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ABSTRACT: Agrobacterium-mediated transformation was conducted in order to generate DNA insertional mutants
of Flammulina velutipes. Agrobacterium tumefaciens AGL-1 harboring pBGgHg was transformed into gill tissues of
Flammulina velutipes strain KACC42777. The transformants resistant on hygromycine (30 4g/ml) were confirmed by
PCR. The targeted insertional sites were amplified by inverse PCR and sequenced. To find the phenotype variation of
all generated transformants, bottle cultivation which followed by the standard cultivation protocol were conducted.
Color variation was observed on the cultivated fruiting bodies. Futhermore, the transformant pool will be used as

a good genetic resources for studying gene function.
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oM (Flammulina velutipesyS YA 0|2 e
=2 W, BARY FEHAE(4garicales) o1
(Tricholomataceae)®| <38z F 2 oAl A YLy
L, AR, W EUE 5o] E9ipe] Z7)u el 13
Sl MARS 7o) Sho|tHEriksson &, 1990). oAl
Btz 717k Wk olug}, JFH R 95 (Hong
5, 1988; 1989; 1990), ThallA | o}u|=At, Rolucan, HIEFT]
2 ou g A o] FFE o (Lee 5, 1997; Hui 5, 2002)
ATk T3k ko] A go} Zcto)| o] &5 Qe dElo] He
H 2 (Tsuda &, 1979; Kim &, 1999). &zhgo] e
202 BIE flammulin(Komatsu %5, 1963)2} &33!
Z}-g-o] )& flammutoxin(Lin &, 1974)S S+t 1o
1 2 o]y, ZHZEHE A (LA
) Hu)g o Eohal A k. f-ElvetelA 19909t
ZHE Fue] dubsrielx] BHAAI A o= A= 7]
A2l soluAle 2008 FA 55231M/Te] A4k= S ek
(EHTAET, 2008).
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g84do] HoR| L A &H o7 ke FAo| fA|E=t] 2
oJA] o o] WET} wol] WolHAle] 7MY Aol
o|FZITA & U th¥st ¢HETES &5 doE
ATk 2ot AEA ] AAFQ] FAAte] 758 B8]
e 7 R} 7)ol A ST tiF &
sk Aol 7P 2Rl 4] A7l S SR g
] k. WAle] @ d3ell= electroporation, Agrobacterium
tumefaciens mediated transformation(ATMT) 5-0] AR5 32 )
=, ©] 5 ATMTYHS A. umefaciens’t host cellol] AF4l
o] FAAE Adshs 54 ©]8& Aolth De Groot &
(1998)- filamentous fungis ATMTHOZ FZ A% aHA
actosyringone} hygromycin #4854 =5 EHIXE 3T
Chen 52000y Agaricus bisporus2] gill tissuel ATMT
MO =2 hygromycin 82 =98ty FEAHS AASE
SFH3I91AL Cho 52006y ATMTH S ©]-8-3l] so|mAle]
gill tissuecll FHHZE Al=sISITh ATMTH-S  Agaricus
bisporus®] 7ol AAME w9 FQ 8 Y F shtoltt
(Chen 5, 2000; Mikosch &, 2001). Z2ollE HEHAlA
S| Aol ofsl ARdA] Fde] o TAllA o]
Zgol = WolA7F dojhtial B E o, ®570) lo]
M ARLA FAT A e AP T Ho] A7
GEA S} g 7)5e] BAo] o]FoiX| L tH(Kajiwara
5, 1992; Endo 5, 1994; Kondoh 5, 1995). o]} 7+& ¥z}
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1. Agrobacteriuma O|E8H EXE (ATMT)

oAl #(KACCA2777y = =H A58k B4l
Fol| A ATkt solHAle] T2 (gill tissuey> F
AR ol ofal Al gk AR Aol ATk HolwAle] FA
A3k s Agrobacterium AGL-12 ©]-43F31tt. AGL-1
9] plasmid ®E]= pBGgHgZ hygromycin A3 A=
ZESIAL JtH(Chen 5, 2000). ©] binary vector pBGgHg
(9.6 kby= pCAMBIA13005 backbone® = 3} hygromycin
B phosphotransferase(ph), EGFP genes, %<5-°] glyceraldehyde
-3-phosphate dehydrogenase(gpd) promoter$} cauliflower
mosaic virus(CaMV) 35S terminator® 73 & At}

A. tumefaciensS 50 ug/ml kanamycin®] Luria-Bertani
(LB; yeast extract 0.5%, tryptone 1%, sodium chloride 1%,
distilled water) agar platel] 28°CZASZ 27k st & o
& colonyE 50 ug/ml kanamycin®] LB brothel] 28°C2] Z71S.
= 297} 200 rppmellA] shaking B 31332, B LB broth
2 ml&- minimal medium[MM,; (K-buffer pH7.0 10 ml; K,HPO,
200 g/L, KH,PO, 145 g/L)), (M-N solution 20 ml; MgSO,7H,O
30 g/L, NaCl 15 g/L), (1% CaCl,2H,O 1 ml), (20% glucose
10 ml), (0.01% FeSO, 10 ml), (Spore trace elements 5 ml;
ZnSO,TH,0 100 mg/L, CuSO,SH,0 100 mg/L, Na,MoO,2H,0
100 mg/L), (20% NH,NO, 2.5 ml), per L] 25 mio] 28°Ce] %
Ao =Z 197k 200 rpmel|A] shaking B}, ThA] MMol|A]
o AGL-12 600 nmeflA] 0.159] S =2 31413} induction
medium[IM; (1.25 M K-buffer pH4.9 0.8 ml; K,HPO, 184 g/L),
(M-N solution 20 ml), (1% CaCl,-2H,O 1 ml), (20% glucose
10 ml), (0.01% FeSO, 10ml), (Spore trace elements 5 ml),
(20% NH,NO, 2.5 ml), (50% glycerol 10 ml), (IM MES pH5.8
40 ml), (200 mM acetosyringone 2 ml), per L] o|A] 28°C2]
27102 6A7F5F 200 rpmellA] shaking vl et A
Woll A soluiAle] gill tissueS Z2ollM 22 BejAlA B
B a5 22 T 2 dmm 7|2 A2 F 6AZFET IMolA]
HiFEl bacteria2]oll A|3k] $HAl vaccume 3057+ 24| 8E
F IM agar{(1M MES buffer pH5.8 40 ml), (AB salt 10 ml;
NH,Cl 5%, MgSO, 1.5%, 1M KCI 10%, 0.5M CaCl, 0.7%,
10mM FeSO, 5%), (20% glucose 5 ml), (200 mM acetosyringone
2 ml), (agar 1.8%), (cellophane membrane)]ol|4] 25°C~28°C =
7102 447} co-cultivation$t}. IM agarol|A] AL BAdo]

slolgd #AF A% cellophane membraneS- 1™ selection
medium(sucrose 10%, yeast extract 0.3%, casein hydrolysate
enzymatic 0.3%, agar 1.5%, hygromycin B 30 ug/ml, 200 uM
cefotaxim)ol] 74 25°C~28°C 27L& 77k vjF3ic),
1" selection mediumollA] ES Hols FARIETHS THA
2" selection medium (malt extract 2%, peptone 0.5%,
hygromycin B 30 ug/ml, 200 uM cefotaxime, agar 1.2 g)°
A TAZF WSk F 2L Hole HAHRIES HF
Asle] PDA(potato dextrose agar)oll <57 vl ¥kttt

2. ANE Ho|He| PCR X Southern hybridization
A

FAAZ Ak uiR| oA FARY o] g1 #5523 PDA
oA 25°ColA 7L7F AA] wjFEt mj g HAAE A
Az 3l AADALE A3 powderslsle] DNA F=9|
AHE-31 T DNA= TOYOBOARS] Mag Extractor (Plant
DNA purification kit)E ©]-8381] F=310T} 54 123
AR dAEAZ FA eRAIS] FAF 500 mgell lysis buffer
600 4= 932 65°ColA 104 WHE-A17]1 3, phenol : chloroform :
isoamylalcohol (25:24:1)& 600 2 78I vortexing$t
% 13,000 rpmellA] 1537 4] Felste] 5wt FHsk
o} 7)ol 52+l 600 a9t AHIHI= 40 14E B2 $- trapper
o FEE 7]9] AMJH| =6 DNAZ} A 3ttt AHdH| =&
A AT 70% oE-EZ 2HA washingst F =24
10327 Z1Z2A1A 100 o] 32k Eetrell STt trapperell
FEE 7|9 AP3H| =9} DNA7F Hol8le S et &
DNAYE A FEO| &A 4°Coll &, PCRE 93 template
DNA=Z AHE-3}31t}.

PCR gpd-FH (5-GAAGAAGCTTTAAGAGGICCGC-3")
S} Iph-R (5-GGCGACCTCGTATTGGGAATC-3'YE primers:
ato] d313dtt (Chen &, 2000). B2 S Southern
hybridization® 2 #+415}7] 218} Genomic DNA®Y| EcoRI
F} Sacl A|F+E A4S 3 F 0.8% agarose gelol|A] 714
&3l Anagarose gek> UV254 nmZ 287+ A 2|st &
250 mM HCIol 20i7} depurination AlAT. ©]F gel
denaturation buffer(0.5 M NaOH; 1.5M NaCl, pH 7.5)°|
30% ©23l vpR|EOE neutralization buffer(0.5 M TrisHCI,
pH 7.5; 1.5M NaClpell 105-7F 2 3 10 x SSC(1.5 M NaCl,
0.15M sodiumcitrate) 8-S AF8-3}] nylon membrane
(Amersham)®.Z 20A|7} capillary transfer SFETE. o] %
membrane2 80°ColA 2A17F 1t} (Sambrook &, 1989).
Prehybridization3} hybridization hybridization solution
(5 xSSC, 50% formamide, 5 x Denhardt’s solution, 0.5% sodium
dodecy! sulfate, 25 zg/ml denatured salmon sperm DNA)S
ARE-3F] 42014 Prehybridization> 317}, hybridization
24717k F9t 38R0, probes gpd-FHS} hph-RS
primerZ. &}] $%3} PCR AH2-S- [a-P] dCTP(Ladderman™
Labeling kit, Takara)2 A5 protocololl =3l labelling
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8o AR 3199t} membrane imaging screen (Fuji)oll 18A]
7+ =ZA1Z] & DNA bandE personal molecular imager
systems(Bio-Rad)2.= 1513 T},

3. #&®s HOo|X[2 Inverse PCR

PCR 2 Souther hybridization® 2 2R1E FFE2 vjFE
TARNE FAAZS AADLE AHE5H powderd)sto]
MagExtractor- Plant Genome-Nucleic Acid Purification Kit
(TOYOBO)* AR&-3sle] DNAS F%313th. AGL-1 pBGgHg
< A A FAAE E3slal 9= T-DNA F-2Rho]
transformants®] WH2 A== E4L o] &3] vector]
T-DNA F-E9] 97|gS 293l 5 Inverse PCRoI| AR
g AgaLE At FAHIA gDNA 100 ngS
ARl o ASa A A2)= EcoRl 10US A5 Self-
ligation T4 DNA ligase(400U/ul, SolGenty& A3} Th.
Inverse PCRE 913+ 1 PCR primer set += IPCR-F/R(IPCR-F
5"-ACAGTTTGCCAGTGATACACATG-3", IPCR-R:5'-
TAATAATGTGTGAGTAGTTCCCAG-3")E AHg-3l31om
PCR 271 95°C 28-7F WA A17] F, 95°C 20%, 60°C 40%,
68°C 10:229] Ato]E-5 403] g+ 5 68°CollA] 2087+ W&
AT} 2™ PCR primer set= IPCR-F1/R1(IPCR-F1 : 5'-

TGTAGTGTATTGACCGATTCCTTG-3", IPCR-R1:5'-
TCGCTCATGTGTTGAGCATATAAG-3)S  ARR-311loH

PCR Z71-2 95°C 237 A3 AIZL $, 95°C 20%, 60°C 40%,
68°C 105-2] Alo]Z-S 203] 3+ 5 68°CollA] 2087F WHE-A]
ZAt}. 2" PCR ¥ ZFZ2HE0] 410 bp o] bandS Awtslo]
Gel extraction(Quiagen)d}o] SolgentAloll 2]2|5te] 7]
Mg BT

4. SETE HON| HxHuf SHEAL
FAE HolA|e] AHHAE DEA717] HsiA PDA 3

THf A] ol A 70é7L wjjoksl & nEEuky) u) kS 80 : 2002
65%LH$1)6}°# 850 ml Holl 580~600 go)
121°Coll A 90%-7F 1 aktatar Wzheh &
@*0}04 16~18°CellA] 3047k mj a3t v o]
Hol ot d AAHIE #5715 & SR
ol 5 fFEatint. AMA E= 23] FdAHg
TE 14°C, 5 B%E FAISeH, mAlo]
moﬂ OlZH 255 7°C, £ 85%% 23}
ARAA L] Z717) 5 emel] o] 2H FolHAE 29
Frestith. A7 AREA| Z2Ee] =717} 2em
HA7F vebsks W= getom ApaAe] 7H27,
, T2 T8 sHAY AT AL
712 (5S35, 2003)00 Fste] AAJstAT

ez
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AAES 33k 23} Hygromycin BE A1 marker
gato] FAMIMAE AT 5 AU, Yo A9
hygromycm B 273 Alds AXA(ElelE A=) gt
Aibo] 7hsgh 30~ 00 ug/mi®] F=5 AES 23} 30 ug/ml
oA 14.25%%] ALE LS Ho] §8FOZ transformants
= A4uk 8 25 9182 o = 9IITh(Table 1). Cho 52006
Agrobacteriums ©]-&3]A FolwAle] WH=Z %X‘]X]-S’J
EUS FEslem FAA markero] gk AR FEe
hygromycin == 50 ug/mlZ RIS v} Qlov) H Aol
= oA} =elelE W9 sl A3 22t hygromycin
30 ug/ml, 100 ug/mlE YEPAT} o] Aol ARS8 a9
5<]'°]°] T lom “ElE|HT solmilo] Aol tigt
Fdol ot £ o EA 4 A A tidol
%l F IS oz AT 3 Cho 5(2006)°] H2g
FEAT] HEE 16%=E & A7 ZAHQ 14.25%¢} H]
=% A5 B
A wiA AN AR S Hole #4FE Adst
(Fig. 1) AAIR P2 ho] o]RAH=AE ERIsH] flat]
pBGgHg WE12] 2 border Woll &A= gpd-FH, hph-R
primers ARS-3te] PCRZ gRIs A3(Fig. 2) BE o

rxl r
It

l'U

u__‘m

Table 1. Selection efficiency of the transformants at the different
hygromycin concentration

Hygromycin Efficiency
Strain Agrobacterium veromy of selection
(ug/ml)
(%)
30 14.25
50 8
KACC42777 AGL1 pBGgHg
80 0.5
100 0.25

Fig. 1. Selection of transformants which showed viable mycelial
growth at the 1% selection medium containing hygromycin
antibiotics.
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Fig. 2. PCR analysis of DNA isolated from the hygromycin resistant transformants of F. velutipes. lane2: negative control, lane3:
positive control with vector pPBGgHg, lane4: water, lanes 5 to 13: transformants, lanes 1, 14: DNA molecular size markers, primer:

gpd-FH, hph-R.

oA dFE 970bpe] MEE YERN o] FAHSA S
I = AT

FZAZ3A 2] Southern hybridization #2041 WEL o]
FYsH Aol EAls=E AR LEZ EcoRIF SacleZ
AHZ genomic DNAE ARE-3l] Alfeh A Ug W=
S B Zlo® disigiont ¢Hds] te Fde B
o}, o]l WlE|e] Y& bordere} gpd promoter F-21A] primer
£ AAlste] 71X S-S AgRlEAThHE oY A=), L A3t
probeZ A3+ hygromycin 99l EcoRI A gFa 4 Afo]
EV} e AL I Sacl®E X 2]E DNA2} EcoRI
© 2 *2]%¥ DNA°| tigt Southern hybridization 412
EcoRl % Wl=9] =7} 20 2 =o] ARQ)e WY 45 g1
T US AR s oyt I lane MES] o] &
7Fstit & Aol A= HE MET) FE6k] oot A eksh
copy TE 1P| ofeil ot gds] sk A
& Ao helA N7 vl AdEs =}l
T ASAch(Fig. 3).

PCR % Southern hybridization #4022 323
elE #FE9 st inverse PCRES F3llA4] 23
genomic DNA W7ol AJ¥ ojei-frxzte] <7 <
MEE HC® T-DNA FHe 9748 RS 4
At} inverse PCRE 23] ¢14:% PCR HFg-0 & Ao
cHEo] Wi F717} Algka s 91X]ellA] 2nd PCR primer7HA]

231
9.4
6.5

4.3

23
2.0

9 10 1 12 13

o] A=]Btt Z 410 bp o]/ W=l st 7ML S
A sto] BlastX=2 #4138 Z7o|th(Table 2). FIA ZF

Table 2. Homologous genes to nucleotide sequences of 2nd
inverse-PCR products of the transformants

for-
transfor Similar gene Score E value
mants
peptidase [Cryptococcus neoformans
1.6 4e 2
var. neoformans JEC21]. 616 4e 26
aminopeptidase [Agaricus bisporus].  37.7 0.9
exocyst complex component sec8
2 99.4
[Laccaria bicolor S238N-H82]. 3¢ 60
hypothetical i 1G 01761
ypot e.tlca .proFeln CC1G 0176 100 3e 57
[Coprinopsis cinerea okayama7#130].
hypothetical protein CC1G 01761
- 139 2
3 [Coprinopsis cinerea okayama7#130]. 3 ¢ 36
exocyst complex component sec8
138 5e 54
[Laccaria bicolor S238N-H82]. ¢
predicted protein [Laccaria bicolor
4 48.9 4e 04
S238N-H82]. 89 4e 0
hypothetical i It
ypothetical protein [Cryptococcus 04 0017
neoformans var. neoformans JEC21].
5 predicted protein [Laccaria bicolor 971 8e 19

S238N-H82].

14 15 16 17

Fig. 3. Southern blot hybridization analysis of F velutipes transformants. Genomic DNA from the transformants was digested with EcoRI,
Sacl and probed with Aph gene. Lanes 1, 17: Hind 11l marker. Lane 2 to 8: gDNA was digested with EcoRI. Lanes 10 to 16:

gDNA was digested with Sacl.
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FAASA o] F 7K A gDNAS] EcoRI At & selft  F-Ax7AIE H-9o)) wje} Fefziel Hol2 B = gl
ligateS ©]-8-8F PCR AHE-0] ey} olgko & e wi=  olfd Fejd HolE FoId 4= QlE 795 UATE the]
& Q7IME 2AgE Ao, S FEASA| o] 79} 2ol FAABA| ] g} AdA 9] A 548 B FHP-
31 Weke] AxE A AL ATEA site’} genome Al]o) of| A 2] 2po]E Kol Qo) o]= o o A8AdE] ol

UE H 3o 9x1ek e Ao R datEr ojpje PCR - whet w2 U & glo] Agel| fdAte] 7)o ¢
2 Ax] EalA 2 Ao, I TE 7RsAS ATa s site I 55 AATE T, wild typeS D2 2] 2pAAIS
7} T-DNA9] left border H}Z TF2ol] 9|3 Ao 2 o aFdth. A3kt Table 32] No. 9~12 5 o-E #WAS Yehfjo] 3
5 FZAAFA 2] 7§ PCR AHE size= 430 bp Agldlo]  FAShof| 9sle] 4AFAE H-9] AT 715S sdo] UERE
AL Algkaa site7t Ao IR Y 7ol A 3l < 7Fsdol AATHFig. 4). T3 oM = YERA] 23k
sizeZ A 0] B7FEIAT. FollA] B uhel o] 4F AR FHASA = 3] o7} HK| AU ASAdEl 7}
F9lo] fHAkE g vehger olF dis 1 7] -9 EX] el do] Ae] BrFse AER AUAgTh
o] 4z A% lon} o} 7Fe] WEslA| ek fHAE A tumefaciensS ©]-8-3F FAAZE Thgl Fio] Yoz
ASTE. 015 FAARe] 75S Wel7] flsiMe L fzke] AblEE S B SN o] uhet B Aol ARS-SH
932 ¢lsle] Jyebd 5= Qe FAASA ] A2 T inverse-PCREE 201817| & A$7) Bk} o] 2 a4
Fe)d WHolol tist 454 HEVF o) T e e o] B Fed Aow Adyn, JFA
oAl FAASA o] Fejz] WolS slely] Yslo] T A2 Wl AYE o] oJle] fatEE HolS §4
= Aa) Wlol| wiet Afu)ek A 3K Table 3) genomic DNAOY AR} Adste] s|As7] Qs Hol A2 A7)
AT} FALNH o7 A E o] o] Rl FAASAE A FQ EAo] & £go] E low Er}

>
e
ot ot O

o =
=]

Table 3. Characteristic of the transformants after bottle cultivation

Cap (mm) Fruitbody (mm)
No. Weight (g) No. of individuals Weight (3) Color
diameter thickness lenth thickness

Wild type 90 70 18 2.5 105 2.5 3 B
1 135 106.6 15 2.7 83.3 3 2 B
2 81 68.4 16.3 32 70 3.2 2 B
3 20 15 15.5 33 45 35 1.5 B
4 119 91.7 15 2.8 63 32 1.5 B
5 119.8 94.4 16.3 3 90 32 14 LB
6 118.9 112 14.6 2.7 110 33 2 LB
7 15 10 16 33 113 33 2.5 LB
8 124.4 96 15 2.3 97 33 1.5 LB
9 96.5 87.5 12.3 2 73 32 1.5 W
10 20 5 13 2 103 3.6 2.5 Y
11 159.6 91.1 14 2 110 3.6 2 w
12 15 5 12.3 1.2 70 2 2 \'Y

Fig. 4. Color variation of the Fruiting body of the transformants.
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WolwAle] st Azt 7lsE Ashrl S
Ho g o] X}"]Zﬂ ] FEZA S AMEEle] A tumefaciens
< mE & FAHIS S5tk Hygromycin 437
LA z% Falal 9)E AGL-1 pBGgHgZE olHAl

1'(’5]—/\‘]
o] AAA Ao LA 2 FAATAEL AL =
AT RS Ak 3 WA E hygromycin A1 Bl1A]

oAl Ast H gpd-FH, hph-R primerE ©]-&3}] PCRZ
g2l & 4= 92Ut} hygromycine 30 ug/mloll x| 4 ‘E‘»_:} Egol
7]-11— l:—g)\—ﬂ- ‘Gﬂxuizzl-zﬂ = Ol‘ﬂ‘— 71—/~H X]—/‘Tzﬂ wild
typed= 2] WA AAAE YeRAATE FAXS 4]4
southern blotZ >} e f7dxF7} sow Al Wiiel sht =
=1 obe] ThFR copy 52 AHISIO] 98 o 5 T
3k ARIE fAle] T 971N Lol e AR Inverse
PCRE 53] & 4 213k,

HAle| =2

2 dAte 2134 vl EAEE
20070401034021)2] Aol o] o] Fo]x A .

e
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