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DNA barcoding and its potentials for studying
genetic diversity in living beings
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DNA barcoding and its potentials for studying
genetic diversity in living beings

v/ DNA barcoding: potential applications

BACKGROUND

Potential applications
of DNA barcoding

Population Identification Molecular
genetics of species phylogenesis
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lIJlH Genetic diversity within To assign an unknown Genetic relationships
and genetic differentiation individual to a given species: among species and
between populations taxonomy and traceability evolutionary patterns
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DNA barcoding and its potentials for studying
genetic diversity in living beings

v/ DNA barcoding

technique used to identify
species by obtaining a short DNA
sequence from a known gene
and comparing it with databases
of orthologous sequences from
species of established identity
(Hebert et al., 2003)

BACKGROUND
DNA barcoding:

definitions and uses v DNA barcode

short gene sequence taken from standardized portions of
the genome and used to identify species.
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DNA barcoding and its potentials for studying
genetic diversity in living beings

ai v Barcoding “gap”
* Ml intraspecific/ O interspecific/

A core assumption of DNA coalescent speciation
barcoding is that the variation
of the nucleotide sequences
within a species is much less
than that between species!

barcoding
"gop"
-

Genetic distance

BACKGROUND  * DNA markers suitable for barcoding usually
DNA barcoding: belong to the mitochondrial genome: Do __Smllbosomal A
basic features L.

i) haploid nature;

ii) maternal inheritance;

iii) low recombination rates;

ASEN 0-aL70%4-0-8 iv) multiple copies in the cell;
u‘umlllu || v) simple composition (i.e. lack of introns, ",
o i pseudogenes or repetitive sequences); .
vi) highly informative with universal primers. M com | ATPase subunice
ATPase subunics
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v/ DNA barcoding: actual limitations
overlap « Lack of the barcoding “gap”:

intraspecific and interspecific
distances sometimes overlap
(i.e. young species and species
with slow molecular evolution).
Genetic distance

BACKGROUND
Actual limitations

of DNAbarcoding , Events of hybridization/introgression

and polyploidization:

no single gene (character)
0 is adequate for DNA
Ilm taxonomy and for
molecular phylogenesis!
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DNA barcoding and its potentials for studying
genetic diversity in living beings

v/ DNA barcoding: actual limitations

(Mb x 1000)

« Polyploid genomes:

¢ polyploidy is pervasive in
angiosperms: up to 70% of living
ZJ plant species are polyploid!

BACKGROUND o 2 &
Actual limitations Ploidy
of DNA barcoding

Genome size

« Events of polyploidization:

autopolyploidy vs. allopolyploidy
polyploids with multiple
chromosome sets derived from
the same or different ancestral
species, respectively.
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DNA barcoding and its potentials for studying
genetic diversity in animal species

v/ DNA barcoding: main findings

Most popular candidate genes
for animal mtDNA barcoding in
the area of genetic identity:

* Cytochrome oxydase (COI, cox1)
* Cytochrome b (Cyt-b)

* NADH dehydrogenase 4 (NADH4)

BACKGROUND fal
DNA barcoding: » 16S-rDNA & Buffalo
useful not only for o Cow
biodiversity analysis 100) Pig
but also for genetic UPGMA »
traceability goals Goat
100 L : Fish
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DNA barcoding and its potentials for studying
genetic diversity in animal species

v/ DNA barcoding: main findings
===z mtDNA barcoding in fishes (16S-rDNA),

BACKGROUND
DNA barcoding:
the identification of

some taxonomic
entity is problematic
(merluzzi e naselli)
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DNA barcoding and its potentials for studying
genetic diversity in animal species

v/ DNA barcoding: main findings

» Cytochrome oxydase subunit |
(COl, cox1) as specific
mitochondrial gene for DNA
barcoding in the animal kingdom
(last enzyme of the respiratory
electron transport chain)

BACKGROUND

DNA barcoding:
basic features in

" - « The bioidentification system with
the animal kingdom

universal primers designed on a
648 bp sequence supplied reliable
results in all taxa, allowing the

ASEN 0-S70L34-0-8 recovery of discriminant gene
IJUMII ll l‘lm” polymorphisms in most phyla of
9 3 the animal kingdom, including

fishes, birds and insects.
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DNA barcoding and its potentials for studying
il‘ 4 genetic diversity in animal species
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‘ v/ DNA barcoding: main findings

VER mtDNA barcoding in fishes (16S-rDNA), mollusks (Cyt-b)

SITS‘ and crustaceans (CO1)
’ 'y

oo —Nephropidae
-
Pandalus borealls h ——+Pandalidae
(gamberett)
BACKGROUND
DNA barcoding: b7 N . o e O e Pectinidae
basic features in s ey
the animal kingdom 1 . .
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Pecten maximus

(cappesante)

ISEN 0-970694-0-8 \h

i | =7
{

——sCarcharhinidae

9 3 (verdesca) —eSqualformes

Gianni Barcaccia

Padua University Orto Botanico di Padova — 3 Maggio 2011 10

DNA barcoding and its potentials for studying
genetic diversity in animal species

| 4 v/ DNA barcoding: main findings

mtDNA barcoding in codefish using CO1
and Cytochrome-b as target genes

col PLP2 P3 G M N PLP2 P32 G M N (221

Qualitative g
analysis (Y/N &
BACKGROUND ysis (YIN) | . bl = Losonp
DNA barcoding: e ——ET- = 33352
the identification of
some taxonomic
entity is problematic
luzzi li itati
(merluzzi e naselli) Quantitative s
is (9
P—— analysis (%) -
O 1% 5K 10% 25% 50%75% 0% SSKMI00K b1 b by :
q easass=zERhgRgs—

100%99% 95% 90% 75% 50% 25% 10% 5% 1% O%

Gianni Barcaccia

Padua University Orto Botanico di Padova — 3 Maggio 2011 1



DNA barcoding and its potentials for studying
genetic diversity in animal species

v/ DNA barcoding: main findings

Nuclear DNA barcoding
based on prion genes
(i.e. infectious agent composed Uomo,
of proteins in a misfolded form -
responsible for the BSE, bovine
spongiform encephalopathy)
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DNA barcoding and its potentials for studying
genetic diversity in plant species

v/ DNA barcoding: target genes IRNAC

Plastid DNAs
« rbcL gene (Rubisco — 1.4 kb)
« matK gene (Maturase — 1.5 kb)
intergenic spacers:
« atpB-rbcL and psbA-trnH
« trnL gene intron (tRNAteY — 600 bp)
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DNA barcoding and its potentials for studying
g 4 genetic diversity in plant species

‘;E’ - CBOL: Consortium of Barcode Of Life
'R‘ (www.barcoding.si.edu/DNABarCoding.html)
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DNA barcoding and its potentials for studying
genetic diversity in plant species

v/ DNA barcoding: identification of flowering plants

Potential candidate genes for plant DNA barcoding

Sequence divergence (%)

Target Sequence  In/Dels (No.) for between Atropa belladonna
sequence length (bp)  pairwise alignments  and Nicotiana tabacum
trnK-1ps16 707/685 6 a1

BACKGROUND o tnH-psbA 412/453 8 39

DNA barcoding: 1pI36-1ps8 4517426 4 30

basic features atpB-rbcl. 815/818 1 28
yef6psbM  1,091/1,135 9 28
trnV-atpE 494/485 2 26
trnCycf6 681/670 4 24
psbM-trD  1,099/1,081 10 24
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DNA barcoding and its potentials for studying
‘ genetic diversity in plant species

v DNA barcoding: target genes

ITS1-ITS2 |Internal Transcribed Spacers

IGS IGS IGS IGS
[N T

Transcriptional Unit (~300)

BACKGROUND 5 3
torget vears 2 | [esT eS| [Ess T [
target nuclear genes \/
IGS ETS ITS ETS IGS
ISEN 0-97069-0-8 « Genes belonging to the rDNA (localized in the NOR) encode for
uﬂm u ulyll“ the ribosomal RNA fractions;
9! 6

« Coding sequences are highly conserved within species whereas
ITS1 and ITS2 are polymorphic among species!
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DNA barcoding and its potentials for studying

ilO; N
‘;%TR CBOL: Consortium of Barcode Of Life

- SITA,

genetic diversity in plant species

(www.barcoding.si.edu/DNABarCoding.html)

* 2006: two-tier approach (multi-locus barcoding)

« first tier to get resolution among plants at the
BACKGROUND family or genus level using an universal highly
DNA barcoding: conservgd codllng region; .

two-tier approach « second tier to discriminate at the species or
variety level through a highly variable non-
coding region.
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« rbcl gene quite conservative, encoding for ribulose-
1,5-bisphosphate carboxylase/oxygenase large subunit;

K - trnH-psbA intergenic spacer, a more rapidly

evolving region.



