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Traditional molecular systematic markers

- nuclear ribosomal RNA genes
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Traditional molecular systematic markers

- nuclear ribosomal RNA genes

> 100,000 nuc rDNA fungal sequences currently in
GenBank (Hibbett et al., Mycol. Res., in press)

However.....
- their taxonomic identity is often questionable
- many remain unclassified (e.g., data from

environmental sampling)



Traditional molecular systematic markers

- other nuclear genes

RPB1 and 2

B-tub

EFl-a



Traditional molecular systematic markers

- other nuclear genes - mitochondrial genes

RPB1 and 2 mtSSU

B-tub mtLSU

EFl-a ATPG6



Traditional molecular systematic markers

- other nuclear genes - mitochondrial genes
RPB1 and 2 mtSSU
B-tub mtLSU
EFl-a ATPG6
mtLSU
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COIl In mushrooms

- to begin with...
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COIl In mushrooms

- to begin with...

B
Cryplocacous necformang war. neclormans
Crypiococous neoformans var, prebl e
Crinipals parnicicss = 1
Schzophylumacommune s
Agrocybe segedila e mm
L

[v] 2 4 [} a
Langth {kb)

- direct PCR from genomic DNA

» dozen of primer tested

 over 80 species and multiple strains tested
» multiple PCR techniques

* cloning

10

14



COIl In mushrooms

Cryplococous neoformang war. neclormons s
Crypiococcus necformens var probl
Crinipalis parnicioss
Schzophylumacommune s
Agrocybe segedila e mm

[v] 2 4 [} a 10 12 14
Langth {kb)

- results

» < 5% success
» two possible sites of insertion of app. 2000bp intron in the target region of CO1
* multiple copies per strain



Accessing COIl sequence data

- RT-PCR

* RNA isolation

 create cDNAs using Reverse-Transcriptase
* PCR amplification using cDNAs as template



Accessing COIl sequence data




Images from www.freshmushrooms.us, soumon-mori.com, and bugs.bio.usyd.edu.au/Mycology/



Accessing COIl sequence data

- RT-PCR

Results

* > 95% success
* primer pair developed for a broad taxonomic range



COIl seguence groupings

155 taxa with complete RNA COlI C_t==—Tricholomataceae _.p.

Schizophyllum
Tricholomataceae p.p.
Psathyrellaceae

Lepiota

barcode region or at least 200bp
obtained from genomic DNA

] Agaricus

Agrocybe, Conocybe
_[Ifqu Amanita, Lepiota

Pleurotus

| =— Trametes, Grifola (Polyporales)

ﬂ_ Hygrophorus (Agaricales)
Cantharellus, Sistotrema (Cantharellales)

Agaricales



COl variation

In Pleurotus (oyster mushrooms)

- RT-PCR
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EF1-a (ca. 650 bp)

D327 SCHYZO genDNAEF1PL 1567RA
Ostreatus Czech 330 and330b

D330.1 146FR cDNA

Ostreatus Czech 331

Ostreatus Germany 334

Ostreatus Germany 334b

I- Ostreatus California 850 AND D850 genD EF1PL MARCH

I D850 171F genDNA

D850 151FR cDNA

Pulmonarius NC 352
_[{ Pulmonarius Sweden 481
D480 148FR cDNA

— Pulmonarius Japan 1748
Pulmonarius PNG 1979
D1979.4 176F genDNA

 D1979.j 175FR genDNA
D1979 159FR genDNA
D1979 genD EF1PL MARCH
1979.4 169F cDNA

- D1825 155FR cDNA
D1944 158F genDNA
Pulmonarius PNG 1980
Pulmonarius PNG 1980b

Pulmonarius VA 263
P|eurotus _ﬂPuImonarius VA 263b
Pulmonarius BC 700
ostreatus group || D1728 153FR cDNA

D2245.19 162FR cDNA

Eryngii Europe 625

Eryngii Europe 625b

D1832.1 156FR cDNA eryngii

D1832.6 157FR cDNA

P.eryngii market 167FR cDNA

D1820 173F genDNA eryngii

D1820 genD EF1PL MARCH

D1822 174FR genDNA eryngii

D1822 genD EF1PL MARCH
Populinus US 2212
Populinus US 2212b
Populinus Montana 2214

Populinus Ontario 2304

Populinus Maryland 399
Populinus Maryland 399b
Populinus Montana 765

— D2230.1 164FR cDNA

_| Pl genD 526Fdidnotwork 1657R MARCH

Pl genD EF1PL 1567R MARCH

D332 147FR cDNA
D547 149FR cDNA
D564 150FR cDNA
D261.4 145FR cDNA
D1737 168F cDNA cornucop
D1738 154FR cDNA cornucop

Hyps1031 152FR cDNA ZYGO BLAST P. con UCOpiae

pulmonarius D2070.1 160FR cDNA

D2246.1 163FR cDNA
Pl purpurD2342.1 EF1 M cDNA 526F 1567RMARCH07

— 5 changes

P. purpureoolivaceus
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Pleurotus

COl (ca. 550 bp)

15280
biet D2310a 12F4R D}L\ltdSTR 09FEBO7 CH

eticD233
eticD233

OO

C DNtdSTR 11F2eR 26March07

KC DNtdSTR 11F2eR 09FEB2007 CH
KC DNtdSTR 12F4R 09FEBQO7 CH
DN 1F2eR 09FEB2007 CH

TR 09FEBO7

tdSTR 14FEBO7

NtdSTR 14FEBO7

tdSTR 09MARO7 CH

Ntd STR 09MAROQ7
TR 14FEBQ7

g8, UUTTT
302 pe0 a0
%N QggQ?Q YYD
283 =
g o3 2
m =
SR 5X= o
R s WROD 1
AN~
ROB 5
ol =0
S R
ONANA T3 oo
—n LD B <&
SOA: . DHE
Ox V2 x00xx0 0
R O YA
WASF AL =
'_O._\OD-OOUOOZ;U
w0 O<Z Uos
TESE =]
55 N5,
0Z.
WS LS
=TS

1
1.
12F4R 31
11F2eR 31JANQ7 Ci
OTtdCL 11F2eR 31JANQO7 CH
OTtdCL 11F2eR 31JANO/ Cl
R DNtdSTR 11F2eR 09FEBO7
FR Dé\lété%TR 12F4R 09FEBO7

.4 KC DNtdSTR 12F4R 26March07
F4R KC DNtdSTR 14FEBQ7

TU_TVUUT:
o
u!

= SN

Pl ostr D:
ostr D21

TUUTT
o
@
lv)
a1
1N

ostreatus
group

33T
O
=
I~
[
B

ISTR 19FEBQ7 CH
DNtdSTR 09MARO7 CH
KE DNtdSTR 09MARO7 CH

T
U UUTTY
o
a
=}
N

T
o
2
El
c
5}
lw)
It
N
o
.
Ny
U
A
X,
X
O
o
<
>0
DT

CHO7 AMBIG

Pl pulm D1979.j 122FR 11F2el
—| Pl pulm D1979_.|1 130FR 12F4R
ulm QC2 KC1FRgr DNtd STR MARO7
T

he)

IP MARCHO7

12F 26March07

NtdSTR 09MARO7 CH
MARO7 CH

R 26MARCHQ7
2 HO7

=
3
o
=
N
i<}
-
i)

t

5
TI%N
pe)

A
O
rO.

Z

PRTIO.
!O(D(V;)'rl
MM RTTAX
0 20570 20200 g 00 Ooi 5

Tl
O
=)

Z

Q.-
NAD
%
Fie}
.

N,

B

ol

(=)

O

©

T,

00,

O

S

T
TIVT_5
=208
o
PGl
o3

TTTTTT

e
.
o
c:
333
1
D
=)
Py

7]

(IR, |

= 0
=

TUUyUTUTUTT
o
=4
3
w
RERSRR
O
=3
)
BARA R
SNALSo et
(oo
Z
= e
;UNSNNN»—-EE
N
W
307070 000 o R TID

T
2]
=t
3
o

D=
O
=t
(S
N
il
IN
TR

T
(=
3
I’d
£
OgO
P
=", O
=
IS
N
™~
o5
s
DB
8
= Ebbbbbr\),\,
>
Py
S
N
o]
I

(ST

1T

oA
b
=

(o]

> O
o
=z
Qy

o=
!
o
<
>0
o4
OA W
<
>
Py
<]
N

s
Q
e
3
c
s
v}
=
]
IS
R
©
w0
@
Py

A

3=)

c

3

O

=
O U7,
Sang2s

N W N

(N 1)

Pl Burpur D2;
| purpur D2.
purpur D2
purpurD224
purpurD234
purp D2246.
purp D2246.
purp D2246.
46,

6.

9.

9.

9.

ONINDN)
B
(CICIEININY
LN

B iRie N ©

i
P>

purp D224
41

TUUTVUTITITTD

g
]
~
'
a1
W
-

sd) D. 3 OFR
Pl purpurD2342.1 11F

- 1 change

Pl eryn foss D1820 57FR DNtdSTR 12F4
Pl 0strD540 12FR DNtd!

(=]
=}
>
c
s
O,
2
o3
K
©
e
2y
e

OO0~
iN
O
{3)
il
Py

Z D
ol
O
a
m:
os g
O
<R
o
T,

STR 12F4R 31JA



COl variation in Pleurotus (oyster mushrooms)

akhiet DE310a 1ZF
akiet DZ310a 11F
ahieticDZ2330.1 B
abieticDZ2330.1 F

=3 tiot
eryn
erymn
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ostr
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foszs D18Z0
foss DlBEl:
foss DlBEl:
foss DlEE1L
market 1ZE
D1832.6 11
D1832.6 1%
DeZ5.2 1EZE
DEZ1E 12F£
D174ZtubeB
D174Ztubeld
D174Ztubeld
D33, J0FE
D33, 10FF
D33, 11FF
D33, Z7FE
D33, Z9FF
D33, J1FF
D33, J4FF
5340 1EZFR Dt
Se4 13FR Dt
D330 53FR I

[ I i I s I o Y e O e

TACAAGEAGATCATCAATTATTTAATGTAAT TATATCTGCTCACGCATTTATTATGATTTTCTTTATGETTATGCCTEEAT TAGT AGGAL
TACAAGEAGATCATCAATTATTTAATGTAAT TATATCTEGCTCACGCATTTATTATGATTTTCTTTATGETTATGCCTFEAT TAGT AGGAL
TACAAGEAGATCATCAATTATTTAATGTAAT TATATCTGCTCACGCATTTAT TATGATTTTCTTTATGETTATGCCTEEAT TAGT AGGAL
TACAAGEAGATCATCAATTATTTAATGTAAT TATATCTGCTCACGCATTTATTATGATTTTCTTTATGETTATGCCTEEAT TAGT AGGAL
TACAAGEAGATCATCAGTTATTTAATGTAAT TATAT CAGCACACGCATTCATCATGATTTTCTTCATGETTATGCCTEEAT TAGT AGGAL
TACAAGEAGATCATCAATTATTTAATGTAAT TATATCTGCTCACGCATTTATTATGATTTTCTTTATGETTATGCCTEEAT TAGT AGGAL
TACAAGEAGATCATCAATTATTTAATGTAAT TATATCTGCTCACGCATTTAT TATGATTTTCTTTATGETTATGCCTEEAT TAGT AGGAL
TACAAGEAGATCATCAATTATTTAATGTAAT TATATCTGCTCACGCATTTATTATGATTTTCTTTATGETTATGCCTEEAT TAGT AGGAL
TACAAGEAGATCATCAATTATTTAATGTAAT TATATCTGCTCACGCATTTATTATGATTTTCTTTATGETTATGCCTEEAT TAGT AGGAL
TACAAGEAGATCATCAATTATTTAATGTAAT TATATCTEGCTCACGCATTTATTATGATTTTCTTTATGETTATGCCTEEAT TAGT AGGAL
TACAAGEAGATCATCAATTATTTAATGTAAT TATATCTGCTCACGCATTTATTATGATTTTCTTTATGETTATGCCTEEAT TAGT AGGAL
TACAAGEAGATCATCAATTATTTAATGTAAT TATATCTGC T CACGCATTTATTATGATTTTCTTTATGETTATGCCTEEAT TAGT AGGAL
TACAAGEAGATCATCAATTATTTAATGTAAT TATATCTGCTCACGCATTTATTATGATTTTCTTTATGETTATGCCTEEAT TAGT AGGAL
TACAAGEAGATCATCAATTATTTAATGTAAT TATATCTGCTCACGCATTTATTATGATTTTCTTTATGETTATGCCTEEAT TAGT AGGAL
TACAAGEAGATCATCAATTATTTAATGTAAT TATATCTGCTCACGCATTTATTATGATTTTCTTTATGETTATGCCTEEAT TAGT AGGAL
TACAAGEAGATCATCAATTATTTAATGTAAT TATATCTGCTCACGCATTTATTATGATTTTCTTTATGETTATGCCTEEAT TAGT AGGAL
TACAAGEAGATCATCAATTATTTAATGTAAT TATATCTGCTCACGCATTTATTATGATTTTCTTTATGETTATGCCTFEAT TAGT AGGAL
TACAAGEAGATCATCAATTATTTAATGTAAT TATATCTGCTCACGCATTTATTATGATTTTCTTTATGETTATGCCTEEAT TAGT AGGAL
TACAAGEAGATCATCAATTATTTAATGTAAT TATATCTGCTCACGCATTTATTATGATTTTCTTTATGETTATGCCTEEAT TAGT AGGAL
TACAAGEAGATCATCAATTATTTAATGTAAT TATATCTEGCTCACGCATTTATTATGATTTTCTTTATGETTATGCCTEEAT TAGT AGGAL
TACAAGEAGATCATCAATTATTTAATGTAAT TATATCTGCTCACGCATTTATTATGATTTTCTTTATGETTATGCCTEEAT TAGT AGGAL
TACAAGEAGATCATCAATTATTTAATGTAAT TATATCTGCTCACGCATTTATTATGATTTTCTTTATGETTATGCCTFEAT TAGT T EEA
TACAAGEAGATCATCAATTATTTAATGTAAT TATATCTGCTCACGCATTTATTATGATTTTCTTTATGETTATGCCTEEAT TAGT AGGAL
TACAAGEAGATCATCAGTTATTTAATGTAAT TATAT CAGCACACGCATTCATCATGATTTTCTTCATGETTATGCCTFEAT TAGT AGGAL
TACAAGEAGATCATCAGTTATTTAATGTAAT TATATCWGCACACGCATTCATCATGATTTTCTTCATGETTATGCCTEEAT TAGT AGGAL
T AAGEAGATCATCAATTATTTAATGTAAT TATATCTGC T CACGCATTTAT TATGATTTTCTTTATGETTATGCCTEEAT TAGT AGEA



COl variation in Hygrophorus

(direct PCR)

574 positions

H. picea 28ALG 34

H. pudorinus 29ALG 33
H. flavodiscus 49ALG 70
H. fuligineus 52ALG 71
H. flavodiscus 54ALG 72
H. flavodiscus 54ALG 35
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Barcoding mushrooms with COlI

conclusions

» direct PCR: short regions only, although Long-PCR possible
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Barcoding mushrooms with COlI

conclusions

» direct PCR: short regions only, although Long-PCR possible
* RT-PCR: feasible, including for sporocarps

* tissue storage in “RNALater” feasible

* multiple copies

e intra and interspecies variation: more investigations needed
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