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Living Things
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OBJECTIVES

This laboratory demonstrates several important concepts of modern biology. During the course
of this laboratory, you will:

+  Collect and analyze sequence data from plants or animals — or products from them.
» Use DNA sequence to identify species.
«  Explore relationships between species.

In addition, this laboratory utilizes several experimental and bicinformatics methods in modern
biological research. You will:

= Collect plants, animals, or products in your local environment or neighborhood.
+  Extract and purify DNA from tissue or processed material.

»  Amplify a specific region of the chloroplast or mitochendrial genome by polymerase chain
reaction (PCR), and analyze PCR products by gel electrophoresis.

» Use the Basic Local Alignment Search Tool (BLAST) to identify sequences in databases.

»  Use muitiple sequence aiignment and tree-building tools to analyze phylogenetic refation-
ships.
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Taxonomy, the science of classifying living things according to shared features, has
always been a part of human society. Carl Linneas formalized biological classifica-
tion with his system of binomial nomenclature that assigns each organism a genus
and species name.

Identifying organisms has grown in importance as we monitor the biological
effects of global climate change and attempt to preserve species diversity in the face
of accelerating habitat destruction. We know very little about the diversity of plants
and animals - let alone microbes - living in many unique ecosystems on earth. Less
than two million of the estimated 5-50 million plant and animal species have been
identified. Scientists agree that the yearly rate of extinction has increased from about
one species per million to 100-1,000 per million. This means that thousands of
plants and animals are lost each year. Most of these have not yet been identified.

Classical taxonomy falls short in this race to catalog biological diversity before it
disappears. Specimens must be carefully collected and handled to preserve their dis-
tinguishing features. Differentiating subtle anatomical differences between closely
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DNA Barcoding revealed that
what was once thought to be
one species of butterfly is really
ten species with caterpillars
that eat different plonts.

related species requires the subjective judgment of a highly trained specialist - and
few are being produced in colleges today.

Now, DNA barcodes allow non-experts to objectively identify species - even
from small, damaged, or industrially processed material. Just as the unique pattern
of bars in a universal product code (UPC) identifies each consumer product, a “DNA
barcode” is a unique pattern of DNA sequence that identifies each living thing, Short
DNA barcodes, about 700 nucleotides in length, can be quickly processed from thou-
sands of specimens and unambiguously analyzed by computer programs.

The International Barcode of Life (iBOL) organizes collaborators from more
than 150 countries to participate in a variety of “campaigns” to census diversity
among plant and animal groups - including ants, bees, butterflies, fish, birds, mam-
mals, fungi, and flowering plants - and within ecosystems - including the seas, poles,
rain forests, kelp forests, and coral reefs. The 10-year Census of Marine Life, com-
pleted in 2010, provided the first comprehensive list of more than 190,000 marine
species and identified 6,000 potentially new species.

There is a surprising level of biological diversity, literally in front of our eyes. For
example, DNA barcodes showed that a well-known skipper butterfly (Astraptes ful-
gerator), identified in 1775, is actually ten distinct species. DNA barcodes have rev-
olutionized the classification of orchids, a complex and widespread plant family with
an estimated 20,000 members. The urban environment is also unexpectedly diverse;
DNA barcodes were used to catalogue 54 species of bees and 24 species of butterflies
in community gardens in New York City.

DNA barcodes are also used to detect food fraud and products taken from con-
served species. Working with researchers from Rockefeller University and the
American Museum of Natural History, students from Trinity High School found
that 25% of 60 seafood items purchased in grocery stores and restaurants in New
York City were mislabeled as more expensive species. One mislabeled fish was the
endangered species, Acadian redfish. Another group identified three protected
whale species as the source of sushi sold in California and Korea. However, using
DNA barcodes to identify potential biological contraband among products seized by
customs is still in its infancy.

Barcoding relies on short, highly variably regions of the mitochondrial and
chloroplast genomes. With thousands of copies per cell, mitochondrial and chloro-
plast sequences are readily amplified by polymerase chain reaction (PCR), even from
very small or degraded specimens. A region of the chloroplast gene rbcL - RuBisCo
large subunit - is used for barcoding plants. The most abundant protein on earth,
RuBisCo (Ribulose-1,5-bisphosphate carboxylase oxygenase) catalyzes the first step
of carbon fixation. A region of the mitochondrial gene COI (cytochrome ¢ oxidase
subunit 1) is used for barcoding animals. Cytochrome c oxidase is involved in the
electron transport phase of respiration. Thus, the genes used for barcoding are
involved in the key reactions of life: storing energy in carbohydrates and releasing it
to form ATP.

This laboratory uses DNA barcoding to identify plants or animals - or products
made from them. First, a sample of tissue is collected, preserving the specimen
whenever possible and noting its geographical location and local environment, A
small leaf disc, a whole insect, or sample of muscle are suitable sources. DNA is
extracted from the tissue sample, and the barcode portion of the rbcL or COI gene is
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amplified by PCR. The amplified sequence (amplicon) is submitted for sequencing
in one or both directions.

The sequencing results are then used to search a DNA database. A close match
quickly identifies a species that is already represented in the database. However,
some barcodes will be entirely new, and identification may rely on placing the
unknown species in a phylogenetic tree with near relatives. Novel DNA barcodes
can be submitted to the database at the Barcode of Life Data System (BOLD)
(www.boldsystems.org) at the University of Guelph.
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