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Abstract

Introduction

Methods
The urban microbiome of the New York City subway interacts with over a 

billion riders a year and is incredibly diverse. In our study, we aimed to compare the 
DNA collected at two terminal stations in more sparse regions of NYC with DNA 
collected at dense transfer hubs. We performed two swabbing runs at each station, 
in the morning and afternoon, and at three different locations in the station, in order 
to observe the effect of time and location on the DNA collected and sequenced at 
each station. Our results demonstrated that species diversity was greater at both 
transfer stations than both terminal stations, and the swabbing location that yielded 
the largest number of classifi ed DNA reads was the hand railing. These results are 
signifi cant because characterizing the urban microbiome of the NYC subway system 
can help with future public health endeavors and the creation of smarter cities.

  Metagenomics is a discipline in which the genomic content of all of the 
microorganisms of a particular niche are characterized (Handelsman et al. 1998). 
An analysis of the metagenome of an environment can be done both on natural 
environments such as water from a lake or sediment from a beach, as well as built 
environments. Built environments are defi ned as generally as all structures built 
by humans, such as a house, a library, or, in our case, a transit system (Gilbert et 
al. 2018). While built environments and other ecosystems both contain microbes, 
those in built environments are mostly spread by humans. Scientists are interested 
in learning more about these microorganisms because they play a major role in the 
cause and prevention of diseases in humans (Gilbert et al. 2018). Research on the 
metagenomics of urban environments is important because it creates a molecular/
microbial map which can be used to determine how these built environments affect 
human health (Danko et al. 2021). 
 Millions of people ride the New York city subway every day, transmitting and 
admixing countless microbes among them, and the number of riders is increasing 
as New York recovers from the pandemic (https://new.mta.info/coronavirus/
ridership). Profi ling the metagenome of this densely populated built environment is 
essential foundational work for public health and for monitoring future outbreaks 
of pathogens and microbial transmissions as they spread around the world (Zhu et 
al., 2017). For this reason, we propose to conduct a metagenomic study of the New 
York City subway and to contribute to the efforts started by Danko et al. (2021) to 
characterize this built environment.
 Metagenomic studies have been performed on hospitals (Brooks et al., 2017; 
Lax et al., 2017), soil (Hoch et al., 2019; Joyner et al., 2019), sewage (Fresia et al., 
2019; Maritz et al., 2019), and transit systems (Afshinnekoo et al., 2015; Hsu et al., 
2016; Kang et al., 2018; Leung et al., 2014; MetaSUB International Consortium 
et al., 2016). Many of these other studies performed on urban built environments 
have been done as part of the International Metagenomics and Metadesign of 
Subways and Urban Biomes Consortium (also known as MetaSUB). MetaSUB is 
a global network of scientists that share ongoing data about public transportation 
in urban environments in order to better understand the metagenomics of cities and 
their transit systems as well as their impact on humans. The pilot MetaSUB study 
(Danko et al. 2021) described geographical variations and drew connections between 
different cities and their metagenomes. These fi ndings could refl ect epidemiology 
and perhaps even have forensic applications for source-tracking. However, due to 
the scope of the project, the initial study did not differentiate between microbial 
profi les in different station types, which can accommodate very different numbers 
and mixtures of people. 
 In our study, we investigated the relationship between the metagenomes of 
terminal stations and transfer stations in the New York City subway system in order 
to compare the microbial profi les of different stations. We hypothesized that if 
we compared the metagenomes of terminal and transfer stations, then the transfer 
stations would show greater species diversity while the terminals would be more 
genetically isolated. 

 Samples were collected from four stations; the 96th street Q station, Times Square, Grand Central, and Flushing Main Street once in the morning and once in the evening 
using standard Metasub sample collection protocol. Collectors of samples wore gloves in order to avoid contamination. At each station, a ticket machine keypad, a door handle, 
and a hand railing were swabbed. � ese locations were chosen because they were surfaces that could be found in every station and they were frequently touched by passengers. 
Swabbing consisted of wetting the swab in a tube of 400 µL of DNA shield, vigorously rubbing an isohelix swab on an area of around 1 square foot for 3 minutes, and then 
breaking the head of the swab o�  in the DNA shield tube. For negative controls, the same procedure was followed, but instead of swabbing a surface, the swab was waved in the 
air for 2 minutes. Date, time, location, tube number, and the surface were recorded. Samples were refrigerated until they were taken to the laboratory for analysis. Samples were 
collected at 4 di� erent locations in 4 stations at 2 di� erent times (Ryon, 2022). 
 A ZymoBIOMICS MagBead DNA Extraction kit was used to extract DNA from samples using ZymoBIOMICS protocol. � e NEBNext Ultra II DNA Library Prep Kit for 
Illumina was used to prepare libraries using a PCR ampli� cation and then a cleanup of the PCR reaction following the NEB protocol.  Extracted samples were then pooled into 
equimolar mixtures and assessed for quality. High quality libraries were then loaded onto an Illumina iSeq for sequencing in the Mason Lab at Weill Cornell Medicine.
 First, human reads were removed from each sample using a custom script for removing human reads. Next, adapter sequences were removed using a program called 
AdapterRemoval. Quality checks were generated using FastQC and samples of unsatisfactory quality were removed. Kraken, a k-mer based classi� cation tool, was used to match 
reads to known species in the NCBI Taxonomy database and generate summaries. Finally, results were visualized using custom scripts.

 Before running quality checks on our data, we used the Weill Cornell Cluster to remove human reads and adapter sequences from our sequencing data so that we could look 
at only the genetic material from microbes, fungi, protists, plants, and even other animals. We then used FastQC to generate a quick quality check on our sequencing data.
We found that every sample except for three reads had satisfactory per base sequence quality, per tile sequence quality, and per sequence quality scores. The per base sequencing 
quality was passable for most samples, but some had lower certainty scores. We did not expect this to be a big problem in our sequencing because we used an Illumina 
sequencer, which is able to generate data on much smaller volumes of material. 
 Many samples had problems with per base sequence content and per base GC content. In fact, not a single sample had a satisfactory score in terms of per base GC content. 
Figure 1 shows an example of a sample that was considered to have poor Per Sequence GC Content and poor Per Base Sequence Content. A lot of our samples also contained 
overrepresented sequences. Some of these overrepresented sequences were identifi ed as TruSeq Adapters, while a few others were found to be Illumina Multiplexing PCR 
Primers or Illumina Single End PCR Primers.
 Furthermore, many of our overrepresented sequences were long strings of Gs. These poly-G strings were most present in our negative control samples, where instead of 
swabbing metal, we exposed the swab to the air. Our negative control samples did not pick up as much DNA as our experimental samples, and it was therefore harder for the 
Weill Cornell Cluster to differentiate between experimental DNA and poly-A and G string adapters.
 This could potentially have also affected the integrity of our per base sequencing content and our GC content. Although we did computationally remove adapters and all of 
our FastQCs showed a satisfactory result for adapter content, it is possible that we were not able to catch all of them due to the limited timeframe. 
 Samples with four or more unsatisfactory parts in their quality check were removed as well as samples where a signifi cant fraction of the reads were overrepresented 
sequences such as adapters or long strings of Gs. 
 Figure 2 is a UMAP that shows how similar samples taken in the morning were to those taken in the evening. The dispersion of the dots in fi gure 2 for samples taken in the 
AM was similar to those taken in the PM. This suggests that the microbiome of the subways in the morning was very similar to the microbiome in the afternoon.
 Figure 3 is another UMAP that shows to what degree different stations were genetically similar. Although the distribution of all four stations is rather similar, 96th Street 
seems to be more concentrated on the bottom of our UMAP, while Flushing/Main Street is more prevalent towards the middle and the top. Grand Central and Times Square seem 
to be dispersed throughout. This data suggests that Flushing and 96th Street, as terminal stations, have slightly more distantly related microbiomes, while Grand Central and 
Times Square, as transfer stations, have more diverse microbiomes that contain elements similar to both terminals and each other. However, the points are still very dispersed, 
indicating that there are no strongly present patterns. 
 Figure 4 shows the average number of species per sample from different stations. On average, samples taken from Times Square had the greatest number of different species, 
closely followed by samples from Grand Central. Samples from Flushing and 96th Street both had less. This supported our hypothesis that transfer stations like Times Square 
and Grand Central have a more diverse microbiome. According to the MTA, Times Square is the single busiest station in New York City. The sheer number of different people 
who pass through every day probably contribute to the diversity we saw in our samples from Times Square. 

 We concluded that our expectations that transfer stations would show more 
genetic diversity were supported. Both the greater average number of species per 
sample and distribution on the UMAPs suggest that transfer stations showed greater 
variety in their microbiomes. 
 However, our sample set was rather limited and, while there were patterns in our 
data, it is uncertain how signifi cant they are. Sequencing data was displayed in the 
form of UMAPs and bar graphs in order to visualize the trends we observed. Had 
we had more time, we might have been able to take more samples and conduct more 
statistical tests to determine how signifi cant our results were. We also did not expect 
to have to discard so many samples, which may have skewed our results a little. We 
had to adapt our data analysis to the new sample set. 
 Furthermore, we did not expect to see so many adapters in our sequencing data 
after we performed the quality checks. It is possible that we either made a mistake 
in our sample cleanup protocol, or we did not successfully computationally remove 
adapters. If this study were to be repeated we might use a different library prep 
protocol. 
 This study raises questions about whether or not other stations and surfaces 
will follow the same trends in microbial diversity. This study included only four 
stations because of time restraints, so it is diffi cult to form larger conclusions from 
such limited data. It might also be benefi cial to repeat this experiment on other mass 
transit systems in other major urban centers to see if these results are a common 
phenomenon. If we had more time, we would have also liked to take a closer look 
at some of our data and perform further computational analyses, or compared other 
factors such as surface material or day of the week. 

Results

Figure 1: Sample 20.2 – Per Sequence GC Content and Per Base Sequence Content 
(an example of our poor GC content samples)
Figure 2 - A UMAP comparison between samples taken in the morning and the 
afternoon showed little difference. 
Figure 3 - A UMAP comparison between samples taken at different stations 
suggested that terminal stations were more genetically distinct
Figure 4 - A bar graph showing the average number of species per sample at each 
station indicates that, on average, more species were found in transfer stations than 
in terminal stations.
Figure 5: A fl owchart depicting our entire process, from start to fi nish.
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