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ABSTRACT: The human liver carcinogen aflatoxin B1 is a prevalent toxin produced by the fungi Aspergillus flavus and A. parasiticus.

Chronic exposure of this toxin is endemic in developing countries mainly due to maize production and storage which favor mold

growth (Groopman 2014). To examine why young animals are more prone to genetic disease from aflatoxin B1 I helped to examine

the mutational spectra through transcriptional assays and mutational spectrometry in pre-natal mice with a maternal exposure to

the compound aflatoxin B1. This analysis revealed a mutational spectra dominated by G:C to T:A transversion mutations in the

dosed mother and offspring characteristic of aflatoxin B1 exposure. Due to rapid cell division in the developing fetus, an early life

exposure of aflatoxin B1 is strikingly more mutagenic and reveals a need for further research in maternal aflatoxin B1 risk prevention

such as the use of chemopreventive agents.

ST
EP

 1 Aflatoxin B1

dosing of 
maternal mice ST

EP
 2 Sacrifice mice 

and isolate 
genomic DNA 
from liver

ST
EP

 3 Fragment 
genomic DNA 
for duplex 
consensus 
sequencing

ST
EP

 4 Anneal 
random 
barcode 
sequences to 
DNA 
fragments

ST
EP

 5 Prepare 
bioinformatics 
pipeline on 
MIT’s 
computation

clusters 

ST
EP

 6 Process all 
sequences 
into families 
and isolate 
true 
mutations

ST
EP

 7 Use statistical 
analysis and 
mutational 
spectra to 
support toxin 
hypothesis

Activity

METHODS: I was tasked with liver sample preparation and genomic DNA isolation upon arriving at MIT in January of 2014. Our first

protocol was to use lambda phage packaging to isolate the GPT gene of the transgenic mice that had been dosed with aflatoxin B1.

These samples were then sequenced using the standard Illumina library preparation. I developed a suite of command line tools

written in Python and Perl to analyze the mutations of the DNA fragment family as shown in Figure 1. Sequencing of the GPT gene

led to the discovery of hotspot mutations that may have been selected for due to the transcriptional assay and not due to the

biochemical pathway of aflatoxin B1 adduct formation. The mutational spectra of the protocol in Figure 2 shows males are more

susceptible to genetic damage and that hotspots dominate the spectral landscape. The gender bias is misleading as our research has

shown pre-natal exposure to be more mutagenic than exposure as an adult as shown in Figure 3 (Chawanthayatham, 2014). To avoid

the use of transcriptional assays and possible sequencing bias, we have determined that our next step is to pursue the new

sequencing technology of duplex consensus sequencing.

Fig. 1: Analysis Python Script

REFLECTION: I have subsequently

been hired as a temporary employee

since my Co-op in January 2014. I am

developing and pioneering the duplex

consensus sequencing protocol at the

Essigmann lab along with a core of

bioinformaticians. A more recent

addition to my responsibilities has

been the integration of a

computation cluster into the data

analysis steps of the protocol to

handle the terabytes of sequencing

data generated. My tasks demand a

high level of knowledge in both the

biological sciences and computation

sciences.

I have learned many valuable skills

working as a Research Assistant at

the Essigmann Lab. During my Co-op I

realized an interest in the burgeoning

field of computational biology and

with the abilities and connections I

have made at MIT I hope to enter

graduate school within one year.

Fig. 2: Mutational Spectra of aflatoxin B1 exposed maternal liver sample in the GPT gene. Hotspots are indicated at each position number 
and may be artifacts of the transcriptional assay. Duplex consensus sequencing will elucidate true mutational hotspots.

Fig. 3: Pre-natal exposure to aflatoxins

enhance the mutagenic threat by 20-fold,

demanding research in finding preventative

measures to protect maternal pathways

(Essigmann, 2015)

REFERENCES:
Chawanthayatham, S., Thiantanawat, A., Egner, P. a., Groopman, J. D., Wogan, G. N., Croy, R. G., & Essigmann, 
J. M. (2014). Prenatal exposure of mice to the human liver carcinogen aflatoxin B1 reveals a critical window of 
susceptibility to genetic change. International Journal of Cancer, (May), 1–9. doi:10.1002/ijc.29102

Essigmann, John M. “Research Program of the Essigmann Lab.” Essigmann Lab at MIT, n.d. Web. 19 Feb. 2015.

Groopman, J. D., Egner, P. a, Schulze, K. J., Wu, L. S., Merrill, R., Mehra, S., … Christian, P. (2014). Aflatoxin 
exposure during the first 1000 days of life in rural South Asia assessed by aflatoxin B 1 -lysine albumin 
biomarkers. Food and Chemical Toxicology, 74, 184–189. doi:10.1016/j.fct.2014.09.016


