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The ribosomal DNA (rDNA) clusters of Hypsizygus marmoreus 3-10 and H. marmoreus 1-1 were ana-
lyzed in this study. The small subunit (SSU) and intergenic spacer 2 (IGS 2) was partially sequenced.
The internal transcribed spacer 1 (ITS 1), 5.85, internal transcribed spacer 2 (ITS 2), large subunit
(LSU), intergenic spacer 1 (IGS 1), and 55 were completely sequenced. The rDNA clusters of /. mar-
moreus 3-10 and H. marmoreus 1-1 were 7,049 bp in length. The sequence of SSU rDNA, which corre-
sponded to 185 rDNA, was 1,796 bp in length, and the sequence of LSU rDNA, which corresponded
to 285 rDNA, was 3,348 bp in length. The ITS region that variable region and IGS region that non-
transcribed spacer was 462 bp and 1,290 bp in length. The sequence of 5.85 rDNA and 55 rDNA was
153 bp and 43 bp in length, respectively. The 17 bp of the tDNA cluster in the A marmoreus 3-10
strain was different to that in the A marmoreus 1-1 strain, with 2 bp in the SSU, 3 bp in the ITS, 9
bp in the LSU, and 3 bp in the IGS. The analysis of the secondary structure revealed that the ITS
regions of A marmoreus 3-10 and H marmareus 1-1 have five stem-loop structures. Interestingly,
among these structures, one different nucleotide sequence resulted in a different secondary structure

in stem-loop V.
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2 A7 S gRAtelM ARE H marmoreus 3-10
a5t Q8 $77 NN AE H narmoreus 1-1 5 }91
Aol & 241 913}, Ribosomal DNA (rDNA) cluster A1 &
A, ol 5 o] EAA FEAM e Aol ‘é'%?]J—Z} 0}

o™, IDNAG Y HES &1 5 2372 £4& 59
aH .

%{ﬂ“ﬁ,h’m&a&]] YR B9 F}o
A A A BESEAL Sl
oF wro} 2% of| A3} 01, Potato dextrose
agar (PDA; potato peptone 4.0 g, glucose 20.0 g and agar
powder 15.0 g, 1 1 distilled water, Scharlau Chemie S.A,
Spain) WA & 24°C, 1397 w43}, Potato dextrose broth
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(PDB; Potato peptone 4.0 g, Glucose 20.0 g were dissolved
11 of distilled water pH 5.6 and sterilized by autoclaving
at 121C for 15 min) HAE] A A 1587+ 247C, 80 rpm O =2
Hl ¥tk DNA manipulation®l AME® Eschericia coli
strain DH5 a (Donginbiotech Co.)Z pGEM-T plasmid vec-
tore cloning?} sequencing®] A& $it}.

CE|TE7IE{AIS] DNA extraction} PCR amplification

MOllers 9] ¥H[16] ©1-&3t, H marmoreus 3-10 T3
¢} H marmoreus 1-1 759 Genomic DNAE FZ3}]th
°F 40 gof AHEAE TA} APES o] &dto] AAE 4 ATt %,
10258 2202 933t 15 ml9 lysis buffer (20
mM Tris-HCl (pH 8.0), 10 mM EDTA, 1% SDS) #2] ¥ 55C
o A 2417t ¥FS-A171th 5 M NaCl< 10% CTAB buffer] #
gate] F F319] 1/100] A k. 2 F 65Tl 1~2413F
A2 8tAdth. PCRS o] &3] rDNA clusterS FZatoH,
ITS regiong SZ3}7] $|3le] White e af [24]0] B % W4
< ©]8-3e] 100 pmole] ITS 1 (5-TCC GTA GGT GAA CCT
GCG G-3)3} ITS 4 (5-TCC TCC GCT TAT TGA TAT GC-3)
& AHE-3F T SSU rRNA gene, 5.85 rRNA gene, LSU rRNA
gene, IGS 1 region, 55 rRNA gene, IGS 2 regions 5%3}7]
3to] AL&-3F primers 237) £ Table 29 A1 o 3ith. 50
ul®] 32 10x Ex Taq buffer (20 mM Tris-HCl pH 8.0, 100
mM K, 0.1 mM EDTA, 1 mM DTT), 25 mM dNTP mixture,
100 pmol primer, sterilized distilled water, Ex Taq polymer-
ase (TaKaRa Co.) & 7}ste] PCRZ 533} th SSU rRNA
gene, LSU rRNA gene¥} IGS region Ato] =7} 7] wfj o
A Y13 primerE ©]4354o] ii?3‘}"313}(T.&1ble 2). PCR
W 2712 95T, 287t predenaturationdt ¥, 95T el 127+
denaturation, annealing >%=% 7t primer®] &7l A A
et &, 72Col| A 3% extensiondt §, 25 cycle %3}, }A]
oz 72T A 587t extension? Z T}

LE|SEIE{AIS| DNA-ITS odo| a7 |AMd BEM
PCRE FE4 =5 &<lat7] 913k 0.5x TAE® 0.7%
agaroseS %713t A /3ol A DNA-HindIll Digest$} 37 771

%% 3ttt Ethidium Bromide (EtBr)Z @43t UV light
Aol 4] ZZ 3 DNA bandS 8Hol3}9th A skl 229 =
FAES gelol A 343t Gene clomng kit (Qiagen Co.) &
olgste] Alstgen, 1 5 ¥ ol A @8-S pGEM
T-easy vector system (Promega Co.)ell A3ttt DH5 a
(HIT Competent cell ; Donginbiotech Co.)o &A% A7 2.
9, ampicilling #7}sk LB 14| v Aol] =2a}te] 37T, 14~16
A ZE ) sto] white colonyE A1Estgith A g col-
onyE ¢ straind 871 & FAYHOE Adste] 3 mle] LB
(1% tryptone, 0.5% yeast extract, 1% NaCl, pH 7.2) 98} 7]
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o 37Tl A 16417t J % g ¥, plasmid mini-prep kit
(Solgent Co.)& ©]&3te] AJZF plasmid DNAE &2 Al
9t oM Al rDNA cluster FEAHE2] 971 E S £
243}7] 9J3ste] £ 3t plasmid DNAE T7% SP6 primerE
o3t 471X E EAstaL, 2t Al 5 2) rDNA region 9714

qs Fsa

LE[RIIEHM | 2R} 1%

Jukes$} Cantor [7]9] W& o]&3}¢], DNAstar software
(Lasergene Co.)¢] MegAlign program< ©|-&3t9 H mar-
moreus 3-10 453 H marmoreus 1-1 @52 tDNA-ITS re-
gion ¥714¥S CLUSTAL X algorithm &2 A #3} FTH1].
7k A1 & 1DNA-ITS §7]14 <1 ITS 1, 585, ITS 2 F %2 NCBI
(National Center for Biotechnology Information)2] GenBank

=]
24

#2412 mFold (http://frontend.bioinfo.rpi.edu/applicaions/
mfold/cgi-bin/rma-forml.cgi)ol 23l &= ATk £ A7
A ITS regiondl] £== ITS 13} ITS 2, 5.857F 23 +3&
A AHEH A
2 o o

rDNA clustere| 27| 24

H marmoreus 3-10 #5 % H marmoreus 1-1 752 rDNA-
cluster®] 971X E-& ¥7] 9138+ universal primer<] ITS 12}
ITS 45 X33 23709 primerE TIARI A th(Table 1). +
T59 rDNA-cluster®] 97|14 49S 81312 PCR AHE<
ZZsto] A3 AFE Table 20] JeER LT, 0|5 H
marmoreus 3-10 759 H marmareus 1-1 75 2] rDNA-clus-

(http:/ /www.ncbi.nlm.nih.gov/Genbank)ell 5
, ARG T w59 ITS region®] 2%

Q3 Hu F

25 97)A

Table 1. A list of major primers used in this study

ter= Small subunit gene (SSU), ITS 1, 5.85 rDNA gene, ITS
2, Large subunit gene (LSU), Intergenic spacer 1 (IGS 1), 55

Primer name Sequence (5—3), (5'<3) C (%) Tm Length (bp)
SRIR(1) (5—3") TACCTGGTTGATTCTGCCAGT 47.6 51.2 21
NS4(1) (5’<3) CTTCCGTCAATTCCITTAAG 40.0 46.2 20
NS3(2) (5—3") GCAAGTCTGGTGCCAGCAGC 65.0 58.1 20
NS8(2) (5'<3) TCCGCAGGITCACCTACGGA 60.0 57.7 20
ITS1(4) (5—3) TCCGTAGGTGAACCTGCGG 63.2 55.7 19
ITS4(4) (5'<3) TCCTCCGCTTATTGATATGC 45.0 49.6 20
5.85R(5) (5—3) TCGATGAAGAACGCAGCG 55.6 53.0 18
LR16(5) (5<3") TTCCACCCAAACACTCG 529 46.4 17
LROR(6) (5—3) ACCCGCTGAACTTAAGC 529 447 17
LR6(6) (5’<3) CGCCAGTTCTGCTTACC 58.8 459 17
LR3R(7) (5—3) GTCTTGAAACACGGACC 529 417 17
LR10(7) (5<3) AGTCAAGCTCAACAGGG 529 417 17
LR8R(8) (5—3) AGCAGGTCTCCAAGGTG 58.8 444 17
5SRNA(8) (5<3) ATCAGACGGGATGCGGT 58.8 50.4 17
LR12R(9) (5—3)GAACGCCTCTAAGTCAGAATCC 50.0 515 22
invSRIR(9) (5'<3") ACTGGCAGAATCAACCAGGTA 47.6 51.2 21
Fv up2(3) (5—3)GCAACGGCAGCTTGTTACTGAGAA 50.0 59.5 24
F.v dn4(3) (5'<3")CCCAGACGTGCACGTACGAAGAC 58.3 61.5 24
Ev up7 (5 —3)CGTGGAGGTTTGTGAAGAAGCCIT 50.0 59.6 24
F.v up8 (5—3)CATTGTCAGGTGGGGAGTTTGGCT 54.2 62.0 24
F.vup9 (5 =3 )CATAAGATTCGCTTGTTCGCAACA 417 58.1 24
F.v up8-2 (5—3)TCCTTCTCCGTGTCTTATACTITAG 417 48.8 24
F.v up9-2 (5—3")GGTAAGTAGGCATAAAAGGCTGTT 417 524 24
Table 2. Different nucleotide sequences of A marmoreus 3-10 and H marmoreus 1-1
Sample strain’ Different nucleotide sequence (bp)°
Hm 3-10and 185 rDNA ITS region 585 rDNA 285 rDNA IGS 1 region
Hm 1-1 2/ 1,79 3/ 615 0/ 153 9 / 3348 3 /39

“Comparison of the different nucleotide sequences determining from A, marmoreus 3-10 and H. marmoreus 1-1 was indicated. "Of
the total sequences of each region in tDNA cluster, we determined the number of different sequences. The results were yielded

using the Meg align program of Lasergene (CLUSTAL W)
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SSU
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ACCTCTCGAG
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TCCCGGTCTA
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TGCCTTTAAA
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ACGCAGCGAA
ACGCAGCGAA

EE R

AACGCACCTT
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Sk ok kkok kK k ok
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GCGCTCCTTG
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CCATTGCGAA
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~
~
~
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5S I1GS2
CACATTTTTA 60 ‘\
CACATTTTTA
*hkkk Kk Kk kkk ok
TTGAGGATTG 120
TTGAGGATTG
Kk hkkkkkkkx
TACCCCATGA 180 ITS1
TACCCCATGA
*hkhkkkkkkkx
CTTTCAACAA 240
CTTTCAACAA
*hkhkkkkkkkx /
TAATGTGAAT 300 )
TAATGTGAAT
*hkkkhk kKK 5. 88
GTATTCCGAG 360
GTATTCCGAG
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TAGCTTGGTC 420 A\
TAGCTTGGTC
R R R R
TGCATTAGCG 480
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GCAGCTTTARA 540 ITS2
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*hkkk Kk Kk kkkkx
TTTTGACCTC 600
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J

Fig. 1. Aligned nucleotide sequence of Internal transcribed spacer 1, 5.8S, Internal transcribed spacer 2 region of H marmoreus 3-10
and H marmoreus 1-1. Different nucleotide sequences between A marmoreus 3-10 and H. marmoreus 1-1 are indicated by
the box. The conserved nucleotides in the internal transcribed spacer region of the two sequences are framed in an asterisks
(*). HMK: H marmoreus 3-10, HMJ: H marmoreus 1-1.
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rDNA, ¥ Intergenic spacer 2 (IGS 2)Z F4= o] 9l

SSUl| 43+ 185 rtDNAE 1,796 bp¥ L, LSUC 3| 33k
285 rDNAE 3,348 bpd & &<ttt Holr} &A= ITS
13} ITS 2% 217t 229 bp, 233 bpQ 1, HEH S 585 4oL
153 bp¥ & R1stA o, ITS %4 99 nucleotide A1 ¥ Fig.
114 AEaqlet. web 2 Aol A 22k7% B4 o] &
TS 99L& F 462 bp2 A7Ivlde] 24 =52, IGS
12 390 bp, IGS 2+= 900 bpd-& &<A3FA T} rDNA-cluster=
H marmoreus 3-10 59 H marmoreus 1-1 757} S Y317
7,049 bpE ZAHU

rDNA cluster®] 97]4¥ Z 3=, NCBI (National center
for Biotechnology Information)®] GenBank (http://www.
ncbinlm.nih.gov/Genbank/)ol AEE& 71€3te] ) 7
5% H narmoreus 3-10 (Accession No. KF150213)3% 4+
frel @9 H marmoreas 1-1 (Accession No. KF192813)¢]
Accession No.Z B4t} F 7,049 bp &, A1 Q73 Zo]g
AolE Ao, 71489 Aozt SEAH Ak SSUAA 2
7N, ISl A 370, LSUN A 970, IGSel A 378 G717} ol sttt

£ 2%Z 3s g th(Table 2). 713 & W8S Yehe
F9L 146%E JEHA ITS 0104%13 2l }@‘D} ssUE
0.11%, LSUE 0.26%, IGS 99L& 032% <] #ol &S 3elety

Tﬂr kA F 7,049 bp 3-011*1 1774 °ﬂ7l*1°ﬂ°l e A&
T AeH, HW AN 7 BREAQ 492
ssuogoqur 585 rDNA @9 9e] FI= At
FHZoll = fungidl Al ITS GG o8¢ 77} Bl o]Fof
FT}. Lentinus edodes®] 735, T kol ITS 99 ¢ °ﬂ7l*1
A 2ol7t YA L edodesSt L boryana 52 E3tle

Aol Helral shgior, ZeE|W Aol A= rDNA-ITS]
B71H Eo] F(species) T2l ATtk A7 A3t A3
t}. I3, Dictyophora 7ol #l %2 54, Ajuj & 547} §
A S48 FAN 2008 4 A DA 29 s
S ZH, IDNAITS 945 58 TANETE £4& O]%o
= Wl F & %%Q ZAolete Bzt A5 =
ITS 94& o] gs b2 A1=Z FFH A A rDNAY ITS
3l tall Folu FE3F Solgh 71 de] EA7F gelH
W o] & primer A&t F 59 FH &§o] etk
i gk AT AFE A9, 16].
o]x 5 DNA barcodeE ©]&3 SNP (single nucleotide
polymorphism)& A& 41 kA3 PCRE F3 53 4F
9] Ato]=27F AL okt A8 F7 *1%%"—194 A
=7k & ARl Yok B 01%2] SNPAolE AW
FU 28Y Y S ol & A7 2ol FAuAt
ZAY Hlsg A 9] # o= DNA barcodes ©]-8-¢F SNP
ARl F838A A2 Aoz AlRE.
oA AwgEh upe} o] F w9 F7IM Lol 71x ¢ align-
ment A4 37) Aol g 71 Lol 22 T2 Gl o
g FFE NASA Lotr A 23 72 A4S TR
Fig. 29\ X< H marmareus 3-10 58 H marmoreus 1-1 05
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Fig. 2. Secondary structures of internal transcribed spacer 1 from A marmoreus 3-10 and H. marmoreus 1-1. Five stem-loop structures
were found in internal transcribed spacer 1 region. Despite different nucleotide of A marmoreus 3-10 and H. marmoreus 1-1,
stem-loop V has same secondary structure. Locations of different nucleotides are indicated by arrows.



Journal of Life Science 2013, Vol. 23. No. 10 1265

A, Hm 3-1040-4 Hm 1-1#2-5 ‘| B. Hm 3-1042-4 “a,  HmI-IH2-5 .
o i
i o,
IV v
f. - of -
C. Hm3-10#2-4 Hm 1-1#2-5
o
% - G_ﬁc\-r
SO - o (i Y A G{‘A\’ K c
\ e R i~ A
T s T-T e g
7 A A\’T
IG tA —E0 220 A\A’\T\
~ /A N G
- C) T =g SN
B A"C‘f V \ J
V T___C,C

Fig. 3. Secondary structures of internal transcribed spacer 2 from A marmoreus 3-10 and H .marmoreus 1-1. A. Five stem-loop structures
were found in internal transcribed spacer 2 regions. B. Despite different nucleotide of A marmoreus 3-10 and H. marmoreus
1-1, stem-loop III has same secondary structure. Locations of different nucleotides are indicated by arrows. C. Due to one
nucleotide differences, stem-loop V showed different secondary structure.

A719S & & ok Fig. 3AE TS 2 region?] A 23} %
= , stem-loop TNA 3 7§29 AFelgt d7]7}F 23¢
Txo FFE 7AA G5 € F AV A stem-loop
Ve B FrEAE & Ao 47 Aol2 dste 273 7=
folding H&lo] F T HeatA &= A
2 A+e S °F H marmoreus 3-10 59 4
H, marmoreus 1-1 7+9] tDNA clusterol] 7|9 @714 E £4
= HxE FYE3oH, F =EWEHA 759 multiple
alignments 3t @71 ZolE &t ol ITS
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