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ABSTRACT
The involvement of genetic engineering techniques in the development of novel biomaterials has a huge impact on a

vast range of applications. The capability of new genetically engineered material has achieved various innovative

scopes in the biomedical industry. Such materials are usually designed via chemical and physical methods of genetic

engineering. According to the genetic basis of sequence, molecular weight, folded structure, and stereochemistry,

protein polymers thus suggest a generous view for the architecture of protein-based genetically engineered

biomaterials.

The scopes of developing genetically engineered biomaterials are leading to improve biological features of materials

which can enhance the applicability and properties of materials. In the last five years, Genetic engineering research is

becoming closer to the mass consumer. Leading global geneticists predict that in the coming years, a boom will occur

in the genetic engineering market, comparable to the massive spread of personal computers in the 1980s. Thus

genetically modified biomaterials with upgraded biological properties, expanding towards mass-scale industrial

production, and the considerable consumption in regular universal activities.

The techniques used to develop new materials and to modify the properties of existing materials, are subjected to

different industries and fields of scientific researches. CRISPR is an authoritative research tool that facilitates

scientists to deal with the expression of a gene. It has shown tremendous potential in genome research due to its

ability to delete unwanted traits, and possibly even replace them with desirable traits. It is agile, worthwhile, and

more authentic than any preceding gene-editing techniques. Genetically engineered biomaterials have been an

enormous field of research over the last fifteen years and CRISPR has already initiated performing a significant aspect

in boosting biomaterial research.
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INTRODUCTION

People have applied biotechnology operations, such as selectively
breeding animals and fermentation, for thousands of years [1,2].
Late 19th and early 20th century explorations revealed how
microorganisms accomplish commercially advantageous
procedures and how they provoke disease contribute to the
industrial production of vaccines and antibiotics [3,4]. Upgraded
approaches for animal breeding have also emanated from these
ventures [5]. Scientists within the San Francisco Bay Area took a
large leap forward with the invention and development of
recombinant DNA techniques in the 1970s [6-9]. The area of

biotechnology proceeds to expedite with modern revelations and
unique applications predicted to aid the economy throughout
the 21st century [10-12].

Gene targeting is a particular technique that uses homologous
recombination to shift an endogenous gene and can be used to
eliminate a gene, omit exons, insert a gene, or include point
mutations [13]. Genetic engineering has applications in
medicine, research, industry, and agriculture and can be used on
different types of plants, animals, and microorganisms [9,14].

Genetic engineering has staged a collection of drugs and
hormones for medical use. One of its initial applications in
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Abstract
We focused on 4 shotgun sequenced taxonomic abundance datasets, 2 from East Asia (Japan and China) and 2 from 
Europe (Austria and France). Using 2 distinct classifiers, we were able to identify the specific bacteria that are im-
portant in diagnosing CRC across geography and ethnicity. It has previously been documented that gut microbiome 
composition varies across geography and ethnicity. This makes it difficult to determine what a “healthy” gut microbi-
ome composition looks like since there is a large amount of innate variation. Gut microbiome composition has also 
been shown to vary across individuals based on disease and, as a result, specific gut microbes have been implicated in 
the development of major GI disease. However, without a “healthy” baseline composition to compare to, the task of 
diagnosing disease through the gut microbiome becomes challenging. Our findings suggest that CRC biomarkers are 
limited to a handful of recurring bacteria. Our results indicate that Gemella morbillorum, Peptostreptococcus stom-
atis, Parvimonas micra, Fusobacterium nucleatum, Clostridium hathewayi, Solobacterium moorei, an unclassified 
bacterium in the genus Oscillibacter, and an unclassified bacterium in the genus Parvimonas play important roles in 
CRC diagnosis. These bacteria act independently from other variation in the gut microbiome. We conclude that CRC 
diagnosis can focus on a specific subset of bacteria and is not dependent on geography and ethnicity.

Keywords: colorectal cancer; CRC; gut microbiome; machine learning; geography; ethnicity; genomics and bacteria

Introduction
Over the last decade, the human gut microbiome has grown 
in significance as its applications to medicine, anthropology, 
and evolution have become more apparent. Now often treated 
as an organ in of itself, the microbiome continues to increase 
in importance as new correlations are drawn between it and 
various aspects of our lives [1]. An important topic in gut 
microbiology is how diet affects gut microbiome composition. 
Rasnik K. Singh mentions the following in his study about 
the topic, “consumption of particular types of food produces 
predictable shifts in existing host bacterial genera” [2]. Near 
the end of his study, Singh examines the Mediterranean diet, 
which is highly regarded as a healthy balanced diet, and comes 
to the conclusion that an increase in a certain set of bacteria 
(Lactobacillus, Bifidobacterium, and Prevotella) caused by 
following the Mediterranean diet reduces the risk of obesity 
and inflammation [2]. Other studies have explored the topic in 
depth as well, including one by Connie M Weaver in which a 

link between prebiotics use and increased calcium absorption in 
adolescents was identified [3]. Realizing the importance of diet, 
scientists began to consider the various factors in human life that 
could affect one’s diet, and thus gut microbiome composition. 
This eventually brought them to two key influencers: geography 
and ethnicity. An association between geography and the gut 
microbiome is supported by several famous studies. Most notably, 
a paper by Tanya Yatsuneko and others explored gut microbial 
differences in populations from the Amazonas of Venezuela, 
rural Malawi, and US metropolitan areas [4]. The result was a 
noticeable difference in bacterial assemblages between the US 
population and the other two, which remained consistent from 
infancy to adulthood [4]. Another study compared Japanese 
gut microbiomes to those from 11 other nations [5]. Japanese 
microbiomes were considerably different from the other nations, 
and the authors condensed much of this variation down to one 
genus: Bifidobacterium [5]. Another point worth making is that 
“geography” does not necessarily have to only include countries. 
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A study by Aashish R Jha examined the differences between four 
Himalayan populations (Tharu, Raute, Raji, and Chepang), and 
found that their gut microbiome compositions greatly differed [6]. 
The findings emphasize the importance of considering geography 
in conjunction with other aspects of a region when studying 
the gut microbiome [6]. The findings also suggest that there is 
a significant amount of variation within countries, sometimes 
more so than between countries. This phenomenon can be better 
understood by moving on to our next key influencer: ethnicity [6].

Ethnicity is distinct from geography in that within a geography 
there can be multiple ethnicities. Between ethnicities there are a 
myriad of lifestyle and genetic differences that contribute to the 
gut microbiome. A study by Deschasaux investigated this idea and 
came to the conclusion that individuals living in the same city had 
similar gut microbiomes to others of their own ethnicity [7]. They 
successfully were able to classify some of these ethnicities into 
3 poles: OTUs classified as Prevotella tended to be Moroccan, 
Turkish, or Ghanaian, OTUs classified as Bacteroides tended to 
be African Surinamese and South Asian Surinamese, and OTUs 
classified as Clostridiales tended to be Dutch [7]. A separate study, 
focusing specifically on the Hadza hunter-gatherers, compared 
their gut microbiomes to those from an urban Italian control 
cohort and found clear differences between the two [8]. Hadza 
hunter-gatherers tended to have a more diverse microbiome 
overall when compared to the urban Italian cohort [8]. Another 
study generalized some of these findings by clumping ethnicities 
together based on whether they followed a hunter-gatherer diet 
or an urban diet [9]. The findings were similar, showing that 
ethnicities which followed a hunter-gatherer diet tended to have a 
more diverse microbiome than ethnicities following an urban diet 
[9]. Beyond geography and ethnicity, there are many more factors 
which influence microbiome composition. One that has received 
a considerable amount of attention from the medical community 
in recent years is disease. A study by Le Chatelier investigated 
obesity and its relationship to the gut microbiome in a cohort of 
123 non-obese and 169 obese Danish individuals [10]. The results 
showed that a lack of bacterial richness in the gut microbiome 
is an adequate marker for identifying obesity [10]. Le Chatelier’s 
paper paved the way for future work in diagnosing major disease 
through bacterial composition. A more recent paper by Jonas 
Halfvarson and others explored the role of the gut microbiome 
in inflammatory bowel disease (IBD) over a period of time [11]. 
It was concluded that IBD patients’ gut microbiomes fluctuated 
more often than healthy patients’ gut microbiomes [11]. This 
fluctuation was measured from a base point which the study 
referred to as the “healthy plane” (HP). Interestingly enough, 
during the entire period of fluctuation, IBD microbiomes 
periodically visited the HP before deviating away from it [11]. 
These unique behaviors are all “markers” for diagnosing disease.

Colorectal cancer (CRC) is another major disease that is 
associated with the gut microbiome. CRC is the second most 
deadly cancer worldwide, with 881,000 estimated deaths in 2018 
[12]. Traditionally, it has been important to identify CRC earlier 
rather than later because after a certain point it becomes difficult 

to treat [12]. Thus, there is an urgent need to improve the current 
tools used to diagnose and screen for CRC. Luckily, studying the 
gut microbiome has allowed for the innovation of novel diagnostic 
methods to identify CRC in the very early stages. One of the 
earlier studies that looked into this topic was conducted by Jun 
Yu and others. In the study, Yu’s team built a classifier that was 
trained on healthy controls and CRC patients from China and 
was validated on a Danish cohort [13]. As a result of the study, 
associations between the bacteria Fusobacterium nucleatum and 
Peptostreptococcus stomatis and CRC were reconfirmed, while 
new bacteria such as Parvimonas micra and Solobacterium moorei 
were shown to have links to CRC as well [13]. Future studies 
expanded on this idea of finding biomarkers for CRC to include 
even more geographies. In a study done by Andrew Maltez Thomas, 
multiple highly predictive CRC biomarkers were identified 
across various geographies [14]. Thomas’ findings suggested that 
these biomarkers could be generalized to encapsulate multiple 
geographies, which would then increase the validity of CRC 
classifiers when predicting across geographies [14]. This notion 
of global CRC biomarkers was also been investigated separately 
by Jakob Wirbel and others [15]. Wirbel managed to identify a 
core set of 29 highly influential bacteria which seemed to show up 
regardless of geography, further supporting the notion of global 
CRC biomarkers [15]. The important question now is “how do 
CRC classifiers compare to the current CRC screening tests?” 
Georg Zeller conducted a study where he compared classifiers that 
were trained to diagnose CRC from gut microbiome data to the 
current standard fecal occult blood test (FOBT) [16]. He found 
that the classifiers performed at the same accuracy as the FOBT, 
and when the two were combined the sensitivity of the diagnosis 
increased by > 45% [16]. Identifying CRC biomarkers in the gut 
microbiome might improve non-invasive methods to screen for 
CRC. It is then critical that the validity and generalizability of these 
biomarkers is investigated further. In this study, we perform an 
analysis using multiple classifiers and feature selection techniques 
to replicate the identification of well-known CRC biomarkers, as 
well as to show how they remain consistent across geographies in 
East Asia and Europe. 

Methods

Data acquisition

In order to train proper machine learning models, one first 
needs to have access to high quality data. To acquire good 
data, we started by doing a survey of the literature on CRC on 
PubMed. We used keywords such as “gut microbiome,” “CRC,” 
“colorectal cancer,” “shotgun,” and “whole genome sequencing.” 
We recorded each relevant paper in a document. We eventually 
narrowed down our potential data sources to three papers: one by 
Wirbel, one by Thomas, and one by Zeller. These meta-analyses 
provided links to smaller studies with high-quality data. After 
aggregating the relevant data, in our initial dataset we had an 
Italian cohort (n=80), a Chinese cohort (n=128), an American 
cohort (n=110), an Austrian cohort (n=154), a French cohort 
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(n=156), a German cohort (n=43), and a Japanese cohort (n=80). 
For the final analysis, we only used the Japanese cohort, Chinese 
cohort, Austrian cohort, and the French cohort. This is because 
we only had access to 2 East Asian datasets, and so to balance 
out the number of samples we paired them up with 2 European 
datasets, instead of all 4. The reason we specifically chose the 
French and Austrian datasets was because both the Italian and 
German cohorts were significantly smaller than the French and 
Austrian ones. 

It is also important to note that the French and German cohorts 
initially came together, but we programmatically separated them 
later on.

Data preprocessing

We acquired all of the datasets, except for the Japanese one, from 
curatedMetagenomicData. The Japanese dataset was not available 
in the curatedMetagenomicData package, and so to process it we 
used a pipeline which has the ability to scrape any desired dataset 
from the NCBI website and process it through the MetaPhlAn2 
algorithm. 

Once all of the datasets were downloaded, we had to place them 
in a standardized format so that we could process them through 
our machine learning algorithms. We settled on assigning each 
sample a file which contained all of the taxonomic abundance 
information for that sample.

As a final step, we removed all of the non-CRC and non-control 
samples from the datasets.

Our data processing workflow: Downloaded files from 
curatedMetagenomicData/MetaPhlAn2 pipeline → Reformatted 
files so that each sample had its own taxonomic abundance file → 
Processed samples and arranged them into a Pandas DataFrame 
→ Removed non-CRC and non-control samples from the 
DataFrame

Showing that CRC biomarkers exist 

To show that CRC biomarkers exist, we used several data 
visualization techniques coupled with multiple classifier trials, 
each trial being performed with 2 distinct classifiers. Here are the 
exact steps we took:

(1) Created scree plots to determine which principal components 
(PC) were sufficient to capture the most relevant variation in 
a principal component analysis.

(2) Performed principal component analysis (PCA) where we 
assigned unique colors to the CRC and healthy control 
samples (target names were “CRC” and “control”).

(3) Performed t-distributed stochastic neighbor embedding 
(t-SNE) where we assigned unique colors to the CRC and 
healthy control samples (target names were “CRC” and 
“control”).

(4) Created a logistic regression classifier (lambda=0.1) to 
diagnose CRC based on the data (target names were 
“CRC” and “control”). Area under the receiver operating 
characteristic (AUROC) was our metric. 

(5) Created a random forest classifier to diagnose CRC based 
on the data (target names were “CRC” and “control”). 
AUROC was our metric. Since random forest classifiers 
are innately random, they will produce a slightly different 
AUROC each time you use them. To counteract this, 
each time we used the random forest classifier we ran the 
prediction 10 times and recorded the range. 

We mainly used PCA and t-SNE as a way to identify strong 
signals that could be easily visualized. They were used as surface-
level analyses to see how strong the signal in the data was.

The classifiers acted as a deeper set of analyses since they are 
more sensitive and tend to pick up on subtler signals. Using 
the classifiers, we did the following analyses on the 4 datasets 
(Japanese, Chinese, Austrian, French):

(1) Performed a “round-robin” set of tests where we trained on 
each dataset and tested on every other dataset.

(2) Cross-validated within each of the datasets (train set=2/3 
of total, test set=1/3 of total). Since cross validation selects 
a random portion of the dataset, each cross-validation trial 
was run 10 times and we created a range of the AUROCs.

We did a similar set of analyses on a European aggregate dataset 
(Austrian, French) and an East Asian aggregate dataset (Japanese, 
Chinese). 

Overall, if the classifiers produced high AUROCs, that would 
confirm the existence of CRC biomarkers.

Showing that CRC biomarkers remain consistent 
across geographies

To show that CRC biomarkers remain consistent across 
geographies, we compared the AUROCs produced by the 
classifier trials in which the classifier was trained on data from one 
continent and used to predict on data from another continent. 
If the AUROCs were high and similar across the board, then the 
biomarkers had to be consistent across geographies.

Identifying the specific CRC biomarkers that remain 
consistent

To identify the specific CRC biomarkers that remain consistent, 
we created a “weights table.” The rows of this table were built 
from a superset of the top 20 most influential bacteria in CRC 
diagnosis in each of the datasets. The columns of the table were 
the names of all the geographies we considered. The cells of this 
table had a numerical weight representing the influence that a 
given bacterium had on CRC diagnosis in a given geography.
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To create this table, we first created a “select from model” (sfm) 
model using the scikit-learn library in python. Using sfm, we were 
easily able to identify the top 20 features in each of our classifiers. 
Since our random forest classifier performed better than our 
logistic regression classifier overall, we decided to use the top 20 
features from that model. Since the random forest classifier is 
random, we wrote a script that ran the model 10 times and then 
took a superset of the top 20 features from each run. The weight 
placed on a given feature by a geography (the values that were 
going into the cells of the table) was calculated by averaging the 
weights placed on the feature by each sample in that geography. 
We then wrote a script to construct a table which used the bacterial 
superset as the rows and the geographies as the columns, with all 
of the corresponding weights as the cells.

Results

Biomarkers for CRC exist

Scree: Europe (Austria and France)

 

PCA: CRC vs control in Europe (Austria and France)

 

TSNE: CRC vs control in Europe (Austria and France)

 
Scree: East Asia (Japan and China)

 

PCA: CRC vs control in East Asia (Japan and China)

 
TSNE: CRC vs control in East Asia (Japan and China)
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biomaterials.

The scopes of developing genetically engineered biomaterials are leading to improve biological features of materials

which can enhance the applicability and properties of materials. In the last five years, Genetic engineering research is

becoming closer to the mass consumer. Leading global geneticists predict that in the coming years, a boom will occur

in the genetic engineering market, comparable to the massive spread of personal computers in the 1980s. Thus

genetically modified biomaterials with upgraded biological properties, expanding towards mass-scale industrial

production, and the considerable consumption in regular universal activities.

The techniques used to develop new materials and to modify the properties of existing materials, are subjected to

different industries and fields of scientific researches. CRISPR is an authoritative research tool that facilitates

scientists to deal with the expression of a gene. It has shown tremendous potential in genome research due to its

ability to delete unwanted traits, and possibly even replace them with desirable traits. It is agile, worthwhile, and

more authentic than any preceding gene-editing techniques. Genetically engineered biomaterials have been an

enormous field of research over the last fifteen years and CRISPR has already initiated performing a significant aspect

in boosting biomaterial research.
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INTRODUCTION

People have applied biotechnology operations, such as selectively
breeding animals and fermentation, for thousands of years [1,2].
Late 19th and early 20th century explorations revealed how
microorganisms accomplish commercially advantageous
procedures and how they provoke disease contribute to the
industrial production of vaccines and antibiotics [3,4]. Upgraded
approaches for animal breeding have also emanated from these
ventures [5]. Scientists within the San Francisco Bay Area took a
large leap forward with the invention and development of
recombinant DNA techniques in the 1970s [6-9]. The area of

biotechnology proceeds to expedite with modern revelations and
unique applications predicted to aid the economy throughout
the 21st century [10-12].

Gene targeting is a particular technique that uses homologous
recombination to shift an endogenous gene and can be used to
eliminate a gene, omit exons, insert a gene, or include point
mutations [13]. Genetic engineering has applications in
medicine, research, industry, and agriculture and can be used on
different types of plants, animals, and microorganisms [9,14].

Genetic engineering has staged a collection of drugs and
hormones for medical use. One of its initial applications in
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Scree: Europe (Austria and France) and East Asia (Japan and 
China)

 

PCA: CRC vs control in Europe (Austria and France) and East 
Asia (Japan and China)

TSNE: CRC vs control in Europe (Austria and France) and East 
Asia (Japan and China)

 

The above graphs indicate that there is no strong signal that helps 
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datasets. We conclude that the signal is too subtle to be captured 
by simple data visualization techniques like PCA and t-SNE.
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Above are the cross-validation trials we performed to show that 
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are consistent across geographies. As one can see, regardless of 
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also present in the testing dataset that is predictive of CRC. These 
results imply that there are specific CRC predictive bacteria which 
are present (or not present) in CRC patients in both European 
and East Asian geographies.

There are a handful of specific CRC biomarkers that 
remain consistent across geographies

Please refer to the supplementary table. The table shows 
the weight that various bacteria have on predicting CRC in 
geographies in East Asia and Europe. The bacteria that appear in 
every geography have been highlighted. These represent predictive 
CRC biomarkers that remain consistent across geographies.

Discussion

Our findings imply that CRC biomarkers remain consistent 
across geographies in Eastern Asia and Europe. We trained our 
models on countries from one of those regions and predicted on 
countries from the other. Similar and high AUROCs across the 
board, as well as the weights table, act as sufficient evidence.

The specific biomarkers that were found to remain 
consistent across all geographies were Gemella morbillorum, 
Peptostreptococcus stomatis, Parvimonas micra, Fusobacterium 
nucleatum, Clostridium hathewayi, Solobacterium moorei, 
an unclassified bacterium in the genus Oscillibacter, and an 
unclassified bacterium in the genus Parvimonas. Several of these 
bacteria have already been implicated in the development of CRC 
[17]. Most notably Fusobacterium nucleatum, which is widely 
regarded as one of the most predictive CRC biomarkers [18]. At 
this point, several questions still need to be answered concerning 
where some of these bacteria come from, what their relationships 
to other diseases are, and what role they play in the human diet. 

The classifiers identified multiple non-infectious bacteria 
found in both the oral and gut microbiomes as candidate CRC 
biomarkers. The genus Gemella has frequently been cited as 
having bacteria associated with CRC [19]. However, the species 
Gemella morbillorum has rarely been a direct cause of disease in 
humans (Bench 17). It is typically found in the oropharyngeal area 
and is reported to be one of the most common bacteria present 
in teeth with cysts that do not resolve after several repeated root 
canal treatments (Bench 17). Besides an association with CRC, 
Gemella morbillorum does not seem to be a culprit in many 
other diseases. Another bacterium that lives in the oral cavity 
is Solobacterium moorei, which on its own, much like Gemella 
morbillorum, does not have any harmful effect on the body [20]. 
However, it is a key contributor to halitosis (commonly known as 
bad breath) [20]. Both of these bacteria are basically harmless, yet 
they have such a strong association with CRC. The only trait that 
these two bacteria have in common, besides the fact that they are 
gram positive and anaerobic, is that they reside in the oral cavity, 
and contribute in some way to oral hygiene (teeth with cysts and 
bad breath). 

On the more infectious end of the spectrum of bacteria found in the 
oral and gut microbiomes, there is the genus Peptostreptococcus, 
which is known to be clinically significant [21]. Bacteria that are 
members of the genus Peptostreptococcus tend to reside in the 
mouth, skin, gastrointestinal tract, vaginal tract, and urinary tract 
[21]. Under immunosuppressed or traumatic conditions, members 
of Peptostreptococcus are known to become pathogenic, causing 
abscesses to form in the brain, liver, lungs, and breasts, as well as 
leading to soft tissue necrosis [21]. A likely reason for the genus 
Peptostreptococcus being an effective biomarker for CRC could be 
because cancer tends to weaken the immune system, which is one 
of the factors that causes Peptostreptococcus to become harmful 
and change in abundance [22]. The bacterium Parvimonas micra 
is similar to bacteria from the genus Peptostreptococcus in that 
it also causes an infection: chronic periodontitis [23]. It can be 
found in dental plaque, which is a hotbed of oral bacteria, some 
of which are pathogenic [23]. There is not much to say about 
the unclassified species in the genus Parvimonas since not much 
research has been done into them yet. One final bacterium in 
this category to consider is Fusobacterium nucleatum [24]. 
Outside of associations with CRC, Fusobacterium nucleatum 
has been cited as a key contributor to periodontal plaque and 
disease due to its ability to aggregate with other bacterial species 
in the oral microbiome [24]. In terms of CRC, Fusobacterium 
nucleatum is said to accelerate cancer development by creating 
a pro-flammatory environment which promotes tumor growth, 
which as a direct result causes carcinogenesis [24]. However, in 
addition to having strong ties to CRC, it is said that the disease 
caused by Fusobacterium nucleatum, periodontal disease, also 
correlates with preterm birth [25]. This is particularly interesting 
since periodontal disease has also been shown to correlate with 
CRC [26]. In addition to this, excessive colonization of the 
vaginal microbiome by Fusobacterium nucleatum is said to lead 
to preterm births, much like excessive colonization of the gut/oral 
microbiome by Fusobacterium nucleatum is said to lead to CRC 
[25]. Perhaps there is a link between these two conditions that 
might be worth exploring. 

The findings discussed so far, which are all regarding the oral 
microbiome, line up with a paper authored by Burkhardt Flemer, 
where it was found that the oral microbiota in CRC is highly 
predictive [27]. Most of the bacteria we have discussed so far were 
explicitly mentioned in that paper as well.

From this point on, we would like to discuss all of the microbes 
which are found frequently in the gut microbiome but not as often 
in the oral microbiome that appeared in our list of biomarkers. 
The Clostridium genus is a set of highly infectious bacteria, 
some of which play a role in diseases as severe as botulism and 
tetanus [28]. Although there is not much information about 
Clostridium hathewayi in particular, the Clostridium genus as 
a whole is known to have the ability to selectively target cancer 
cells, and some strains actually replicate within solid tumors 
[28]. Due to this property, there is some discussion around using 
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specific strains of Clostridium to treat cancer [28]. This property 
might also provide a scientific explanation as to how Clostridium 
hathewayi contributes to CRC. The next set of bacteria to 
consider are in the Oscillibacter genus. Even though this genus 
does not have many previously cited associations with CRC, one 
species in the genus is linked to Crohn’s disease, which is most 
definitely relevant to CRC [29]. The bacterium in question is 
Oscillibacter valericigenes. It can most commonly be found in the 
alimentary canal of Japanese Corbicula clams [28]. Perhaps this is 
can be linked back to diet. This is peculiar because China is the 
world’s largest seafood consumer, and they also happened to place 
the lowest weight on the Oscillibacter genus when predicting 
CRC [30]. We speculate that the abundance of the Oscillibacter 
genus varies based on seafood consumption. If this is true, then 
the ubiquitous consumption of seafood in China will keep the 
abundances of the genus roughly the same in control and CRC 
patients, explaining why the marker was less effective in China 
than in the other geographies.

The final microbe to consider, which was in our top 20 biomarkers 
list but did not show up in every geography, is the Dasheen mosaic 
virus. The Dasheen mosaic virus typically infects the plant C. 
esculenta (commonly known as Taro), causing harmful symptoms 
and reducing crop yield [31]. This microbe appeared in the top 
20 features for the Austrian dataset, but it did not count as a 
generalizable CRC biomarker since it was only relevant in the 
Austrian dataset. Regardless, it is strange that it appeared there 
in the first place. It is also strange how in the Austrian cohort the 
virus had 10x more weight placed on it than is typically placed 
on a top 20 microbe in that cohort. In addition, after looking at 
the raw abundance numbers, the Dasheen mosaic virus is 10-100x 
more abundant in the Austrian dataset than it is in the other 
datasets. We speculate that diets involving a high consumption of 
infected Taro will cause this virus to appear in the gut. There has 
not been a major sighting of the Dasheen mosaic virus in Austria 
in recent times, however, it is worth noting that the Dasheen 
mosaic virus has been spotted in Bosnia and Herzegovina, which 
is not far from Austria and likely exports crops to Austria as well 
[32]. The virus is negatively correlated with CRC, so it could be a 
candidate biomarker in populations where it is in high abundance 
and where a decrease in abundance will be noticeable. The global 
predictability of the Dasheen mosaic virus in CRC diagnosis 
should be tested in a future study.

In conclusion, we developed a workflow to show that CRC 
biomarkers exist, are consistent across East Asian and European 
geographies, and can be identified. We have also discussed how 
the key biomarkers that appear across all of the geographies we 
examined can be linked to other diseases and some cultural/
societal conditions such as diet. In future studies, the validity 
of currently known CRC biomarkers can be further refined so 
that classifiers built to diagnose CRC will outperform the current 
standards for screening.
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