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Mushroom diversity Ca. 14,000 known species
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Traditional molecular systematic markers
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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
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COI in mushrooms
- to begin with...

• dozen of primer tested
• over 80 species and multiple strains tested
• multiple PCR techniques
• cloning

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

- direct PCR from genomic DNA



Accessing COI sequence data
- RT-PCR

• RNA isolation

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



Accessing COI sequence data
- RT-PCR



Accessing COI sequence data
- RT-PCR

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



Accessing COI sequence data
- RT-PCR

Results

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



COI sequence groupings 
155 taxa with complete RNA COI 
barcode region or at least 200bp 
obtained from genomic DNA

Pleurotus

Cantharellus, Sistotrema (Cantharellales)

Trametes, Grifola (Polyporales)

Agaricales

Hygrophorus (Agaricales)

Amanita, Lepiota

Agaricus

Lepiota
Psathyrellaceae

Schizophyllum
Tricholomataceae p.p.

Tricholomataceae p.p.

Agrocybe, Conocybe



COI variation in Pleurotus (oyster mushrooms) 
- RT-PCR



ITS phylogeography of the Pleurotus ostreatus group

II.TMI30632 JAPAN
II.TMI30058 JAPAN

II.PDD94.077T NZ
II.PDD88.066F NZ

II.ATCC32772 INDIA
II.ATCC32771 INDIA
II.Hilber1R GERMANY
II.Hilber4y SWEDEN
II.Hilber4x GERMANY
II.WC152 British Colum
II.ITCCF1725 INDIA

II.Kumar INDIA
II.Hibbett92.107.2 PNG

II.RV95.686 QLD
II.RV95.938 PNG

II.RHP4203.11.SWEDEN
II.RHP4203.10.SWEDEN

II.D263 Virginia
II.D352 NCarolina
II.RHP1711.13 New York
II.RHP1711.10 New York

II.RV95.773 PNG
II.RV95.522.8 Tasmania
II.Hibbett92.107.1 PNG

I.Ginter31 CZECH
I.Ginter55 CZECH

I.CBS145.22 GERMANY
I.GEL2206 GERMANY
I.SJ91-070.4 SWEDEN

I.TMI30055 JAPAN
I.TMI30054 JAPAN

III.OKM7207 MARYLAND
III.DAOM180401.2 ONTARIO
III.DAOM197110.7 ONTARIO

III.EK89M30.16 MONTANA
III.EK89M30.21 MONTANA

XIII.D327 BRAZIL
I.RHP3505.19 TENN
I.D261 TENN
I.D403 ARIZONA
I.D850 CALIFORNIA

VI.ATCC58080 AFGHAN
VI.ATCC52666 AFGHAN

VI.CBS130.21 EUROPE
VI.ATCC36047 CZECH

XII.RHP6554.6 Russia

XII.RHP6554.17 Russia

III.EK89M2 MONTANA

III.DAOM180401.4 ONTARIO
III.DAOM197110.3 ONTARIO

VI.ATCC62885 AFGHAN

XII.RHP6551.17 Russia
XII.RHP6551.7 Russia

VI.MW85 PENNSTATE
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II - Worldwide

I - Europe

I - Japan

III - N. America

XIII - Brazil

I - North America

VI - Asia

VI - Europe

XII - Siberia

Intersterility Group
Alignment for
ITS 1 - 5.8S - ITS 2 = 668 bp

Parsimony search:
random addition sequence,
     1000 replicates
>5000 mp tree,  length = 97
CI = 0.8247

Values above branches show
    bootstrap frequency
    (1000 replicates)

Vilgalys and 
Moncalvo, 2000



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

Ostreatus California 850 AND D850 genD EF1PL MARCH
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
Pulmonarius VA 263b
Pulmonarius BC 700

D1728.j 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
pulmonarius D2070.1 160FR cDNA

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

5 changes

Pleurotus
ostreatus group

P. purpureoolivaceus

P. conucopiae



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

Ostreatus California 850 AND D850 genD EF1PL MARCH
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
Pulmonarius VA 263b
Pulmonarius BC 700

D1728.j 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
pulmonarius D2070.1 160FR cDNA

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

5 changes
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P. purpureoolivaceus
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Pleurotus280
Pl abiet D2310a 12F4R DNtdSTR 09FEB07 CH
Pl abiet D2310a 11F2eR KC DNtdSTR 09FEB07 CH
Pl abieticD2330.1 KC DNtdSTR 12F4R 26March07
Pl abieticD2330.1 KC DNtdSTR 11F2eR 26March07

Pl eryn foss D1821a KC  DNtdSTR 11F2eR 09FEB2007 CH
Pl eryn foss D1821a KC  DNtdSTR 12F4R 09FEB07 CH
Pl eryn foss D1821b DNtdSTR 11F2eR 09FEB2007 CH
Pl eryng market 12F4R KCDNtdSTR 09FEB07
Pl eryng D1832.6 11F2eR KC DNtdSTR 14FEB07
Pl eryng D1832.6 12F4R KC DNtdSTR 14FEB07

Pl eryng D625.2 12F4R KC DNtdSTR 09MAR07 CH
D1932.1 2ER KC 26MARCH07
Pl notclear D625.2 12F4R KC DNtd STR 09MAR07

Pl popul D2212 12F4R KCDNtdSTR 14FEB07
Pl ostr D1742tubeB 12F4R KC 31JAN07 CH
Pl ostr D1742tubeA 11F KC 310107 CH
Pl ostr D1742tubeA 12F4R KC 31JAN07 CH

Pl ostr D332.2 30FR NOTtdCL 12F4R 31JAN07 CH
Pl ostr D332.2 10FR DNtdSTR 11F2eR 31JAN07 CH
Pl ostr D332.2 11FR DNtdSTR 12F4R 31JAN07 CH
Pl ostr D332.2 27FR NOTtdCL 12F4R 31JAN07 CH
Pl ostr D332.2 29FR NOTtdCL 11F2eR 31JAN07 CH

Pl ostr D332.2 31FR NOTtdCL 11F2eR 31JAN07 CH
Pl ostr D332.2 34FR NOTtdCL 11F2eR 31JAN07 CH

Pl ostr D330 53FR DNtdSTR 11F2eR 09FEB07
Pl ostr D330 55FR DNtdSTR 12F4R 09FEB07

Pl ostr D547 11F 14FEB07
Pl ostr D261.4 KC DNtdSTR 12F4R 26March07
Pl ostr D547 12F4R KC DNtdSTR 14FEB07
Pl ostr D850 12F4R KC DNtdSTR 14FEB07
Pl ostr D850 2eR KC DNtdSTR 14FEB07

Pl ostreatus market 12F4R KC DNtdSTR 09FEB07
Pl ostr D1171 11F2eR KC DNtdSTR 14FEB07
Pl ostr D1171 12F4R KC DNtdSTR 14FEB07
Pl ostr D2038.10 124FR 11F2eR DNtdSTR 09MAR07
Pl ostr D2038.10 135FR 12F4R DNtdSTR 09MAR07
Pl ostr D2308 102FR 12F4R DNtdSTR 19FEB07 CH
Pl ostr D2308 91FR 11F2eR DNtdSTR 19FEB07 CH
Pl ostr D2308 132F 12F DNtdSTR 09MAR07 CH
Pl ostr D261.7 12F4R KC DNtdSTR 09MAR07 CH
Pl ostrD261.4 11F2eR KC 26MARCH07
Pl ostrD261.4 12F4R  KC 26MARCH07
Pl cornuc D1728.j 12F4R KC 26MARCH07 AMBIG

Pl pulm D1979.j 122FR 11F2eR DNtdSTR 09MAR07 CH
Pl pulm D1979.j 130FR 12F4R DNtdSTR 09MAR07 CH

Pl pulm QC2 KC1FRgr DNtd STR MAR07
Pl cf.pulm D2070 12F KC 26MARCH07
Pl pulmon D2070 KC DNtdSTR 12F 26March07
Pl pulm D352 126FR 12F4R DNtdSTR 09MAR07 CH

Pl pulm D1745 11F2eR KC DNtdSTR 09MAR07 CH
Pl pulmon D2245.19 KC DNtdSTR 11F2eR 26MARCH07
Pl pulmon D2245.19 KC DNtdSTR 12F4F 26MARCH07
Pl pulm saj D1825 19FR DNtdSTR11F2eR 31JAN07 CH
Pl pulm saj D1825 20FR DNd str12F4R 31JAN07 CH
Pl pulm saj D1825 39FR NOTtdCL 11F2eR 31JAN07 CH
Pl pulm saj D1825 40FR NOTtdCL 11F2eR 31JAN07 CH
Pl pulm saj D1825 41FR NOTtdCL 12F4R 31JAN07 CH
Pl pulm saj D1825 42FR NOTtdCL 12F4R 31JAN07 CH
Pl pulm saj D1825 43FR NOTtdCL 12F4R 31JAN07 CH
Pl pulm saj D1825 44FR NPTtdCL 12F4R 31JAN07 CH
Pl pulm saj D1944 21FR DNtdSTR 12F4R 31JAN07 CH
Pl pulm D1980.3 12F4R KC DNtdSTR 14FEB07
Pl pulm D480 56FR DNtdSTR 12F4R 09FEB07
Pl pulm D1745 12F4R KC DNtdSTR 09MAR07 CH
Pl pulm QC3 KC2FRgr DNtdSTR MAR07

D1932.1 12F KC 26MARCH07
Pl eryn foss D1820 57FR DNtdSTR 12F4R 09FEB07 CH
Pl ostrD540 12FR DNtdSTR 12F4R 31JAN07 CH
Pl ostrD564 13FR DNtdSTR 12F4R 31JAN07 CH

Pl cornuc D1731 17FR 12F4R DNtd 31JAN07 CH
Pl cornuc D1732 93FR 12F4R DNtdSTR 19FEB07 CH
Pl cornuc D1737 94FR 12F4R DNtdSTR 19FEB07 CH
Pl cornuc D1738 95FR 12F4R DNtdSTR 19FEB07 CH
Pl pulmon D1824 96FR 12F4R DNtdSTR 19FEB07 CH
Pl pulm D1979.4 98FR 12F4R DNtdSTR 19FEB07 CH

Pl pulm D352 92FR 12F4R DNtdSTR 19FEB97 CH
Pl pulm D1979.2 22FR DNtdSTR 12F4R 31JAN07 CH
Pl pulm D2070 58FR  DNtdSTR 12F4R 09FEB07
Pl purpur D2249.4 101FR 12F4R DNtdSTR 19FEB07 CH
Pl purpur D2249.4 90FR 11F2eR DNtdSTR 19FEB07 CH
Pl purpur D2249.4 134FR 12F4R DNtdSTR 09MAR07 CH
Pl purpurD2249.4 123FR 11F2eR DNtdSTR 09MAR07 CH
Pl purpurD2342.1 12F4R M cDNA 30MARCH07
Pl purp D2246.1 1FR 12F4R 11JAN07 CH
Pl purp D2246.1 KC1 T1FR DNtdSTR 11F2eR 31JAN07 CH
Pl purp D2246.1 KC1 T5FR DNtdSTR 11F2eR 31JAN07 CH
Pl purp D2246.1 KC2 T5FR DNtdSTR 12F4R 31JAN07 CH
Pl purp D2246.1 KC2 T1FR DNtdSTR 11F2eR 31JAN07 CH
Pl purp D2249.1A 11F2eR KC 31JAN07 CH
Pl purp D2249.1A 12F4R KC 31JAN07 CH
Pl purp D2249.1B 12F4R KC 31JAN07 CH
Pl sp D2145.3 100FR 12F4R DNtdSTR 19FEB07 CH

Pl purpurD2342.1 11F2eR M cDNA 30MARCH07

1 change

COI (ca. 550 bp)

Pleurotus
ostreatus
group



COI variation in Pleurotus (oyster mushrooms) 



COI variation in Hygrophorus
(direct PCR)

574 positions
34      33      70    71     72      35          

H. picea 28ALG 34
H. pudorinus 29ALG 33      67
H. flavodiscus 49ALG 70             16      71       
H. fuligineus 52ALG 71       0        67      16       
H. flavodiscus 54ALG 72             16      71       0      16       
H. flavodiscus 54ALG 35             16      63       2      16       2       
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Barcoding mushrooms with COI

• direct PCR: short regions only, although Long-PCR possible

• RT-PCR: feasible, including for sporocarps

• tissue storage in “RNALater” feasible

• multiple copies

• intra and interspecies variation: more investigations needed

conclusions
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