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ABSTRACT

Lentinula edodes is a tetrapolar basidiomycete and its mating type is determined by
two unlinked genetic loci, A and B. Theoretically, one dikaryotic strain could produce
basidiospores with four different mating types in a 1:1:11 ratio. Previous studies have
described the skewed segregation ratio of mating types among basidiospores of L. edodes.

t.) | However, they were based only on morphological characteristics, such as clamp connection,
to determine mating types. To clarify whether the segregation distortion of mating types is a
%';,?a';;g' general phenomenon in L. edodes, we analyzed the mating types of basidiospores obtained
- from three cultivars of L. edodes using recently developed DNA markers. We found that the
ﬂ OPEN ACCESS skewed segregation of mating types was strain-specific, as reported previously. Among the
PISSN : 0253-651X three cultivars, one cultivar showed balanced segregation, while the other two displayed
elSSN : 2383-5249 distorted segregation. We also examined the relationship between mating type and
Kor. J. Mycol. 2021 Decernber, A9(4): 487495 mycelial growth rate of monokaryons derived from each basidiospore. It was found that the
https://doi.org/10.4489/KJM.20210047 monokaryotic mycelial growth rate was related to the A mating type but not to the B mating
type. Therefore, homeodomain transcription factor genes that reside on the A locus or other
Received: October 21, 2021 genes linked to the A locus affect the growth rate of monokaryotic mycelia. Considering the
Revised: November 25, 2021 importance of mating types in mushroom breeding, this study is informative for establishing
Accepted: December 01, 2021 an efficient breeding strategy as well as for understanding the mechanism of monokaryotic
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ME

FE(Lentinula edodes)i= AF=739] WHIAIE ZHe HARFO R T wAF 7He] w3t 3el/do] A
2 554 A% B 1wy 4322k mating type loci)ell 2J3H 27 ETH1,2). = AF Tl A, B 2L
g0} Z7] A= o 7 ollgh, FAF g3t 0] %of] 3 o] (nuclear migration), 3} (nuclei pairing),
A 2] A4 (clamp connection) 52| IHgo] Aoz dojut wxto] Aojd 4= Qlh2,3]. 2
9| wHRol ofgt EAFAHY AFES o2, A fAkEkE o e 2 EH|Rl
(homeodomain, HD) HARIZE: 5 s}slal Q1o B -f-AA 2= H 2 2 (pheromone) T} | 22
=8| (pheromone receptor) S F22tstal Ql-&-0] A FITH1.4,5]. S5t AulE}t opdFol gt
A5 B0l Tt A9 B wg ] §dAF Al gt Ble| % o, B wHl g ol B3l A wHlR <]
Fo] vl thfstths 544 = Bare vl Qloke,7].

A=A 0] WHYAIS ZHe SHLke] o] sl 7F 3 (AxAyBxBy)= O] 2&| 0 2 U] 71A|9] wHigS Zt
= HAEALE 1:1:1:1 (AxBx:AxBy:AyBx:AyBy)2| H|- &2 ThE 4= Qlt} I81d| “E}2](Pleurotus
ostreatus)?t FE 11 5 TS w70l A wHl|Ed o] HEFE 2] H](distorted segregation ratio)” | H 11
HE QUTH8-11]. E19} 22 GRof| A PRREARS] wHlRdof| thigh Ale TARREA} EAY 2o
ot SHEA] SRollA 23 8 oYzl A AIEE §/4 SHolM = gt &80 JFS lA]
B =& 9ot kAR Farol|A wHiRde] Fajulo] theh 7| &) A5 HE wARA|S] e
o} A4 14 of Reol -2 A EAJolTk o] Eoto] WS Atk AP AR &A7E
TH10-12].

ok EX 372 2 (gene locus)2] HEFH Fe|+= sl -F-d Ak ol Y 2S5 -F-4A = 0 A
T A ERRERLS] ok (germination) U wAF A7 I, wAF] X| AR (lethality) 501l H&F
& & o ehd 4 th9,13,14]. ol ohgst ol Al welg ot XA o 342k (ethal allele)
o] Ato] 1 v} QlTH15-17]. ©] 7% wuid x} Ao FARto] ol wAke] E-go] FF
SHon g FANHT 15 Al E4 wHlg ol HEFE 22H] 7} ke 4= QI EAE]] LEHY
oF 2|0 A (Schizophyllum commune)2| 73-%-, A alH[E o] THallFAle] A% £ oF AtE|o] Q]
0] B HE QITH9,18]. A7 £21 QI §4 welgt Ak 72, s wHlg & 7l

i

APH 5 U3 A oI WA Kb, FA A 75 A 458 o] £o0E EX wef
ol W Leulrl BED 4 9L Aolth. B3] F9, A MejF TR Y B A

S
P2 2| A](quantitative trait locus, QTL)7+ A= k= E 1= QU2 LH19], oF&|7kA] wwlg =t
BHALe] A L oto] PAZE AR A o= SR vh= Qlnh

ojo]] & Aoll A=, HA A 7HA] Bl FFolA HAEANEZ
of Qi7|A]Q1S 7]vko 2 7] DNA TS B85 Z7te] e
el B0 2 RAjslglch Lobl 2izte] mefaol nhe gt
455 B K By Bl muiEel By He
ek 3 A7 TR A 7|2 ofslsha, BRH O
S E 702 7diEth
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Correlation of A Mating Type with Mycelial Growth Rate in Basidiospore-derived Monokaryons of Lentinula edodes

Aoz it atstdo) EE2E 51 #F % ﬁP CHTable 1). 2 #+5E 0] -85}o] Al
Zh R BRI of| A A A S A7) H, A E A S0] A3 Shuke] AHAA|E A St
G2} o] ARGt TAFEA = AHA Ao 1 —.3]' ot ZAE-S Bt H S-F4ol] Hof i

AL El-S- ThE T 944:8] AW (serial dilution method)S- 551 potato dextrose agar (PDA, BD Difco,
MD, USA) HijZ]el] =sto] 2|5k TH20]. AFEAR= 25°C, 270l A Bl sl o H, EAt
22} Hhokg: ztolo]| olal] TalitAL F kol HEF o] A7]= AZ viAlsh] flsto] vieF 717k
71&9] HuHt) ZA| 5747t vijgsto] olAZl H, 7 & oF 100714 2fsto] PDA HiA]
of| 4 25°C, 7 02 1447 oA TH12,21]. o] F An| A& Sl 24| A o] gl el
87 5782 wely Aol ARgsHITt

\l

mlo

Table 1. Strains and their mating types used in this study.

Strain Cultivar name Mating type
NIFoS 2462 Sanjo 701ho Al,A5 B4, BI2
NIFoS 2925 Sanmaru 2ho Al All B5 BI2
NIFoS 4317 Taehyanggo A2,A7 B2, BI2

AU 5

H|w5}7] QJ5tod, wrfs B4 0 2 ThsliARY]
o}, el FARe] 7] ol A cork borerS ©]-&
@ 5] 25°Coll A 1447 Ll &, AR &
2.5 AAJSHAL, ShLke] ARG A4S 28] =

o |
Z}7}o| ehaltAke] wHlRd2 7]Eo]] HAlE DNA A& ©]-85to] PCRE 3o 24 A%
SHATH6,7]. ¥E 2 gDNA 322 8l cell scraper (SPL, Seoul, Korea)=S- ©]-&-510] B{YH AL

S 22 5, DNeay Plant Pro kit (Qiagen, CA, USA)S AE5}0] A 2AO)| A Al50h= B A1
of wte} oDNAZ Eej3}9irt. ol Zj7e] e e HehH 0 2 ZEe 4 9l efo|o(Table
2)2} AccuPower PCR premix (Bioneer, Dagjeon, Korea)S- AH-8-5+0 C1000 thermal cycler (Biorad, CA,

USA)Z PCRE 43531 PCR2 94°CollA] 532 ¥/ 7, 94°CollA] 30%, 60°CollA] 30%, 72°COH
A 3022 352] HHEslal, 72°CollA] 7i7te] 37t kg 210 & XIFYSIQitt PCR 55 o7&
15% o7 F2A A 719 5o 2 Elsilth
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Table 2. Primers used in this study.

. Primer sequences
Mating type Forward (5-3") Reverse (5-3))
Al GATCTCGACGTTCGCCTAAG GTTGCTCTTCGAGAGGTAG
A2 GATCTCGGCACTCGTCTTC GGTCATCTTCAGTGGCTTC
A5 CAATCGTCTACTCACCTCC GCGAGGGTGCTTCTGATTC
A7 CCGACAACCTCAACCATC CGAGAGGTGATGGATGAAAG
All CTGACGACCTCAATAATCG GGAGTTCGGCGTTCTTC
B2(ichl-1) CCTGCTAGTACTGGTGCTG ATCTGAAGGCCAGCGGTG
B4,B5(whl-2)  GACTGCCTATCTTGGTGCTTC GGACAGCAGTGTAATTTGACG
BI2 (ichl4) GGCTTACCAGTTCTAGTACTC CTGAATGGCAGCGTTATC

82 drpazte] wepge] Balvt1:1:1:12 dojuh=z] ERlsly| Ysto] Zhol Al R A4S
sg45loieh wulEE A £ of tigh EAIEAL SpSS I & T18(SPSS version18, SPSS IBM,
USA)= ©]-&5}3itt. Hl 712 aslge]] w2 A% &= 2ol & H| s} ffsiAl= delulix]
AFELA (one-way ANOVA)S 330 0, A T== B wHl§of] th& A&} &5 Xjo| & H|w5}7]
A= Student’s t-test= 434313}

2| Ee)7 B0 wHi A4 432 S v e & 7HEE DNA rHAE E-8sto] Al 7F
A Bl 3o tisl] GAkEA} [ GeFARES] wHlE-e AA5kelTHe, 7). L A, BigFar
(NIFoS 4317)°| A A TE ] 7FA] aefggo] 1:1:1:12] o] 27 Eejd]| 2 #zE|lom 427015
(NIFoS 2462)2} AHIEZ2 5(NIFoS 2925)01 4= 1:1:1:12] H|-&of|A] Hlojt HgFE 2a]H|(distorted
segregation ratio)” | 21 %] {THTable 3). 0|2} Zo] WAl GAFEA} F2l elldARS2] wHig el &
27} 5ol whet k2] Uehbs S, Tt ER|of| A wHl AlE B A4 A of F gl
< SollA e vkek J]3trhs-12].

Table 3. Distribution of four mating types in basidiospores from different cultivars.

Cultivars Ax Bx Ax By Ay Bx Ay By r
Sanjo 701ho Al B4 AIBI2 A5B4 A5BI2 1
19 10 31 26 11.581
Sanmaru 2ho Al BS Al BI2 AllB5 AllBI2 e
9 21 30 29 12.708
Tachyanggo A2B2 A2BI2 A7B2 A7BI2 v
24 28 29 28 0.541

¥ (0.05,3)="7.815,%(0.01,3)=11.345.
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SHH, oA = grbEat wuige] Ewdst #2728 Ba5-o] wHlF (parental mating
type)°| A= 1 H}| % (recombinant mating type) 2T -AlloHA] e} 7| mhiZ 0 & H g vl Qlok
[11]. Cheng} Lin®] Ato]l w2, RALSH 17 F522] 11 F- 8 w5-0l| A TR} A} el o] S+t
U Bt uelgon EHYU RS Hl 8 7 5 7 B0l A BatFo] wufggo] A& af
FET} FAK 02 ASHA LERATH11]. SEATE 2 Aol A] BAISE A F5-9] Bl RFof|A]
2o welg ok A2 welE o) RIE 7hof| £A414 0 & q-oju|gh fo] 7} REAE] #] kotct
(Table 4). Hoj = 2 oA BAIGH Ab2701 5.9} AHfR2 50| A Thalzte] wHlg o] Haju]
7} Ha]of Lpehd f19lo] B wHig o] QMg AEl fr= BhAY w22 opid 7o 2 Holch
ol2|gt ato]|7} A7 50| Zpo] Wi ERIA], 7|E Aol A] A3t Wl A7 vhH o] SHA| whE

Q1% ¥e]7] GaA BTk e @20l sk 27129 Hajo] B R e Aol

Table 4. Distribution of parental and recombinant mating types in basidiospores from different cultivars.

Cultivars Parental (P) Recombinant (R) Ratio (P:R) e

Sanjo 701ho" 45 or41 41 or45 1:091 or 1:1.10 0.186
Sanmaru 2ho 51 38 1:0.75 1.899
Tachyanggo 57 52 1:091 0.229

*Parental mating types of Sanjo 701ho are not reported.
¥ (0.05,1)=3.841.

YRtEALe] ol £ WAL BiA AES S40l SlolHE FRaiT) Thad wAle] AE
% 842 galM, 94 BE0) IR EA 2 BelPAE BEF DalRAL Tl RAL k]
u) &2 o|shg ARl gAl 7he] ez BALE el 20|11 9lrho.24] o] w, A EA Q) e}
Uolup] s A BHet 7Hs e THjR S 71 FAte] vt e, 54 @iy £
©2 Qo 53 7153 iR S 71 el gALE B o of 2l go] AV 4 Q= Aolt Tt
E110) A o] T A1y Aol e, 3 £ Uie] B FRS0] £ AIS HIE
35 7] A AP TRS 7HA 3 980l FRlEitThe] X, 850l AEE 29 4 9l FEE0)
A o] FH Q) AN, o) S| GAtia} wifdo] BFUS BEE BY AL, BEY
4 gl dhlgAte] 277} Ui AEHAY 4 9l Zolh Waka 8% wufEe) =

for Hﬂ'

o rs
e,
I"-?ﬂ il

2 Hr oo

7t el @RI, ofmidl 7|2 B8 Aolhisn), Lobrt sl @2 oA

S ZAg 4
Q= o] glerlol thai i &= e "e st 9l Aol
Y T} AT & AR
cheo 2= wulo] FAM A S0l P Fof A el o] HIFH Healrt dojuk=r] &
o A} e FAF Y L5 Bl EAS T WA, 7 gantc u) 7HA) e A

A7 £2 vl et A3, AFR701 20 M & H| 7HA] aElE el $A14 2.2 f-ofm|gh 2fe] 7} ¢l

7 2o} A3 A T AL A S 0] HRBAZL ElEIRon] | 75 BRI B
AT AL A & BAZE 880 SIS QickFig, 1B and 10), TtebA] 5ol T2 3jol
7h 9l 4 Qlout TrlEAte) A o] FFE T KA A R ARslolgl e
7hs o] 7 Lehet

o
ox
gl
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Fig. 1. Dependence of mycelial growth rate on A mating type. Mycelia diameter of basidiospore-derived
monokaryons harboring each mating type was measured after 14 d of growth at 25°C under dark
conditions. Bars, standard error. (A) Mycelia diameter of monokaryons with four different mating types.
The letters, a and b, indicate statistically significant differences based on one-way ANOVA with Tukey’s
HSD test (p < 0.05). (B and C) Mycelia diameter of monokaryons with different A (B) or B mating
types (C). Asterisks indicate statistically significant difference using Student’s t-test (***, p <0.001). n.s.,
not significant.

A Lo WA wjEete & drpaate] HEFe 22| 7F Yt
+ A2 ohd A0 2 skt efjufol wHlEd ot AR A & Zhol| AuhAI7F e A &
= o 27 F HRE|QIAL, BiRkarol| A Aol wHe wHiY 1F
(A7)°] A7go] L1l wHIY TF(A2) = o] Hol 2] =] A] 29L7] Wi th(Table 3; Fig. 1). w2t
A B3 G2} e o] Bt E— o= wHigol| whe FAF Y L& to] Qo thE 89l
o| | £ JTF= F+= Ao & YZtHrt
ohH, E ALof|A] BT A 75 5 AFRT701 S0l AT A WHigof| w2 FAF YA &= 2fo] 7t
UERA] 24 THFig. 1B). Ol TFE w553} 2], TAH Aol 92 F+= QA HAIR01S
o] T R 7to| xpo 7} iR 7] w2 4= QAT sl Q1A= A WPt Ak AR =
AL, A WHF o] 2 3}eh= HD HARIANY 4=k 1 Zlojot. 3t 71A] 53t 212, tf
SF FE 1 oA HIRSHA] ERlE Al wHiEd o] HD1 ZARRIA e W gfol vl W2 ok
wHiE ] HD1 ZARRIAFS] HHATFRE O} = Th= Zlo|TH6]. 2 Aol A AFEE 5= 5 AFRT701S

}=_|

B
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7ho] 7 WIMISPA BHEEE £ 7hA) A AL 4SS HAD, T FFES
7hLpe A T2 AT, ofefat Aol 7k JaES B LA Pobey] sl 5 FHURA L
o] afe} HDI AAIQI ko] Wl sjol 7k L7} &1t 2 xfol kAL A Smok A
HUAZL YA S A W2} 92 Zlolc). Bl HDI RARIAS] W) A} A
o) A Ik, S HARIA} A o] JREE Fi RAAEY] Wae 2t
o 523 2102 oAk 4 ek olejd 4 ¢l o] HalEA Y SEo] JHS 7
L) Wl o Ego] E Aol

I QTL A7 Aol w2, 4 FHFo] £ Aol SIe Tl 4 SE sk oh
e}, ol At AP Smol 2 A7, 2 A, o Zolol e A 4t Azkelo] 9l go) 1
al

) v 9lTH1925.26), meb A el 9 1 5 Jele] gxixtsol gt S E:
0] FAHYATHARAA B4 2 7)ol T olsl S 5 4 918 Ao F|rEit of2fat o
= Ea0] At AL A S BAAESH o)A ofsfahs Bl £8o] P % ol B e

o B ANEES SASH= tlo| 7]ofd 7o 7]yt

M9
EuE AR WA S 2 o) 9F0E Eo] Wiy e A pet Bt MR

H

2 ol o] A3ack ol o sjuel lald i o el M2 e e
28 GAEAE 1:1:1:19) B2 B 4 ik 7 A7 Aol 2w, E3 gAtEAjol A i
A10o] il |2 elidol msIgick sl ol -2 Aaletzlal 2 el
# E4RS 7|WHo 2 WS AHCH: SA7H Ik olo] Aol o] B
Selu]7} Eao) 4 LHFAR) SAQ1A) Hek ekt ohiz] $JshA H o] B DNASHA
£ g lo] Al 7H) EL EFE0) SAHEAjo| chat ey B4 Ssteich 1 Zut wuhy
of wigtel Bejul7h 3 Beh A 25 So|2el SHUS elstolct BAe A B3
% 252 ASIR Urix| 5 Egolx B Lejulst B2 o|ch theo s 7 gt
EAh R oA S o] AV 4ok weR o) AR S BAlsch 1 An Ea thelgAl
of A 4 B AT BAZE 9L, A wefRT A} 98-S Selstelrt et A @
Ul k0] EAfele o2 Solol keI 8 4 Ml fAAel I RIS

3
TAR] Aol FFE & Aoz Bl A AEF S0 alge] F2/88 117
T B2 AEF S DS A AY FRTAH Y 712 ofslfshe ol =&
o2 7|rhEh
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