Journal of Life Science 2012 Vol. 22. No. 11. 1470~1476

ISSN (Print) 1225—9918
ISSN (Online) 2287—3406
DOI : http://dx.doi.org/10.5352/J1.S.2012.22.11.1470

Genetic Variation Based on Random Amplified Polymorphic DNA (RAPD) and Internal
Transcribed Spacer (ITS) Region Sequences in Lgpista nuda

Yang Suk Lee', Nam Woo Kim' and Jong Bong KimP«

'Department of Herbal Biotechnology, Daegu Haany University, Gyeoungsan 712-220, Korea
*Department of Medical Life Science Catholic University of Daegu, Gyeoungsan 712-702, Korea

Received August 2, 2012 /Revised November 16, 2012 /Accepted November 23, 2012

A genetic variation of Lepista nuda and two genus Lepista species (L. irina and L. sordids) were analyzed
by random amplified polymorphic DNA (RAPD) and internal transcribed spacer (ITS) sequence
analysis. In the resulting RAPD analysis, 22 out of 40 random primers amplified polymorphic RAPD
fragment patterns, the amplified bands were 355, and DNA fragment sizes were 200-400bp.
Intraspecific genetic dissimilarity of the 10 L. nuda strains were calculated to range from 0% to 21.60%,
L sordida from 16.93% to 24.82%, L irina were 20.62% to 25.54%, and intraspecific genetic dissimilarity
of L sordida and L irina was 23.49%. The 673 base pairs were sequenced during the analysis of the
ITS I and II region; six L nuda strains intraspecific genetic dissimilarities ranged from 1.58% to 11.47%,
L. nuda and L sordida from 3.83% to 12.88%, L nuda and L. irina from 7.11% to 15.61%, and intra-
specific genetic variation between L. sordida and L. irina was 4.79%. The findings showed that RAPD
and ITS sequencing could be used for developing molecular genetic markers and screening of un-

identified genus Lepista species.
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markerS ©]&-3 FHo] B FABA 4ol Ee] o]FA]

T 9tH2327]. ©] 5 RAPDE DNA ZZ H.9)¢] & 7]uj o
g ARV dastA gon, & 3 F7| A4 primers
NERnE A} deste] FEEF R B, 30 HolR
A, FA8A vl Sl de] o]&¥a ItH25.27]. Lt
RAPDE PCR ¥h-&-3} g+ F7F9] primerdl] 93 &4]0] o]Fo]
A=z g 279 Holol 3 BEEE M= SAt 2
Tol M7t A7le BACl 2L & glow, rtavls §
o AHE SR BELE 59 ofel 2959 o8 9IS
kS 4 ATH4,9]. #Hell= ITS (Internal transcribed spacer)
99 A7IMEE o8 FAUA A7t STt l=E
185 rDNA+= WHo|7l A A %_1011/}5 TS g 9& o)y}
Bol dojur], Al genome ol A HHEH= 1“% 7k wot
FE317] 445, 600 bp @Ei gfol 4031 AIHE] E40]
7k 3k eH1,26]



L sordida 2 L irina®) 4, F 7ol EH &t A= ]-Er‘ﬂ;ﬂ H}
gitt. ool £ AFNME Lepistad; 35 ot F70%
°

%
random primerE ©]&3 RAPD W3} ITS W 0.8 A se]
AL F, B0 {24 FAkEs 1 54 WA S

e 3
R

L nudi= 20033 7956 129704 A=r9] 629(78 vy
8,747 TE, A7) £9, AR BHL AR B, A% 8
ANA Lepista: ] L nuda 57\ w59} L sorddy, L irinas ZY7t
1 #54 Asden, 5 4937 4%, A4 A7, A3
B, 7371 &9, AF)el eiX = dHhstal oA 5

8 (IUMV; Inchon University Wild Mushroom Strain Bank).2-

23E 2 ot B9 49 ) Aol L udis 2 7]
58174 (Institut National de la Recherche Agronomique,
INRA, Bprdeaix, France)oll A #to} 2 AES 93 A5
2 A3 T (Table 1).

HHRF & Genomic DNAQ| &

SUellA ANFE L nudy L iring L sardicda®t TUMZ}H INRA]
A Y-S L nudss potato dextrose agar media (BD and
Company, Sparks MD, USA)dl| FE3to] 25T+1T ] 2704
2597t w3kl genomic DNA F&5 918 TALE ARE-3F4Th
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Table 1. The source and locality of strains
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NS ]71 3t 1.5 tubec] ‘E-‘r I A= pellet A2 A

2 B, 100 9] 32 SFFE ¥al DNAS &3jA17
% 20T ]H B3 A PCR ¥HE-8-4 9] template DNAZ

RAPD #4& 93] PCR| AF&-3F primer= 1070 9] oligo-
nucleotid2 T4 ¥ Operon primer (Operon Technologies
INC. Alameda, Ca, USA)Z OPA 1~20% OPB 1~207}4]
% 40709 primerg ARESIAOH, TIFE G-CY FFol
60-70% 2.2 ¥k-g-o] YEld code name¥} sequence™ Table
2¢] eI PCR ¥H EF e 242 Taq polymer-
ase 1U, Tris-HCI (pH 9.0) 10 mM, dNTPs mixture 250 uM,
MgCl, 1.5 mM# 2.1, & 7]¢] genomic DNA 1.0 pl, primer
1.0 ul (Operon Technologies INC. Alameda, Ca, USA)E % L
133 FHFE 20 ulE wEAY PCRY| A3 thermal
cycler= PTC-150HB (minicycler MJ research INC, MA,
USA)E AHE-3l421, PCR 272 template DAN denatu-
rations 93 94C oA 383t predenaturation 3 T 94T
o A 30% denaturation, 40T A 1£3F annealing, 72°C
A 587} extension 32, o] HAS 453) WkE S oM,
HxA9 FAE 93t 72T A 587t extension 34T}

Species and Strain No. Locality Source Analysis
L nudOl Mt. Manisan, Ganghwa-gun Inchon, Korea collecting RAPD
L nudi?2 Kimpo Gyeonggi-do, Korea TUMO00003" RAPD
L. nud03 Seo-gu Inchon, Korea TUMO00547 RAPD
L nudi4 Bupeong-gu Inchon, Korea TUMO00617° RAPD
L nudd5 Guri-si Gyeonggi-do, Korea collecting RAPD
L nudd6 Yongin-si I, Gyeonggi-do, Korea collecting RAPD
L. nudd7 Yongin-si II, Gyeonggi-do, Korea TUMO00379° RAPD
L. nudid8 Mt. Deogyu Muju-gun Jeollabukdo, Korea collecting RAPD, ITS
L nudi)9 Gyeongsan Gyeongbuk, Korea collecting RAPD, ITS
L. nudill Jeju, Korea TUMO00181° RAPD, ITS
L nuddl? France INRA ITS
L nuddl3 Swiss INRA ITS
L nuddl4 Portugal INRA ITS
L irina Yongin-si Gyeonggi-do collecting RAPD, ITS
L sardida Hayang Gyeongbuk collecting RAPD, ITS

" Inchon wild mushroom strain bank number
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Table 2. Random amplification of polymorphic DAN primers used in this study

Primer NO. Sequence (5" to 3) Primer NO. Sequence (5" to 3')
OPA-1 CAGGCCCTTC OPA-18 AGGTGACCGT
OPA-2 TGCCGAGCTG OPA-19 CAAACGTCGG
OPA-3 AGTCAGCCAC OPB-1 GTTTCGCTCC
OPA-4 AATCGGGCTG OPB-4 GGACTGGAGT
OPA-7 GAAACGGGTG OPB-5 TGCGCCCTTC
OPA-9 GGGTAACGCC OPB-6 TGCTCTGCCC
OPA-10 GTGATCGCAG OPB-7 GGTGACGCAG
OPA-11 CAATCGCCGT OPB-8 GTCCACACGG
OPA-13 CAGCACCCAC OPB-10 CTGCTGGGAC
OPA-15 TTCCGAACCC OPB-11 GTAGACCCGT
OPA-17 GACCGCTTGT OPB-12 CCTTGACGCA

PCR  product= 12% agarose®lAl 1xTAE(Tris-ace- o] &3] alignment A7l ¥, HF AF FEL FAHOE
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30% annealing, 72C oA 187} extension3t$ 2.7, o] 74
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PCR% product= 1.0% agarose geldl| A &3 th-5 gel ex-
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bp2] Ato]oll A 355771 HFE AT, o]F AAA o] +
OPA-13} OPA-182 Fig. 13} 29} 2t} #2¥ scrabble RAPD
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£ ol&sto] HIFALE AFE =233 tH(Table 3).
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Table 3. Genetic dissimilarity matrix calculated by Nei-Li's genetic distance coefficient based on RAPD analysis

1473

L nud0l L nud2 L nud3 L nud04 L nuddd5 L nudd6 L nudd7 L nudd08 L nudd9 L nudil0 L. irina

L nud2  0.1126
L nud03  0.0878 0.0851
L mud04  0.0878 0.0851 0.0000
L mud05  0.0797 0.0834 0.0598 0.0598
L nud06  0.1037  0.1017 0.0751 0.0751 0.0736
L nud7  0.1596 0.1533 0.1322 0.1322 0.1268 0.1411
L nud8  0.1452 0.1492 0.1367 0.1367 0.1411 0.1290 0.1588
L nudd)9  0.1050 0.1367 0.0918 0.0918 0.1004 0.1190 0.1722 0.1218
L nuddl0 02034 0.1724 0.1894 0.1894 0.1954 0.1740 0.2160 0.2127 0.1933
L. irina 0.2062 0.2118 0.2273 0.2273 0.2092 0.2075 0.2554 0.2399 0.2284 0.2316
L sordida  0.2184 0.2482 0.2105 0.2105 0.2217 0.2434 0.1693 0.2301 0.2103 0.2233
The abbreviations of introductory remarks are the same as in Table 1
M1 2 3 4 85 8B Y 8 9 10 1112 103 13 &0l
. N —
B 557bp —p
2,322bp —» nudd)2
G03bg —» PR g pan—
310bp —> o . nudA6
. nudi05
Fig. 1. El h f RAPD OPA-1 A
ig. 1. Electrophoretic patterns o using primer -1. .
Lane M is the size marker of ADNA/ Hindll +¢*x174RF - nudi3 mgroup
DNA/ Hadll fragments. Lane 1-10 indicate L nudi01 to
10, lane 11 indicate L sordich and lane 12 indicate L irina. 5 . nud4
M 1 2 3 456 7 8 91011 12 L 8 ud9
B557bp—» [ (NI 00 o
2322bp—p L nuai8
1 078hp —p o
Bdbp —» L. nudd7
F10bp —m» 6
r L. nudhl(
>
Fig. 2. Electrophoretic patterns of RAPD using primer OPA-18. L irina —
Lane M is the size marker of ADNA/ Hindll + ¢x174RF outerou
DNA/ Haelll fragments. Lane 1-10 indicate L nudd01 to ) group
L sordida —

10, lane 11 indicate L sardich and lane 12 indicate L. irina

homoplasy index= 0.547, 12| 1l retention index= 0.369%
el o, RAPDY) 7]%3} trees 3709 clusterS A3
THFig. 3). 3 WAZ L sadida7t 7} 715 $A]staL e
v, T WA clustere L imnat AFANA A-E L nudil0L
2 747} 5971 ¢} 637 9] autapomorphic change®} 8471 ¢ syn-
apomorphic changeE YEMATE Al MA] clusters U9
NS AN AYE Loudiz M= 7ol 6719 Auf&

Fig. 3. Strict consensus tree of the 58 most parsimony trees about
Lepista RAPD result. Tree length is 771 steps, consistency
index (CI) is 0.453, retention index (RI) is 0.369 and ho-
moplasy index (HI) is 0.547. The number of changes is
indicated above branches.

FAstH o, L nudd037} 04= 0.0319] band change®} 1671
¢} synapomorphic changeE WEFH ™, 100% ] jack-knife®]
AA=S YERH AT
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Table 4. Genetic dissimilarity matrix calculated by Nei-Li's genetic distance coefficient based on ITS region sequencing analysis

L. nud08 L nua09 L. nudil0 L nudill L. nudhl2 L nudil3 L. irina
L nudd9 0.0956
L nuddl0 0.1147 0.0285
L nudill 0.1024 0.0237 0.0459
L. nudhl2 0.1005 0.0269 0.0491 0.0190
L. nudil3 0.0991 0.0158 0.0364 0.0158 0.0174
L irina 0.1561 0.0711 0.0935 0.0854 0.0871 0.0743
L. sordidh 0.1288 0.0383 0.0606 0.0557 0.0574 0.0480 0.0480
The abbreviations of introductory remarks are the same as in Table 1
L nua®] A9 542 MAA 9] AgfF Azt Hhﬁf}‘ﬂ 40719} primers: 2270 9] primerel| A 12F B A& Ao] # o]

FAFo g B AolE YA L nudil0 (AF)e
irinas} sh9] clusterE o]F o™, FY9E9 L nudst &
7<4 OE ul—o Z}OIE 14_1:/]_1413:. 710 0 7(]‘:'/];(4 o= /H oz TL‘E]Q
of 7] W&l A2 AT Kim¥} Kim [7]S Lenstads 9
L nud®}t L sordidg 1231 $0]2 WA 4%, Collyhia confluens
(2WA), Collybia peronata (7Y AN 71MA), Laccaria laccata
(EAMA), Lyophyllum cinerascens ((7FE Aol dig -3
2 HolE &A% AY, L nudre Y59 L sordidak ot 2
WAL ZhE ol 71 WAl e 1A fAdAZE o 7, L
saddie EZAMAT A2 7t st o, & A
NNE L sodides 372 FA83A7F 78 23l

L nuS} L iring L sodicde®] 719 F173 Aol E8A
719 Fej A 549 7 o)k A sk 2t 674
o Aoz FAE Al AA clusterdl A 7%= &<lolA
A-E L nud{)6d+ FYs AN AHE L nudd7e 4F
E Fofdtol AdA7I7F AduiUdE #FE 0.0559 band
changer7} L]-E}‘;ko ™, L nud063t= e clusters ¥/
o FHA R Apol7th ATk WAl A AL
2 4AE wAe gty ERE BFsA 8= AT
st A wAPE eEer HAsAd g F77)
BEshA] ron, A7z B g At Al 2 dE g e
B2 AZAME T3 ALA B2 g T FAH
7Festtt. 28y g Aui7E 2 qtel= HAlo|u g A7t
7Festtets 717k Algte] A HE ofF ol vzl o
A L nud63} 079] 137 Aol LT AHoA A€
Folgta stdets A wA gk Al el o F4
ZQl Wol7t et Ao s HdET
Alam 5[16]& “E}g] 2 WAL RAPD 7|Ho2 59
el FH14 gdAS e AFold FE14Y AolHs
8 g Ao gglon, “ERHE WAl E AlF oy
T2A RAPDE F3f BHelzl 42 Folu AF 9
DNA &3 @7 SR E primerE o|-§3td WA 75 o]
U S 7S Ao Bag vk oo 26]. AS7HA B
H R E IS F9€ FHET Fto7t Be Z02 By
AR, L nuael X e} ARE wFof Kol RAPDS 4$-

r;'ﬂ

o 1 o

o}‘N

2

 bandE°] YESEOH, primerdl] wa} band YAtell z}o) 7}
910 |5 primerE o] A4 A Lepista 20 Ui g 2

38 bandE & 4 9oz F=Ud Zjo) A9 RAPD
Mo g F5 9 £& AHsl=d 24 markerZ 48 4
A oz dddn

ITS FHS 0|8st REN RAZ

Sl AHE L nuda 37N T,
Zo\ A ANFE L nuda37) 5, 183 outgroup =2 L iri-
na, L sordide®] t)3F 1TSS <ol disl] <F 673709 7] &
BAg0oH, o]2 AR NeiLid 84 AYAFS OI%
st HlfrALE A5 EE8HAtH(Table 4). 342 Hl-FAE
Ao s L nuck®] 1TS 4o G711 L9 S "ol
= 158%~1147%2 JeEbYow, L nudsS L sordideS=
3.83%~12.88%, 181 L nudaS} L irina= 7.11%~15.61%%Z
el o, L sordiddt L irinaste] F3- Wole 479% 2 1
Ebsict. 484 CMHO&% 2HOE A BFTE PAUP
(40b) programs ©]-&-3ste] 4% A3}, 1619419 Aol

vo WA 219 M e ATTE
mdex (Cl-autapomorphy #¢])= 0.758, homoplasy index
(HI)= 0.242, 18] 21 retention index (RI)= 0.6922 UFERGTH
(Fig. 4).

H7I g wolo] 7]x3}e] neighbour-joining(N]) #4
A3, 4719 clusterE AT A AR L sadid= 0025
9] base change YERH Y 71 715 x5k ¢len, L i
na= 00119 base changeE YFERH ™, 5070 ¢] autapomorphic
change®} 1471¢] synapomorphic changeE YEM T L
nud087} 09 0.0019] base changeE YEHI™ 1719] syna-
pomorphic changeE WERW o, A=A HJH L nu-
dil0 58711 9] autapomorphic changeg WEUIH, L nud08,
L nud9<= 11719] synapomorphic change’} YElstth F
WA cluster= L nuddll, 12, 18]31 13(France, Swiss,
Portugal)©] 37§ 9] synapomorphic changeE UEUH, Ul
NA AFE L nudst 4 3499 L nudst= 16749] syna-
pomorphic changeg YER ST

1z

HI

lk

[e) iz E
aC)"}—\‘l ‘}—\‘H‘)—\‘/ —J‘L—ET

dl

Ao, consistency
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L. nuda0s.

11 L. nuda09

58
L. nudal0
14

ingroup
L nudall

16 —— L nudal?

L nudal3

50

L. irina

] outgroup

Fig. 4. Strict consensus tree of the 21 most parsimony trees about
Lepista ITST and II region sequence result. Tree length
is 161 steps, consistency index (CI) is 0.758, retention in-
dex (RI) is 0.692 and homoplasy index (HI) is 0.242. The
number of changes is indicated above branches and
jack-knife values are found below branches.

L. sordida

YU AM AFste] Aol AHEE L nudes FHEE

FABA 7L WS- 7o, ITS 99 7uke g A4 H
dendrograms #4¢ AR M T st clusters 743t
Ao, L sordich®t L irina®t= B E3HA FE= QAT Park
[16]2 A& Al 2% rDNAY ITS G ol s Folut
P Solgk @71 g9 EA7F ER1HW o] E primer A
Fol} % 40 240 shsdita Base
FZ o] WA rDNAS PCRS 53| 3 A%
A=A FEo] Zhsdttkal Hagh up Qlo17]. o
ATZAFITS F71MEE L nudk®] A H3bel| #212<
Aol7b AN, Lepistads WAME FEE F e 4 A
b T, T A 24 AF ARE BF A}

S o
a2 N
Of

‘yr

L2 AN H oo o

re fe
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