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Outline

Plant field inventory workflow

Field sampling methods

Species identification using molecular 
methods: from collection to analyses



A Field Plant Inventory typically focuses on how to identify, 
catalog, and manage data about plant species in a specific 
natural or agricultural area. Here's an overview of what such 
a course would generally include:

Learn to identify native and invasive plant species.

Conduct accurate field surveys and inventories.

Use tools like GPS, plant ID guides, and data sheets or digital 
platforms.

Understand ecological relationships and vegetation types.

Apply data for land management, conservation, or research.



1. Introduction to Plant 
Taxonomy

• Scientific names & classification



Plant family 
characteristics

Understanding plant family 
characteristics can be helpful for 
identifying plants, understanding 
their evolutionary relationships, and 
even for predicting their growth 
habits and potential pest problems.



• Example

Sinapis alba
Raphanus raphanistrum



Use of 
dichotomous keys

• Dichotomous keys are valuable 
tools used to identify plants by 
guiding users through a series of 
paired choices or characteristics



Benefits of Dichotomous Keys

Dichotomous keys offer numerous advantages across scientific and 
educational domains, simplifying the process of identification and 
classification. 

Obstacles of Dichotomous Keys

Limited distinguishing forms
Incomplete coverage of the characteristics
Differing observation conditions
Language as a Barrier
Obsolescence

Accurate Identification

Ease of Use

Consistency: These keys adhere to a standardized format, employing 
specific terminology and criteria, ensuring consistent identification 
outcomes across different users.

Research Utility: cataloging and documenting biodiversity, 
contributing to the comprehension of species relationships and 
ecological dynamics.

Fieldwork Facilitation: Portable and adaptable for field use, 
dichotomous keys are invaluable for on-site surveys, ecological studies, 
and biodiversity assessments.
Simplicity and Accessibility: By breaking down complex identification 
tasks into binary choices, dichotomous keys make the process 
accessible to both experts and novices, streamlining identification 
efforts.



• Quadrats2. Methods of Sampling Plant 
Communities



Transects
• Transects involve sampling along a straight line or 
a series of lines across a study area. They are 
particularly useful for studying gradients or changes 
in vegetation over space.



Plotless Sampling 
Methods

Plotless methods are used when setting 
up quadrats or transects is impractical. 
These methods rely on measuring 
distances between plants or random 
points.



• Different measures on 
flora and vegetation 

From field data 
collection to 

diversity analyses 



1. Collecting 
plant samples 
for molecular 
analysis

2. Extracting 
gDNA

3. Barcoding 
workflow

4. Identify a species 
through a nucleotide 
sequence

5. Barcoding 
applications

3. Species identification using molecular methods: from collection to 
analyses 



1. Collecting plant samples for molecular analysis

Planning the collection 

Field notebook, hand lens, 
GPS device or smartphone, 
measuring tape, plant press



Registering plant 
collection information

• ID: Unique identifier for each entry.

• Scientific Name: Latin name of the species.

• Common Name: Commonly used name.

• Family: Botanical family (e.g., Fabaceae, Rosaceae).

• Category: Type of plant (Tree, Shrub, Herb, Vine, Grass, etc.).

• Location: Where the plant was found (GPS coordinate, plot 
number, or habitat type).

• Abundance: Rare, Occasional, Common, Abundant.

• Health Status: Healthy, Fair, Poor, Dead.

• Date Observed: Date the observation was recorded.

• Notes: Additional observations (e.g., flowering, pests, 
invasive species).



1. Collecting plant samples for molecular analysis

A- Preservation in the field

B- Voucher specimen



• Importance of voucher specimen



Genomic DNA as the key molecule

DNA e RNA são ácidos nucleicos que possuem 
diferentes estruturas e funções.

Enquanto o DNA é responsável por armazenar 
as informações genéticas dos seres vivos, o 
RNA atua na produção de proteínas



DNA barcoding

DNA barcoding is the use of short DNA sequence or sequences 

in a standardize locus (or loci) as a species identification tool. 

Applications:

- Ecological surveys

- Identification of cryptic species (two or more distinct species classified

as a single species)

- Identify and characterize species (abundant or rare, native or invasive)



Barcode regions
For animals

For plants

For fungi



2. Barcode Pipeline



1. Specimens: Natural history museums, herbaria, zoos, aquaria, frozen
tissue collections, seed banks, type culture collections and other
repositories of biological materials are treasure troves of identified
specimens.

2. Laboratory Analysis: Laboratory protocols can be followed to obtain 
DNA barcode sequences from these specimens. 

Four Barcoding components



Plant DNA Barcode markers

Consortion for the Barcode of Life (CBOL) Plant Working Group,”
proposed two “core barcode” the plastid rbcL and matK (Hollingworth et al., 2009

PNAS), the internal transcribed spacers of nuclear ribosomal DNA (nrDNA
ITS, De-Zhu Li et al., 2011 PNAS).

Nuclear genes usually evolve too rapidly to distinguish between the
same species, but chloroplast genes evolve at a slower rate, allowing
differences to occur in the DNA code between species.

PLANT DNA BARCODE APPLICATIONS 

A- SPECIES-LEVEL TAXONOMY 

B-  IDENTIFYING UNKNOWN SPECIMENS TO 
KNOWN SPECIES 

- Polymorphic DNA region 
- Conserved regions for easy amplification
- Sequence length suitable for sequencing

No unique barcode marker!



Barcode markers

Internal transcribed spacers of
nuclear ribosomal DNA (nrDNA
ITS) yields a good resolving power

Plastidial markers Nuclear markers

Three major problems

1- Fungal contamination

2- Paralogous gene copies

3- Difficult to amplify/sequence

Plant barcode markers: matk+rbcl, nrDNA ITS



Four Barcoding components

1. International Nucleotide Sequence Database
Collaborative

GenBank, the Nucleotide Sequence Database of the EMBL in Europe,
and the DNA Data Bank of Japan. - CBOL's data standards for
barcode records.

2. Barcode of Life Database (BOLD) created and is
maintained by University of Guelph in Ontario.

https://blast.ncbi.nlm.nih.gov/Blast.cgi 

3. Database construction of a public reference library of species identifiers which
could be used to assign unknown specimens to known species. There are currently
two main barcode databases that fill this role:

https://www.boldsystems.org/ 

https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://www.boldsystems.org/


Plant DNA barcode cycle

http://botany.si.edu/projects/dnabarcode/cycle.htm



Uma imagem com texto, interior

Descrição gerada automaticamente

https://youtu.be/9YGM6L8bzxg


Four Barcoding components
4. Data Analysis: Specimens are identified by finding the closest matching
reference record in the database. CBOL's Data Analysis Working Group

Consortium for the Barcode of Life (CBOL) is an international initiative devoted to
developing DNA barcoding as a global standard for the identification of biological
species.



Sequence 
Databases

Advanced Course: Exploring ecological tools to characterize Biodiversity

Gene Expression

BodyMap (Human and mouse gene 
expression data) 

bodymap.ims.u-tokyo.ac.jp

Major Sequence Repositories

GenBank or NCBI (all known nucleotide and protein sequences)

www.ncbi.nlm.nih.gov/Web/Genbank/

Ensembl (all known nucleotide and protein sequences)

www.ensembl.org/index.html

TIGR Gene Indices (non-redundant, gene oriented clusters) 

www.tigr.org/tdb/tdb.html

Gene Identification and Structure

EID (Protein-coding, intron-containing genes)

mcb.harvard.edu/gilbert/EID/

Exint (Exon-intron structure of eukaryotic genes)

intron.bic.nus.edu.sg/exint/extint.html

TRRD (Regulatory regions of eukaryotic genes)

www.mgs.bionet.nsc.re/mgs/dbases/trrd4/

http://www.ncbi.nlm.nih.gov/Web/Genbank/
http://www.ensembl.org/index.html
http://www.tigr.org/tdb/tdb.html


3. Acquire a DNA barcoding sequence
1. DNA extraction 2. Barcode Region amplification by PCR

1. Reaction mixture:

• Primer and DNA template

• DNA polymerase

• ddNTPs with fluorochromes

• dNTPs

2. Primer elongation and chain 
termination

3. Capillary gel electrophoresis separation of DNA 
fragments 

4. Laser detection of 
fluorochromes and 
computacional sequence 
analysis 

Automated dideoxy sequencing 
method

thermocycler

automated sequencer



3. Acquire a Barcode sequence





3. Viewing and analysing sequences



Advanced Course: Exploring ecological tools to characterize Biodiversity

Thematic Lecture: “From nature to the lab” Luís Catarino & Maria Cristina Duarte & Filipa Monteiro

4. Building a consensus
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Method: Editing chromatograms for HSP70 and ITS1 sequences by using BioEdit 

software (joint exercise) 

 

1. Start the BioEdit software from  

2. Go to File and New Alignment and Import your sequence alignment files:  

          

 

 

3. To see the chromatogram for a given sequence press Open. Check the quality of the 

sequence: 

          

 

Import forward 
and reverse 
sequences 

(.abi files)
1

Reverse 
complement 

reverse strand 
and align both 

strands

2
Create 

consensus and 
analyze 

mismatches and 
chromatograms 
(save as .fas file)

3
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4. Compare the forward (Primer LITS for ITS1) and backward (primer L5.8S for ITS1) 

sequences. For this convert the backward sequence as follows: Go to Sequence, than 

to Nucleic Acid and than click on Reverse Complement. 

        

 

 

           

5. Align the forward and the converted backward sequence by hand or go to Sequence 

and choose Pairwise alignment. Save the alignment obtained and close the file. 

6. For editing go to File and Open your alignment. To check again with the 

chromatograms Open your sequence files (see point 3!). Use Mode for editing your 

sequences. 

 

 

It is recommended to copy one of the sequences and to do all the editing there. 
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4. Compare the forward (Primer LITS for ITS1) and backward (primer L5.8S for ITS1) 

sequences. For this convert the backward sequence as follows: Go to Sequence, than 

to Nucleic Acid and than click on Reverse Complement. 

        

 

 

           

5. Align the forward and the converted backward sequence by hand or go to Sequence 

and choose Pairwise alignment. Save the alignment obtained and close the file. 

6. For editing go to File and Open your alignment. To check again with the 

chromatograms Open your sequence files (see point 3!). Use Mode for editing your 

sequences. 

 

 

It is recommended to copy one of the sequences and to do all the editing there. 
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7. After editing is finished, keep only the consensus sequence and delete the other two 

sequences by labeling them and pressing Edit and Cut. The consensus sequence will 

then be saved in Fasta format. This sequence can then be used for multiple 

alignments by either using BioEdit or MEGA softwares. In this training session we will 

use MEGA for multiple alignments. 



Bold database

Databases



Example of BOLD information

http://www.boldsystems.org/index.php/TaxBrowser_Home




Comparing our DNA sequence with database for species identification

BLAST (Basic Local Alignment Search Tool) is an online search tool provided by NCBI (National Center for 
Biotechnology Information). It allows you to “find regions of similarity between biological sequences” 
(nucleotide or protein). 



Advanced Course: Exploring ecological tools to characterize Biodiversity

After sequence Blast

E value: the number of hits expected to be seen by
chance. The closer to 0, the better.  

Percent identity: the % of bases that are identical to
the reference genome.

Accession [number]: a unique identifier assigned to 
records in the NCBI databases.

Max score: the highest bit score that is calculated
from alignment matches and mismatches.

Total score: the sum of the alignment scores of all of 
the segments from the sequence. 

Query coverage: the % of the contig length that aligns
with the NCBI hit.



Thematic Lecture: “From nature to the lab” Luís Catarino & Maria Cristina Duarte & Filipa Monteiro



Case study 
on Cabo 

Verde flora



Species 
diversity and 
richness 



Molecular data supporting 
species identification and 
diversity

• Potential new species disclosed by molecular data?

• Reverse taxonomy assessment and diversity analyses



Application to wild useful plants

The FAO Commission developed the Genebank Standards for 
Plant Genetic Resources for Food and Agriculture and recently 
endorsed the Voluntary guidelines for national level conservation 
of crop wild relatives and wild food plants.

https://www.fao.org/agriculture/crops/thematic-sitemap/theme/seeds-pgr/gbs/en/
https://www.fao.org/agriculture/crops/thematic-sitemap/theme/seeds-pgr/gbs/en/
https://www.fao.org/agriculture/crops/thematic-sitemap/theme/seeds-pgr/gbs/en/
https://www.fao.org/agriculture/crops/thematic-sitemap/theme/seeds-pgr/gbs/en/
https://www.fao.org/agriculture/crops/thematic-sitemap/theme/seeds-pgr/gbs/en/
https://www.fao.org/agriculture/crops/thematic-sitemap/theme/seeds-pgr/gbs/en/
https://www.fao.org/agriculture/crops/thematic-sitemap/theme/seeds-pgr/gbs/en/
https://www.fao.org/agriculture/crops/thematic-sitemap/theme/seeds-pgr/gbs/en/
https://www.fao.org/agriculture/crops/thematic-sitemap/theme/seeds-pgr/gbs/en/
https://www.fao.org/agriculture/crops/thematic-sitemap/theme/seeds-pgr/gbs/en/
https://www.fao.org/3/a-i7788e.pdf
https://www.fao.org/3/a-i7788e.pdf
https://www.fao.org/3/a-i7788e.pdf
https://www.fao.org/3/a-i7788e.pdf
https://www.fao.org/3/a-i7788e.pdf
https://www.fao.org/3/a-i7788e.pdf
https://www.fao.org/3/a-i7788e.pdf
https://www.fao.org/3/a-i7788e.pdf
https://www.fao.org/3/a-i7788e.pdf
https://www.fao.org/3/a-i7788e.pdf
https://www.fao.org/3/a-i7788e.pdf
https://www.fao.org/3/a-i7788e.pdf
https://www.fao.org/3/a-i7788e.pdf
https://www.fao.org/3/a-i7788e.pdf
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