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Abstract: As an emerging organism identification method, DNA barcoding has been widely
used in plants, animals and microorganisms for its advantage of higher sensitivity, accuracy,
and objectivity. Even the nuclear ribosomal internal transcribed spacer (ITS) is used as a

standard barcode in fungal identification frequently, nowadays, there are more and more new
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barcodes, such as the microcoding, ND6 and EF3. In this article we summarized the generation

and developing history of DNA barcoding, also we present the advantage, shortcomings and

the development trend based on fungal barcoding case studies. We indicated that DNA bar-

coding technique will be a good supplementary to the traditional morphology-based taxonomy,

and towards a combination of natural evolutional relationships and morphological taxonomy in

fungi.
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MIEASRHE . M E R 2 A E A L RE 7 T BR BX
NI PREE Y NEIE Siat SR NER JIEOS N
NI R4 58 2R . AR BRI
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L TR AR DGR RS, 2%
FEARZ W v H TR 285 v, AR
SYFSETERE T T RER 25 [A] . DNAZIEISE AR IE
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FRIERRT . A2 ML B BTBOE N . 2 WER X
TR PR R R SR A A Y 4 2R
S E AR LAz N,

1 DNA KEHEARE

DNASFICASE ARG R AR AER . A R 78
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% B UL (NCBI) 5 48 iy ST A5 6 2 25 B A VR B
W, KRS B EDNA T 41 1 HAH CHdE
PR T GenBank 1'%, 2201 14E4 1, %548 &
B T K212 75,
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HEEA . WNChen®E 1) 25 FARE Y S HGIT 2 4 ol
(BEZR TN )RR S, X T 7RNBTE 0 2B i 2
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SO 1) SRS AE AW L T SR Erh . 5
i H BT R9500 bp A by HE K BEAN R, Sum-
merbell 5 YU H T AL IS A&, b AT
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SSU. ITSIX B HILSU)KIIHEE, REGEIX 43 B 1Y
FEGh, (HJE, MR B, 1EIn4aITSIX B
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S ARLTE B AR fe Sk A Sl I 5 1T A Y RE TR
2, ARYEFAEDNASIEAD A BOhRE, HE Fi
MELAARAT 58 T I A bR ic I, R
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A YRR SRS MERE AR K, (H2E L4
TS B G A B W 4/ N e S L, X R i AT A
B E RTINS IS MBI 28 i ) T45
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SRR STE B ARAE Ry — Tl 0 MR R A 43
KA, UIHERSLHAY A SWFIER GRS
A TESRF LR, It ERAEYY
Fh b7 3 2R S 5 AR R, FRATT R K
DNASIEE AR GG %I MEs &, kb
H =g e RIv 85252,

B Boft@m ARk X FHER F. B KF
FMR ¥, ARAZE LB RXFHHFRFELLE
5GP R EETEL.

S F X B

(1] T, B, AW, . %Y DNA FIEMot
FEHERE[T]. R ZRETE, 2008, 16(5): 417-425.

[2] Hebert PD, Cywinska A, Ball SL, et al. Biological

DNA  barcodes[J]].

Sciences/The

identifications through

Proceedings. Biological Royal



JAH5E5F: FUH DNA SRIB I H AR 5T

1475

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

Society, 2003, 270(1512): 313-321.

Frézal L, Leblois R. Four years of DNA barcoding:
current advances and prospects[J]. Infection,
Genetics and Evolution: Journal of Molecular
Epidemiology and Evolutionary Genetics in
Infectious Diseases, 2008, 8(5): 727-736.

Gilmore SR, Grifenhan T, Louis-Seize G, et al.
Multiple copies of cytochrome oxidase 1 in species
of the fungal genus Fusarium[J].
Ecology Resources, 2009, 9 (Suppl s1): 90-98.
Arnot DE, Roper C, Bayoumi RA. Digital codes
repeated DNA

Plasmodium  falciparum

Molecular

from hypervariable
the

circumsporozoite gene can genetically barcode

tandemly

sequences  in

isolates[J]. Molecular and Biochemical Parasitology,
1993, 61(1): 15-24.

Tautz D, Arctander P, Minelli A, et al. DNA points
the way ahead in taxonomy[J]. Nature, 2002,
418(6897): 479.

Hebert PD, Ratnasingham S,
Barcoding animal life:

divergences

dewaard JR.
cytochrome ¢ oxidase

subunit 1 among closely related

species[J]. Proceedings. Biological Sciences/The
Royal Society, 2003, 270 (Suppl 1): S96—S99.
AR, Emfe, 2k, F. EHird R
11 %] —DNA Barcoding[J]. 7 E & 4 & B, 2009,
36(8): 49-53.

14T, MRz o, HY DNA ZKIEMHE AR, Y
2F4%, 2010, 45(1): 1-12.

B, &ORE, BRI, 55 DNA FEMHAR
TE AW 53 28 b B L TR S (0]. WAL ROl B 27,
2011, 50(5): 886—890.

GenBank: GenBank overview[EB/OL][2013-01-04].

http://www.ncbi.nlm.nih.gov/genbank.

Hade, MM, BRI, AWoarEwshn—
DNA I % i1 [J]. 30 2 4t 2004, 50(5):
852—855.

PR, RIS, BRI, SF. MY DNA KB4
A HLBSPEA[I]. R Rl AR
2R, 2011, 20(2): 71-75.

Shalchian-Tabrizi K, Minge MA, Espelund M, et al.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Multigene phylogeny of choanozoa and the origin
of animals[J]. PLoS One, 2008, 3(5): ¢2098.

B ISP, WLERAE, SKERFT, AF. KR HRFEM]
Jemt: bRl AL, 1984: 17-18.

Wiz . BHEEM] dbat: pEROl H O,
2008: 16.

S, M, XUE, S 2 TR
FLTH I8 A% Z2 BRI S R A N T [D]. B T
2008, 27(6): 3-7.

Hibbett DS, Binder M, Bischoff JF, et al. A
higher-level phylogenetic classification of the
Fungi[J]. Mycological Research, 2007, 111(Pt 5):
509-547.

Smith MA, Fisher BL, Hebert PD. DNA barcoding

for effective assessment of a

the
Madagascar[J]. Philosophical Transactions of the

biodiversity

hyperdiverse arthropod group: ants of
Royal Society of London. Series B, Biological
Sciences, 2005, 360(1462): 1825—1834.

Hajibabaei M, Janzen DH, Burns JM, et al. DNA
barcodes  distinguish  species  of
the
Academy of Sciences of the United States of

America, 2006, 103(4): 968—971.

FEAE, BB, XEsE, fF. BT COl P
DNA I 15 v ] g vl R i J €61 28 v A O (0],
P AW 2ER, 2010, 1(4): 321-326.
Hebert PD, Stoeckle MY, Zemlak TS,
Identification of birds through DNA barcodes[J].
PLoS Biology, 2004, 2(10): e312.

Yoo HS, Eah JY, Kim JS, et al. DNA barcoding
Korean birds[J]. Molecules and Cells, 2006, 22(3):
323-327.

Min XJ, Hickey DA. Assessing the effect of varying

tropical

Lepidoptera[J]. Proceedings of National

et al.

sequence length on DNA barcoding of fungi[J].
Molecular Ecology Notes, 2007, 7(3): 365—373.

Seifert KA, Samson RA, Dewaard JR,
Prospects for fungus identification using CO1 DNA

et al.

barcodes, with Penicillium as a test case[J].
Proceedings of the National Academy of Sciences

of the United States of America, 2007, 104(10):

http://journals.im.ac.cn/wswxtbcn



1476 A2l Microbiol. China 2013, Vol.40, No.8
3901-3906. Academic press, 1990: 315-322.

[26] Chase MW, Fay MF. Barcoding of plants and fungi [37] Hibbett DS, Nakai YF, Tsuneda A, et al
[J]. Science, 2009, 325: 682—683. Phylogenetic diversity in Shiitake inferred from

[27] Santamaria M, Vicario S, Pappada G, et al. Towards nuclear ribosomal DNA sequences[J]. Mycologia,
barcode markers in Fungi: an intron map of 1995, 87(5): 618—638.

Ascomycota mitochondria[J]. BMC Bioinformatics, [38] HambletonS, Egger KN, Currah RS. The genus
2009, 10(Suppl 6): S15. Oidiodendron: species delimitation and

[28] Xu JP. DNA Barcoding, fungal diversity and phylogenetic relationships based on nuclear

authentication of wild gourmet mushrooms [J]. 7L ribosomal DNA analysis[J]. Mycologia, 1998, 90(5):
e, . 854—-868.
PAARLR 4], 2010, 32(5): 10101017, [39] Desjardin DE, Wilson AW, Durianella BM. A new

[29] Chen S, Yao H, Han J, et al. Validation of the ITS2 gasteroid genus of boletes from Malaysia[J].
region as a novel DNA barcode for identifying Mycologia, 2008, 100(6): 956—961.
medicinal plant species[J]. PLoS One, 2010, 5(1): [40] Desjardin DE, Binder M, Roeckring S, et al.
e8613. Spongiforma, a new genus of gasteroid boletes

[30] Dentinger BT, Didukh MY, Moncalvo M. from Thailand[J]. Fungal Diversity, 2009, 37: 1-8.
Comparing COI and ITS as DNA barcode markers [41] Zhao RL, Desjardin DE, Soytong K, et al. A
for mushrooms and Allies (Agaricomycotina)[J]. monograph of Micropsalliota in northern Thailand
PLoS One, 2011, 6(9): €25081. based on morphological and molecular data[J].

[31] Schoch CL, Seifert KA, Huhndorf S, et al. Nuclear Fungal Diversity, 2010, 45(1): 33-79.
ribosomal internal transcribed spacer (ITS) region [42] 20, fHHSE, 25500k, %5 4G 7B &
as a um.versal DNA ba.rcode marker for FuI.lgl[J]. LIS [0, SRRl 222 3R, 2006, 25(1):
Proceedings of the National Academy of Sciences
of the United States of America, 2012, 109(16): 21-25.

6241-6246. [43] REiig, RILH, FEM, 55 440 WAL B H bk

[32] BN, ITS JF51 50 B S A8 ) FL R 3% o Tk tDNA ITS J351 L #[I]. MRk BHE, 2007, 32(4):
Wb g B3], Bepa LB, 2004, 4: 35-37. 23-27.

(33] MR, AT, ARSEAE, % 3 G5 ITS) [44] Li M, I.Jiang J, Li Y, et. al. (-}enetic diver.sity of

Dahongjun, the commercially important “Big Red
TEANTA 53 2 8 S ARIRE ST AT R [T LA S Mushroom” from southern China[J]. PLoS One,
B W24, 2003, 9(6): 678—684. 2010, 5(5): e10684.
[34] WL, HBARM. ITS FEF4MT e EUE 402K s o [45] Seena S, Pascoal S, Marvanova L, et al. DNA
barcoding of fungi: a case study using ITS
MBI ZRAIALE, 2007, 35(13): 3785-3786, sequences for identifying aquatic hyphomycete
3792. species[J]. Fungal Diversity, 2010, 44: 77-87.

[35] Bellemain E, Carlsen T, Brochmann C, et al. ITS as [46] Summerbell RC, Lévesque CA, Seifert KA, et al.
an environmental DNA barcode for fungi: an in Microcoding: the second step in DNA barcoding[J].
silico approach reveals potential PCR biases[J]. Philosophical Transactions of the Royal Society of
BMC Microbiology, 2010, 10: 189. London. Series B, Biological Sciences, 2005,

[36] White TJ, Bruns T, Lee S, et al. Amplification and 360(1462): 1897—-1903.
direct sequencing of fungal ribosomal RNA genes [47] Stockinger H, Kriiger M, Schiiller A. DNA
for phylogenetics[M]. In PCR-protocols: a guide to barcoding of arbuscular mycorrhizal fungi[J]. New
methods and applications. Edited by: Innis MA, Phytologist, 2010, 187: 461-474.

Gelfand DH, Sninski JJ, White TJ (eds). San Diego: [48] Robert V, SzOke S, Eberhardt U, et al. The quest

http://journals.im.ac.cn/wswxtbcn



JEH5e 4%

LA DNA S EARDIFE 0t 5

1477

[49]

[50]

[51]

[52]

[53]

[54]

[55]

for a general and reliable fungal DNA barcode[J].
The Open Applied Informatics Journal, 2011,
5(Suppl 1-M6): 45-61.

Lewis CT, Bilkhu S, Robert V, et al. Identification
of fungal DNA barcode targets and PCR primers
based on pfam protein families and taxonomic
hierarchy[J]. The Open Applied Informatics Journal,
2011, 5 (Suppl 1-M5): 30—44.

WO, &M, B A, S MNEE S IEEA T
PEMNFRFERHY) DNA KBS [0]. hEFRE: A
Bl 2012, 42(1): 55-63.

Sperling F. DNA barcoding: deus ex machine[J].

Newsletter of the Biological Survey of Canada

(Terrestrial Arthropods), 2003, 22(1): Opinion

Page.

Bl R S 2 AR B 0 2 RS PL
BCY/h R 25 TR 2 bURER R & #2011

AR IR SO 24, 20112 27-28.
Hawksworth DL. The magnitude of fungal diversity:

the 1.5 million species estimate revisited[J].
Mycological Research, 2001, 105(12): 1422-1432.
O’Brien HE, Parrent JL, Jackson JA, et al. Fungal
community analysis by large-scale sequencing of
environmental samples[J]. Applied and Environmental
Microbiology, 2005, 71(9): 5544-5550.

Kirk PM, Cannon PF, Minter DW, et al. Dictionary

of the fungi, 10th edition[M]. Wallingford, UK:

[56]

[57]

(58]

[59]

[60]

[61]

[62]

[63]

CABI, 2008.
FHRE, BULR. T SOR A IR B SR A

HEACY/ P E Y0 TR BRER RSB
201 AR R AR 2R SCHM 244, 2011: 17-18.

FoJ B, BB, BRR. EHEE NS T RGN
A 4 b, B 22 B 53 B LA o [ A SR 2 M 23 A
LG [CYR201TAE 2 E R G5 #H LY 2= 85 1 Jm

FARA AN 28 3CH, 2011: 142,
Ebach MC, Holdrege C. DNA barcoding is no

substitute  for taxonomy[J]. Nature, 2005,
434(7034): 697.
Hcj G Towards taxonomy’s “glorious

revolution”[J]. Nature, 2002, 420: 461.

Schindel DE, Miller SE. DNA barcoding a useful
tool for taxonomists[J]. Nature, 2005, 435(7038):
17.

Hebert PD, Gregory TR. The promise of DNA
barcoding for taxonomy[J]. Systematic Biology,
2005, 54(5): 852—-859.

Vogler AP, Monaghan MT. Recent advances in
DNA
Systematics
45(1): 1-10.
Hajibabaei M, Singer GA, Hebert PD, et al. DNA
how it

taxonomy[J]. Journal of Zoological

and Evolutionary Research, 2007,

barcoding: complements  taxonomy,
molecular phylogenetics and population genetics[J].

Trends in Genetics: TIG, 2007, 23(4): 167—172.

http://journals.im.ac.cn/wswxtbcn



