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ABSTRACT

Children who are late to sit, walk, speak or learn are often referred to a genetics clinic, and

one of the first questions asked is whether a chromosome change lies behind the delay.

Cytogenetic testing has changed a great deal over the last few decades, from banded

karyotypes through fluorescence in situ hybridisation to chromosomal microarray, and the

meaning of a normal or abnormal result has changed with it. This narrative review describes

what each cytogenetic method can and cannot detect, how findings are interpreted, and why

reports of diagnostic yield from different clinics are hard to compare. It draws on published

guidelines and primary studies and reports no new data and no patient series. Karyotyping

remains the right tool for some questions, notably balanced rearrangements and suspected

aneuploidy syndromes, whereas microarray detects small gains and losses that a karyotype

cannot see and is widely recommended as a first-tier test. Neither method finds single-gene

variants, repeat expansions or most epigenetic changes, so a negative cytogenetic result

narrows the search without ending it. Variants of uncertain significance, referral criteria and

the order of testing all influence reported yield. The review ends with a short list of what a

reader should look for before trusting a stated figure.
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1. Introduction

Parents usually notice first. A child is slow

to sit, slow to walk, or has few words when

other children of the same age have many,

and a paediatrician agrees that something

is amiss. Global developmental delay is the

label commonly given when more than one

area of development is affected in a young

child, and intellectual disability is the term

used once the child is old enough for the

pattern to be confirmed (1, 2). Taken

together these conditions are common, and
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population studies show that intellectual

disability is far from rare (3).

The causes are many. Some children have

a recognisable syndrome, some have a

brain injury before or soon after birth, and

some have an inherited metabolic or

single-gene disorder. A large share have no

cause found at the first visit (4, 5).

Changes in the number or structure of

chromosomes are one of the oldest

explained causes and still one of the most

frequent, which is why a genetics clinic

will often begin with a chromosome study

(5, 6). What that study consists of has

changed a good deal, and a reader of an

older clinic report may be looking at a very

different test from the one a family

receives today.

This article reviews the cytogenetic

evaluation of children with developmental

delay who are referred to a genetic clinic.

Its title reads like a local audit, but it is not

one. No clinic, district or patient series is

described here, and no figures from any

particular centre are reported. Instead, the

review asks what each cytogenetic method

can see, how its findings are interpreted,

and how much weight stated rates of

abnormal results can carry when they

come from clinics that tested different

children in different ways. Where a point

rests on judgement rather than on data, the

text says so.

2. Literature Review

2.1 Developmental Delay and Its Causes

Practice parameters from the early 2000s

set out a staged approach to the child with

global developmental delay: history,

examination, then targeted investigations

chosen by what the clinical picture

suggests, with chromosome analysis and

fragile X testing among the first genetic

tests (1). A later clinical report placed

chromosomal microarray ahead of the

karyotype for most children and added

sequencing-based tests as they became

available (2).

Exome sequencing in large cohorts of

affected children and their parents showed

that new variants arising in the child

account for a substantial part of severe

disease (7, 8), though chromosomal

imbalance remains an important category

(9, 10).

2.2 Conventional Karyotyping

Human cytogenetics began in earnest when

the correct chromosome number was

established in the 1950s (11). Banding

methods later let laboratories tell

individual chromosomes apart (12), so the

G-banded karyotype can show an extra or

missing chromosome, large deletions and

duplications, and rearrangements in which

material has moved without being lost or

gained.

Aneuploidy, an extra or missing

chromosome, arises mostly from errors in

meiosis (13). Down syndrome is the

best-known example, and a karyotype

remains appropriate there because it shows

whether the extra chromosome is free or

attached to another, which matters for

recurrence counselling (14).

Karyotyping has real strengths. It looks at

the whole genome at once, it sees balanced

rearrangements that leave no gain or loss

for other methods to find, and it can show

mosaicism if enough cells are examined

(14, 15). Its weaknesses are as well known.

The resolution is limited to changes of

several megabases, the method depends on

dividing cells and on the skill of the

analyst, and the result is slow to produce.

A normal karyotype therefore excludes

large imbalances and little else. Absence of

a finding on one test is not absence of a

cause.

Table 1 sets the main methods side by side.

The comparison is qualitative on purpose,

because resolution varies with the
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laboratory and the platform.

Table 1. What common cytogenetic methods can
and cannot detect in a child with developmental

delay.

Method Sees well Misses

G-banded

karyotype

Aneuploidy,

large gains and

losses,

balanced

rearrangements

(11, 12, 14)

Small

imbalances;

low-level

mosaicism in

few cells (15)

FISH

Targeted

microdeletions

and

rearrangements

(16, 17)

Anything the

probe was not

chosen to find

Chromosomal

microarray

Small gains

and losses

across the

genome (18,

19)

Balanced

rearrangements;

most

single-gene

variants (20)

Repeat-expansion

testing

Fragile X

expansion (21)

Everything

outside that

locus

Methylation

testing

Imprinting

disorders at

15q11-q13

(22)

Changes

elsewhere in the

genome

Note: Qualitative summary; resolution depends on the

laboratory and platform.

2.3 Fluorescence In Situ Hybridisation

Fluorescence in situ hybridisation, or

FISH, uses labelled DNA probes that

attach to a chosen region of a chromosome

and glow under the microscope. The

method made it possible to test a specific

region in a child whose features pointed to

a particular microdeletion syndrome, and

multicolour versions allowed every

chromosome to be painted in a different

colour (17). FISH was the workhorse for

recognised microdeletion and

microduplication syndromes for many

years (16).

The method finds only what the probe was

designed to find, so a normal result says

nothing about other possibilities.

Imprinting disorders such as Prader-Willi

and Angelman syndromes are a related

case, in which the chromosome region may

look normal on a karyotype or even on a

probe while a methylation test reveals the

problem (22).

2.4 Chromosomal Microarray and Copy
Number Variants

Microarray testing compares the child�s

DNA with a reference at many thousands

of points across the genome and reports

regions that are present in too few or too

many copies. Early clinical arrays targeted

known disease regions and soon proved

their value in children with normal

karyotypes (19, 23). Large series from the

late 2000s found that arrays identified

more clinically relevant imbalances than

karyotyping in children with unexplained

delay (24, 25), and a consensus statement

recommended microarray as a first-tier test

for developmental disabilities and

congenital anomalies (18, 26). Later work

confirmed the recommendation in children

with delay, autism and dysmorphic

features (27).

The gain in sensitivity brought a gain in

difficulty. Studies of healthy people

showed that copy number variation is

widespread in the normal human genome,

and that many gains and losses, some of

them large, are carried by people with no

clinical problem (28, 29). An array

therefore returns a mixture of findings:

clear pathogenic imbalances, clear benign

ones, and a middle group in which no one

can say (30, 31). Resolving that middle

group became a central task of clinical

cytogenetics. A result labelled uncertain is

still a result, and families deserve to be

told what that means.

Recurrent imbalances provided much of

the early understanding. Many arise

because repeated sequences in the genome

mispair during meiosis, so that the same

segment is deleted or duplicated in

unrelated people (32, 33). Studies of
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children with delay produced maps of such

regions (9, 34). Some, such as 16p11.2, are

linked with autism and delay, though not

every carrier is affected to the same degree

(35), and others act as one hit among

several (36).

Arrays do not see everything. They do not

detect balanced rearrangements, and they

cannot easily detect low-level mosaicism

or distinguish a duplicated segment sitting

in tandem from one inserted elsewhere (15,

20). Laboratories are therefore expected to

state clearly what their array can and

cannot report (20, 26). The same pattern of

added findings and added uncertainty was

seen when arrays were applied prenatally

(37).

2.5 Sequencing and Where Cytogenetics
Now Sits

Exome and genome sequencing have

added a further layer. Prospective studies

of children with suspected genetic

disorders showed that sequencing could

reach a diagnosis in a worthwhile share of

children, including some who had already

had array testing (38, 39). Reviews

describe sequencing as increasingly used

early, sometimes ahead of array,

depending on local resources (10, 40).

Cytogenetic methods have not

disappeared. They remain the practical

way to detect balanced rearrangements and

some repeat-rich or structurally complex

changes, and the standards for interpreting

copy number variants are still maintained

alongside those for sequence variants (41,

42). The fragile X expansion, found in the

gene characterised in 1991, needs its own

targeted test because neither a standard

karyotype nor an ordinary array will find it

(21). Methylation testing plays a

comparable role for imprinting disorders,

where the chromosomes may look entirely

normal (22).

3. Materials and Methods

3.1 Scope and Question

The review asks a single question in three

parts. What can each cytogenetic method

detect in a child with unexplained

developmental delay? How are the

findings classified and communicated?

And what should a reader check before

relying on a stated rate of abnormal

results? The scope is postnatal testing of

children, and the review does not cover

prenatal diagnosis except where it clarifies

a comparison of methods. Each part

follows the practical steps a clinic goes

through: choosing a test, running it,

interpreting the result and counselling the

family. None of these steps is difficult, but

each is easy to skip in a busy clinic.

3.2 Literature Assembly

The review draws on peer-reviewed

guidelines, consensus statements, reviews

and primary studies published up to and

including 2020, covering the history of

chromosome analysis, microarray and

copy number interpretation, the genetics of

developmental disorders and the reporting

of diagnostic yield. Sources were chosen

for relevance, influence and clarity of

method.

We did not run a formal systematic search

and we do not claim one. This is a

narrative synthesis, and the selection

reflects the authors� judgement.

3.3 Appraisal Framework

To judge how far a stated yield can be

trusted, we asked four questions of each

source. Who was tested, and by what

referral criteria (1, 25)? Which platform

was used and at what resolution (24, 27)?

How were variants of uncertain

significance counted (31, 41)? And were

parents tested, so that inheritance could

inform classification (30)? Table 2 shows

the classification scheme referred to in the

third question, and Table 3 lists the sources
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of difference that follow from these four

questions.

Table 2. Categories used when a copy number
variant is reported, and what each means for the

family.

Category Meaning
Typical

handling

Pathogenic

Established link to

a clinical disorder

(30, 41)

Report; counsel;

offer parental

testing

Likely

pathogenic

Strong but

incomplete support

(41)

Report with

stated confidence

Uncertain

significance

Evidence

insufficient either

way (31)

Report

cautiously;

revisit later

Likely

benign

Common in

unaffected people

(28, 29)

Usually not acted

on

Benign
Recognised normal

variation (29)

Not reported or

noted only

Note: Categories follow the joint ACMG/ClinGen

scheme; thresholds for assigning them are given in the

cited standard.

4. Results

4.1 What Each Method Sees

Methods differ in scale of change before

they differ in anything else. A karyotype

sees large structures, an array sees smaller

gains and losses, and sequencing sees

changes within single genes (Figure 1).

That ordering, though simplified, explains

most of the history of the field: each new

technology resolved a layer that the

previous one could not, and each found a

new group of children with an explanation

(15, 33).

Resolution is only part of the story. A

method also differs in what kind of change

it is able to see at all. A balanced

rearrangement has no gain or loss, so an

array reads straight past it; a single-letter

variant is invisible to both karyotype and

array; a repeat expansion needs a targeted

test (20, 21). Table 1 and Figure 3 make

this point from two directions. Such

differences look technical, yet they decide

whether a finding is reported at all.

Figure 1. Layered view of what each cytogenetic

method sees (schematic, not data).

4.2 Matching the Test to the Question

Guidelines favour microarray as the first

cytogenetic test for most children with

unexplained delay, and the karyotype for

specific situations (2, 18). Those situations

include a picture strongly suggesting an

aneuploidy syndrome, a family history that

points to a balanced rearrangement in a

parent, and an array result whose physical

arrangement needs explaining (13, 14). For

features of a specific microdeletion

syndrome, targeted FISH may answer

fastest (16).

Fragile X testing deserves a separate

mention because it is often requested

alongside chromosome studies in boys and

girls with delay of unknown cause, and

because a normal array or karyotype does

not address it (1, 21). A well-ordered clinic

treats cytogenetic and molecular tests as a

set, chosen to cover different kinds of

cause. The order in which tests are done

shapes the whole diagnostic journey.

Figure 3 gives a qualitative map of which

method sees which class of change.

Lightly shaded cells mark detection that is

DOI: https://doi.org/10.62644/iajlb.2025.v22.i1.pp19-28 Indo-Am. J. of Life Sc & Bt  |  Vol. 22, Issue 1, 2025  |  pp 19-28

https://iajlb.org
https://iajlb.org
https://doi.org/10.62644/iajlb.2025.v22.i1.pp19-28
https://doi.org/10.62644/iajlb.2025.v22.i1.pp19-28


Indo-Am. J. of Life Sc & Bt. 2025 ISSN 2347-2243  iajlb.org

Vol.22, Issue 1, 2025

24Santangelo, Fauvel and Teixeira, 2025 | 10.62644/iajlb.2025.v22.i1.pp19-28

possible only in some circumstances, for

example when a probe was chosen in

advance (10, 40).

Figure 3. Qualitative matrix of variant classes

against methods (schematic, not data).

4.3 Interpreting Copy Number Variants

Once an array reports a gain or loss, the

laboratory has to decide what it means.

The joint ACMG and ClinGen standard

sets out a structured approach that

considers the content of the region, its

overlap with established syndromes, the

evidence from the literature and databases,

and, where possible, inheritance (31, 41).

Public resources that pool cases and

phenotypes made such comparisons

possible (30, 43). The categories that

result, from pathogenic to benign, are

listed in Table 2.

Figure 2 shows a simplified path for an

abnormal array result. If the region is

known and recurrent, or rich in genes

whose loss is understood, a causal reading

is reasonable. If it is common among

healthy people, the finding is probably

incidental (28, 29). Between those lie

many uncertain findings, and testing the

parents often helps, because a variant

inherited from a healthy parent is less

likely to be the explanation, though

reduced penetrance means it cannot be

ruled out (30, 36).

Interpretation is not static. A variant

labelled uncertain today may be

reclassified as more cases are reported, and

the converse can also happen (34, 41). A

good report states the category, the

evidence behind it and the plan for

revisiting it. When a pathogenic imbalance

arises as a new event in the child the risk to

future children is usually low, whereas a

parent carrying a balanced rearrangement

can raise it substantially. A family hearing

a result wants to know what it means for

the next child as well as for this one, and

the two answers are not always the same.

Figure 2. Decision path for an abnormal array

result (schematic, not data).

4.4 Reading a Stated Diagnostic Yield

Clinic reports often state the proportion of

children with an abnormal result. These

proportions vary widely in the literature,

and much of the variation reflects

differences in who was tested and how, not

differences in biology (24, 25). Table 3

lists the main reasons. A clinic that tests

only children with several malformations

will find more than one that tests every

child with mild speech delay (4).

The definition of abnormal also matters.

Some reports count only clearly

pathogenic findings, whereas others add
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likely pathogenic ones or even variants of

uncertain significance, and the sum rises

with each addition (31, 41). A figure that

counts uncertain variants as diagnoses

overstates the number of children who

received an answer, and a figure that

excludes them understates the number who

received a finding of some kind. This is

why two clinics can use the word abnormal

and mean different things.

Table 3. Why reported diagnostic yields from
different clinics are hard to compare.

Source of

difference
Effect on yield What to ask

Referral

criteria

Narrow criteria

raise yield (1, 25)

Who was tested

and why?

Test

generation

Newer platforms

find more (24,

27)

Which platform

and resolution?

Handling of

uncertain

variants

Counting them

inflates yield (31,

41)

Were they

counted as

diagnoses?

Prior testing

Earlier tests

remove easy

cases (4)

What had already

been done?

Parental

studies

Inheritance

changes

classification (30)

Were parents

tested?

Note: Issues are those raised in the cited literature and

are not attributed to any single study.

In short, the literature gives a clear

ordering of methods by sensitivity to small

gains and losses, a clear case for

microarray as the first cytogenetic test in

most children with unexplained delay, and

no single figure for how many children

will receive a diagnosis. The last depends

on who is tested and on what is counted.

That is a modest conclusion, but it is the

one the literature will bear.

A report that cannot answer the four

appraisal questions should be read as a

description of one clinic on one day, not as

an estimate of what another clinic will find

(4, 25). The point is not that any one report

is poor, only that its headline travels

further than its methods allow.

5. Discussion

5.1 Interpretation and Practical
Reading

The central message is conditional.

Cytogenetic testing helps most when it is

chosen for the question being asked,

interpreted against the whole clinical

picture, and reported with a statement of

what it excluded. A karyotype is not

obsolete, an array is not infallible, and

neither replaces sequencing for the many

causes that lie below their resolution (2,

10).

5.2 Limitations

This is a narrative review and shares the

limitations of that form. The selection of

sources reflects judgement, no formal

search or quality scoring was done, and no

yield from an individual series is quoted,

because such figures could not be checked

against the primary reports for this article.

A reader who needs a number should

consult the original studies and apply the

four appraisal questions, or wait for a

formal systematic review. The review also

stops at 2020 and does not follow later

work on long-read or routine genome

sequencing in children. Reviews are more

useful when they mark where the evidence

stops than when they smooth it over.

5.3 Future Work

Three needs stand out. First, studies that

report yield by clearly defined referral

group and by clearly defined result

category, so that figures from different

clinics can be set side by side. Second,

prospective follow-up of children with

uncertain findings, to show how often and

how quickly they are reclassified (34, 43).

Third, evaluations of testing pathways that

count what families actually receive, not

only the proportion with a finding (2, 10).
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A practical step is for clinics to publish

their testing policy alongside their results:

referral criteria, platform and resolution,

reporting threshold, classification scheme

and policy on parental testing. These are

cheap to state and turn a bare percentage

into something another clinic can use.

Reanalysing older negative results at

intervals, where resources allow, would

add to the diagnostic return for little extra

cost, and it is a habit worth keeping even

when the answer is expected. It is a habit

worth keeping even when the answer is

expected.

6. Conclusion

Cytogenetic analysis remains a core part of

the evaluation of a child with

developmental delay, though its form has

changed. The karyotype sees large

structures and balanced rearrangements,

FISH answers targeted questions, and

microarray detects small gains and losses

across the genome and is widely

recommended as the first cytogenetic test.

None of them finds single-gene variants or

repeat expansions, so a normal result

narrows the search without ending it. The

same caution applies to any new genomic

test, not only to arrays.

For the clinician, the message is practical:

choose the test for the question, state what

a normal result does and does not exclude,

and explain uncertain findings plainly. For

the researcher, the opportunity is better

reporting, with yields tied to who was

tested, how, and what was counted.
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