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ABSTRACT

Idiograms are graphical representations in which chromosomes appear
ordered by their relative size, homology groups, and the presence of cyto-
genetic landmarks such as centromeres, secondary constrictions, and
banding patterns. They have become crucial elements in cytogenetic
research. Here, we describe a simple protocol for spreadsheet software to
draw idiograms and map any type of sequence onto them. These graphs
can be easily used to present research results and can become the basis to
raise and resolve questions related to different biological issues. The meth-
odology is inexpensive, easy to follow, and allows customization to meet
a wide range of educational scenarios focused in genetics and evolution.
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O Introduction

The Evolution of Cytogenetic
Studies

It is commonly acknowledged that chro-
mosomes were first observed in plants and
animals by Carl Nageéli (1842) and Walther
Flemming (1879). During the following
decades, the field of cytogenetics experi-
enced a great advance, and at the beginning
of the 20th century, the behavior of chro-
mosomes during mitosis and meiosis had
been already described. However, the early
cytogenetic studies were strictly restricted
to morphological features of the chromo-
somes, and milestones such as the human
46, and the
first human karyotype were not achieved
until the middle of the 20th century (Tjio
& Levan, 1956).

From the 1970s onward, chromosome identification meth-
ods improved, and banding techniques, in situ hybridization,

chromosome number, 2n =

Physical mapping
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position of the main
chromosome structures
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and immunofluorescent location of proteins were fully developed
(Qaisar et al., 2017), making karyotyping a recurring element in
current research studies that require chromosome counting, mea-
surement of chromosome features (such as number, size, and
shape), and the position of certain structures (centromeres, sec-
ondary constrictions, and repeat DNA clusters) (Heslop-Harrison
& Schwarzacher, 2011). Also, chromosome analysis techniques are
important for detecting structural variation and chromosome muta-
tions. Structural chromosomal abnormalities are related to genetic
disease and include deletions (e.g., Jacobsen and cri-du-chat
syndromes), duplications (e.g., Charcot-Marie-Tooth disease) and
rearrangements (e.g., some types of cancer, such as Philadelphia
chromosome, caused by a reciprocal translocation) (OMIM, 2022;
Weckselblatt & Rudd, 2015).

The ability to determine the position of DNA sequences on chro-
mosomes, the integration of molecular and cytogenetic data, and
the necessity to standardize the system for referring to sequences,
have opened the field of chromosome mapping (O’Connor, 2008).
Chromosome mapping is defined as the iden-
tification of the location of DNA sequences on
a chromosome and the estimation of the rela-
tive distance between them.

Chromosome Mapping &
Physical Maps

The International System for Cytogenetic
Nomenclature compiles the standards of
chromosome mapping. This is based on
descriptors that refer unequivocally to a spe-
cific region of a given chromosome. The short
arm of the chromosome is denominated p
(named after the French word for small, petit)
and the long arm, q (or queue arm); p and
q arms are defined by the relative position of
the centromere. Each arm of the chromosome
can be divided into regions, and each region
is assigned a number following the direction centromere-telomere
(pl, p2,p3, ...). Banding and other staining procedures help define
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the different regions, even at a higher level, which is expressed
by adding an additional digit to the number of the region (e.g.,
Prader-Willi syndrome is due to absence of paternally expressed
imprinted genes at 15q11.2—q13; Cassidy et al., 2012) (O’Connor,
2008).

Nowadays, the enormous amount of genomic sequences gener-
ated by Next Generation Sequencing and the increasing number of
assembled genomes available have brought into play fine physical
mapping. Through coordinates, it is possible to identify the posi-
tion of any particular sequence in a chromosome or assembled
DNA sequence with a level of precision in the base pair (bp) range.
Chromosome number, followed by the start and stop positions
of the sequence to be mapped, and the reference to the assem-
bly version are sulfficient to locate a sequence on a chromosome
(e.g., in assembly GRCh38, the coordinates for a human SRY gene
are chrY:2786854-2787681). This is the basis of the navigation
tools as the UCSC Genome Browser, among others (Karolchik &
Kent, 2009).

O Motivation

Significant efforts have been made to automate cytogenetic data
collection and interpretation by the development of different types
of software. There are a number of programs devoted to drawing
idiograms and mapping sequences. Most of them are restricted to
the available sequenced genomes, such as the NCBI Genome Deco-
ration Page (https://www.ncbi.nlm.nih.gov/genome/tools/gdp),
require programming skills such as Rldeogram (Hao et al., 2020),
or rely on genetic-map data or digital image sources such as Karyo-
Measure (Mahmoudi & Mirzaghaderi, 2021). Here we describe
Excel Mapper, an easy-to-follow protocol to draw idiograms and
map any type of sequence. It is based on spreadsheet software func-
tions, making programming skills unnecessary. Source data can
come from any csv (comma-separated values) file with chromosome
data and sequence coordinates. This information can be extracted
from different databases or generated ad hoc by the user. Output
can be customized using format options.

O Methodology

Excel Mapper is based on scatter charts in which the x-axis con-
tains the chromosome number and the y-axis contains the corre-
sponding sequence positions to graph. Chromosome positions are
divided into intervals using Sturges’s Rule (Sturges, 1926), and then
the number of bps each interval will contain (range) is calculated.

Protocol 1 (see Supp. Pla, available with the online version of
this article) and Protocol 2 (Supp. P2a) contain the step-by-step
instructions on how to draw idiograms and map sequences, respec-
tively. Example raw data are provided in csv format, including
chromosome number and their size for Protocol 1 (Supp. P1b) and
sequence coordinates (chromosome number, start and stop posi-
tions) for Protocol 2 (Supp. P2b). Solved idiograms and maps are
also provided in the csv files.

A typical Excel Mapper experiment starts with the graphing of
an idiogram and continues by mapping different types of sequences
(e.g., centromeres and telomeres). To differentiate them, it is advis-
able to map different sequences separately by using different datas-
ets (see for example Figure 1).

The protocols were developed using Microsoft Excel but are
replicable in free and/or open software. For more info, see the
tutorial at https://youtu.be/6WhEGcS2_SU.

O Excel Mapper for Classrooms

Protocols for chromosome banding, probe hybridizations, or image
processing can be time-consuming and nonachievable during a
regular biology course. We propose two activities based on Excel
Mapper, which, while instructive, can partially substitute some wet
lab activities:

Activity 1: The construction of ahuman idiogram.
Students will be trained on chromosome classification,
identification of main morphological types based on the position
of the centromeres, and chromosome nomenclature. Students
will understand the importance of chromosome classification in
the description and identification of living organisms.

HUMAN IDIOGRAM

300000000
250000000 e 4
200000000 ™
®
[ ]
150000000 | E—-
® o @8
[ |
100000000 ® o
[ ] [ ]
50000000 [ ] ] o e s 8
0 ] [ ] [ ] [ ] ] [ ] [ ] [ ] [ ] e [ ]
0 1 2 3 < 5 6 7 8 9 10 11
o Centromeres

[ ]

]

[ ] ® a

[ ] o ®
o 0

s 8 8 8 g ¢ g 8
L L L L L L L L L e | ] .
12 13 14 15 16 17 18 19 20 21 22 X Y

o Telomeres

Figure 1. Excel Mapper output representing a human idiogram with centromeric and telomeric regions mapped.

THE AMERICAN BIOLOGY TEACHER

USING EXCEL MAPPER TO DESIGN CHROMOSOME IDIOGRAMS

@

220z Joquisidas 90 uo Jesn Aysianiun 83na Aq Jpd-96E” L v8"220Z 198/2999Y 2/96€/L/v8/ipd-0joiE/qENpassaidon"auluo//:dny Wouj papeojumoq



Activity 2: A comparative chromosome analysis

between humans and apes. Fusion of ancestral ape

chromosomes left in human chromosome 2 distinctive relic

telomeric sequences and a vestigial centromere (Azzalin

etal.,, 2001; Miga, 2017). This can be traced by comparing

chromosome number and mapping sequences in different

closely related primate genomes and by comparing these

data with the human genome. Students will understand the

importance of cytogenetic data in evolutionary studies.

All class materials, including a PowerPoint presentation, a class
handout, and csv with raw data, are provided for both Activity 1
(Supp. Ala—Alc) and Activity 2 (Supp. A2a—A2c¢).

O Conclusion

Excel Mapper is a method for drawing idiograms using spread-
sheet software and mapping different types of sequences using their
genomic coordinates. It is inexpensive, easy to follow, and highly
customizable. Physical mapping can help students visualize the
position of the main chromosome structures and understand its
application in taxonomic and evolutionary studies. As a result, we
believe that it can significantly enrich evolution lessons at different
educational levels.

O Supplementary Material
Methodology

Pla: Protocol 1 for drawing a basic idiogram
P1b: Sample spreadsheet for protocol 1
P2a: Protocol 2 for mapping sequences onto an idiogram

P2b: Sample spreadsheet for protocol 2

Activity 1: Human Idiogram Construction

Ala: Presentation
Alb: Handout
Alc: Dataset

Activity 2: Human-Ape Chromosome Evolution

A2a: Presentation
A2b: Handout

A2c: Dataset
Video tutorial: https://youtu.be/6WhEGcS2_SU
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