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ABSTRACT 
 

DNA can be extracted from ants and utilised in forensic analyses. Ants can be potential carriers of 
ambient DNA important to forensic research, as they are common in a variety of locations. In order 
to assure the validity of results, the study emphasises the significance of positive and negative 
controls as it examines the difficulties and techniques involved in extracting DNA from ant guts. 
Overall, the work broadens the scope of ecological and forensic research by highlighting the 
potential of ant gut DNA as a useful resource in forensic science. 
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1. INTRODUCTION  
 
Ants play a role in decomposition ecology and 
can directly affect decomposition rates by 
feeding on carcasses and lacerating them. They 
can also indirectly affect decomposition by 
predating on other carrion-feeding invertebrates 
and altering the microhabitat of carrion through 
nest and mound construction. Studying ants can 
provide valuable information, such as 
determining evidence's location, timing, or 
movement. 
 
There are about 154 species of ants that have 
been observed on carrion. The most prevalent 
subfamily of ants found on carrion is Myrmicinae, 
with species such as fire ants (Solenopsis), big-
headed ants (Pheidole), and acrobat ants 
(Crematogaster) being commonly found. Another 
common subfamily associated with carrion is 
Formicinae, which includes carpenter ants 
(Camponotus), wood ants (Formica), and winter 
ants (Prenolepis) [1]. The presence or absence 
of ants should be considered in forensic cases 
involving postmortem interval (PMI) estimates 
because ants can significantly affect the 
decomposition rate and act as scavengers, 
feeding on the flesh or exudates from the corpse. 
They also prey on the eggs, larvae, and adults of 
other insects, especially flies [2]. The impact of 
ants on carrion reduction varies depending on 
species, abundance, and geographic location. By 
identifying the species of ants present at a crime 
scene or analysing the DNA of prey consumed 
by ants using various techniques, investigators 
can gain insights into the movement of evidence 
or the ecological interactions in a given 
environment. When ants consume food or prey, 
DNA from these sources can be found in their 
digestive system. Therefore, by isolating and 
extracting DNA from an ant's gut content, it is 
possible to obtain DNA samples relevant to a 
forensic investigation. 
 

2. DNA ISOLATION AND EXTRACTION 
FROM ANT STOMACH 

 
The main prerequisite of molecular biology is to 
get good quality DNA from any plant or biological 
samples for further analysis. The examination of 
genome structure and gene expression, as well 
as the study of particular DNA sequences, all 
begin with DNA isolation [5]. Insect molecular 
systematics and evolutionary ecology have 
grown quickly in recent years, employing 
molecular biology methods to investigate 
systematic issues and identify species. For 
examinations of forensic samples, when a large 
portion of the native DNA may be degraded, the 
ability to isolate the majority of the DNA present 
in a sample is very crucial [6]. The nucleic acid 
isolation technique is determined by the type of 
sample being submitted for examination. Three 
main procedures are often involved in nucleic 
acid extraction, regardless of the source: (i) lysis, 
(ii) denaturation/degradation of other 
biomolecules, and (iii) concentration of DNA or 
RNA or separation of the nucleic acids [7]. 
 
Extraction of nucleic acid is a crucial process 
because it is the starting point of any molecular 
biology studies [8]. DNA can be extracted from a 
wide range of sources, including soil, plant and 
animal tissue, insects, bacteria, yeast, and 
protozoa. Forensic samples include dried blood 
spots, buccal swabs, and fingerprints etc. 
(Dhaliwal, 2022). It is essential to guarantee the 
quality and quantity of the isolated DNA to carry 
out the planned downstream applications when 
selecting an appropriate DNA extraction 
technique [8]. 
 

3. ORGANIC METHOD OF DNA 
EXTRACTION 

 
Barker et al. introduced the phenol-chloroform 
DNA    extraction    method    in   1998    [9].    To 
 

Table 1. Comparative analysis of ant species in forensic entomology: Insights into putrefaction 
time periods, life span, and DNA analysis techniques 

 

Ant Species Putrefaction 
Time Period 

Life Span DNA Analysis 
Technique 

References 

Odontoponera 
transversa 

2-3 weeks 1-2 years PCR and Sequencing Cho. [3] 

Solenopsis 
invicta 

- 2-6 
months 

next-generation 
sequencer (NGS) 

Kim et al. [4] 

Pheidole nodus 2 weeks 1-2 years complete mitochondrial 
genome sequence 

Sang et al. 2022 

 

https://paperpile.com/c/YgxoGs/2mUOy
https://paperpile.com/c/YgxoGs/8iS3S
https://paperpile.com/c/YgxoGs/2l9tt
https://paperpile.com/c/YgxoGs/1vp4O
https://paperpile.com/c/YgxoGs/f9r2E
https://paperpile.com/c/YgxoGs/VeK11
https://paperpile.com/c/YgxoGs/uZRl5
https://paperpile.com/c/YgxoGs/FStLW
https://paperpile.com/c/YgxoGs/GYmYQ
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disintegrate nuclear envelope and cell 
membranes, cells are first treated with a lysis 
buffer containing detergents such as sodium 
dodecyl sulphate (SDS). SDS denatures the 
proteins efficiently, and isoamyl alcohol prevents 
emulsification and hence facilitates precipitation 
of DNA. 
 

3.1 Salting-out Methods 
 
Miller, Dykes, and Polesky (1988) described a 
non-toxic DNA extraction technique called the 
salting-out method. Overnight, the mixture is 
incubated at 55–65°C. After adding around 6M of 
saturated NaCl, the mixture is agitated for 15 
seconds and centrifuged for 15 minutes at 2500 
rpm. Protein precipitation occurs when the 
solubility of the protein is reduced by the high 
concentration of salt. The supernatant containing 
DNA is pipetted into a new tube so that ethanol 
can be used to precipitate it [10]. It has been 
stated that the salting-out approach produces 
high-quality DNA that is on par with the one that 
is produced by the phenol-chloroform method. 
However, the method is preferable since it 
requires less time and money, and most 
significantly, the reagents are safe (Doyle, 1991). 
 

3.1 Chromatography-Based DNA 
Extraction Methods 

 
DNA can be extracted from any type of biological 
material using chromatography-based 
techniques [11]. Size exclusion chromatography 
(SEC), which was created by Lathe and Ruthven 
in 1955, ion-exchange chromatography (IEC), 
which was created by Peterson and Sober in 
[10], and affinity chromatography (AC), which 
was documented by Cuatrecasas & Wilcheck, 
are examples of this technique (“Proceedings of 
the Biochemical Society,” 1955) [12]. In size 
exclusion chromatography, molecules are 
separated based on their molecular size and 
shape. In contrast to gel permeation 
chromatography, which uses an organic solvent, 
when the DNA-containing sample is moved 
through the chromatography column using an 
aqueous solution. Porous beads made of 
agarose, dextran, or polyacrylamide are present 
in the column. Smaller molecules like mRNA and 
proteins pass through the tiny pores and 
channels of the beads when the sample is placed 
on top and passes through the column, however 
DNA is prevented from doing so and escapes 
from the matrix with its higher hydrodynamic 
volume. As a result, DNA elutes from the column 
more quickly than smaller molecules [13] (“The 

Use of Size-Exclusion Chromatography in the 
Isolation of Supercoiled Minicircle DNA from 
Escherichia Coli Lysate,” 2020). 
 
Ion-exchange chromatography (IEC) is another 
chromatography-based technique for extracting 
DNA. A solution containing DNA anion-exchange 
resin is utilized to first equilibrate the column. 
This resin is used to bind DNA with its positively 
charged diethyl aminoethyl cellulose (DEAE) 
group in a selective manner. Cellular constituents 
like proteins, lipids, carbohydrates, metabolites, 
and RNA are eluted with medium-salt buffers, 
while DNA is held in the column. DNA can be 
retrieved later too by utilizing high-salt buffers or 
lowering the pH (Budelier & Schorr, 2001). 
Affinity chromatography (AC) is another method 
for purifying nucleic acids; it follows a similar 
procedure to IEC but uses oligo (dT) or other 
materials that interact with nucleic acid in a very 
specific way to remove it from the cell lysate 
(Carpi et al., n.d.). 
 

3.2 Magnetic Beads 
 
A patent application for "DNA purification and 
isolation using magnetic particles" was made by 
Trevor Hawkins in 1998 [9]. Magnetic 
nanoparticles coated with a polymer or antibody 
that has a particular affinity for binding DNA to its 
surface can be used. The magnetite or 
maghemite that makes up the majority of 
magnetic beads can be employed as a surface 
material, and functional groups like sulphate and 
hydroxyl groups can also be used [14]. It is 
possible to separate the DNA-bound magnetic 
beads from the cell lysate by creating a magnetic 
field at the tube's bottom with an external 
magnet. Rinsing away the supernatant is 
possible once the beads have gathered at the 
tube's bottom. The ethanol precipitation method 
can be used to elute the magnetic pellet, which is 
then incubated at 65°C to elute the magnetic 
particles from the DNA [10]. 
 

3.3 Silica Matrices 
 
Vogelstein and Gillespie were the first to 
describe the strong affinity silicates have for DNA 
[15]. The underlying idea of this method is the 
selective binding of negatively charged DNA to a 
positively charged ion-coated silica surface. 
Since the DNA is firmly attached to the silica 
matrix, the remaining biological impurities can be 
removed with distilled water or a buffer like Tris-
EDTA before the extracted DNA is eluted from 
the silica particles (Woodard et al. 1994). The 

https://paperpile.com/c/YgxoGs/CZThS
https://paperpile.com/c/YgxoGs/SSUKN
https://paperpile.com/c/YgxoGs/RXJXi
https://paperpile.com/c/YgxoGs/ZoVFf
https://paperpile.com/c/YgxoGs/ZoVFf
https://paperpile.com/c/YgxoGs/4noGg
https://paperpile.com/c/YgxoGs/DMvkO
https://paperpile.com/c/YgxoGs/Q9d8E
https://paperpile.com/c/YgxoGs/Q9d8E
https://paperpile.com/c/YgxoGs/Q9d8E
https://paperpile.com/c/YgxoGs/Q9d8E
https://paperpile.com/c/YgxoGs/peGOz
https://paperpile.com/c/YgxoGs/RXJXi
https://paperpile.com/c/YgxoGs/VeK11
https://paperpile.com/c/YgxoGs/PAEHd
https://paperpile.com/c/YgxoGs/LQj7U
https://paperpile.com/c/YgxoGs/F25uU
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silica matrix approach yields high-quality DNA 
quickly and affordably, and it can be used for 
automation.  
 
3.4 DNA profiling 
 
DNA profiling, sometimes referred to as forensic 
genetics or DNA fingerprinting, is a method used 
in forensic science to identify people or samples 
based on their individual DNA profiles. On a 
global scale, DNA fingerprinting is a vital tool 
used in forensics and laboratories for research. 
Over 99.1% of the human population has 
identical DNA, with the remaining 0.9% varying 
from person to person [16]. Individuals can be 
distinguished and correlated using these variable 
DNA sequences, also known as polymorphic 
markers. The typical typing procedure includes 
DNA quantitation, PCR amplification of STR 
markers, and STR typing using capillary 
electrophoresis after DNA evidence is collected 
and extracted from biological samples. Direct 
PCR can enhance the recovery of trace amounts 
of DNA by omitting the steps of DNA extraction 
and quantitation [17]. Traditional DNA 
fingerprinting methods are being replaced or 
used in conjunction with DNA sequencing with 
increasing frequency. "Next generation 
sequencing" (NGS) technology is rapidly 
advancing, lowering the cost of sequencing and 
making large-scale sequencing projects 
accessible to individual researchers [18]. The 
use of forensic genetics in the legal field aims to 
identify missing persons and mass disaster 
victims from human remains, establish identity in 
criminal cases where biological evidence is  
found at crime scenes, and resolve legal                 
issues like paternity tests and inheritance 
matters. 

       

4. SEQUENCING TECHNOLOGIES  
       

Massive advancements in molecular biology and 
genetics have been made possible by DNA 
sequencing technology since the Sanger 
sequencing method was introduced in the 1970. 
However, the use of conventional Sanger 
sequencing technology in deeper and more 
complex genome analyses has been limited due 
to its drawbacks, which include low throughput, 
high cost, and operational difficulties. These 
issues have mostly been resolved with the 
advent of next-generation sequencing (NGS) 
technology, which has been used in forensics, 
disease diagnosis, Agri genomics, and ancient 
DNA analysis. NGS technology is low-cost and 
has a high throughput capacity [19]. Nowadays, 

the most common technique for forensic analysis 
is DNA profiling using STRs typing, and DNA 
sequencing has primarily been used to determine 
the origin and relationship between low-quantity 
DNA samples by analysing the hypervariable 
region of mitochondrial DNA (mtDNA). In order to 
facilitate the quick generation of STR profiles, 
major efforts have been made recently. These 
efforts include integrated microfluidic devices for 
quick sample to profile processing, direct PCR, 
microfluidic chip-based amplification and 
detection, and rapid PCR [20]. 

       

5. NEXT GENERATION SEQUENCING 
       

High-throughput DNA sequencing for 
biotechnology discovery has long been 
accomplished with next-generation sequencing 
(NGS), also referred to as massively parallel 
sequencing (MPS) in the forensic community. 
NGS adds another dimension to the data in 
contrast to current capillary electrophoresis (CE) 
techniques, which only measure the length of the 
entire PCR product. Sequences of targeted PCR 
amplicons for the STR alleles and their 
corresponding stutter products are generated 
using NGS of STR markers [21]. Because of its 
high throughput capacity, low cost, and ability to 
analyse ancient DNA, next-generation 
sequencing (NGS) technology has rapidly 
expanded in the field of genomics research in 
recent years, surpassing the limitations of 
conventional Sanger sequencing technology. 
NGS is without a doubt one of the most 
significant and notable technological 
developments in the biological sciences over the 
past 20 years [22]. 
 

6. AUTOMATED DNA EXTRACTION 
METHOD 

 
To find trace amounts of DNA, such as DNA from 
ant stomachs, DNA analysis needs an effective 
DNA extraction technique. A crucial stage in the 
analytical process, DNA extraction from forensic 
evidence samples is essential to the success of 
applications that come after. To analyse a wide 
range of DNA in forensic casework, it requires 
robust DNA extraction methods. One of the most 
difficult and time-consuming procedures in the 
sample analysis procedure is often DNA 
extraction [23]. Many Automated DNA extraction 
kits have been used for the analysis of DNA 
samples from various sources. Automated robots 
that reduce operator input and expedite 
processing times have been made available in 
recent years. 

https://paperpile.com/c/YgxoGs/xU3o
https://paperpile.com/c/YgxoGs/DbLB
https://paperpile.com/c/YgxoGs/rwTXm
https://paperpile.com/c/YgxoGs/39py
https://paperpile.com/c/YgxoGs/C54e
https://paperpile.com/c/YgxoGs/dJsRW
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7. SILICA MEMBRANE-BASED 
TECHNOLOGY 

 
i. QIA amp DNA Investigator Kit: The silica-

based approach is a reliable technique for 
extracting DNA that keeps a high yield of 
high-quality DNA while eliminating 
inhibitors from the sample. QIA amp DNA 
Investigator Kit is designed for the 
purification of genomic DNA from forensic 
and human identity testing samples. It 
provides a method for isolating DNA from 
various sample types, including blood, 
saliva, and tissue [24]. The four main steps 
in the QIA amp DNA Investigator Kit 
protocol are: binding DNA to the silica-
based membrane of the QIA amp spin 
column; using buffers to wash 
contaminants through the membrane; and 
eluting DNA. The first step involves 
disrupting cellular membranes using a 
combination of enzymatic activity and 
mechanical lysis (heating and shaking). 
This kit includes QIA amp spin columns 
that an operator can utilize manually or the 
QIA cube robot can automate the process 
(QIAGEN, n.d.). 

ii. Maxwell system: The Maxwell system 
includes an instrument (e.g., Maxwell RSC 
or Maxwell 16) that is designed to 
automate the purification process. The 
small benchtop Maxwell ® 16 system 
(Promega, Madison, WI, USA) is a nucleic 
acid extraction tool that uses paramagnetic 
particles to bind nucleic acids to cellulose. 
The device is intended to be used with pre-
dispensed reagent cartridges specifically 
for DNA and RNA extraction processes, 
and it comes with pre-programmed 
purification procedures. It can process up 
to 16 samples at once in maximum 
throughput [25]. 

 

8. MAGNETIC BEAD BASED SYSTEMS 
 
Many forensic laboratories have been using 
automated technologies more and more to 
extract DNA from the growing number of forensic 
casework samples they handle. This reduces the 
possibility of human error and ensures excellent 
repeatability. Utilizing robotic platforms to 
automate various steps in the DNA analysis 
process is a cutting-edge strategy to manage 
growing volumes of samples with scarce human 
resources and reduce errors that may occur 
while handling and preparing samples by hand 
[26,27,28,29,24]. 

i. HID Evolution™: This system is called as 
Three Freedom EVO® liquid handling 
robots as part of an automation system 
(Tecan). Tecan and Applied Biosystems 
collaborated to develop the HID Evolution 
TM system, which is a fully automated 
solution for forensic DNA [26],Fang et al., 
2010). It was the first HID Evolution TM 
system of its type to be installed globally, 
albeit a prototype. These three robots are 
designed and built for distinct stages of 
forensic DNA analysis; one is used to 
separate nuclear DNA from various 
biological trace materials [26]. 

ii. KingFisherR technologies: Almost from 
all forensic samples DNA extraction 
procedures can be standardized and 
validated by using KingFisherR 
technologies. As a result, samples are 
processed using a single protocol [30] , 
which enables us to: (1) avoid the relatively 
risky organic extraction method (such as 
the phenol/chloroform method); (2) greatly 
reduce the number of steps, reagents, or 
additional procedures (such as CentronR); 
(3) lower the cost of experiments; and (4) 
save time. 

 

9. APPLICATION OF DNA FROM ANT 
GUT IN FORENSICS 

 
Forensic science stands to benefit greatly from 
the ability to extract DNA from insects and their 
excreta, including human and mammalian DNA. 
In addition to helping to protect DNA from 
environmental deterioration, insects may contain 
evidence that lawbreakers are unaware of and 
thus unable to destroy [31]. An investigation may 
be aided by the examination of DNA taken from 
the gut contents or insect artefacts gathered from 
a possible crime scene where the body has 
vanished. It's possible that DNA recovered from 
a body that has experienced significant trauma or 
is in a highly degraded state won't produce a 
DNA profile that is accurate enough to identify 
the person. Nonetheless, entomological evidence 
might contain enough high-quality DNA 
preserved to generate a DNA profile that could 
then be compared to reference samples taken 
from things the person regularly uses, family 
members, or DNA databases (Chavez-Brones et 
al., 2013; Marchetti et al., 2013). Human DNA 
recovered from insects or artefacts may be able 
to identify an attacker. As a result, insects may 
consume the offender's DNA, retain it in their 
stomachs, or leave it behind in artefacts. When it 
comes to determining a corpse's PMI, insects 

https://paperpile.com/c/YgxoGs/1BOEm
https://paperpile.com/c/YgxoGs/7wf8R
https://paperpile.com/c/YgxoGs/f5iuN
https://paperpile.com/c/YgxoGs/f5iuN
https://paperpile.com/c/YgxoGs/GyoAY
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can be a very helpful source of information. 
However, in order to guarantee the validity of the 
estimated PMI, the investigator must be certain 
that the entomological evidence utilised in the 
calculations is sourced from the body of interest. 
 

10. CONCLUSION  
 

   In conclusion, forensic DNA extraction from ant 
guts offers a viable path forward, circumventing 
obstacles caused by digestive enzymes and 
acidic environments. Ant gut DNA is shown as a 
dependable resource for profiling through 
painstaking procedures, including as sample 
collection and customized extraction techniques 
using enzyme inhibitors. Accurate results are 
guaranteed by the controls. This paper 
emphasizes how ant gut DNA can be used to 
further forensic research, providing insightful 
information and adding to the arsenal of tools 
available to investigators. Standardization and 
future developments in this developing discipline 
depend on forensic scientists, entomologists, and 
molecular biologists continuing to collaborate on 
research projects. Analysis of ant gut DNA has 
the potential to improve our comprehension of 
environmental DNA in forensic contexts, 
advancing both forensic and ecological research.  
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