |2 | 314 | 345 | 66.0 | 10.7 | 1360 | 43.8 3| 4| 4| 4| 4
018-026 | 676 | 03 | 66 | 880 | 27 | 25 |3 | 337 | 384 | 628 | 104 | 1415 | 40.3 3| 4| 4| 3| 4
018-027 | 659 | 01 | 52 | 836 | 25 | 06 |2 | 335 | 370 | 593 | 97 | 1424 | 512 41 4] 4| 3| 4
018-028 | 559 | 53 | 134 | 842 | 24 | 63 |2 | 311 | 338 | 728 | 78 | 1286 | 416 3| 4| 2| 4| 4
018-029 | 487 | 51 | 13.0 | 859 | 27 | 43 |3 | 345 | 398 | 648 | 118 | 1248 | 342 5[ 5| 2| 3| 4
019-020 | 553 | 14 | 53 | 872 | 36 | 36 |3 | 331 | 370 | 505 | 150 | 882 | 248 1 2| 1| 3| 4
019-021 | 630 | 22 | 66 | 88 | 29 | 32 |3 | 318 | 364 | 628 | 113 | 156.0 | 29.0 3|1 4| 2| 3| 4
019-022 | 546 | 31 | 93 | 888 | 45 57 | 5] 361 | 464 | 479 | 234 | 66.6 9.4 2| 4| 2| 4| 4
019-023 | 413 | 65 | 129 | 8.7 | 31 | 1.7 |2 | 351 | 388 | 616 | 125 | 1466 | 43.6 21 2| 1| 5| 4
019-024 | 539 | 0.2 31 | 80| 36 | 50 |5 | 364 | 419 | 60.0 | 215 | 1006 | 136 1 4| 1| 3| 4
019-026 | 482 | 64 | 134 | 875 | 37 | 43 |3 | 386 | 436 | 530 | 157 | 1192 | 274 31 4| 1| 3| 4
019-027 | 661 | 26 | 73 | 854 | 28 | 41 |3 | 371 | 442 | 59.7 | 127 | 1298 | 33.2 21 2| 1| 5| 4
019-028 | 447 | 52 | 115 | 819 | 29 | 59 |3 | 373 | 442 | 569 | 17.0 | 99.8 | 220 21 2| 1| 6| 4
019-029 | 472 | 55 | 124 | 8.1 | 38 | 59 |3 | 373 | 416 | 572 | 174 | 1174 | 264 21 4| 1| 5| 4
SEfz| | 426 | 46 | 113 | 804 | 40 | 101 |5 | 318 | 398 | 774 | 170 | 1054 | 226 3| 4| 2| 5| 4

?: Labat=4 ; JCS-10 Colorimeter, Hangzhou CHNSpec Technology co.ltd

Pobed 5o 4hE e, 3ige 2, 2WH Y, 1geug Y
g EE ;) g/850ml
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(D Serelsh s fo) GHARA] FHA 54

See|(HH) 9 mlAHMS)e] ©x2AtelA SHEZ EAE 7|Eo2 27 10749 d3llFA
(monokaryon)& F2¢1E AAst s AAsta, Aol A uFFE =E FFA
Wi o2 ASAA 2AFEES BASAS. w3t JHH021 XHMS0127F 2bA, thA, kg o
o Heel HA S HodA(data not shown), JHHO212} HMS012A] &S Aoz Aks)
Atk oY AT FAAE oWl EMATL iEdE F¢F dojve AxF e Ayolx
2 ool FHA BHH EHAES AWE ALE 35T 5 Utk dAHEZA gDNAE F
=3}l DNA template Prep Kit 2.0 (Pacific Biosciences, Menlo Park, CA, USA)¢} Blue
Pippin system(Sage Science, Inc, Bevery, MA, USA)S ©o]&3}e] libraryS T3}l Pacific
Biosciences SMRT (PacBio) sequencing systems &) FAAES &=3te] PacBio Wd
2IWo 2 alignmentE F3ted contig®2 ZHFATE JHH0219}F HMSO012A1 &9 Fxx =7
= Z+Z} 40.8 Mbpet 40.3 Mbp(E 2-13)2 APE=©}el(P. ostreatus var. florida)2 <& 3
PC155} PC9 <] 34.3 Mbp9} 35.6Mbpell ®la] < 117% ZithRiley et al, 2014). Z-E}g]
o] fdA =Z7Id 43 MbpE T+ Z7)17F AHAJARyu et al, 2012). =©EtglF FdA =R
38f o7F WA gFor g o|zlo] P A ey, A=, F=EEY FHA AT|UA =
F7HE A7 2o Ao E ARETHE 2-13).

p

_‘

O

3 2-13. SEpg e JHHO21, waAwks) HMS012¢F oh& e /9 F34 =271v¥l

Genome assembly Characteristics
Strain PC9 PC15 JHHO021 HMSO012 KNR2312P5
Genome size(Mbp) 35.6 34.3 40.8 40.3 43
Number of scaffold
19 572 127 67 340
(contig)
Largest scaffold(Mbp) 4.4 4.8 5.4 4.6 3.2

Sequencing platform  454+Sanger Sanger PacBio RSII PacBio RSII 454+Hi - Seq

(2) Zetelo} vla SSR BESH 53

SSR Locator I (Maia et al,2008)= ©]&st] HAF monomers(x20), 2-mers(x10),
3-mers(x7), 4-mers(x5), 5-mers( X 4), 6-mers(x 4), 7-mers( X 4), 8-mers(x 3),
9-mers(x3) and 10-mers(xX3)< 7FA&= SSRe ZH2be] FHA ARA FEZSIATHE
2-14). JHHO021¢} HMS012¢] SSR A+ ZH2b 949709F 968712 AR ©etgl<l PCI=%
PC159] 715709} 622709 133%<} 135% F=o= wWokth =3k, Zlelele 65 ETE
45%0°1% B3kth dubd o m {FRA| el Z7]eF SSRe Jgole & AHo] fittal €A e
W(Karaoglu et al., 2005), o|¥l ZAzs ddt “Eleg]Ql JHH0219} HMSO012A1 52 FA9]
717y AP LEE] BYd 33 SSRY MSE gt =3k 37|17 117% FAE ¢F 134% B

_8‘|_



2 SSR9| Mg Ho Fof ZAF Uole 7€ g2 73FHo] Ag 7FeAel AridEn. g
T AA FAA YolA o= Axo HxLz UrhutE AE BAE A3, PCIY A, 17
SSRs/Mbp, PC15¢l41&= 21 SSRs/Mbp, JHHO021AEollAl&= 23 SSRs/Mbp, HMS0120|A = 24
SSRs/Mbp, tjx|eto 2 FL-Elg|o|A= 15 SSRs/MbpZE A HATH 7]E2] AFoA ©E
FolA SSRe & WIErE 10-1004 7 Atelgtal Ped] B AFolAe] A= old HIH
golst 4 9lltHKaraoglu, 2004; Labbe et al, 2011). ¥4 ZAx} JHH0213% HMS0127}
717} A9, 238 SSRe] g2 Fol Hle)] HHFAHOoE Fr FF3| BEEXHA UL

AReH, PCIF PC159F A wlndls A5, FAA =7 vag 7tsds &
AN AT FEE o A5, dA =S Hls FAA A7)l T AT, A
°] SSRo] Y& ztAo® Rxd AL T £ AUTh

b
Do
=
=

Y

Aol FHAW SSR &=

Number of SSR loci
Repeat type

PC9 PC15 JHHO021 HMS012 KNR2312P5
Mononucleotide 8 18 16 15 18
Dinucleotide 18 28 24 40 43
Trinucleotide 105 112 131 125 203
Tetranucleotide 40 40 78 109 32
Pentanucleotide 56 70 38 90 74
Hexanucleotide 142 147 156 155 107
Heptanucleotide 77 67 85 90 33
Octanucleotide 99 126 109 155 66
Nanucleotide 39 49 116 83 47
Decanucleotide 14 18 93 63 27
Compound type 24 40 53 43 9
Total 622 715 949 968 659

HEEAEe] B2 HE&S AYREH, vug 57 FaAWdA 71 2 HNEE B 37HA
= 3-mers, 6-merse} 8-mers®Z YERGTHE 2-14), I S 6-mers= ZLL°©ElEE
o 71 x4 5 gEo|dn. AddE(Ascomycota) F#o] FAAe] SSR BE
2 monomere} 2-mers®] H|Fo] F31(70~80%), 5-mers ©]FL Agol] AU ol
#5334 & o=z HridthHKaraogluy, 2004). =3 IwrHow FFolol FHAU SSR
A7Ee] FHA o e ARG Nz Aoyl 1 A%rE A d#lA d=dlKaraoglu et
al., 2005), ¥ AFAFo|A= 10-mers7t 370 o]’ ®E 57 SEHE Y 9.8%, P49

fu)

oft

o 2 AN fo o8k

Jz
U
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6.5%%2 O AT FAART w2 ¥H&S ETh SSRe| AoliR=xrl F3te] FA#A, <t
AA, GA2 FE BAH JusE Ryt ol et al, 2004), 7+ FHA H2 BEAHR
gr=d), 571 A BFE 20-30 bpAU)7t MR B HEE HAFT Zolyl AojALE

7} SolA = AEFolATHE 2-18). ol& A =Fole] SSRE Ao] Ex et dX

=
dr b ol
P

o
-

Aol (Karaoglu, 2004). 8]z 22 F Wl A= PCY, PCl5, JHH021 =Z8]ar
HMS0122 wlmae 7%, 10 bpol e 60 bpolare] =Z71S %33k SSRelA JHH0213}
HMS0127} o= =7]ol A= PCI9¥# PCl5 Hlsf T % ®Wol =& AT 4+ Utk 18x
Zr¥tg]l9 A5, PC9, PC15, JHHO021 —18]xr HMS0129] wlsl #2A =Z7]+= =X 9k SSRE
A7)e mE FExXE 9 Zo= ‘4’51"’”:]' 1 AHREE v Fo & o, T wepA A
=7] Z18]al SSRe] &4 olE %o AESHA ¢
nl & ot A FrHA R @_?ﬂ 01 28 Zdii EOJE‘r.

s, Fzke] genome /ol A deof, mpAE THte® 3 &7, :
A FAEA 243 o] e el FEHol StvkMiah et al, 2013). B
E—XPUWVP ARy, w2y 491 AAldez Aol 7Hsd SSRE He WellA
e BHAE AR gdPde ZAFo2M AR Fol goAa St & ATE Tk
A F, S A2dA AR diEEe dde Ad SEE 9 rladdA {23k SSR2
ol ¥¢2 T8 FES AL & F A= EA0A R FEHEHA Q] BA o] oy
FEnt7 T 5] TR EokollA HETH F8EV £ ACE ARdEHL

EAAE HAS v 53 AE 2dddY dF3E FHAAAE FEst=d T83% 9T
x - I
Ris

o
=
= =
<>
=
= T

o oﬁL

rf

’

o off X [l 1o ®

n{m P

2
-
=

<

(3
= SH)
72
A
Y
s 400
™
=
£
= 300
pAL)]
104}
" | I] I_I_-:.__.s-:n___lj:.l_
1CG-Z0mers 21-30mers 31-4Cmers 41 -50mers 51-60mers | over 60mers
Opcy 110 2498 a0 19 [ 28
Opcis 145 415 72 23 =] 51
B HHe21 191 5323 140 31 18 70
OHrS012 215 LL8 g0 32 14 54
BENRE2312PS 164 373 64 29 5 24

a9 2-18. =EFElF g Aol A ) SSRse| Ho] EER|E

ol “ERRWAL EEWE u
(1) RAPDS} ZE}e]m Al SSREG o] &3 F27) tyst Bl 2



‘—E}ﬂ‘ﬂ”-‘ﬂ =% 5 Il 7HE Bol AMEHL e FF°l FEE, 73T, 525,
314423, 'LZ] oltt. ol FFTL TAMIHEISH vl FE N = °
FARAL sEESY EMAEe ddol Hol . olE dAs
7H%3P5’_7<P ot AFole] FHA ARE J|wro g st A A3 00047114 SSR "HAE A&
sto BEAdS UeElll= 8719 SSR miAE st I FollA A 7=, 3 15, 34
2%, &5 259 S8 5 e FEAe gdAAS Hole vl FolA 3718 SSR miAE
Adstan. AEE 3748 vAE ol &ste] FFF 5ol o2 yeld PCR SF WMES H
A%k A3}, SSR 144 wiAE 53] 300bp, 320bpellA UeRd WE=E FI 24 73, £33 1
T, 3t 2371 &5 23, SRS & s SF S HYe & F AJHZE 2-19.

0

200bp
e

100hp
_

a9 2-19. “ERRIHA F5E o¥g4d ws 12X 75, 20 % 18, 3 FF 235, 4 34
2%, 5: SEFg] SSR 144, SSR 166, SSR 402

a8]al SSR 166 mhA A= 140bp, 150bp, 170bp Z2]a 180bpollA #ZEHE 471 Wl
c #Es ®YTh 140bpoll A= 57 F3F =5 PCR 5Z W=7} yehyton, 170bpel 180bp
PCR ZZuwlt= SSR 114 ul7] o A J&@}H vke} o] 2 75, ¢ 135, 3}
SEFEZEY] FEo] & AT 5 AUk o9k =l oF 150bpellA H&H
H PCR & WMEw 5/l FF A EF25 A% BRHATHE 2-19).

e rlr
}O{l

S22 SSR 402 vlANHE 3714 WE o] BEE =, oF 280bpoll e 570 FFol

A BT ZZEQuh aga 2A 759 £F 23504 300bpollAl Wit R wet olE

, SEFE S FEFAG o9k Dl 3 15, A4 254 310bpel

AT = JATHE 2-19).
S

ol FaA °lE 3%Fel SSR S FAM 5 FEL) TRE T 5 U= 483 v
AR Agol B o Belth olAZA AR LeteWA BENAL I FFo BT T
ks @k olwel ARE v 39 Zetelvle FAlG 5] FREFS BET &
9t Zlolth. IRAT AR SAo] w%F Y25} $IEs} fAs) WHEA BEs

[e)

g psty] Astel wast Setele] fAAM Lol
E5t1 ZetolME HAQste] Fa muEEFOIAW Aolrt A FFE, A

o8 FFWE AYTA GASAT Sehelol A foH SR Zekoln s}
| Zo] #Z= Ut JHH19, JHH222, JHH228, JHH234, JHH271 3Z2to]w e 75

v

od

Lo

p

ox M
o



THE Z2 ATt A2ate] TEE Hed, FlEet AAIETe] FEe HA &
*k

2 3 M1 2 3 M 2 3 M 1 3 M 1
Hﬂﬁbp
300bp
ZOObp
JHH19 JHH222 JHH22S8 JHH234 JHH271

a9 2-20. “ERAl el SSRe o83 FeERES WE 1 % 1%, 2 4 28, 3 A
9%

JHH SSR 184 =Ze}olm e A4 33, 428, FAAISE 5/\101] FHEE = AU
add], g A9 locus7t FFH Aol ofyi FFO wetA 1-2714 FZHATE XS A
7195 AR = & H[Eo] WiT=T} L";EOL}(data not shown) JE}OM Ao 2 AskzA
1 UAME EFo Soldl wMewk ZZEJaP 2-2D) F 47dle] o 168bp, 195bp,
393bp, 411bp DNA loci7} EZujt} o Jﬂa om Z=Zxlo] Tx7le] Bhals A}S BRI

AA9 F8 3FFT Yo AT7E, SEE, F525, 94915, 7&, dH2EE WA T
g F A g 2-2D).

S %35te] EolHisE % AMIEA AUy FZHE lociyt IHE H
Brs AMEo] 4FFITHE 2-15). 4 AE F 7HF 1 AES O #2 AEEs x3eta
ARow, 7 2o el 168 bp7t Y& (proto type)o 2 FHEth JHH SSR 18471 &
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gele fRANA e A,
d¥go =z FAHE= 1689+ U, 11 Y= 1.8-14.1=2 OFstit.
o8 thgol WAL Ao

FAAY 2 F

Felels A% 38 g =

o}u}
e Zejolv:

FHAT A=
e 8 A ol A

sszdagt.

% 2-15, LElelEEW Solulsel MEAY, AR U AEH FE

Locus Cultivar detected Repeat motif” Copy |

(Iength) number

168 bp  Suhan lho,  Hwaseong Zho, CGTCCTCGT 10
Kimjae 9ho

187 bp Halla 2ho CCTCGTCGA 2.8
Suhan lho, Kimjae 9ho, Gonji

195 bp Tho, Heuktari, Guseol CCTCGTCGA 38

204 bp Wonhyeong 1ho CGTCCTCGT 4.7

231 bp Chunchu 2ho, Halla 2ho CGTCCTCGTCGACCTCGT 4.1

240 bp Guseol CCTCGTCGA 8.8

250 bp Chunchu 2ho CGTCCTCGT 10.1

393 bp Kimjae 9Sho CGTCCTCGTCGACCTCGT 13.1

411 bp Suhan lho, Guseol CGTCCTCGTCGACCTCGT 14.1

*

.. Sequences in bold or underline are the same repeat motif. ND means not detected.

Copynumberinl68bp was from a manual curation, for the rest,

finder(http://tandem.bu.edu/trf/trf. html).

from tandem repeat

ul, 28

(D SR FAAE 220 1270 ddF o] 4= AS

2 4, 7% 9489 QILs& F2 A Fo HAH Qe Aoz AdHAT

(3) 23} FHEFAd QTLsS AA EAF ] 52.3%9 44.9%] AHH(R)S B Fh

@ %3 BEE FH FAAE AARIAS) Be 520t 2FHA

(5) ZoeEHA 2ATS 3302 SEn fAERAAn g9 A, FoEA 6,
FE5E2 NE ZAEAS

6) F7H4) 74 HolHE 7|20 AFA# A locusell slid=7F &= A

(7) et A wulE A4BxE TAIZM AEE + e vHAE MR

8) =&t
9 ZEiglxvi 22

(10) 7225 Hag SR Zeholv= Lebe|mA
ghol

e

£ MEskdt

Hel

Zz QO EZZFXO
T Hm o=
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A 3AIFD FFolel Fadd, WA

5 T 494

3-2).

3 3-1 GFFolH A FAAY sRAYe 7

(3945 297,

2 A s d B A A

A 134), Hr =
o

aMF 20%)

% 8%, @
53 g

A E (49%)

ASW  E9Ae  E29 0 Ay | ASW =9A9 E39 0 Ay
ASII337 e Mok WA | ASII340 En w2
ASI1348 g M= WA | ASI343 med )4
ASI1347 = A WA | ASI1345 RS Al5 s
ASI1338 Ei= A% WAl ASI1400 SEcE ) 2
ASI1350 = Mg owma L Asals = a7 2A)
ASI1346 = 737 4 | ASI0705 G 705 2
ASI1024 o 2 WAl L ASII007 -t 2
ASI1038 E Wl | ASI082 e 24
ASIOS4 e WA | oASI0S3  mepe 24
ASI1072 ] WA | ASIL074 e 2
ASI1085 it Wl | ASI1078 m) = 74
ASI1089 TP W | ASIL086 Aot 7
ASI096 292 WAl | ASITI03 Qr 24
ASI1140 = WA | ASI1146 @ A
ASI1179 3 WAl ASI1153 = A
ASI1183 o= A ASI1159 At K
ASI195 5 % WA | ASIIET 2
ASI1225 e ma | ASITT A ZA)
ASI1246 s WAl | oASI320  vges 2
ASTI310 = wa |oASI323 wAdcs 24
ASI313  &Ealue} wa foASI3s  wAUE 24
ASII32l dge= wal | ASII331 Behd a
ASI1324 5% W | ASII336 R 2y
ASI326  rAw= ala | ASI1396 = 24
ASI1339 W= |
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#® 32 AN dE5E 2%

;L% —?rﬁ(j_;(]-%—’—',: H] - No. of strain
Asia 22 S W, WER R W

North America 8
o5 South America 4
Europe 10
Oceania 5
Al 49
P White 29
Brown 20
Al 49

O &xH okZEo] BA TAF AAESE XA}
- FEol WAl FHTFe) LEW FANAEEE ZAE) 98] D0m A=A W)
k3t #Fol #E/AAE FYE A Smm cork borer® Zrgl PDA iAo HEF TS,

[e]
10°C, 15C, 20C, 25C 2 30C 2] ®id7]|olA 14937F vt & AT 59 FHES
ZAsF ™ 3-D.
10C 15C 20C 25C 30C 10C 15C 20C 25C 30T

Asl
1337

AS
1347

ASl
1350

ASl
1024

AS
1054

Adl
1085

ASl
1096

AS
1179

ASl
1195
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Agl
1246

AS|
1313

1324

1415

a9y 3-1.

%

Fol AN ML= FAYFES

- 10ColA &5 HF Dol 1.28mmS 2, ASI10242 1.83mmo. 2 713 AAo] 931
O} ASI11402 0.55mm= 7o) 7 A zsklon, 330 A= AL 2o|7}t &Rl
At 15CAA 3+F H AAZol+= 1.70mmF 12.(0.64mm~2.69mm), 20°C | A= 3FF Ht
A2 o) 7} 2.23mm (3.96mm~2.7mm) F O, 30CANA= +F H AAZol= 1.69mmP 11,
ASI1340& 2.88mm= 7} Aol 93l oy, ASI1153 0.89mm=zE  AYAdo] 7P A2

HE 3-3)
Fhol WA SRR LEl FANE SEE 2AT A, YvHoE BTN F
AL Aol 7 E9kar, 20C > 15T > 30T > 10C =o=2 FAR Ao ] Wity
3-2).

E3] U SAF T ASI3382 10, 15 20CoA AsFo=z EFEHAL, 25C BsH
0CoA CEFOR 20Tolste] we Loy @A Aako] $481ATHE 3-4)

10°¢ |

[15¢ ]|

[ 20|

q 25°C |

ﬂ 30°C

|

a9 32 FAAAY e2d FAAR SE
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Information of Mycelium growth rate (mm/day on PDA) by temperature

Strain Colony
(48 strains) characteristics 10cC 15¢C 20C 25C 30C

ASI1007 Strand aerial 1.49+0.10 2.2840.10 3.54+0.23 3.53+0.40 2.38+0.62
ASI1024 Strand fluffier 1.83+0.11  1.71+0.07 2.28+0.30 2.92+0.25 2.30+0.20
ASI1032 Strand aerial 1.26+0.24 2.15+0.18 2.79+0.23 3.2840.48 2.36+0.16
ASI1038 Strand fluffier 1.63+0.15 1.88+0.26 3.43+0.25 3.73+0.32 1.85+0.09
ASI1053 Strand fluffier 150+0.11 1774026 1.81+0.66 3.31£0.30 1.73+0.37
ASI1054 Strand fluffier 1.80+0.30 1.93+0.10 3.04+0.72 3.86+0.24  1.93+0.09
ASI1072 Appressed 0.57+£0.03 1.33+0.26 1.924+0.17 2.64+0.06 2.36+0.06
ASI1074 Strand fluffier 157+0.13  1.96+0.21 2.18+0.25 2.57+0.15 1.65+0.12
ASI1078 Strand fluffier 1244020 1.89+0.33 217+1.05 161020 194+0.39
ASI1085 Appressed 1.45+0.11 2.03+0.18 2.59+0.20 2.78+0.25 1.89-+0.06
ASI1086 Strand aerial 1.32+0.07 141+030 1.83+0.25 3.78+0.35 1.85+0.13
ASI1089 Strand aerial 1.58+0.12 2.66+0.13 2.56+0.16 3.31+0.10 1.98+0.26
ASI1096 Strand fluffier 1.67+0.17 1.88+0.19 1.87+0.23 2.26+0.11 1.72+0.11
ASI1103 Strand aerial 1.13+0.16  1.30+0.29 2.32+0.43 3.10+0.27 1.68=+0.06
ASI1140 Strand fluffier 0.55+0.06 0.64+0.06 1.05+0.11 166+0.33 1.35+0.07
ASI1146 Appressed 1.10+£0.22  1.17+0.12 1.93+0.05 2.094+0.25 2.22+0.13
ASI1153 Strand aerial 1.15+0.08 1.66+0.06 2.53+0.30 3.03+0.45 0.86+0.26
ASI1159 Strand fluffier 0.87+£0.04 0.74+0.06 0.99+020 2.35+0.60 0.89+0.32
ASI1167 Strand aerial 1.01+0.09 1.39+0.06 1.0940.09 2.17+0.45 1.34+0.31
ASI1177 Strand aerial 1.07+0.19 136+0.36 1.27+0.44 2.67+0.52 1.37+0.42
ASI1179 Appressed 1.79+0.08 2.10+0.26 2.14+0.49  2.86+0.09 -

ASI1183 Strand fluffier 1.19+£0.06 1574021 1.91+0.63 2.10+0.13 1.27+0.17
ASI1195 Strand fluffier 1274025 1.30+0.05 1.62+0.46 2.12+0.08 1.43+0.13
ASI1225 Strand fluffier 0.73+£0.07 1.37+0.64 1.77+0.79 2.64+0.28 1.38+0.20
ASI1246 Strand fluffier 1.35+0.10 2.26+0.52 1.92+0.24 2.66+0.88 142+0.16
ASI1310 Strand fluffier 1.24+0.07 191+0.18 2.41+054 3.58+0.19 2.54+0.22
ASI1313 Strand fluffier 1.02+0.23  1.38+0.21 1.63+0.25 2.45+0.22 1.95+0.52
ASI1320 Strand fluffier 1.38+0.06 158+0.12 1.96+0.24 1.86+0.19 1.60+0.12
ASI1321 Strand fluffier 147+0.16  168+0.36 2.26+0.73 3.56+0.07 1.41+0.05
ASI1323 Strand fluffier 1.00+£0.10 1.32+0.09 1.74+0.53 1.974+0.06 1.77+0.85
ASI1324 Strand fluffier 1514+0.16 2.23+0.26 3.60+0.05 3.54+0.48 1.61+0.28
ASI1325 Strand fluffier 0.99+0.09 1.43+0.26 165+0.14 2.67+0.27 1.66=+0.14
ASI1326 Strand fluffier 1.80+0.08 2.69+0.20 2.96+0.25 3.24+0.38 1.53+0.14
ASI1331 Strand fluffier 0.84+0.17 0.73+0.12 1.19+0.24 2.78+0.30 1.38+0.12
ASI1336 Strand fluffier 1.02+0.09 1.16+0.21 1.45+0.24 1.71+0.45 1.34+0.18
ASI1337 Strand fluffier 1.39+0.16 2.20+0.13 2.88+1.06 3.44+0.40 1.38+0.09
ASI1338 Strand aerial 1.79+0.09 2.68+0.22 3.82+0.03 3.16+0.18 1.55+0.09
ASI1339 Appressed 0.86+0.14 1.11+0.20 1.48+0.17 1.80+0.12 1.81+0.10
ASI1340 Appressed 0.73+£0.13 1.09+0.23 1.90+0.10 252+0.04 2.88+0.07
ASI1343 Appressed 1.61+0.08 252+0.30 2.60+0.61 3.96+0.34 1.98+0.55
ASI1345 Strand fluffier 1.07+0.03 2.23+0.11 2.72+1.00 1.98+0.55 1.75+0.53
ASI1346 Strand fluffier 1.18+0.14 160+0.28 2.20+0.17 2.18+.010 1.25+0.07
ASI1347 Strand fluffier 1.77+0.37  163+0.32 3.36+0.17 3.184+0.16 1.49+0.15
ASI1348 Strand fluffier 1.10+0.58 1.95+0.45 1.88+0.64 2.784+0.26  1.34+0.19
ASI1350 Strand aerial 1.33+0.26  1.18+0.09 3.83+0.15 3.72+0.44 1.63+0.08
ASI1396 Strand aerial 1.34+0.12  1.84+0.14 1.88+0.09 1.48+0.16 0.99+0.10
ASI1400 Appressed 1.67+0.05 216017 2.36+0.39 2.83+0.14 -

ASI1415 Strand fluffier 1.434+0.12  1.43+0.07 1.77+0.16 2.32+0.21  1.63+0.40

_90_



# 3-4 PDAMIAY oW Al ALY Mgy 4GS0 o

i
.
o
ol
e

Temperature Group of Agaricus bisporus strains
(C) Al B C D E

0705, 1024, 1054 | 1343, 1089, 1074 | 1320, 1246, 1396 | 1346, 1153, 1103 | 1323, 1325, 1159
1326, 1338, 1179 | 1324, 1053, 1007 | 1086, 1350, 1195 | 1348, 1146, 1345 | 1339, 1331, 1225
1347, 1096, 1400 | 1321, 1085, 1415 | 1032, 1310, 1078 | 1177, 1313, 1336 | 1340, 1072, 1140
1038 1337 1183 1167

10

1326, 1338, 1089 | 1348, 1400, 1032 | 1096, 1396, 1053 | 1415, 1325, 1086 | 1103, 1146, 1350
1343, 0705, 1007 | 1179, 1085, 1074 | 1024, 1321, 1153 | 1167, 1313, 1225 | 1336, 1339, 1340
1246, 1324, 1345 | 1054, 1310, 1078 | 1346, 1347, 1320 | 1177, 1072, 1323 | 1159, 1331, 1140
1337 1038 1183 1195

15

1338, 1350, 1324 | 1345, 1343, 1085 | 1321, 1346, 0705 | 1340, 1183, 1396 | 1325, 1313, 1336
1007, 1038, 1347 | 1089, 1153, 1225 | 1074, 1179, 1246 | 1096, 1348, 1053 | 1339, 1331, 1177
1054, 1326, 1337 | 1024, 1310, 1103 | 1320, 1078, 1146 | 1086, 1415, 1323 | 1167, 1140, 1159
1032 1400 1072 1195

20

1343, 1054, 1086 | 1089, 1053, 1032 | 1400, 1348, 1085 | 1074, 1340, 1313 | 1146, 1345, 1323
1038, 1310, 1321 | 1326, 1347, 1338 | 1331, 0705, 1177 | 1159, 1415, 1096 | 1320, 1339, 1336
1324, 1007, 1337 | 1103, 1153, 1024 | 1325, 1246, 1072 | 1346, 1167, 1195 | 1140, 1078, 1396
1350 1179 1225 1183

25

1340, 1310, 1024 | 1078, 1054, 1085 | 1323, 1103, 1350 | 1347, 1195, 1246 | 1167, 1336,
1007, 1072, 1032 | 1038, 1415, 1086 | 1325, 1074, 1324 | 1321, 1337, 1225 | 1183, 1346,
1146, 1343, 1089 | 1339, 1096 ,1345 | 1320, 1338, 1326 | 1331, 1140, 1177 | 1396, 1159, 1153
1313 1053 0705 1348

30

' A(Strong)>B>C>D>E(weak),
At Group A - Red color is Brown starin /Blue color is domestic breeding strain

exzay AREA AT 10T 2PS 15C, 20C, 25C =A% o] 4BL wyow,
15C =3 =3 20C, 25C ok o3 Aodues HJom, 20C-25C ol B A
2 Byon}, 0T AL TE L5 245 43o] Gt 202 JERRTHE 3-5)

ZAHE BE #FE 0TolA Hd AEESEE Kol #7083), 25CollA Hd AFEEE
Hole Ao BRAYCM, 53 4] #FE NCTAA A%How Frlehe
PFE BYTHIY 3-3).

sEulyel 53 279 ASI3139 ASols 0CAA A%HoT FAYFEEL F7hs
t Ao zAsel ¥% 12 A% A3 FFE BEUHA Ue AoE BUHAHI
% 3-4)

® 35 FANFL RO nhE AR RA

A8) B(32) C(@)

10T 1
15T  0.72sx 1
20C  0.58#x  (0.61%= 1

e o4z 04de 063 1 15°C 20°C  25°C 30°

O

30C 0069 013 0.23 0.27 1 T3 33 57 FERo] Lud FAMIA &% HkS

o 1 O
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b Al A2 Ty Ad AF
- AlFAAEARHY fddFE TSRS HATd A s3]k
Pseudomonas tolaasii, P. reactans, P. agarici 75 A @l &&33uth A4
A Al A= AAA =T CDAvjA & Al 521 R2AWA|(BD, USAE F+H
st AzxstAutt. EFHE FAMA A FFoIHA FFE cork borerg ©
A7E HFS O3 79 wiFEt AT 7Y wi e &
o MPEEC R 10mm A Fol AlAAERE FEdTE

o
Or
o AT

1o o Mo
>
& do o

o, i
—
i)

o oo
ol
-
2
(2]
=
=]

=] (o] Z)=] S o = ==
2043t wigFste] dAREG S B AZAH FFE ASSAH 3-5, &
3-6).
No. Name of Pseudomonas sp. Number species of Pseudomonas sp.
of ASI P. tolaasii P. reatans P. agarici of ASI P tolaagii P reatans P agarici
1007 1310
1024 1313
1032 1320
1038 1321
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1053
1323

1054

1074 |[i% | 1z |
¥

1078

1085 1331

L f - .'—I II':I
1086 + & 1336

wss | N 1337 |
\

i 4 Fe
10396 1 1338 ( .

1103 | 1339

1140 i 1340 1
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1148 1343

1153 1345

1159 1346

1167 1347

1177 1348

1183 1350

1195 1396

1225 =7

1246

a9 3-5. 3 LI xw 2} Azt
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® 3-6. T FFolo ATAENE AL A=

Information
of Strain
(45 strains)

Degree of resistance to Pseudomonas sp.

P. tolaasii

P reactans

P, agarici

ASI1007

+++

+++

+++

ASI1024

++

+++

++

ASI1032

++

+++

++

ASI1038

++

+++

+++

ASI1053

+

++

ASI1054

++

+++

++

ASI1074

+

+++

++

ASI1078

++

++

++

ASI1085

+++

+++

+++

ASI1086

+++

++

ASI1089

+++

++

ASI1096

+
+

+++

++

ASI1103

++

ASI1140

ASI1146

ASI1153

+++

ASI1159

+++

ASI1167

+++

ASI1177

++

ASI1183

++

ASI1195

++

ASI1225

+++

ASI1246

o T S e R e (A o I AR

+++

ASI1310

+++

+++

ASI1313

+
+

+++

ASI1320

+++

ASI1321

++

ASI1323

+++

ASI1324

+++

ASI1325

+++

ASI1326

+++

ASI1331

++

ASI1336

++

ASI1337

o I S I R o o T A

++

ASI1338

+++

ASI1339

+++

ASI1340

ASI1343

++

ASI1345

++

ASI1346

+++

ASI1347

+++

ASI1348

+++

ASI1350

+++

ASI1396

+++

ASI1415

+++
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Degree of resistance

Strains

(Collected strain
from RDA,
GBPT1601)

Pseudomonas

Strong(+++) Medium(++) Weak(+)

tolaasii

(Collected strain

Pseudomonas

reactans

from RDA,
GBPR1601)

(Collected strain

RDA,GBPA1601)

Pseudomonas

agarici

from

09 36 F& FEolmAY Add DU

A o] Al A S F Pseudomonas tolaasi®t TRl F Al &I A
3 A= g3 g}tk P olaasi 450 HAE%E 75 x 107 CFU o,

Z 4508 ¥ T UAF7F A S Bion, 3ldTe Ards Btk AFAE 5
T ME P tolaasie dol7t= A AFAEE B 475 UJAN, P folaasire E13t
T Oa Aol FEFH Av dEE AT BFAE FFEdAE A7 AFE8E B
TFEE AARoH, vjA] g o2 HAH] FAAES JAEHJAT FAFHEOE
ZNFHAES A At EE5E dZHAJAH IR 3-6)

(th 43 SEolHA AAA AMEAL 2L F8 2 EA Hr}

T3 AeE 197 =
1 WA ALl A 22~23TC,
Hj ¢Fo] 80~90% <=4

W SYUAE ol gste] TEe Az, A= 2YPF
sho] whgn) o] HE3AT HES =0
S5 60~70%, LdEie] A zNA oF 15~20U7F wiFEt
A o] 4em EESY AA A WolE 39T

Mok
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e
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Fo 165g (12.2g~22790% =ZAEUS. #e BF AEE 115ke/oi (8.5~14.2kg/

cii) ©] ATH
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- FAAYe BE FEFe 1
bag
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a9 3-7. dARSE, ALA 549 A

42.7kg/2kg bagol o.M, ASI114074 & 37.8kg/2kg

05 10

-02 08

<05 10

=05 10

-10 10

A~E:Mycelial growth at 10,15,20,25,30°C, F:Resistance of £ (folaasi, G:Resistance of P. reactans,
H:Resistance of P aggarici, 1:Required day for pinhead, J:Required day for harvest, K:Diameter of

pileus, L:Thickness of pileus, M:ndiviual weight, N:Hardness, O:L of Chromaticity,
Chromaticity, Q:b of Chromaticity, R:Yield

_97_

P:

a of



F 3-7. %Fo] ¥A

AAA e o AuE

E ]

o
Ir}format Required days for Pileus (mm) Chromaticity

lé)trll‘ai(ilf In\iic\;igc}:ial Hardness Color of /S]((i‘:kli

(45 pinbeading harvest Diamete Thickne (g (kg/cm2) Pileus L a b (¢/2kg bag)
strains) r 88
ASI1007 19.3£1.2 4.0+£2.0  44.0+25 19.3+1.2 12.5£1.0 11.0+0.2 white 88.9+1.9 2.2+0.6 13.5+1.8 159.0+14.9
ASI1024 16.242.6 6.4+0.9 43.9+£3.0  17.0£1.3 14.3£2.3 11.4+0.3 white 85.6+3.7 2.6+0.9 15.4+1.8 113.2+30.3
ASI1032 17.6+0.9 5.4+1.1 43.8+3.4  16.9+1.2 12.3£2.2 11.2+0.1 white 87.7£4.0 1.4+0.8 11.3+1.9 139.7+21.9
ASI1038 14.4+0.6 4.8+1.2 45.2+5.5  20.2+2.0 18.1+4.2 12.4+0.3 white 91.1£1.6 1.2+0.4 10.2£1.5 221.3+£28.0
ASI1053 23.842.6 8.8+3.4 43.5+3.4 18.1+2.8 15.3+6.0 12.9+0.3 white 87.2+3.6 1.9+0.8 13.3+2.8 66.9+36.6
ASI1054 17.4+1.1 4.0+1.2 459+3.2  18.8+1.6 21.0+4.5 13.5+0.4 white 90.3£1.6 1.240.2 10.7+1.6 162.0+18.8
ASI1074 21.840.5 6.0+1.8 45.8+3.1 19.5£2.0 17.6+4.3 12.3+0.2 white 89.9+1.9 1.2+0.4 11.6£2.1 82.2+£9.2
ASI1078 17.6+1.8 7.4£2.1 44.8+3.5 15.7+4.1 14.6+5.2 11.9+0.3 off-white 76.8+3.8 3.94+2.3 14.8+3.7 97.0£25.0
ASI1085 17.7+0.6 5.742.9 42.8+3.8  16.5£3.1 15.4+4.7 10.5+0.2 white 88.1£3.1 2.2+1.4 12.0£2.7 167.1+41.6
ASI1086 17.8+4.4 5.8+0.8 42.5+1.3  18.0£1.3 14.0£2.5 11.3£0.1 brown 66.6+7.4 7.0£1.4 15.7£2.2 127.5+29.9
ASI1089 21.3+0.6 6.3£0.6 43.6£3.6  19.9£3.4 14.7£5.5 9.8+0.3 white 91.6=1.1 0.7+0.4 9.8+1.0 91.3+40.6
ASI1096 18.0+1.7 5.2+1.1 44.5£3.2  19.242.0 15.443.0 13.0£0.2 white 90.3£2.2 1.6+0.7 11.742.1 139.1x15.6
ASI1103 14.2+2.7 2.8+1.1 46.4+£6.8  20.0£1.9 18.8+5.7 8.8+0.4 brown 59.6+6.3 8.6+0.7 18.4+1.4 112.2+16.5
ASI1140 24.3+54 7.3+1.7 41.5¢1.6  17.2+1.5 13.3+1.2 11.3+0.3 white 90.8+1.4 0.7+0.4 8.1£0.6 37.8+14.6
ASI1146 Not occured
ASI1153 16.2+2.0 5.0£2.2 43.8+2.9  17.8+1.9 16.7£2.9 9.5+0.2 brown 61.3£8.2 6.8+1.7 16.9£3.2 170.0+£20.7
ASI1159 15.0£2.9 3.0+1.3 45.0+£5.3  20.6+2.4 19.34£5.5 12.5+0.4 brown 66.4+7.3 7.0+2.4 15.1+4.2 147.5+27.1
ASI1167 13.6£3.1 4.4+1.1 452444  21.243.1 20.746.3 11.3+0.5 brown 66.2+5.4 7.2+0.8 17.1£2.2 214.744.3
ASI1177 12.0+1.7 5.0£1.0 42.9+2.5  18.7%1.1 15.8+1.9 10.6+0.2 brown 55.4+3.1 9.4x1.6 19.0+£3.1 174.8+7.6
ASI1183 14.3+2.5 5.0£1.6 43.3+£2.5  18.5+1.7 17.2£2.7 9.4+0.3 white 90.2+1.3 0.9+0.3 10.4£1.2 195.3+15.4
ASI1195 11.8+0.5 6.5+0.6 42.2+0.9  16.5£2.5 13.8£1.9 14.2+0.4 off-white 81.1£3.8 3.7+1.6 14.7£1.7 166.2+32.4
ASI1225 17.0+1.7 5.3£1.2 43.2+2.8 18.9+0.9 15.7+1.4 10.0+0.5 white 93.0+1.1 0.7+0.2 8.1+0.8 120.2+12.6
ASI1246 14.8+2.9 6.0+1.4 43.9+2.7  18.9+0.8 17.1+1.4 11.7+0.6 white 91.1+1.7 0.7+0.3 9.5+1.9 116.1+12.9
ASI1310 21.0+0.0 8.0+0.0 41.7£4.0  17.0£2.5 12.243.6 11.7+0.2 white 89.9+1.9 1.5+0.6 11.842.5 111.7£10.2
ASI1313 17.0£1.9 6.2+1.8 41.3+2.1 16.7£0.5 16.1£2.4 8.5+0.6 white 86.8+3.0 1.9£1.1 14.3£3.3 100.4£15.4
ASI1320 11.8+1.1 4.842.3 44.7£39  17.6+1.8 17.3£2.9 12.0+0.2 brown 57.5+4.5 8.5+£0.8 17.9+0.9 146.3£7.9
ASI1321 16.8+2.7 5.2£1.1 42.3+1.8  16.6£2.7 14.5+£2.5 12.0+0.1 white 88.7£3.2 1.4+0.6 11.8£2.7 196.1+46.8
ASI1323 12.4£2.6 5.8+£3.6 43.8£5.6  17.1£2.0 16.5+4.2 12.4+0.6 brown 60.6+2.4 7.6x1.1 16.6+2.1 161.8+25.7
ASI1324 21.64£3.6 6.0+0.7 45.5+3.2  18.2+1.9 17.443.0 11.4+0.3 white 89.4+2.5 1.1£0.1 11.3+0.7 116.8+39.5
ASI1325 14.243.6 4.8+1.6 45.1£2.3  17.5+£1.0 19.1£2.3 11.8+0.2 brown 67.8+6.4 6.5+1.2 14.5£3.8 154.2+28.0
ASI1326 12.0+0.7 4.6+0.5 46.7£54  19.6£3.0 20.1+6.7 10.6+0.4 white 90.1+2.8 1.1+0.3 9.7+1.3 170.8+13.3
ASI1331 19.2+1.1 8.4+3.8 43.5+2.2  18.6+1.2 16.0+1.8 13.8+0.6 brown 67.5+7.6 7.2+1.9 18.1+1.3 97.1£33.9
ASI1336 11.8+1.8 4.0+1.9 44.5+5.1 18.71.4 19.6+4.9 11.8+0.7 brown 63.3£5.7 8.2+0.5 18.4+£2.4 158.1£12.3
ASI1337 15.8+3.8 5.6+1.7 45.8+2.7  19.243.1 22.7+4.2 11.7+£0.2 white 91.0£1.1 1.1£0.1 10.1+0.7 203.7+52.7
ASI1338 20.5+2.1 6.5+2.1 42.3+1.7  18.1£1.6 13.842.4 11.2+0.1 white 91.5£1.5 0.7+0.4 9.942.2 122.6+14.6
ASI1339 19.5+¢1.7 8.8+1.3 459+3.6  21.1£2.5 16.9+4.4 12.3+0.6 white 87.1£2.5 2.2+0.7 13.9£1.5 90.0+£27.5
ASI1340 Not occured
ASI1343 Not occured
ASI1345 16.6+1.9 6.8+1.6 43.4+3.1 17.4£2.4 13.7+2.2 8.9+0.3 white 89.0+3.3 1.4+0.8 12.34£3.6 115.5+21.3
ASI1346 18.6+1.5 6.0£1.0 41.7£2.0  18.4+2.1 14.6+2.2 11.0+0.2 white 91.2+1.2 0.8+0.2 10.0+0.9 109.3+17.7
ASI1347 13.4+4.4 6.0+1.0 47.0+£5.5  21.842.9 20.4+4.8 11.9+0.4 white 91.3£2.7 0.9+0.5 8.8+1.1 217.0+£29.8
ASI1348 13.6£2.1 4.8+0.8 44.5+2.4  19.8+0.8 19.943.1 13.0+0.2 white 91.0£1.6 0.94+0.2 9.8+1.8 194.5£26.0
ASI1350 15.6£3.1 7.2+0.4 44.0+£3.7  18.7£1.8 17.1+4.8 11.1£0.6 white 91.4+1.0 0.7+0.3 9.0+1.4 186.3+27.6
ASI1396 17.4+0.5 4.4+0.9 41.6£1.0 16.8+1.4 15.342.3 13.5+0.3 brown 65.7+£5.7 8.0+1.2 17.7£3.0 166.8+25.2
ASI1415 11.3£0.5 3.8+0.5 46.1£3.8  18.2+3.8 20.1+7.2 12.0+0.4 brown 62.7+4.9 7.4+0.7 16.5+1.3 154.3+14.6

_98_



Fluorescence % NanodropS ©] &3 &= 2 &5

23,130
€415
£ 557 .
4,981
]

2,322
Z02T

AR BE, gDMA shearing

1 EI'ﬂIE'..E'] El HIEI' DMNA end-repair

Adapter ligatien

Flow cellZ} A2 & X cBotd]

2. #2{2E M4 T
ZEOW A WPy
] Flow cell2} A2 e
3. Sequencing ZEIY MY Y 4E
First Reading
Moty

4. Paired-end g4 ZEON MY Y YuE B
reverse 7Rt DNA B4

5 Flow cellh A2 2%
5. Sequencing ZEOY Y W uY
second Reading

WA O0E E4 H ol FY
6. ClojEf 4 A2} aHo| Zetel £4
Gapped Paired-end Xl T2

19 3-8, FAA AEA (Re-sequencing) &Y TEE

4 3 45678 910111213141516

.'h..J‘nL_,.L;_,___‘L_,H,

Ol el el B ek e

_99_

4
3 =, 2 A 2 JE FAARES wlg oz 357 2o
S FASFHT™E 3-8). AdH 3871 #5] tis] DNA =%
= | ﬁ}‘;’iﬁ}(la 3-9).

o

)
=



- =R dR"
3-10).

gDNAS|

h &H

D gDNA 1~5uge Covaris system< ©] &
st Asl= Atolzg dAdsta
QIAquick PCR purification kit= *J =3k
%, bioanalyzer high sensitivity
kit(Agilent)& °]-&ste] Z715 &3

@ TruSeq library sample prep

kit(Mlumina)-& ©]&-3}~ end repair, 3 *
overhang, adaptor ligation 4 & A3
%, QIAQuick PCR purification kit =

A

@ olFE} £& AE ANE

Agarose gel(BioRad)oll #7195

e =

Kit(QIAGEN) o .= A A &

2%

)

O T %—:—T‘L—

Zhgk) o gel extraction

@ DNA polymeraseZ ©]&3}o] PCR %
%, AA S glolBy e Aze $4Eg

- AZA librarys AES &
S3tel o v (E
Agaricus bisporus var.
&gkt 38 #54
ZA)3} ASI1400(E £,

[e)
A4S

24 A7]°] DNA ©g &3 &
3-8), FFol EFE FAA

gk FRA A2

A A 367 ol

library &

Purified Genomic DMNA

Fragments of less than
200 bp

Blunt ended iragmanla with
3 phosphorylated ends

3'-dA overhang

Adapter-modified onds

Removal of unligated adapters

Genomic DMNA library

o] WAl library A& A%

bisporus H97 (assembly Agabi_varbisH97_2)2]
Ay 24d¥® Aoz FHkE ASI146(3h=,
gk F3A4 ARE FHH,

Al zre AT 1™

HETHow A f

X = JGI genome portalel A

A

A

MES

71 g ol Roj:= tFE downstream¥} upstream F-¢ollA 2zt 39.29%, 38.64% =

o], exond
o] ¢ dapthe
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library A2+ 23}

plant Tape Volume Tape Main peak
N number +5 FRAY 59 A% Concentration (uD Quantity Size
(ng/ul) (ug) (bp)
1 1-11 ASI1195 = 1.6 15 0.02 562
2 1-17 ASI1339 W Ed L 2.9 30 0.08 554
3 1-19 ASI1400 gu ul 3 30 0.09 542
4 1-20 ASI1415 i hokdy z 6 30 0.18 534
5 1-28 ASI1323 FAA= z 5.5 30 0.16 571
6 2-01 ASI1337 = Aot W 20.9 30 0.62 555
7 2-02 ASI1348 Ll N= ul 29 30 0.87 567
8 2-03 ASI1347 gk A L 29.4 30 0.88 552
9 2-04 ASI1338 hr A uy 30.3 30 0.9 559
10 2-05 ASI1350 = At uy 41.9 30 1.25 546
11 2-06 ASI1024 o gt ) 384 30 115 538
12 2-07 ASI1072 dok= uj 44.9 30 1.34 539
13 2-08 ASI1089 I EL 39.6 30 1.18 530
14 2-09 ASI1096 292 Ll 26.6 30 0.79 575
15 2-12 ASI1310 o= u 3.5 15 0.05 565
16 2-13 ASI1313 2| Yo} ul 24.7 30 0.74 555
17 2-14 ASI1321 SR A=t L] 22 30 0.66 547
18 2-15 ASI1324 S5 ] 11.7 30 0.35 554
19 2-16 ASI1326 TFAA= ] 10 15 0.15 554
20 2-19 ASI1345 s A15(AHh kL 20.3 30 0.6 580
21 2-22 ASI1074 = 705 z 12.9 30 0.38 541
22 2-23 ASI1032 w5 z 29.8 30 0.89 544
23 2-24 ASI1053 zgx z 15.1 30 0.45 551
24 2-25 ASI1086 ==y z 104 30 0.31 529
25 2-27 ASI1177 g z 20 30 0.6 548
26 2-30 ASI1331 Bk z 10.5 30 0.31 530
27 2-31 ASI1336 B4 z 6.9 30 0.2 530
Variations
= B 5UTR
251 H Exon
W Splice Donor
204 J Intron
o Splice Acoepfar
J 3UTR
10 Do
W Interg
e ! Donor Intion  Acceptor - “SUTR  Down Intergenic

19 3-11. 998 SNV ®oj
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¥ 3-9. ol A HAA BAH A3
U e pgwe o 4 sgene QR0 mapping Average OJGEC COGREC
v g c rate(%) ’ p rate(%)  rate(%)
1 ASI1007 gk Z+ 3,458,237,636  94.69 84.84 82.82 96.5 87.97
2 ASI1024 o vk ul 4,287,763,686  88.67 86.19 100.87 99.75 95.36
3 ASII032 H) = ZF 4,284,591,478  88.76 83.15 97.63 95.56 90.16
4 ASI1038 w) = o 3,038,572,094  94.76 89.13 76.55 95.51 86.21
5 ASII053 Ze ZF 3,764,085,720  84.04 81.84 80.83 95.66 86.75
6  ASII072 k= Hl 3,828,596,846  88.41 89.04 93.73 99.88 93.85
7 ASII074 e 705 Z 5,093,632,566  89.33 85.99 119.02 95.93 924
8  ASII085 7h ek W 3,393,656,748  94.51 87.97 84.12 95.45 88.05
9  ASII086 7Hu ek Z 4,309,867,670 89.5 80 94.31 96.59 90.76
10 ASI1089 R H o 4,143,431,846 88.44 83.92 95.42 95.76 89.34
11 ASI1096 292 a - 4,061,493,810 86.9 85.63 94.37 95.8 89.64
12 ASI1103 dE Z 3,499,645,460  94.23 85.47 84.25 96.51 88.09
13 ASI1140 5d W 3,307,898,412 95.6 91.49 85.37 99.83 92.59
14 ASI1146 El=n Z+3,091,925,226  95.72 2.09 1.94 0.06 0.05
15 ASI1153 e Z 3,347,654,296 94.8 89.37 85.42 99.85 92.25
16 ASI1177 g Z+ 3,696,969,240  88.35 79.96 81.31 96.48 87.41
17 ASI1195 o 7 = 4,235,306,286  78.68 81 84.62 95.91 87.29
18 ASI1225 e wo 3,117,825,954 94.61 88 78.04 95.54 86.08
19 ASI1246 Eisn W 3,254,593,298  94.79 85.97 79.77 96.43 87.26
20 ASI1310 T u o 4,067,956,006  85.81 84.3 88.99 95.14 87.2
21 ASII313  &=ZHyo} wl 5,647,228,464  85.77 88.16 132.31 99.87 99.02
22 ASII320 dE¥E= Z 3,639,919,628  95.93 82.51 84.36 96.52 88.8
23 ASII321  vE@= Hl4,137,448,320  88.91 87.76 99.49 99.86 95.7
24 ASII323 wHEIAE= ZE 4,640,097,120 8191 81.07 95.04 96.61 90.56
25  ASI1324 S5 w 3,758,310,272  86.65 87.28 88.39 99.85 92.71
26 ASI1326 wHEIAE= uo 3,411,682,222  82.37 87.21 76.47 99.84 89.64
27 ASI1331 LR | 4 3,447,087,796  88.91 79.99 75.62 96.4 86.14
28  ASI1336 L=R= | Z 2,466,066,768  87.98 83.65 55.89 96.11 69.16
29  ASI1337 gk Ao} Hl4,445504,628  83.03 87.12 99.86 99.85 94.84
30 ASI1338 i A7 Hl o 5198,973,488  85.11 88.74 120.35 99.76 98.08
31 ASI1339 H Evt o 4,999,318,570  83.72 81.44 104.31 95.28 90.15
32 ASI1345 S5 Al5 o 4,102,744,896  85.77 87.79 96.33 99.86 94.46
33 ASI1346 g 737 a0 6,334,092,432 93.57 87.97 157.15 95.88 93.9
34 ASI1347 Sl A A B 5,055,399,970 85.3 88.17 117.96 99.87 98.47
35  ASI1348 g M= u2,100,542,880  82.78 88.19 49.52 99.72 47.39
36 ASI1350 G- A & ul3,210,457,508  83.21 89.1 76.98 99.86 89.88
37 ASI1400 A= o 2,105,750,266  82.04 0.3 0.14 0.03 0.03
38 ASI1415 gk ey Z+ 3,458,280,218  81.15 79.51 72.16 96.3 84.41
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Q) FHATSFY £ Fd AdF BEAES A% A9 vA A=

b FAA AR ARE &85 SSR vpA A

- ¥F f44 ARERE SSR F= =4SSR Finder)dle] annealing €% 2712 55~62C,
GC&=F 50% o]4tel™, PCR product =7]7} 200bp W ZelolME t)zkelatH T
g 3-12). o5 B s 16AE(FE 3-1009 +HA AR HARE EIf AFY
SSR #9& AHES}RL, HTHLE A ¥ Holv FAHE HASH 450
N ZetolHE YAl SHATH

Step 1 : Draft(Reference) A€ =Z%-E SSR finding
g2l =7 Repeat type : = dinucleotide repeats Perfect SSRel| tisl] &Y
SSR Finder : (ftp://ftp.gramene.org/pub/gramene/archives/software/scripts/ssr.pl)

Step 2 : E4¥ SSR F-#ol thit Ze}ojm Tyl

- Annealing 2% : ¢ 55-62T Primer Zo]: 18-26 mer (Opt. 23 mer)
- GC g : 50% o14< 7= PCR product size: 200 bases
S'-primer 3'-primer
25-bp | | 25-bp
Step 3 : Z= A}o]<] polymorphic SSR B4 o S +a00
g @ HLAEFEDAA Zetelw HAlE SSR Sais
lociel 16 #%%E¢] whole-genome resequencing R Y R )
data (%"2)‘%‘ OE‘]E}?_]_?]_E /\]71:]1 Assémbly _r-“_f_&p_-—b‘_?__
-

Samise1 - Sample N
Consensus sequence

(E1

Reference

Genome
H58 volE g ol gl 2 EZol ojs) =wn | |
o] A Ba] 43 Somiel Sampen ‘ ‘
Ho 2 locish St of 22 loci Atelef s
A9 Hlwsked length polymorphism &4 g+

Length Polymorphism

a9 3-12. #AA AR ARE Z83F SSR vhA AT "}

3 3-10. SSR w}A el &89 167] Al FE
5

eul wEd UMY EEW 4 9T ew gaw UAY EEd 4 90
e = B ' depth ‘- *© B °© ' depth
1  ASI1337 3= Ao} w9986 9 AS[I32]1 uvdT= wl99.49
2 ASII348 = A= w4952 |10 ASI324 sF W 8839
3 ASI347 &= A W 117.96 |11 ASI345  BF Al5 W 96.33
4 ASII338  F= A W 12035 |12 ASI4I5 &= =7 7 7216
5 ASI3%0 &= A% W 7698 | 13 ASIOT4 @ 705 Z  119.02
6 ASI1024 ot W 100.87 | 14 ASI053 EZe Z 80.83
7 ASI072  ®lw= W 9373 |15 ASI086  AHiith Z 9431
8 ASI313 & =w|Uo} W 13231 ¢ 16 ASII323 RFAUAE= Z 95.04
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- 45070 Zgtolw Fol A HHEH = Td 7| Eo] 7] ool PIC valuert %2 F9E
2 Addrste] 100719 wAE TP, YA o2 capillary(BAT) A7) A%E
284S Hrista, HEFHoRE AAdd 3070 v ol el 91 167 Aol gk
7V TSR THE 3-11, 17 3-13).

A
>
ot
o

£ 3-11. FHA A4 ARE 4% 1671 ASe] SSR 348 2 vpA HH

Name F R (?2) Pr;jzct
PNMSSR-001 CTACCAGCAGAACTTGGTCCT CTCCTACCCTCGTCACTCTTTA 58.5 199
PNMSSR-003 GTCGACTGGGTTACACTGGTAT CAGAGTCTGACACAGCAGGC 58 195
PNMSSR-004 TCACTCCCTCCATGAGTGTT CTTCATCATCTGCACCATCC 58.1 187
PNMSSR-006 CTGTGTAGACGTATGCGTAGTGG AGGTGAAGATGAGAAGGACCTC 59.8 183
PNMSSR-012 CCAAATCCAAAGCCTGTCTC ATAATCTTGGGCATGGGC 59.7 198
PNMSSR-018 CCTAACCTTTTCTGCGAAGC CAAGAAGCCCAGAAACTCAG 59.1 164
PNMSSR-020 CCTCGGAATCCTCTGAATCT GAGAAGGGATAGGCAGAGGTC 58.3 172
PNMSSR-023 CTCGTGCGACATCGACTAC AGATCGATGGAGAGGGACTT 57.9 155
PNMSSR-027 GGCGGAGTTGCTTAAGAGATAC TATGGATGTAGACGTTCCCG 594 200
PNMSSR-029 CACTCCACCATGCAAACTC ATAACAAAGGAGGAGGAGCG 57.6 185
PNMSSR-030 TCTGACGTTGTCCAGAGCTAC AATCCACTGCTCGTAGAGTACC 58.1 163
PNMSSR-032 AGAGAAGACAGCAGGGTTGTAG ATCCCCGTCATACCCATACT 57.8 175
PNMSSR-042 CAACTGGTATGAGTGCTCCTCT GTGTCAACCGACTCCGTATAG 58.5 181
PNMSSR-002 ATTATCTCAGCCAGCAGCC GTTGCTCGTCTATGGAATCG 58.0 199
PNMSSR-006 CTGTGTAGACGTATGCGTAGTGG AGGTGAAGATGAGAAGGACCTC 59.8 183
PNMSSR-007 ACGTCAGTCTTAACTGGGCTC GGGGATACATCTACTCACCCA 58.5 198
PNMSSR-011 GCTACGGGAAGTATGCTTAGAG TCAGATGATGGGGTATCAGG 574 176
PNMSSR-013 TAAGTCATATGCTGCCGAGC GTTATACTCAGCGACACGTTGG 59.0 184
PNMSSR-014 GCAACGTTCATCCTAAGGG GTGTGTACGTTCTCAAGCCAG 58.2 196
PNMSSR-015 CTGAGGATGTCCATACCCATAC AATCGCAGTATGTGCCTCC 58.3 200
PNMSSR-016 AGACTACGATGGAGACATCAGC GGTGGTGGAGGTGATTTAAC 58.4 180
PNMSSR-019 ATACGACGACTAGTTTCCCTCC CGTCTCATCCTAAACAACGG 58.7 181
PNMSSR-025 TCTATGGTCAGCAAGAAGGG TGAAAACGAGGCAGCTCTAC 57.9 152
PNMSSR-028 CTCAGCAACCAGGATGACTT GAGGAAGAGGAACCAAATGC 57.9 191
PNMSSR-031 CCGAGTTTGAGGAACAACAG GCAAGCGGTTATACATCTCG 58.3 166
PNMSSR-033 GTAGGCATCATTGAGGTAGTGG GTCTCCTCTACAACCTGCTCC 58.6 186
PNMSSR-039 CTGGAATCGACTCAGAATGG GGTGAGAGAGAACCAGGAGTAAC 58.2 186
PNMSSR-043 CCATTCGTGGGTGTTGAT GAAATGAGGAAAACGGGC 57.6 166
PNMSSR-044 CACTTGACAAAGCTCCCAAG TCACCCCAGTTCCAACTCT 58.5 160
PNMSSR-047 TACTGGAGATTTGACGGCAC CTCTGCTCCACAACTGTATTCG 58.7 180
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primer PCR A3} primer PCR A3}
......... Talad [ a1 a]a]1a "0: T P
PNM | PNM B -
002 — L 003 S =
[ [ER ERE] :
PNM PNM
004 007 —
T 7 [
PNM | PNM
009 ——— —1 o0 < — —
: Q[ & [ & [ & [ & [ & [ & [ & [ & [ & [ & [ & [ @& & [ ]
PNM B PNM
015 - = — — T 1 030 — ————
i [ [ [ [ & [ & [ & [ & %]« ] : B [ § [ & [ & [ & [ & [ & [ & [ %844 a9]4]a][%"
PNM | PNM -
032 — —_ i 039 —_— _ =
AN PAM
001 o012 = —
PNM N
018 — - 023
B - HBEBIBIBE BB BB BIBIEIEEIR]
PNM . PNM o
025 — 027 — —
HBBBE BB EIEIBBBEIEEIER HBIBEIEIEIBIEIBIBIBEIBIBIBEIEIEIE]
PNM - - PNM
028 —= e 043 -
BB EIRE BB REIBIEIEIRIEIE]R BB BB BB BEBEIBEIEIE]
PNM . PNM
044 — _—— | 04 = =
REIEIEIEEEIEIRIEIE E1E1E EIEIE] HHH BB EEEBIEEBE IR
PNM - - L PNM -
05 e e = 1 006 == = —
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kd

(WP FFol FE7AA HEE &3 4 48 SSR vpA A%
- ¥F #4444 AKX 3K . Agaricus bisporus var. bisporus HI7S &3l ARGOS, SSR
Hunter 1.3} Oligo Explorer 1.1.0. ©]-83}o] SSR #2915 & ©AsA T

u can see Forward and Reverse parts of respective

on both side and paste sequence with SSRs
d file and right side data to excel file

ARGOS SSR Hunter Oligo Explorer

29 3-14. SSR vlA AFL 9% AZEF O]

- % 33971 SSR wiAZF EMEJAL, di-motifE Zt+ F97F 282702 AA 83% ol
AL, 3 ol RIEMIES ztes FHA7F 57TAAT%E EAEHJoH(TIE 3-15). &
Aol A me4de =ol7] Hdl 3 o] MEALE Zte F-9lol thsl primerE Al

2bsk A THEE 3-12).

Repeat motif Repeat class Numbers (%o)
Di-nucleotide TC/CT 89 3156
=TC/ICT AG/GA 180 63.83
mAG/GA ATITA ) 1.06
BAT/TA GTTG 6 2.12
BGT/TG CG/GC 0 0
mCG/GC ACICA 4 1.42
mAC/CA Tﬂfﬂ 252 3319
#TGC/GCT/CTG Iri-nucleotide TGC/GCT/CIG 7 1228
BGGC/GCG/ICGE ggggg?g?g 5 ir.:fz
=CCG/CGC/GCC e y = e
=CAG/IAGC/GCA QA@AGCIGCA = L
GAG/AGG/GGA 15 26.32
wGAG/AGG/GGA CCTICTC/TCC 3 351
= CCT/ICTCITCC ATCT(AJC‘\T 0 0
ATC/TCAICAT CTTATCICT 3 526
mCTTTCTCT CGT/GTC/TCG 0 0
{CGT/GTCITCG AAG/AGA/GAA 5 877
2 AAGIAGA/GAA TIGTGT/GTT 3 8.77
“TTGTGT/GTT GGT/GTGTGG | 175
GET/GTGITGE CAC/CCA/ACC 2 351
CAC/CCAIACC AAC/ACAICAA 5 877
Total 57 16.51
Total repeat motifs 339

a9 3-15. FEol EF 4AA PR BB SR 2
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A5 A% SSR vl B2

. ) F-Tm R-Tm
No. name Forward primer Reverse primer
() (0O
1 Bra2A05 GAAGTGGCATTGGTCG GTCTTCACGGCTCTGACT 46.2 46.3
2 Bra2A07 AAAGGAGAAGTCGGG ATGATTACGCCAAGC 40.6 39.9
3 Bra2E04 AAGGGCGGTTAAAGGACG TTCCGACAATTCGAGTGGAT 53.9 54.1
4 Bra2F04 GCTGCTGCTGTTGITGTT GACCATGATTACGCCAAG 48.8 48
5 Bra2G09 GAGGAGGAGGAGGAGGAGGA CACCGACCACGCCGAAAT 55.8 58.7
6 Bra2H07 GAGGAGGAGGAGGAGGAGGA CGCAATCGGAGTTCAGACG 55.8 56.3
7 Bra2H11 AGGAGGAGGAGGAGGAGGGA TTCACCGCCACCACTACCG 57.6 58.8
8 Bra3A04 TGCCAATCAAAATCAAAC GACCATGATTACGCCAAG 45.9 48
9 Bra3A05 GCCAGTGAATTGTAAACGAC TACCTTGATTTCCTCTACCG 49.4 48.4
10 Bra3A07 TCGAGTGGATGGCGTGGGA CAAACGGGCTGCTGAAAT 61.7 53.2
11 Bra3Al2 AGTTGTTGAGGCTATCGA ACGTTCTCCGTCTACTTG 44.5 43.9
12 Bra3E02 TTCGATTAGGAGGAGGAG AAATTAGATTGGAGGCAC 45.9 43.3
13 Bra3r03 CTCCACCGCTGGCAAACT CTATGACCATGATTACGC 55.7 424
14 Bra3G12 ACCTCGTGTAGAAACTGATC AGAAGTGTCCGTCTCCTT 45.1 44.9
15 Bral02-08 AACCATAGGGTCTCGTGC AAGAACCGTCGTTACTCG 49.1 47
16 Bral02-11 ACACTCCCAGTTTCAGCA ACCACCAACACTCATCCC 47.7 49.2
17 Bral02-12 TTGTAAACGACGGCCAGTG TTCTCCTCCCGCTTCCTC 54.1 53.8
18 Bral02-13 TTATTGAAGACCGCTTTACC AGAAGCCCGAGTAGGAGC 48.7 50.6
19 Bral02-16 ATTGACCGATAAGGAGGG GCTATGACCATGATTACGC 48.3 47.5
20 Bral02-28 GGACTACTGTTCGGGTTTT TCACTCTAATCTCCGCCTC 47.8 48.8
21 Bral07-5_B01 TGGACTAACAGGTATCGGGATT CGGTTGCTGGTTCAGAGGT 54 54.6
22 Bral07-5_C01 TCTTGCTCCGGTAACTCC ATCTCCACTCCGCATCTC 49.5 48.9
23 Bral07-5_D01 GTGCGTCGAGATTGATGT CAAGGGCGGTTGTAGGTC 48.1 52.4

=4

o

3-16),
B71e
14-ASI13260,
85t SSR

- FA48 237) WA
237 v T MEVE SR Yo
FPALCH  3-17), o5 T &
26-ASI1323, 27-ASI1331¢] PCR
RS FdsAtHaE 3-18).

i3] Gradient 43S §3 PCR A (1™
A Sl thal 4778 5l gk AR
ot ®HZ 05-ASI1350(A g1),
Lol DNA Sequencing<

ASI1336

529 513 489 468 456 450

ASI133E8
S50 542 529 513 489 468 456 450 550 542

ASI1323

529 513 489 46B 456 450 550 547

102-12

1% 3-16. 215 SSR WA e PCR =7 B4
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260
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‘,L' [ B A ,l'-J* oo r o 'E" o owm w.o;C 'l' w © W oo o o E @ o R "l' o @ o
Hhom 8 u.0 g A OE B a X a & p 3 w £ 0w o« W N T A i b b8 B &80y 5 BORE
Samples

R - A 3 & 7 & 3 10 11 12 13 1 15 16 1/ 18
] if ] X T
0 E A ¥ M z

19 20 21 22 23 24 35 2 37 2

19 3-18. Al4f SSR mi7|e] PCR ©H 7A€ &4
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(th 71& BaE ¢fFo] vi7 ArR+3 2 PCR =24 g9
- UFPF primerol o3l gradient PCRS %3l annealing =31

- 7] ®31¥ SSR primerell o3l gradient PCRE

Agaricus bisporus UFPF markers

z=31e FAHTH 19

e LB Rescarch Avice

The Korean Journal of Mycology

PCR CH M0l 2|8t 2&0| (Agaricus bisporus) HIE2
SHH Cly 24

wRE” - B - 2kl - S - ool Y

‘B el SN, (FIAOAPILO HE, S E IR FHE Y

Genetic Diversity of Agaricus bisporus Strains by PCR
Polymorphism

Kyong-fin Min", Jong-Kun Kim', A-Min Kwak', Won-Sik Kong', Youn-Hee Oh' and Hee-Wan Kang*

No. Primer Sequence (5-3) GC content (%) Polymorphic bands
1 UFPFL | ATCCAAGGTCCGAGACAACC 50 5
2 UFPF2 | GTGTGCGATCAGTTGCTGGG 50 7
3 UFPF3 | CCCAGCAACTGATCGCACAC 50 9
4 UFPF7 | AATGTGGGCAAGCTGGTGGT 50 8
5 UFPF9 | AAGAGGCATTCTACCACCAC 50 7
6 UFPF10 | CCATATTTTGGCCGGCTACC 55 2
7 UFPF11 | AGAAGACGGGAAGAGCGTAC 50 6
8 UFPF12 | CCAGTTGCTATAAGAGGCAT 45 4
UFPF 1 UFPF 2

"Gracbate Schol 0 fumre Comenpnee lechnology. Hankyong National Universzy. Ansung 456749, Kored.
IR Bofech. o L, Anaurg 436-749, Kerea
Mushrom Science Division, National ingitue of Foricubtursl s Herbal Scencs, ROA. Fumseorg 369473, Keres

UFPF 7

e

UFPF 10

UFPF 11 UFPF 12

1% 3-19. UFPF primere] PCR ®Hg =7 g4l

53| annealing =718 AT H 20).

ABSERS0

154-160

ABSSR53

“Agaricus bisporas SSRmarkers
No. | bocus Forward primer Reverse primer SSRmotif (T 2‘) Sucleol:.fe;he 5"2:)"52 ["E:‘ mm‘;”&*: lx::‘)';; 3;"[:-’; VSRS IeE
allele (bp)
1 |AbSSROS |ATCAACGACTIGATTGCTGAAG |TGCGCCCACTACTAACTTACAA  [GCT)S 55 220 329-332 APPLED GENETICS AND MOLECULAR BIOTECHNOLOGY
2 |AbSSRO9 |ACAAGAAGGGGAGGATTGAG | ATAGTCGCGTAACCCCTCTT  (TGC)S 55 157 154-160
3 |AbSSR23 | TTTGGGATGTGACCAGACTT | AACGTTGGGTTCAATGAAAA  (TG)S 55 180 174-180 Novel microsatellite markers suitable for genetic studies
4 |AbSSRe2 |CGCCTGCTICTICGACTAAC | TGCTA CATC 55 185 160-189 in the white button mushroom Agaricus bisporus
5 | AbSSRS0 | GAGGGATTAACGGACTGTIT | GCTGCTGTCAGGAACATAAA  (TG)6 55 164 152-164 O——
6 |AbSSRS3 |TGATAAACCAGAGGACCGAAA |CACATCTCTACCCCCICTCG  (TA)S 55 197 193-200 i
7 | AbSSRS6 |CACCACTAGCAGCGICAGAG | CATCGCAATAGGGGCATAAC  (AG)S 55 26 217-228
8 | Abssrss |ATGTC T feTe)s 55 171 164-179
9 | AbSSR62 |GTTGGTCACGAACTCATGCT | CCCAATCACCTCCTTGTGT kro10 55 145 139-151 Reseived: 1§ Febriary 2009/ Revised: 28 April 2009/ Acceptod. 28 April 2009 /Published online: 12 May 2009
& i
10 |AbSSR6S |ACCTCAACGATTCCAACGAC | TCCATAAACACCCCTICTCG  (TG)10 55 210 190-215 o o
ABSSRO5 ABSER0O9 ABSSR23 ABEER4Z

160-189

ABSSHSE

ABSSRHE

3-20. SSR primer<]
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o FAFEl fAAAe Thep

- IAd == 2870 Al el ﬂ%é 7]&o| Ra® UFPF, SSR v}, 81 &
dojzl SSR wHAE 8t FHATIES %*46}%11, 22id =l #F3A ARAe

ME vpAE F71EL 477 SFAAL tiE] SR TEA B

ox
A

S|

=
o /=

- 1xpd= 2870 Alsol uis| 67) UFPF primer, 87] SSR primer7/} A5 v}# =x3H)
F3H1Y 3-2D).

olg3tel fAAY BHE

g 10 11 12 13 14

a9 3-21-2. 4ol

T 779 A8 H7F 43 SSR - primer)
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1%}
(%]
sl

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
m 2 S R R 23 R 3 2385 2 2 5 82 82 %9 5 L2 8 3B B 3 R 2 &8 B 2 5
Z 2 o424 4 2 2 2 4 =2 = 2 2 = 2 2 =2 2 ¥ 3 5 = 3 2 £ &2 2 =2 2 3
%2 % 2 29 9 2% g 222482 gn 2222222232325
AbSSRO5 = —_—
. ——— -—
329-332 -
300 - — 200
AbSSR09 %0 - - . — 20
153160 . i —-— f— e ——————— e
AbSSR23 |, |——————— e = — e —_—
174-180 o — — — — —
AbsSR42 [z | — —
160-189 N — a—
- | o
AbSSR56 o e =N
217-228
AbSSR58 200 N )
164-179 — pa—
" R — W N
a9 3-21-3. &FFo] 4 +F9 F+8AE H7F 2434 (SSR - primer)
- 225l ARAFAA AEANA A wpAC s 477) FAL A g FHdAF
Yy 7t FYsAHaE 3-22).

BT

PNMO018 =

500
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PNMO023

0 —_— - e e e e s e e —_——
15 18
o 100
35
— 500
0 00
300 00
PNMO042 . — e .
20 = = —— = — 20
100 100
3 3
50 500
40 490
30 = — = p———— — 300
PNMO27  .* — i
200 3 — ¢ — —_— == f—fu—— o s e e — 200
100 100
s
500 500
e 0
i 00
2% - v 2
PNMO029 - = == = 2
150 150
100 100
500 50
0 40
30 === === = =

PNMO003 - === =e—==as —= SEemm—m—mmm—————————e— .,
PNM004 % _ e S - e
500 ’ 500
3‘23) } &'A’. )
PNM012 ——— = T = el =
150 ’ o
kLY ; — 15
PNMO20 = mmem= = ==—=— === == === S
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PNM030 B _ -~

PNMO032 —
; 400
PNMO001 o2 o —m—— e — R R =
\
pNMOO6 :::IIQ e ———— = - = = P

a9 3-22. A ALH AFolA LojX SR mAE Z&3F A Bt

(o3

- HFH o= UFPF, SR A9 #AAE A5 EURE 464152 +84 Fd<= 4%
Az, A 2/ AFeE FEIHJEH, [AFdE 347 Ase] TgHJow, 17
(ASI1078, =53, 28 2Ad-& AL ZE Ado] wAEolHa, Il 1Fol= 1470
Aol £FHA oM, ASIIBEIFFH, ZEMNE AT 1374 Ade] B fFolz 24}
HAT =S4 A EgolQd Aok A, A, AE, AREe BF SAoR YEs=T),
Ao, A, MR 2EFF A=, Aoz FTRFYSH, 3071 vANA 2 A4 A
F&olo] FLHo] JMssaTH Y 3-23).

i
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¥ ==
% 11; :—|_ 1
|4 |
S =1 |
= NI
18 3-23. 3 dFo] FAAY 46-9 FHFH gUA
2 38 FAaHA BAvpn) AR
Dz A A Expupz 74
- f A AR Fo) Lol SSR FhAC tE 167] AFCRA 13, 24 o] P FA
AE Hrt AdE vigo g wMalsgl A okEoloA F2ol3tA 2Fo]lE Hols nAAHRE
gaste] =3 FAAY F 3671 AFCRMEFo] WA 2371, ZAlFEo] wAl 137H)9
AR e TR S e e Y 48 FASYTHE 3-13, ® 3-14),



¥ 3-13. 2t A FEO o]l&H #F HF

A TFHs 4R 59 AL A (L)
W01 ASI1337 El= Aok LR 91.0
W02 ASI1348 gk A= LR 91.0
W03 ASI1347 gk A A LR 91.3
W04 ASI1338 Elen A ) Al 91.5
W05 ASI1350 gk At LR 91.4
W06 ASI1346 El=a 737 LR 91.2
w07 ASI1024 o 9k ) A 85.6
W08 ASI1038 o) = LR 91.1
W09 ASI1054 Z ELRY 90.3
W10 ASI1085 Mok LR 88.1
\\/a8! ASI1089 T LR 91.6
W12 ASI1096 E P o A 90.3
W13 ASI1140 =Y LR 90.8
W14 ASI1183 o) =+ LR 90.2
W15 ASI1225 Ele A 93.0
W16 ASI1246 El= LR 91.1
W17 ASI1313 < Z Yo} LR 86.8
W18 ASI1321 Elh=k=as A 88.7
W19 ASI1324 zF A 89.4
W20 ASI1326 FAAC LR 90.1
w21 ASI1007 El=a LR 88.9
W22 ASI1032 o) = LR 87.7
w23 ASI1053 Ty LR 87.2
BO1 ASI1415 3= 37+ zA 62.7
B02 ASI1086 Ase=; zA 66.6
B03 ASI1146 k= zA -
B04 ASI1153 El=a zA 61.3
B05 ASI1159 Ase=s zA 66.4
B06 ASI1167 SRS zA 66.2
BO7 ASI1177 SIRCH zA 55.4
B08 ASI1320 Elh=A= A=t zA 57.5
B09 ASI1323 FARNE zA 60.6
B10 ASI1325 FAAE zA 67.8
B11 ASI1331 Bgkd ZA 67.5
B12 ASI1336 Hzhz - 63.3
B13 ASI1396 b=t zA 65.7
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¥ 3-14. 2t A TR o]g® Zejolr] B
Zaloln] o zgtolm AE(5 - 3")
F : CTCGTGCGACATCGACTAC
PMN 023
R : AGATCGATGGAGAGGGACTT
F . GGCGGAGTTGCTTAAGAGATAC
PMN 027
R : TATGGATGTAGACGTTCCCG
F : CACTCCACCATGCAAACTC
PMN 029
R : ATAACAAAGGAGGAGGAGCG
F : CAACTGGTATGAGTGCTCCTCT
PMN 042
R : GTGTCAACCGACTCCGTATAG
- PNM 02302 ZZ3¥ Avo|A] 237] wajokdolo]A]l 172bp, 207bpe] THHo] BAIE| 91,
137} A EFo] MAlolA = 173bpe| ©Ho]l BFAEJAT. PNM 027078 Ao A=
2 FEole] 74 297bp, 341bpolA Eol2l G¥e] AT PNM 0299] Aol A=
237] WAdokZol o A= 242bp, 260bpe] Eo]Z el o] ZFstg 1, 137] 2GS0l

o A= 228bpel Eol2Ql wHo] A3t PNM 042 vl o A= 241bpollA] WA k4

o] Eo]xel WMy} 2H3Y

L

= e B8 s
Aol wlAmA A%

<}
4 FRATAN=

HoR AT

28 7t

a1, 208bpe] AAkEol HolHQl WMErE E-SATHE
3-24). 81 47 viHlE =FFoBM FAA A Fojxl DNACA 2t AL
E3 PNM

PN
T 3

fals

0277 PNM 042 CDS <4 4ol A]

Ao g AddEt

WO WOZ W03 WO WS WOE WOT WO WO WI0 WIT WIZ W13 W14 W15 WIe WI1T W18 W19 W20 W21 W3 W23| 801 BS02 803 B804 805 B0e BOV BOS BOY E10 B11 BL? EBId| M
i ] 20|
B B B EEEEEREEEREEEEEEEEEDEDE B|EEREEEEREEEEGEEG B|E
BE & g g BEEE g E B R g EBEE R EEREEREBEEBEREIESEEEEEERHBEEERGS|E
& F ¥ 8 2 E B E G 2 B 8 : o= H % o2 B B B Z 8 3|2 8 2 BB o5 oooH OB OE & BB oB|F
4 & 3 8 B8 & 2 RE B % o8 BB & B E s 8 8 I|F 8 &2 3 343 885 E &R
;
‘ ; £i]
1
1
\ ' | I 68 28
i fas
| ! ~ SO .. SO
sl 4 (172bp. 207bp) z+4 (173bp)

* WA QF20[0fAf 207bp THHO| BO|HoR =

=3

% 3-24-1. PNM 023 PCR A=}
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WL WD WS WO WIOS WOs WO WOE WDE WID WIL WI1Z W13 W14 WIS Wi1e W17 WIS W19 Wa0 WJ1 WiJ W BO2 803 B05 RO BOY BOE 809 B10 R11 B12 RB13
S AE QE0| LHei=0|
& E B & & £ B B B E B EH U Z BB G CE B ¥ E|BE B E B & & &6 B B Z B B|=
E E & BB EEEEEEEEEEEREGREEE E |5 B E EEE BER EEE & F
¥ &8 &% 8 8 & R 8 ¥ & E R & 8 W& E R ER BOE(R & & 2 2 4 8 B & B & 8|7
] ]
|
24
1 4 B
32
:' ‘| S
i | ! I Ut | J
- = | g e o
El ] El 98
. '“El.“'_ (011 ..'E':'LE‘?"._ oo 24 (205, 212, 207, S41bp)
(201bp, 215bp) (212bp, 227bp, 258, 27N) Z ¥ : J

* ZrAor£0|0f A 297bp, 341bp THHO| E0|HoZ SEE
1% 3-24-2. PNM 027 PCR ZA 3}

WL W02 WOE W WIS WOE WY WIDE WS WID O OWT1 O WIJ W13 W14 WIS WIS WIT O WIE WIS WA W1 War w2l BOl s S0 S& S8 B SNV SO S B E11  HIY A13 M
EEEEET LA A0
2 BB OB 7 BBz s zn @ B 3 E BB B BB B B BB OE B
7 5 ¢ & 8§ 8 R R R E BB B E B|2 B & g kB §E B E & g
i ]
| b |z
.
i
. i o
Rads_ g, ) J ALy =
{ = e — — — "-- " [ ]
54 (203, 224, 242, 260) #4 (206, 228bp)

* Wi MekEolofM 242bp, 260bp THH, b ofofM 228bp THHO| S0|Heo2 FFH

% 3-24-3. PNM 029 PCR 23}
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WG WO WO WS WS WOE WO WDE OWINC WID W11 W12 W13 W14 WIS WIS WIT WI1Z WIS W20 W WX W | B0l 807 503 804 305 3% 307 308 309 810 BI1 A1) 813 M
T = VA Gk
Ay sl el
> > = ; 3 = 3 3 > 3 = 3 = > = * = > > 3 = = = = = = = = > = = = > -
i 080 B £ BB B B E E B B B B E 2 B B B B BE|BE B B R BB B BEBBESGSE B
| =] 1 e E = =S - = h = b o) - i :_. | £ o =4 - e E = = I:_. E i‘.. | ] & E a.
4 £ K &8 & % ¥ 23 % & B 8§ & g § 2 # EE 35 3 8 EE & § @

b I ‘ b
5 & —— h \T
| 2
| _ \ | &4
o — ol |hl,_ju.|. i e —-‘l.-— ey | S M . ..:I.__._. ] I;[LL_ e .\\.l__
8948 (10lbp, 194bp, 200bp, 241bp) Z4 (190bp, 208bp)

* W2 0j0]A 241bp THE, ZMUL0[0|A 208bp THHO| S0|Ho2 SEH

% 3-24-4. PNM 042 PCR A=}

- ko] ulsie] 2 Alo] tj% RNA-seq. RT-PCR @17 5ol Ad® v glow, & a7l
AE auan BAg o So wd uwMae SAMuA wuas B4 SRk
ol 2 4] B4 e Quantitative shotgun proteomics #24H-<& o] &30 1, LTQ ion trap
AFEAEHE FEstAHTE 3-25).

LAET T
g o SC% R ]T Spectometer
Tryptie dipestioa |
Brobas pmoides Pephils snxtare 1.1-'-_.':1{'.;.| E u_ll_ﬂ;:'-u
from profem madme Peptide sepamon with reverse phase column
Produsctyg tandem mass specira for the prptides i
|
- —
Evalmtag search remudts Proden weniaficabon :fn'o‘qdi

datatmee parch

713 3-25. shotgun proteomics #23 A A
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60

454

L
o

Percent of genes
n

AR FEoloA LAE= GHEA g 54 A3 AREE FG7IEdAA EFE

AL o2 E @A s FEsto] A A, F 2132709 @do
At} ol EAETA W AEF 75 59 £4E& 9138 Gene Ontology 412 4
st A3, Biological processelA 11 &5, Cellular componentolA 6 & 183l
Molecular function 5 &ZolA Ztzt x}o]E HYPTHLH 3-26, 18 3-27). E3 A
Howad 7 AdiEed ks NSpC WS o83t w®lwgk Ay, KI9HDEL
(Mismatched base pair and cruciform DNA recognition protein OS=Agaricus bisporus
var. bisporus (strain H97 / ATCC MYA-4626 [/ FGSC 10389)), K9I6J8 (Nucleoside
diphosphate kinase (OS=Agaricus bisporus var. bisporus (strain H97 /[ ATCC
MYA-4626 |/ FGSC 10389)) Go] A o= w2 & AA3IATHE 3-15).

off
o

Fol

Zralofgrol ok MAjekgolol A So] WdstE T BAL 93 APATelA A4
A okgol(opt 2 F4ol(703) el A WE oW A7), A WA 2] A7)e
XA

A
ol WAL FESe] Wy Bd BALS Syt

— Inpiat list

G0 annotation
39 3-26. B4E S s 5EA
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carbohydrate metabolism (1%)
protein biosynthesis (1%)

kinase activity (1%)

transporter activity (1%) others (12%)
Molecular function (16%)

transport (1%

organelle anizatio
an hiuge:?;sgis (1%)

cell or
and biogenesis (1%)
catabolism {1%}~Wx~

Bhetel
binding (3%)
h

B Ak s i —

metabolism ( '5]'

tion

cytoplasm (2%) &

lase
a‘fgtli?fity (3%)

/  metabolism(9%)
cellular component (4%) biosynthesis(4%)

a9 3-27. @l B

# 3-15.

FEolHAA BHFo] Ee W B35

rlo

Accession

AAs 2 MW calc

Description [kDa] p/°

NSpC

K9HDE1

K9HRY7

K9HUMS

K9HGS4

K9I6J8

K913C6

K9HKX9

Mismatched base pair and cruciform DNA recognition
protein ~ OS=Agaricus bisporus var. bisporus (strain 109 11.3  8.40
H97 | ATCC MYA-4626 / FGSC 10389)

Uncharacterized protein OS=Agaricus bisporus var.
tl)%)sspgogr)us (strain H97 / ATCC MYA-4626 /| FGSC 562 61.0 9.13

Uncharacterized protein OS=Agaricus bisporus var.
bispor)us (strain H97 / ATCC MYA-4626 / FGSC 123 14.2  9.20
10389

Uncharacterized protein OS=Agaricus bisporus var.
%?809?8 (strain H97 /| ATCC MYA-4626 /| FGSC 246 279 553

Nucleoside diphosphate kinase OS=Agaricus bisporus
var. bisporus (strain H97 / ATCC MYA-4626 / 151 16.7 8.15
FGSC 10389)

Uncharacterized protein OS=Agaricus bisporus var.
ll)%)sgl’agcg)us (strain H97 / ATCC MYA-4626 / FGSC 217 24.3  6.35

Uncharacterized protein OS=Agaricus bisporus var.
lf%)s%)scz)r)us (strain H97 / ATCC MYA-4626 |/ FGSC 51 57 824

0.00183

0.00182

0.00182

0.00178

0.00144

0.0014

0.00132

a) AAs is

a number of amino acids, b) MW is molecular weight, ¢) Calculated pl value

- 121 -



2 8 FAAd BEAA A
2) M3 2ty #-d FxmkA g
- Ald 29 AE EAbA s s 2" S P e
74 el bulk DNAS] @7|AdEg #4443t SNPE ®A8k+= QIL-seq. WH=(OIH
3-28) &3ttt
- BT SAS A FHAY T AT ARt eAdEs Hole AF(ASII2DG
AP S Hol= AF(ASII085) AlFolAx EZAE Bho} o] FOIE EETo = &8st
ASI1321 P. tolaasi, P. agariciell 733+ ZFrAS RYow, P reactansdll thal e oFt A&
3L

Role= AZo|H, ASI085+= P folaasi, P. reactans, P. agarici ®5°| 733+ A3
Hols= AFoE 53] P ggariciel gk A3 o] A3 AFoltHId 3-28).

0%
[l
i
rO
2

v

B
= I v
NA=Cy
g‘ =i
g’ wil )
L
2 -

% Plant hesgiht

Lowast bulk - Highest bulk

. ue e
i o gt = s — 0.5 40 e g R

—g. g
i -

SNPendix
SNP-indax

ASI1321 (Weak) ASI1085 (Strong)

l 50 strains lﬁﬂ strains

Resistance test of Mycelium and Fruit body to Pseudomonas sp.

19 3-28. AltA AWk A @A B7HE $% QTL-seq. W
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- A AE ASI3210A 50719l S EZAE Aol olFo tiEl A AA 3Tl
gt A3dAS FHrstR (g 3-29, % 3-16), X}’“iﬂtﬂl el = &, P reactans, P
tolaasi®l) T3 ZHATE Frlstg iy 3-30, ¥ 3-16).

% 3-29. Al8dy Zhr A AIS(ASIN32D) FAHe] FARAl A& g7t

strain

176

177

187

204

217

229

257

264

265

277

298

307

L

a9 3-30. Ale3aRhg A S(ASII32D $AITHe] AHEA dRiE Hrt

O
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3 3-16. Al ddnty 4 A S(ASII32D FAtHe] AR A 9 ALA A= Hot

Information Degree of resistance to Pseudomonas sp. ¥ Degree of brown blotch to Pseudomonas sp. v
(%gtrsgﬁsl? P. tolassi P. reactans P agarici Distilled Water P agarici P. tolassi
176 + ++ ++ + + ++
177 + e+ ++ ++ ++
187 + +++ ++ + ++ +H+
204 + +++ + ++ ++ +++
217 + +++ + + ++ +++
229 + 4+ + + 4 +
257 + 4+ + + ++ +++
264 + +++ + + + +
265 + +++ + + ++ ++

277 + +++ +

298 + +++ + + ++ ++
307 + e+ + + ++ ++
335 + +++ + + ++
344 + +++ + + + ++
347 + +++ + + +
348 + +++ + +

373 + +++ ++ + ++ ++
396 + +++ ++ + +

415 + +++ ++ + +

416 + +++ + + + ++
426 + +++ + + +
428 + +++ ++ + ++ ++
455 + e+ + + + ++
462 + +++ ++ + + +
501 + ++ + + + ++
511 + +++ + + ++
516 + +++ + + ++ ++
528 + +++ + + +
546 + e+ + + + ++
564 + +++ + + +
578 + +++ + + +++ +++
596 + +++ + + + +
619 + e+ + + + ++
622 + +++ + + ++ +++
623 + +++ + + +++ +++
630 + +++ + + ++ ++
633 + +++ + + + +
646 + +++ + + +++ ++
648 + ++ +

676 + +++ + + ++ ++
683 + +++ + + ++ ++
714 + ++ +

718 + +++ + ++ +++ +++
728 + +++ + + +++ +++
751 + +H+ + + ++ ++
779 + +++ + + + ++
818 + +++ + + ++ +++
826 + +++ + + ++ ++
851 + +++ + + ++ ++
888 + +++ + + ++ +++

¥ Mycelium, ” Fruit body
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- AGA AS ASI0S5NAE 6071 To) EAES <o) 9o WMoz FARAe A
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& BrlegaY 331, ® 3-17), AAA HEAAE 2,
3 ZEYEE BIREIYHY 3-32, & 3-17).

reactans, P. tolaasiol T

OO C
®n

a9 3-3L A3 anhy A3/ AS(ASI1085) FAITHE] ARl A3 7t

8 8 2 g & 5 | &
§
;

4
d

& & & @ « 8 © © g 7
& & & @ 8 8 8 8 = e = o |d
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H & by % I I IS g = g 8 g K7

»momﬂkw
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£ g
El 4

® 5 b s 8 8 8 2 2 2 3 3 3
(
§F| 5 |5 :
g |z | =
ERNEE

e 3 & = 8 8
z
3

F A S(ASI1085) FAITh o] A A

A }

o
ok
N

a3 3-32. Al F

4
oX

=

i

)
b
o
N

A

oo

¢

<
v

- AFA Zagel AR P
FAHA oL AR ThEE A
)

ANM= i HEo] =4

gl
al

&l

£ Wik A, g AR ol A

o
A=
AL, AP Alwel FAt A

o

2A1Bel tisiA Mg 2AE 7 50, 603S st

= %
T A gA B]lgo] A

0% 2o Zow slHolth W, AUANAE 2 Aol HAY & YUUTHE 3-19).
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3 3-17. ANy A3 A F(ASI1085) FAIthe] dAHAl A@Hd B AHdA A= 7t

Inffor§1greglion Degree of‘ resistance to Pseudomonas Sp,' ""’ Dggree of brown blotch tq _Pseudomonas sp,' 2
%stramsy P. tolassi P. reactans P. agarici Distilled Water P. agarici P. tolassi

6 + +++ +

7 ++ +++ ++ ++ +++ +++
11 ++ +++ ++ + ++ +++
14 ++ +++ + + ++ ++
22 ++ +++ +++ + ++ ++
23 ++ +++ ++ + ++ ++
26 ++ +++ ++ + ++ ++
32 + +++ + ++ ++ ++
39 ++ +++ ++ + ++ +++
41 ++ +++ ++ ++ ++ ++
44 ++ +++ +++ ++ ++ ++
45 + +++ + + ++ +
46 ++ +++ + + ++ +++
47 ++ +++ + + + ++
53 + +++ + + ++ +++
54 +++ +++ ++ + ++ ++
6l ++ +++ +++ + ++ ++
63 ++ +++ + + ++ ++
65 ++ ++ +

69 + ++ +

72 +++ +++ ++ + + +
74 ++ +++ ++ + + ++
75 ++ +++ + + +++ +++
76 ++ +++ ++ + + ++
78 ++ +++ ++ + + ++
83 ++ +++ +

84 ++ +++ + + + ++
85 + ++ +

86 + +++ ++ + + +
102 ++ +++ +

104 + ++ +

105 + +++ + + ++ ++
106 ++ +++ ++ + + +
111 ++ +++ +

112 ++ +++ + + ++ ++
121 + ++ +

127 ++ +++ + + ++ ++
128 ++ +++ + + ++ ++
130 +++ +++ ++

136 ++ +++ + + ++ +++
154 + +++ + + ++ ++
169 ++ +++ ++ + ++ ++
170 ++ +++ + + ++ ++
173 ++ +++ + + ++ ++
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175
184
186
187
190
193
195
212
213
217
218
220
225
231
240
247

++

+++

+++

o+

++

++

++

+

+

++

+

++

++

++

+

++

+++

+++

+++

+++

+++

+++

+++

+++

+++

+++

+++

+++

+++

+++

+++

+++

+ + + +
+ + + +++
+ + +++ +++
+ + ++ ++
+ + ++ +
+ + ++ +++

++ + + ++
+
+
+
+ + + ++

++ + ++ ++
++

+ + + +
+ + ++ +
+ + + ++

¥ Mycelium, ” Fruit body

3 3-18. AldAAZA

=i
=

A5 A% Fof ABe] A AGA

9 2 A AHE B

The progeny’ s resistance rate to Pseudomonas sp.

Strain Test parts P. tolaasii P. reactans P. agarici
+ ++ F++ + ++ +++ + ++ F++
ASI Mycerial (n=50) 50 0 0 0 3 47 42 8 0
1321 Fruit body (n=47) 45 2 0 22 20 5 12 24 11
ASI Mycerial (n=60) 15 39 6 0 5 55 39 18 3
1085 Fruit body (n=48) 43 5 0 14 31 3 8 29 11
ok {FAA AEN ARE FES FETE v, G vbA D
- fAA AR FRE BEI FETE b AL S FFE So] SIAY IS
Adstal, FFE 5| haplotype AEE &8st FF 788 SNPE do] HFZH o=
EFTEE S ALs, EFW olYHT SNPE HAEL, BE FFHA Rl
Wal vlAE ARFo A DM oA S ARet s FUHIY 3-33)
E23= =0
N— oo [
' > HZES FEESNP =ajo|of CIxtel
=352 50|
SNP 24 — haplotype
==
. ojEES
——>  CrMgrs sNp =zjolnf C|XH2
e ————
9 333 fAA ARH A BEF FFS0 vl L DAL vh A mE



) F2TEE v17 AL

- S S FEoIMAL Aok A%, A, AE, AT R swre] 67 o] FAA ARA
AR FFEH Eo] SNP= ZHzF 28, 22, 22, 23, 29, 34/ME Lo o= thglk CAPs
7] AA Fol YOM(E 3-19), SSR AR EAdA doj7 AN Bl ALe vl
7 60700 3l capillary 7|9 E o2 BASATH LY 3-34).

3 3-19. 67) AlFelAM AEE 5o SNP

. ASI337 ASI348 ASI347 ASI338 ASI350 ASI1415
i (A eh N =) (A1) (AA) (A3h (=7H
T 434,225 446,742 444, 408 448,616 712,615 690,992
E 0] SNPAIW 28 22 22 23 29 34
A o} N = A AN A A gk 7 Ladder
E 2 2§ e 25 2% £
size 217 217 217 217 219 203
= £ o§ s 2§ g% i}
size 187 187 190 187 190 193

I 3-34. 5l 54 FFolHA BEE A
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- Marker 1o4 Ao}, M=, A, AL B5F 2 o3 dols
TE5 ATE Marker 204 &= WA kEol= Ao}, A=, AAHo] 2
Agte] L4 MEE BAh 6047 wtAE ER13A
A1, capillary WO 2 2bpe " AZ 2olE ¢HA
g, 3 F5 Eo] SNPo| tidk CAPs ml# 7wt

(2) B AEE v} A

- 1670 A fHA BuolM o WHF WET B Fe] tia) ZefelwE Hxls
of BEAYOMGE 320, BHE FFE AN Sl S5 ASIBE(HA 7,
A, ASII396GN 57, ZADel A Qe mAF Bepiol Brlskgin,

- 7 AEE 50/ FolA FE DNAY] tis] wElzAR daHs Ane Axe
TH1Y 3-35). FEE Folo] td ZEsl "Wasie, CAPs nl#9] ALz Ho &
o2 AAT & E wA Age] Basic

o M
2oy

F* 3-20. dHX AL npy] =
S5 EL 3L ILIL LR L L L L R EL R 2% 8% sequences” -3 )
TCC -0.33 -1.00 -0.33 -0.33 -0.33 -0.33 0.00 -0.33  -1.00 0.00 -0.33 -1.00 -1.00 g: ﬁ%ﬁggg&%@c
CAA  -0.33 -0.33 -0.33 0.00 -0.33 -0.33 -0.33 0.00 -0.33 -0.33 -0.33 0.00 -0.33 -0.33 -0.33 0.00 E:: i&%ﬁgﬁ%
TCT -0.33 2.00 2.00 . 2.00 -0.33  2.00 2.00 -0.33 . 2.00 2.00 2.00 0.00 0.00 E:: g?égig:gié%gémig%
AAC -1.33 . -1.33 467 -433 -433 0.00 -1.33 -4.33 -1.33 0.00 -1.33  -1.33 0.00 -1.33 E:: %%gﬁ%&g%%(}
GAC -1.67 0.00 -5.00 . -1.67 -1.67 . . -1.67 0.00 . . 0.00 0.00 -1.67 -1.67 ; gﬁgﬁgﬁ,&%%&%%G
CAG -1.67 -0.67 -2.00 0.00 . -1.67 -1.00 0.00 0.00 -0.67 -0.67 0.00 -0.67 -0.67 -0.67 0.00 E:: géé%%ggggg?gm
AT 0.50 0.50 0.50 0.00 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.00 g: gzgg&igggﬁggggggggﬁc
TCC 4.33 4.33 . 4.33 . 4.33 0.00 4.33 0.00 . 0.00 4.33 4.33 0.00 4.33 E:: gﬁ%&gﬁggfﬁ?&cc
CTC -1.33 0.00 . . . -1.33  0.00 0.00 -1.33  0.00 -1.33 . -1.33 . -1.33 E:: gg%%&%i%ﬁggﬁz
10 ATC -0.33 -333 -1.00 -333 -0.33 -3.33 0.00 0.00 -3.33 -333 -333 -4.67 -3.33 0.00 . 0.00 E:: égi%géﬁé&?gﬁégﬁg
AT -3.50 . -2.50 0.00 -350 -3.50 -3.50 -3.50 -350 . -350 . . . . 0.00 E:: gié%%%g%gggé?ﬁc
PNMSSR-101
ASI —
1336 — — - =
ASI —
1396 — - A —
PNMSSR-102
ASI -
1336 —
ASI —
1396 - B - = — -

a9 3-34. @EEF Ad 23
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A6 & AL AA I L]} =HH

HAY FFTE MY uFASFT, =dd¥o], FAXAE T WHol AgHI Ut
(Chakravarty, 2011). %119 &8 “€elg](Pleurotus ostreatus), M<ol(P. eryngi), §o]HAl
(Flammulina velutipes) 59 & 2&W A S0l vlgte] 11 AZto] A£Q%7] wfiol uwf-g- of§
tHSonnenberg ef al, 2011). WA} 7f¥tE DNA vpAzZre] 332 #AE BN AL S5
88 a9FHo=E FAAZE & JhHSonnenberg et al, 2011). EIe] HF+= restriction
fragment length polymorphism (RFLP) (Kulkarni, 1991), random amplified polymorphic DNA
(RAPD) (Zhang<®} Molina, 1995, Fu et al, 2010, Wu et al, 2010), amplified fragment length
polymorphism (AFLP) (Terashima®} Matsumoto, 2004), inter-simple sequence repeat (ISSR)
(Zhang et al, 2007; Fu et al, 2010; Liu et al, 2015), sequence-characterized amplified region
(SCAR) (Li et al, 2008, Wu et al, 2010, Liu et al, 2012), sequence-related amplified
polymorphism (SRAP) (Fu et al, 2010, Liu et al, 2015), and simple sequence repeat (SSR)
(Xiao et al, 2010)= X33t EAPAE o] &3t F&E3ta St

Zhang %5 (2007)& #11o] WAL ISSR markerZ R34 31t o] npA R AFo| A}
& 177 #5788 123 F2 ¢ OIF, AL T2 ¢ IAFoE F39 I 25 & F
OFoE FES= A A E NSttt Gong 52 20149 o] 147709 @z 7]
%3}l sequence-related amplified polymorphism(SRAP), target region amplification
polymorphism(TRAP), insertion-deletion(inDel) marker=, -2/l mating-type loci& ©]-&-3te]
linkage mapS T-Sst, TAA S A Hxo] FFE F& 1A FEo] de AE SAS
Fom, 2016\ del 82719 FHAA A Eel 7]1x3g InDel markerZ QTL mappingslte] MAP
kinase, blue-light photoreceptor, riboflavin-aldehyde-forming enzyme, cyclopropane-fatty-
acyl-phospholipid synthase, cytochrome P450s3%} 2 HH {FHAE AA FHE& H3=
FRAAAR G

2HAT AEA 71Ee AHEoE AL W Y locusE 2E F e g
Wi o] th(Ekblom - Galindo, 2011). o213t 7|&& o]&ste] # AFEHLS Fi9 FF/AA
RE MA Hzx=2Z FRsY. o] Z¥= Shim 5 20169 2]k “Whole genome de novo
sequencing and genome annotation of the world popular cultivated edible mushroom,
Lentinula edodes.” @+ AE2S=Z 2016%d Journal of Biotechnology 223:24-25¢l AlA| = ATk
ol o]o] F=¢ Chen & 2010 EEZFAAE R3S Ed, llumina Hiseq 2000
system= o] &3, 2016  ‘Genome Sequence of the Edible Cultivated Mushroom
Lentinula edodes (Shiitake) Reveals Insights into Lignocellulose Degradation’ ©]2}= A& S
Z PLOS ONE 11(8):0160336°] AAstAT. o] F ZHEZ/FZA AHKHolA Shim 5 20169
EE=FAAAH R Scaffold 471 317l2 Chen & 20169 A Kol 340712t} ¢F 118] Ho] B
o A JH AoR dAdHAL

¢

ABHA MAZT fHY Tes YIRS AE LAH WAKFOE AP FEA
& AANT YA, FUOEE FAA 1€ o gt WS ELS FAANNE BE
=8e S Ytk 53, AT W 1 FFANE 59 TS LT KEATH §F
H FE2 AAAde RESUA SAAE BHSL AE ALste O T4 Fuom
AFHE AS Fag =gste FA0Ith oo tate] W, #¥ FEO Gl 24F MARR
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