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Barcoding of Plants and Fungi
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id identification of biological
chimens or fragments of biologica
oNMgin has always been desirable, b
has rarely been possible owing to a shortac——
of natural history specialists. Very often, fo :

a particular group of organisms there is onl===
one expert worldwide, and no one person c
be expected to identify every organism that
relevant to ecological studies. Also, environe—
mental samples (for example, from water o——
soil) that contain mixtures of minute organ==
isms with few morphological traits pose
great identi®cation challenges. Short, sta
dardized DNA regionsbor 2barcodes®b
have been used to identify biological mate=—
rial from many groups of animal$£3). The
barcoding approach also has great potentlg
for identifying plants 4, 5) and fungi ), ==
but faces different challenges when applie==
to these groups. =
For animals and algae, a fragment o=
mitochondrial cytochrome oxidase I1Doften =—
calledcoxl or COIbhas been developed as
a universal DNA barcoder). In this frag-
ment, the level of variation between speci
(interspeci®c) is much larger than that withi
a species (intraspeci®c). This DNA 2barcod=— &

gap° @) usually enables clear-cut identi®cag ;g jgentification. Fritillaria meleagrighe

DNA barcoding enables rapid and accurate
identi®cation of species in many groups of
organisms, but cannot always distinguish
between closely related species of land plants
or fungi.

and animals to date are based on organellar
DNA, for reasons of a practical nature: It is
easier to sequence without the need for clon-
ing and is less likely to occur in multiple cop-
ies than most nuclear lo&)(

Uniparentally inherited markers as DNA
barcodes have limitations: For example, in
the case of plants, hybrids will go unrecog-
nized and will be identi®ed as their plastid
donor parent (the maternal parent in nearly all
“owering plants). But the great advantages of
rapid identi®cation of potentially thousands
of individuals outweighs the inability to iden-
tify hybrids. In the future, use of multiple
regions of nuclear low-copy genes (which
are presentin 1 to less than 10 copies) should @
permit identi®cation of hybrids and probably <C
also overcome the lower levels of discrimina-
tion afforded by the use of more slowly evolv-
ing DNA regions in plants and fundj,(13).

A second question of relevance in conser-
vation studies and restoration ecology relates
to the place of origin of individual genotypes
within the range of the species in question,
particularly if the species is widespread. Prov-
enance is often an issue in conservation and §
restoration, because knowing its geographi-
cal origin provides clues about how best to
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tion, because even closely related species &i@ke's head fritillary, is a rare plant in sauth&onserve that species and where a given geo-
easily distinguished. In the context of conselengland. The barcode for this species, based ofi@Bhical variant might be best able to survive
vation and restoration ecology, the ®rst regrenerbcl, enables rapid identi®cation of this aritit is to be placed in a habitat undergoing rés-
evant question is which species are presemwther plant species. toration. Lukhtanowet al have shown that irg
and DNA barcoding is well suited to address- the case of the rapidly evolvirapxIl, many = :
ing this question quickly and accurately forelated species, making identification iranimals and algae exhibit some degree of @o
many organisms. these groups less de®nitive. graphical variation4), providing at Ieas%

In most land plants and fungi, the stan- Nonetheless, most species can be distisome capacity to address the issue of pr@/e-
dard region otoxl is not suitable for use asguished through the use of these alternativeance. In the case of land plants and fungi, ghe
a DNA barcode, because the mitochondriaharkers. For example, the CBOL Plant WorkDNA markers evolve much less quickly thgn
genes in these groups evolve too slowly timg Group has recently shown that in plantssox|, substantially reducing the possibilitigs
allow accurate discrimination between spean average of 72% of species can be distifor addressing the question of provenance.uaj
cies. In addition, in fungi these genes arguished 10); by restricting the scope of the  DNA barcoding is in its infancy. The cuf
subject to duplications. Thus, other alternareference database to those known to occrently used DNA markers are crude tools rel-
tives have been sought. In fungi, the internah a speci®c habitat or region, a much greatative to the biological complexity we wish
transcribed spacers (ITS) of nuclear ribodegree of discrimination is possibleDproba-to identify. Many mistakes will no douhj
somal DNA have been selected as the besly close to 100% in many casé®). Notall be made, and the limitations of these DI\EA
alternative DNA region9), whereas in land close relatives of a given species occur in thearkers must be kept in mind. In partlc@-
plants, two short coding regions of plasticarea under study, so the inability to easily didar, hybrids and multiple closely related S@
DNA (matK andrbcL) have been selectedtinguish these other species from those in thies occupying the same area pose currently
(20). The biggest problem with these regionstudy zone is irrelevant. insurmountable obstacles to the goal of bgth
is that in many plants and fungi, there is no Theoretically, barcoding based on nuclearapid and highly accurate identi®cation. §
barcode gapl): There are relatively few DNA, which is inherited from both parents,
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Nonetheless, the obvious bene®ts of rapid
differences between the barcodes for closelyould provide much more information thanidenti®cation of massive numbers of sajn-
barcoding based on organellar DNA, which iples makes it imperative to push forwagd
Jodrell Lab, Royal Botanic Gardens Kew, Kewnichiherited from only one parent. Neverthelessaind develop the reference databases neéded
Surrey TW9 3DS, UK. E-mail: m.fay@rbgkew.org.uk all standard barcoding regions used in plants make DNA barcoding as effective as pés-
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sible (L5). In the not too distant future, alter- 5. M. w. Chaseal, Philos. Trans. R. Soc. London Ser. B However, although models of the diffusive
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native barcodes based on more rapidly evolv 6. L. Tedersebal, New Phytol80, 470 (2008). shock acceleration process predict a power-law

ing nuclear regions may allow provenance t07. p. p. N. Hebestal, Proc. R. Soc. London S&78, spectrum of energetic particles, they do not yet
be determined and hybrids to be identi@ed (313 (2003). , make a robust prediction for the acceleration
13). Together with the current uniparentally - M Wemers, K Fiedieart. Zook 8 (2007). ef®ciencybthe fraction of energy dissipated
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ments of shocks in the solar wind should pin
down the physics of particle acceleration, but
ASTRONOMY those shocks do not reach the extreme energie:
seen in supernova remnants.
COsmIC- Ra ACCelerathn Therefore, a number of indirect estimates
y of acceleration ef®ciency have been made. One @
. method uses the compression of the postshock<C
| n S u pe rn Ova R e m n antS gas, which is stronger if a substantial fraction §
of the shock energy goes in to relativistic par- o
John C. Raymond ticles 6). In another method, the shock speed S
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is estimated from the supernova remnant dis- %
Combined x-ray and optical observations of a supernova remnant reveal details of the ongﬁ?% and the motion of shock ®laments across%
mechanism of cosmic-ray acceleration. the sky, giving the total shock energy available; 2
any d|fference between that energy and the g
C’\IC rays are ubiquitous in our Galaxyorigin is also supported by radio and x-raypostshock thermal energy is ascribed to cosmic ©
and exhibit a power-law spectrum inobservations of supernova remnants, showingys 6, 7). A limitation of this method is that g
ir energy distribution up to a ®knee®power-law spectra from synchrotron emissioit relies on the electron temperature measured =
at around 18 eV, where the power law steep-by electrons at least up to'48V, and by the- from the thermal x-ray spectrum to determine &
ens. It is generally accepted that cosmic raysetical models that predict ef®cient particléhe postshock energy, and the electron and pro- 2
up to the knee are accelerated by the stromgceleration in fast shock waves (termed 2diton temperatures can diffed) ( °
. . . . [}
shock waves in supernova remnants, but thiesive shock acceleration?) Helderet al apply a different method to °
efficiency of this accelera- obtain the postshock thermal energy. When o
tion process remains largely a shock moves through partially neutral gas, §
unknown. On page 719 of H atoms do not feel the shock itself, because 8
this issue, Heldeet al (1) they do not respond to electromagnetic ®elds
combine x-ray and optical or plasma turbulence. However, some of the
observations of a supernova neutral atoms undergo charge transfer reac-
remnant to obtain a lower tions with protons downstream, producing
limit to the acceleration ef®- a population of neutral atoms with a veloc-
ciency in a fast shock. ity distribution similar to that of the shocked
The belief that cosmic- protons. These atoms can emlt Hhotons
ray acceleration occurs in during the charge transfer process or during
supernova remnants rests subsequent collisional excitation, producing
partly on the fact that the a broad H pro®le that can be used to deter-
power needed to maintain mine the proton temperatur@ (0).
the cosmic rays corresponds RCW 86 is a fairly young, well-studied
to about 10% of the kinetic supernova remnant believed to have originated
energy dissipated by super- ) ) ) )
nova shocks. Simply, no Shocking energeticsComposite x-ray image of

RCW 86. Low-resolution data for the full remnant
are from the XMM-Newton satellite; the higher-
resolution data in the rectangles are from Chan-
dra. The lower energies (red) are largely thermal

obvious alternative exists.
A supernova remnant shock

Harvard-Smithsonian Center for

Astrophysics, 60 Garden Street, Cam- emission, whereas the higher energies (blue) are
bridge, MA 02138, USA. E-mail: dominated by synchrotron emission from relativ-
raymond@cfa.harvard.edu. istic electrond p).
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