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New Materials, and Personalized Medicine

Malaria is a mosquito-borne disease that is spread by Anopheles mosquitoes. The Malaria par-
asite has a single cell that multiplies in red blood cells of humans and Anopheles mosquitos’
intestines. In 2017, researchers at John Hopkins University discovered that deleting a gene
from Anopheles mosquitoes makes them resistant to Malaria parasites, and the insects start
behaving like non-Anopheles mosquitoes. Hence, to control Malaria, scientists are now using
genetic engineering approaches to modify mosquito population with a technique called
“population suppression” [1001]. This approach uses gene editing to continuously reduce the
number of Anopheles mosquito population with the “malarial” gene, so fewer offspring allow
Malaria parasites to live in their intestines. To achieve such gene editing, researchers are
using a technique called CRISPR (an abbreviation for ‘Clustered Regularly Interspaced Short

Palindromic Repeats’) that essentially “cuts” such a gene, thereby obliterating its effects in the

progeny.

Undoubtedly, this highly efficient and inexpensive CRISPR is one of the most prominent
inventions of the fourth industrial revolution, and it has made gene editing effective and inex-
pensive. In addition to CRISPR, related inventions of the current industrial revolution include
automated prediction of protein folding, finding molecules for new and improved materials
and drugs, and improved techniques for personalized medicine. Furthermore, during the last
five years, researchers have realized that the availability of enormous amounts of data and the
use of Al techniques are helping immensely in improving these inventions. Hence, this chapter
briefly discusses these inventions and how vast amounts of noise-free data and Al are provid-

ing better outcomes.

Section 10.1 discusses CRISPR and its applications, whereas Section 10.2 discusses the use of
Al in improving this technique further. Section 10.3 discusses a few areas where CRISPR is

being used or investigated. Section 10.4 discusses how Al can help in determining protein
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folding patterns for amino acids and other proteins in three dimensions. The use of Al in
discovering new molecules that can produce better materials (with enhanced features) is dis-
cussed in Section 10.5. Section 10.6 discusses as to Al is helping in cheaper, better, and faster
drug discovery and development, whereas Section 10.7 discusses current limitations of Al in
precision medicine. Finally, Section 10.8 concludes with a discussion regarding these inven-

tions and the need for extensive research and development.

10.1. Gene Editing and CRISPR

Before discussing the role of Al in gene editing and CRISPR, it is crucial to understand the
basic building blocks of cellular and non-cellular organisms. Hence, this section provides a
brief description of these building blocks followed by a discussion regarding gene editing and
CRISPR.

All self-reproducing cellular organisms have DNA (Deoxyribonucleic Acid) that is surrounded
by a cellular liquid which, in turn, is enveloped by a cellular membrane. DNA is a complex,
organic chemical that is composed of four nucleotides (which are specific organic compounds
made of Nitrogen, Carbon, and Phosphorus), namely Adenine (A), Thymine (T), Cytosine (C),
and Guanine (G). DNA’s three-dimensional structure is a double helix with a spiral consisting

of two DNA strands wound around each other (see Figure 10.1).
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Figure 10.1: Pictorial representation of DNA
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Nucleotides, A and T are complementary, and so are C and G. In other words, if A appears on
one strand, then T appears opposite to it on the other one and is chemically bonded to it.
Therefore, it is called an A-T nucleotide pair. Similarly, it is called a C-G nucleotide pair for C
and G.

DNA replicates by separating the double helix into two single strands and by creating
enzymes. These enzymes help in creating or attaching nucleotides, A, C, G and T, which are
available in the surrounding cellular liquid to each strand separately, thereby creating two
new double-stranded DNAs. Each new, complete strand contains one original half and a new-

ly configured half (see Figure 10.2).
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Figure 10.2: DNA replication process

RNA (Ribonucleic Acid) is also an organic chemical, and like DNA, it is composed of four
nucleotides except Thymine is replaced with Uracil. Hence, RNA has Adenine (A), Uracil (U),
Cytosine (C), and Guanine (G). Unlike DNA, rather than being a double helical strand, RNA is
a single strand folded (i.e., wrapped) onto itself. In contrast to cellular organisms, viruses have
a single- or double-stranded DNA or RNA (Ribonucleic Acid) but do not have cellular liquid
containing nucleotides. Hence, viruses can only replicate when they are inside another living

cell (such as in a bacterium or a human), thereby acting as a parasite.
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A gene is a sequence of several hundreds to potentially thousands of nucleotide pairs in a
DNA strand (e.g., a gene could be A-T, A-T, C-G, A-T, C-G and so on for several thousand
pairs) that encodes the synthesis of an RNA or a protein. Even in cellular organisms, RNA is
vital in regulation and expression of genes (e.g. cellular organisms use messenger RNA

(mRNA) to convey genetic information that helps in creating specific proteins) [1002].

The transmission of genes from a parent to children ensures that they inherit phenotypical
traits (e.g., eye color, number of teeth), non-observable traits (e.g., risk of getting specific
diseases like hereditary breast cancer), and numerous other biochemical processes needed for
living. Hence, the understanding and potential modification of genes — both on an individual
level and in combination with other genes — as well as the effects of such modifications are

among the most vital problems in Biology and Medicine [1002, 1003].

Gene Editing and CRISPR - While gene editing was possible in the early 1980s, those tech-
niques were costly and unworkable on a large scale. Over the years, CRISPR became a more
effective technology for editing genes. In 1993, Francisco Mojica discovered the following natu-
rally occurring genome editing mechanism that bacteria use as an immune defense against

viruses.

When infected with a virus, a bacterium typically captures a small piece of the virus' RNA and
inserts the code into its own DNA in a specific pattern. Since RNA is a single strand, the bacte-
rium creates the corresponding DNA by using the method that it also uses for replication.
Hence, this piece effectively becomes the “signature” for that virus, thereby creating a segment
called a CRISPR array. In other words, this CRISPR array allows the bacterium to “remember”
that virus and others that have the same RNA segment. If that virus attacks again, the bacte-
rium uses the CRISPR array to produce an RNA segment that “matches” a segment of the
virus” RNA, and this segment attaches itself to the corresponding region of the virus' RNA.
The bacterium then creates a specific protein or enzyme called CRISPR-associated protein or
“Cas.” This protein eventually cuts the virus RNA into two pieces within that “segment,”
thereby killing it [1004]. Although Mojica’s discovery was vital for gene editing, finding effec-

tive and inexpensive Cas proteins (or enzymes) remained a substantial challenge.

In 2012, Charpentier and Doudna invented a genetic engineering technique, CRISPR-Cas9, that
modifies the genomes of living beings more precisely, efficiently, and cheaply [1005]. They cre-
ated a small piece of RNA with a short “guide” sequence that “binds” to a specific target
sequence in a cell's DNA, much like the RNA segments produced by bacteria using the
CRISPR array. This “guide RNA” also attaches to the Cas9 enzyme. When introduced into
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cells, the guide RNA (gRNA) recognizes the DNA sequence, and the Cas9 enzyme cuts the
RNA or DNA at the targeted location, thereby emulating the corresponding process in bacteria
(see Figure 10.3). Currently, several other enzymes (e.g., Cpfl) with different characteristics are

also being used, but Cas9 is still the most used enzyme [1006].

Since mutations caused by CRISPR-Cas9 usually results in deletions or insertions of nucleo-
tides at the repair site that disrupt or alters that gene’s functionality, genomic engineering by
CRISPR-Cas9 gives researchers the ability to generate targeted gene disruption. Finally, once
the DNA is cut, the cell's own DNA repair machinery adds or deletes DNA pieces or replaces

pieces of the existing segment.
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Figure 10.3: The CRISPR mechanism
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10.2. Using Al to Improve Gene Editing

Although the CRISPR-Cas9 process mentioned here works in many situations, it suffers from

the following drawbacks that researchers are trying to mitigate by using Al techniques.

Al Helps in Finding Additional CRISPR Associated Proteins — During the last few billion

years, viruses have developed defense mechanisms, including creating anti-CRISPR proteins
(Acrs) that specifically inhibit specific CRISPR-Cas enzymes from cutting their genes, thereby
making them immune to Cas-scissoring. Since most Acrs are small and highly changeable pro-
teins, customary bioinformatics is unable to find new ones. In 2020, Gussow, et al. trained an
Al-based algorithm on a library of Acrs, and their trained model predicted 2,500 candidate Acr
families. On experimental validation, they found two previously unknown Acrs and three oth-
ers that possessed anti-CRISPR characteristics. So, not only has their AI model expanded the
library of predicted Acrs, but it has also helped in potential Acr discovery in the future [1007].

Al Helps in Cutting the DNA in the Correct Location — One limitation with CRISPR is that lots

of regions in a virus DNA strand are similar (i.e., they may have the same set of nucleotides at
several locations of the virus DNA). This implies that CAS-scissors can go “off-target,” and the
gRNA (guide-RNA) sent by the cell can bind to the wrong portion of RNA in the virus and
accidentally provide a cut at the wrong location. Hence, Fusi, et al. trained an Al-based algo-
rithm on a library of known “off-targets” as well as “on-targets” so that the trained model can
do a binary classification, thereby predicting and providing a sorted list of on-target and off-

target sequences for a specific DNA [1008].

Al Helps in Repairing the Cut DNA Better — Using the guide-RNA (gRNA), although the Cas9
enzyme ends up cutting the specific DNA at the desired location, the way this broken DNA is

stitched back is imprecise, and earlier scientists assumed the process to be random. However,
in 2016, Overbook, et al. profiled the repaired DNA and showed that these outcomes have
built-in patterns [1009]. In 2018, Shen, et al. trained an Al-based algorithm on a library of 2,000
gRNA-target pairs to predict repairs made to the DNA that was cut by Cas9. Their trained
model showed that for the human genome, 5-11% of the gRNAs induced a single, predictable
repair in the human genome [1010]. Similarly, in 2019, Allen, et al. trained their Al algorithm
on a library of 41,630 pairs of different gRNA and target DNA sequences that had more than
1 billion mutational outcomes. Their resulting model showed that a substantial number of
repairs are either single-base-pair insertions or small deletions and are based on specific
sequences that exist at the Cas9-cut site. Their trained model was able to use these sequences

that determine each repair to predict Cas9 editing outcomes [1011].
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