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DNA specimens and the 'International code of botanical nomenclature' 

Don R. Reynolds1 & John W. Taylor2 

Summary 

Reynolds, D. R. & Taylor, J. W.: DNA specimens and the 'International code of botanical 
nomenclature'. - Taxon 40: 311-315. 1991. - ISSN 0040-0262. 

Existing rules of the 'International code of botanical nomenclature' apply to the 
nomenclature of a DNA-based species concept. DNA can serve as the type element. Two 
hypothetical examples of validation of fictitious new mycological species are given, one for 
a mix of DNA and morphological type materials and the other for DNA type material only. 
It is recommended that herbaria prepare to curate genomic DNA material as types. 

Introduction 

The purpose of this article is to demonstrate that the rules of the 'International code 
of botanical nomenclature' apply to the nomenclature of DNA-based species. Fungal 
names are the example. The use of nucleic acid characters in taxonomic studies and 
their likely use in descriptions will force the biological community to reevaluate the 
nature of the type element. 

Incorporation of information derived from most modern analytical techniques into 
species descriptions is a mycological tradition. The early, comprehensive monographs 
chosen to begin or sanction mycological nomenclature, those of Linnaeus, Fries, and 
Persoon mentioned in Article 13, recorded the macroscopic and microscopic 
characters obtainable with the instruments of the time. Species descriptions of 
Chytridiomycota now incorporate ultrastructural details (Barr, 1980) and yeast 
species are described on the basis of biochemical features (Kreger-van Rij, 1984; 
Nakase & al., 1989). In light of the call sounded by Preamble 4 (Greuter & al., 1988: 1) 
to provide for the future, it is unavoidable that DNA will serve as character source for 
contemporary taxonomic descriptions. 

Molecular systematic study of fungi is rapidly generating character sets that are 
distinguished from morphological character data, and can be used to test hypotheses 
derived from the latter. Molecular data are also being used for species definition as 
well as determining phylogenetic relationships and levels of relatedness between taxa. 
Recent examples include: use of rDNA sequences to discover the place of fungi in the 
Eukaryotes (Sogin, 1989), use of rRNA sequences to compare Fusarium species 
(Gaudet & al., 1989) and use of mitochondrial DNA sequences within the Boletaceae 
(Bruns & al., 1989). For species definitions, work has centered on DNA-DNA 
hybridizations (Kurtzman & al., 1987; Vilgalys & Johnson, 1987). Using percentages 
of hybridization found in sexually reproducing yeast species as a standard, Kurtzman 
& al. (1986) proposed that Aspergillus flavus and A. oryzae were conspecific taxa. 
Subsequent restriction fragment length polymorphism studies supported retention of 
both species (Klich & Mullaney, 1987) but without determination of what constitutes 
a standard amount of polymorphism between species. 
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Biological theory supportive of nomenclature should be reexamined to make sure 
that the names applying to the phenotypic-character-based species are placed within 
an acceptable framework. Names of new taxa established with a protologue (Greuter 
& al., 1988: 11, footnote) in molecular terms must be validly published as prescribed 
by the 'International code of botanical nomenclature'. 

Use of molecular data to define and recognize species raises issues concerning the 
name-giving aspect of biology - nomenclature. The focus of this discussion is the 
'International code of botanical nomenclature', as it applies to fungi. 

Discussion 

The use of DNA as a type element under the existing ICBN rules is the issue. The par- 
ticular question addressed here concerns genomic material as type material. Two of 
the many possible paradigms for new fungal species description are formulated. In 
one model, the type element consists of a mix of DNA and morphological material 
(Ex. 1). In a second model, the type element consists of only DNA (Ex. 2). [The new 
names given as examples are not accepted by their authors and are not therefore 
validly published.] 

In this discussion, we quote from relevant portions of the ICBN and show with 
annotations how DNA may, according to the Code, be considered the holotype or 
other kinds of types. 

Art. 7.2. "A nomenclatural type (typus) is that element to which the name for a 
taxon is permanently attached... The nomenclatural type is not necessarily the most 
typical or representative element of a taxon' 

Comments: Genomic DNA or amplified parts can serve as the type "element" upon 
which a binomial name is based. The DNA type would represent a taxon in a most 
complete manner. The entire genome would be present in the specimen. Whether a 
phenotypic expression of a character is the result of a single gene or of a gene family is 
moot. 

Art. 7.3. "A holotype is the one specimen or illustration used by the author or 
designated by him as the nomenclatural type'' 

Comments: DNA can serve as the entity designated as the holotype either as a 
preserved genome or as a diagrammatic depiction of all or part of the genome. Thus, 
reference should be made to a DNA type vs. a morphological type in the protologue of 
the name of a new taxon. We can illustrate the genomic material - or a representative 
part such as the 18s, 5.8s, the large nuclear rDNA, the small and large mitochondrial 
rDNA, the cytochrome oxidase gene, other protein genes, etc. - as a specific sequence 
of DNA nucleotide bases with patterns formed by the conventional representations A 
(adenine), T (thymine), G (guanine), and C (cytosine). 

Art. 7.4. "... when the holotype has been lost or destroyed, or when the material 
designated as type is found to belong to more than one taxon, a lectotype or... a 
neotype as a substitute for it may be designated'' 

Comment: A redesignated type could consist of DNA originally cited as a 
specimen, could consist of DNA extracted from new material, or, with appropriate 
new description, could be a morphological type. 

Art. 7.5. "A lectotype is a specimen or illustration selected from the original 
material to serve as a nomenclatural type when no holotype was indicated at the time 
of publication or as long as it is missing' 
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Comment: DNA can serve as lectotype material when the source is type material, 
such as a morphelogical specimen cited or used by the original author. Justification 
for the conversion from a morphological specimen to a molecular specimen might be 
a matter of specimen conservation such as lack of important morphological features 
in a poorly preserved lectotype. 

Art. 7.6. "An isotype is any duplicate [footnote: "... part of a single gathering made 
by a collector at one time"] of the holotype; it is always a specimen.' 

Comment: A DNA isotype can be a measured portion from the holotypic DNA 
material, or DNA from a portion of the morphological type. If so designated by the 
author of a new species, a morphological specimen could serve as an isotype if it were 
part of the collection from which the DNA were isolated. 

Art. 7.8. "A paratype is a specimen or illustration cited in the protologue that is 
neither the holotype nor an isotype.." 

One kind of paratype that is unique to a DNA specimen is amplified material. A 
portion of the type genome can be increased by methods such as cloning or 
polymerase chain reaction techniques (Innis & al., 1990) and thus provide more 
material than was originally collected. The source could be from a morphological 
specimen or from holotypic DNA. 

Rec. 7A.1. "It is strongly recommended that the material on which the name of a 
taxon is based, especially the holotype, be deposited in a public herbarium or other 
public collection and that it be scrupulously conserved' 

Comments: This recommendation will require that herbaria and their managers 
and curators be prepared to preserve DNA. Several methods suffice for long-term 
preservation, including storage at low temperatures, ETOH precipitation and storage 
at room temperature, or drying DNA on the surface of a nontoxic substrate such as 
polyethylene. Another consideration will be the minimizing contamination when the 
DNA specimen is loaned. 

A related concern would be a loan policy of distribution of the entire DNA collec- 
tion, a measured portion, or an amplified portion of the specimen. One advantage of 
this type of specimen would'be the concept of a disposable type: i.e. the amplified por- 
tion of a type, referred to above as a syntype, or a measured portion of the DNA type 
could be given to a qualified investigator with no need for its return. Scrupulous con- 
servation is assured through amplification or through the deposition of a copious 
DNA specimen. 

Art. 9.5. "Type specimens of names of taxa must be preserved permanently and can- 
not be living plants or cultures"' 

Comments: As already noted, DNA can be permanently preserved. Deox- 
yribonucleic acid is not a living entity. 

Art. 36.1. "In order to be validly published, a name of a new taxon of plants, the 
algae and all fossils excepted, published on or after 1 Jan. 1935 must be accompanied 
by a Latin description or diagnosis..." 

Comments: Description of a new taxon with a name based on a DNA type can be 
based on sequences from selected genes. The location of sequences and their lengths 
would constitute descriptive diagnosis which could be Latinized. The DNA base 
sequence is described or illustrated by the letters G, C, T, and A as mentioned above in 
the comments on Article 7.3. The rendition of the sequence into its Latin version is a 
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Example 1. Hypothetical validation of the name of a fictitious new species with a 
DNA specimen as the holotype. One isotype is a portion of the holotype DNA 
specimen. The paratypes are from amplification of selected parts of the holotype 
genomic extraction. The name is designated as teleomorphic, which is correlated 
with the morphological specimen isotype, identified by the collector's name and 
number. 

Capnodium hypotheticum sp. nov. 
Teleomorph: 5'-3', GCTAATCGGCTAACGTTAGC - GGCCTTAAAATTCCGG, 

Nucleotide positions 126-146, 1205-1221, Small Nuclear rDNA (1800BP); 5'-3', 
GGCCTTAAGGCTTAGGCCTTAA, Nucleotide positions 125-148, Mitochondrial 
Small rDNA (1648BP). 

Locality: USA, California, Alameda County, Berkeley. 
Collection Date: 13 December 1990 
Collector & number: Don R. Reynolds 1290. 
Substrate: On the surface of living Baccharus californiatus stems and leaves. 
Holotype: 500 ul1 portion of DNA extraction in Herbarium BUDA. 
Isotype: 100 1LI portion of Holotype in Herbarium BUDA 
Isotype: Don R. Reynolds 1290, with ascocarps, in Herbarium ZEN. 
Paratypes: 4 x 100 ul1 portions of double strand amplified diagnostic DNA in 

Herbaria ZEN and BUDA. 
Diagnosis: This species is assigned to the family Capnodiaceae. The base pair 

sequence is as in Mycosphaerella lovelii Roark with the exception of those 
given above; the species differs from Capnodium nigeri in the 5'-3' Small 
Nuclear rDNA positions 128-145 and 1206-1218, and Mitochondrial Small rDNA 
positions 126-138; from C. rupertum in the Small Nuclear rDNA 1220-1221 and 
Mitochondrial rDNA positions 138 and 145-148; from C. hughesianum in the 
Small Nuclear rDNA 130-135 and 1220-1221 and Mitochondrial Small rDNA 
125-148. 

Example 2. Hypothetical validation of the name of a fictitious new species with a 
DNA specimen as the holotype. The isotype is provided as a portion of the holotype 
genomic extraction. The duplicate paratypes are provided from amplification of 
selected parts of the holotype. The type cannot be designated teleomorphic or 
anamorphic as required by Article 59 because of a lack of expression of requisite 
morphological characters associated with the presumed life cycle connection to a 
sexual state. The type is referred to as a "morph". 

Penicillium hypotheticum sp. nov. 
Morph: 5'-3', ATGCCTAATAACTACCTAGC, AACTGATACTAATACC, Nucleotide 

positions 116-136, 1200-1216, Small Nuclear rDNA (1800BP); 5'-3', 
TATAGCCGCTAATCGCTAGATAA, Nucleotide positions 100-123, Mitochondrial 
Small rDNA (1648BP). 

Locality: USA, California, Alameda County, Berkeley 
Collection Date: 13 December 1990 
Collector: John Waldo Taylor 
Substrate: on a health food candy bar. 
Holotype: 500 .l1 portion of DNA extraction in Herbarium ZEN. 
Isotype: 100 p.1 portion of Holotype genomic extraction, in Herbarium BUDA. 
Paratypes: 4 x 100 VI portion of double strand amplified diagnostic DNA, in 

Herbaria ZEN and BUDA. 
Diagnosis: The base pair sequence is as in Penicillium subgenus Orecola Reagan 

with the exception of those given above; the species differs from Penicillium 
hydroxicola Crocker in the 5'-3' Small Nuclear rDNA positions 128-145 and 
1206-1218, and Mitochondrial Small rDNA 126-138; from P. ficus-newtonicola 
McGinty in the Small Nuclear rDNA positions 1220-1225 and Mitochondial 
Small rDNA 138, 145-148; from P. taylori Fisher in the Small Nuclear rDNA 130- 
146 and 1220-1227 and 125-148 Mitochondrial Small rDNA positions. 
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moot point in that the alphabetic symbols used to write out the base sequence are in 
the Roman alphabet. Thus the base sequence written in this alphabet in a non- 
language format can be regarded as written de facto in a Latin form. 

Conclusions 

We have demonstrated that DNA can serve as the type element as required by the most 
recent version of the 'International code of botanical nomenclature'. No changes are 
required for the use of DNA as type material. 

Use of nucleic acid characters and recognition of DNA as at least part of the type 
element is certain to diminish the reliance on sexual characters for classification and 
undermine the maintenance of a separate form-classification for fungi lacking sex. A 
companion article concerning the relationship of biology and nomenclature in Article 
59 will be published shortly. 
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