Using DNA Barcoding Assays to Identify Diatoms in
New York City Waterways for Drowning Investigations
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Abstract

Diatoms are single-celled eukaryotes that are found in different bodies of
water. Diatoms have been used in forensic investigation to help determine if
someone died from drowning. Our aim was to generate a method to confirm
when an individual drowned by identifying the diatom species present in the
victim’s bloodstream and the crime scene. To address this issue, we carried
out a pilot study to find out if diatom species at a particular site vary at
different times (intra-day variations) and days (inter-day variations). Our
results were obtained through Sanger sequencing and the data was analyzed
using DNA Subway software. The analysis showed the presence of the most
abundant diatoms in our samples at one location. The results show that
Thallassiosira , a predominant genus of marine diatoms, is constantly
present in most of the samples we collected. The results of this study have
important implications. This shows that the determination of diatoms present
in New York City waterways can be potentially helpful in drowning
investigations by law-enforcement agencies.

Introduction

Diatoms are single-celled eukaryotes that can be found in adequately lit
lakes, rivers, oceans, marshes, and bogs [6, 4]. Diatoms are ranged from 2 to
500 micrometers in size (Figure 1). Diatoms have been used in forensic
investigations to assist in determining whether an individual has drowned.
The presence of diatoms found in a person’s blood stream indicate that they
drowned and the absence may indicate that the person may have expired
prior to being found in a body of water [5]. Additionally, diatoms have been
used in forensic science to help determine whether a person drowned in
freshwater lakes, rivers or oceans.

We are developing a method, based on the comparisons of diatom species
present in an individual’s bloodstream and a drowning site, to confirm where
a person drowned. However, because the currents of New York City
waterways may change which diatoms are present in the sample depending
on the time of investigation, we carried out a pilot study to find out if diatom
species at a particular site vary at different times (intra-day variations) and
days (inter-day variations). This information can be helpful to law
enforcement agencies, providing proper time frames of sample collection for
investigation.

Materials & Methods

A small trial of experiments was designed to collect water samples from one
location (Figure 2) of New York City waterways. Water samples were
collected at different times for intra-day (high tide and low tide; Figure 3)
and different days for inter-day variation studies. Collected water samples
were extracted using the QIAamp DNA Micro Kit (QIAGEN). The diatom
barcoding region is described in Figure 4. DNA amplification was carried
out using the AmpliTaq Gold 360 PCR Master Mix (Thermo Fisher
Scientific) consisting of primers D512 [3, 7]. Primers were held at 94°C
(90s) to denature template followed by 34 cycles: 94°C (40s), 51°C (40s),
and 72°C (60s) and the final extension at 72°C (5 min.) [3]. PCR succession
was analyzed on 1.5% agarose gel. The amplified products were sequenced
using Sanger sequencing [2]. The DNA sequence data was analyzed using
DNA Subway software and compared using BLAST (Basic Local Alignment
Search Tool) to identify the species of diatoms.

Results

Intra-day variation studies consist of two types of samples: samples collected at high tide and low tide (Figure 3). For
inter-day variation studies, five pairs of water samples at different days were collected. Some of these samples
produced DNA sequences of multiple species, which cannot be resolved using Sanger sequencing thus they were not
analyzed further. The analyzed sequences were compared and the most abundant diatom species are described in Table
1. The electropherograms of representative inter-day variation samples are shown (Figure 5).

Sample Collection Description Most abundant specie(s) Aligi Length (bp) E-Value
High Tide Bacterosira sp., Thalassiosira sp. 382 1.00E-160
February Sth, 2016 0 20CLer05/a 5P 0s1a 5P
Low Tide Bacterosira sp., Thalassiosira sp. 383 1.00E-163
High Tit i .
February 23rd, 2016 igh Tide Bacterosira sp 397 0
Low Tide Thalassiosira gessneri 397 1.00E-134
March 8th, 2016 High Tide Bacterosira sp., Thalassiosira sp. 399 0.0,0.0
Low Tide Thalassiosira gessneri 289 1.00E-103

Table 1. The sequence analysis for diatom species identification from the water samples collected.
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Figure 1. Scanning electron micrograph of marine
diatom Thalassiosira pseudonana (Williams and Li,
unpublished).
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Figure 2. Geographical location at which the water
samples were collected.
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Figure 3. A representative example of time points of
sample collection for intra-day studies (low tide and high
tide).

Figure 4. Barcoding
Region of diatom 18S
rRNA gene DNA.
Consensus secondary
structure of the 18S
rRNA is shown.
Amplified region
corresponds with the

Figure 5. A representative example of identification ! "
region V4 in red [7].

of diatom species. An electropherogram of
sequencing of a high-tide diatom sample (top) and
an electropherogram of sequencing of a low-tide
diatom sample (bottom).

Discussion

Our results indicated that the Bacterosira and/or Thalassiosira genus are
the most abundant diatoms present in all the samples collected (Table 1).
It is known that Thalassiosira is the predominant genus of marine
diatoms [1]. In this pilot study, it was observed that Thalassiosira was
constantly present in most of our samples collected. Additionally, the
same sequences were matched to Bacterosira in many of the samples
(Table 1). The DNA sequences of the barcoding region used in this study
are identical between Bacterosira spp. and Thalassiosira spp. (Li et al.,
unpublished). Recently, studies have revealed that Bacterosira was
closely related to Thalassiosira [1]. Based on these findings, a
phylogenetic re-definition of the genus Bacterosira, to belong

to Thalassiosira, is proposed [1]. The results of this pilot study imply
that the predominant genus of diatom is constantly present in the intra-
day and inter-day samples. This finding indicates that identification of
diatom species can potentially be useful for drowning investigations in
New York City waterways. In future studies, detailed profiles of diatom
species at additional locations of New York City waters will be studied.
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