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Abstract

In the past few years my interactions with the species | study have been
restricted to strings of nucleotides spread across an LCD screen.
Bioinformatics has provided me with an amazing window into some of the most
interesting algae on Earth, but it has also made me feel distanced from my
research organisms, and biology as a whole. This opinion article touches upon
these feelings and asks whether many of us should reconsider our relationship
to the taxa we investigate.
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A long-distance relationship with Dunaliella

Recently, I have been infatuated with Dunaliella salina—a fast-
swimming, unicellular green alga that can flourish in some of the
world’s saltiest waters, and which, given its prodigious lipid content,
is being hailed as the ultimate biodiesel factory'. My interests lie in
Dunaliella’s genomes, the ones in its nucleus, mitochondrion, and
chloroplast. For months I have been glued to my laptop computer,
bioinformatically piecing together Dunaliella genes and measuring
genetic diversity among D. salina strains collected from remote
regions of the planet. My preliminary findings are exciting; I'm un-
covering unusual features about this alga’s genomes and how they
evolved. But there is one small catch: I have never actually seen,
grown, or worked with Dunaliella, either in the lab or in the field.
My interaction with this salt-loving unicell have been restricted to
reading research papers and scrutinizing long strings of nucleotides
stretched across an LCD screen. All of this has made me question
my relationship to the project and to Dunaliella, and I have started
to consider that I may be married to the data but divorced from the
species I'm studying.

In many ways my experience with Dunaliella reflects the current
scientific research landscape, which is largely built on collaboration,
networking, and outsourcing. This landscape has led to extraordinary
global research initiatives and achievements, such as the Human
Genome Project and ENCODE, but it has also given rise to inor-
dinate bureaucracy, including author lists that fill entire pages of
academic papers and email correspondences that can take hours to
sort through. Gone are the days of the all-in-one super scientist, of
the self-dependent researcher who could single handedly initiate
a major project, execute all of the experiments and analyses, and
carry them through to the writing, publication, and communication
stages. Today’s fast-paced scientific arena is ruled by teams of spe-
cialists, by field experts, bench geeks, and lab managers, by stat-
isticians, computer whizzes, and grant connoisseurs, and by CEO
scientists and masters of delegation.

My motivation to explore Dunaliella genomes began over coffee
and conversation with a friend, Pierre Durand, during an evolu-
tion conference at the University of California, Santa Barbara.
“Sounds like a plan, Pierre”! I said, with a mouthful of cookie, as
we shook hands and hashed out the details. Pierre’s collaborators
in Chile had some rare strains of Dunaliella isolated from a salt
pond in northern Chile’s Atacama Desert, which is among the driest
places on Earth. The Chilean strains would be shipped to a col-
league in South Africa who would isolate their DNA and pass it
along to a high-end genome sequencing facility. Much of the bioin-
formatics would be outsourced, and I would eventually receive the
assembled Dunaliella DNA data through email. From there, I would
contact other Dunaliella research teams, including the United States
Department of Energy Joint Genome Institute, to glean genomic data
from additional D. salina geographical isolates, which I could then
use to measure genetic diversity and ultimately write a paper.

As far from the “traditional” research model as this may sound, it
is becoming the norm. Science has shifted from a do-it-yourself
endeavor to a large, complex, and cosmopolitan affair. That I can sit
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at my kitchen table in Southern Ontario exploring the inner work-
ings of a green alga from one of the most barren environments on
Earth shows just how far science has come, and changed. And over-
all I think these changes are great. I can certainly make meaning-
ful observations and contributions to Dunaliella research through
bioinformatic analyses—whether they are done at a field station in
the Atacama Desert or a coffee shop in Toronto should make no
difference. Many astronomers never actually see the stars and planets
they investigate and, similarly, certain microbiologists can only
ever indirectly observe the tiny organisms they study, and in both of
these examples the scientific explorations and interactions are often
confined to computer screens.

But a small part of me believes I should have to see, touch, or be
near to the thing I am investigating. This may come from a dated
and romanticized view of science. As a child I considered biolo-
gists to be synonymous with naturalists—Tilley-hatted adventurers,
collecting insects, traipsing after birds, and shouting Latin nomen-
clature at all the exotic plants in their path. Later, when I went into
research, I quickly discovered that many biologists, particularly
those of the molecular ilk, abhor the outdoors, and an equally large
number have never seen the organisms they study in their natural
habitat, if they’ve seen them at all. I wonder how many geneticists
could name the source of the nucleic acids (i.e., the species and
tissue) that Watson, Crick, Franklin, and Wilkins used to decipher
the structure of DNA? (The answer is calf thymus).

Not working directly with the species or thing that one is inves-
tigating can sometimes lead to a narrow or naive understanding
of that species or thing. The history of science has taught us that
great discoveries are often preceded by years of close examination
and immersion by a single researcher with his or her study subject.
Primatologist Jane Goodall and Nobel laureate and corn geneticist
Barbara McClintock immediately come to mind as examples of
independent scientists whose devotion and intimate understanding
of their study species resulted in major breakthroughs. But in the
contemporary research environment, where someone may sequence
the genome of a moss one month and a box jellyfish the next, it
is hard not to get the sense that certain scientists don’t have the
time (or can’t be bothered) to invest years in learning about the taxa
whose genes they are so eagerly sequencing.

For me, not having ever worked with Dunaliella could mean that
I am overlooking important aspects of the genetic data. One of the
interesting observations I've made from analyzing D. salina DNA
is that there is a remarkably low level of genetic diversity in the
chloroplast genome as compared to the mitochondrial one (unpub-
lished data). If T had a first-hand understanding of Dunaliella—its
habitat, its lifecycle, its cellular and physiological quirks—I might
be able to link this observation to something substantive about the
organism. But in a highly competitive and ever changing research
environment, it can be difficult to find the resources and time to
develop completely new skillsets for a project that might only last a
few months. Moreover, it may not be practical to gain these skillsets
when the questions being asked can easily be addressed through
collaboration with a world expert in the area.
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For all we have gained from “big science”, we might have lost
touch with some of the goals and aspirations that inspired us go into
research in the first place—for me it was to explore and understand
the remarkable diversity of microbial life. I should likely consider
bringing a little more “life” into my own laboratory, which largely
sits empty with the buzz of a few high-powered computers. I have
heard that the salt lakes in Utah are jammed packed with Dunaliella
species, and that when they are in bloom the lakes light up with a
deep pink hue from the beta-carotene of the algae. It is probably
worth a trip out there to see for myself—that is, as long as those
research grant applications come through.

In fact, maybe all us scientists that are feeling distanced from our

research organisms should make an effort to directly interact with
them; we certainly could benefit from a more holistic understanding
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of the amazing species we study, even if we can’t examine each and
every aspect in great detail.

Competing interests
No competing interests were disclosed.

Grant information

My research program is supported by a Discovery Grant from the
Natural Sciences and Engineering Research Council (NSERC) of
Canada.

The funders had no role in study design, data collection and analysis,
decision to publish, or preparation of the manuscript.

1. Ramos AA, Polle J, Tran D, et al.: The unicellular green alga Dunaliella salina
Teod. as a model for abiotic stress tolerance: genetic advances and future
perspectives. Algae. 2011; 26(1): 3—-20.

Publisher Full Text

Page 3 of 5


http://dx.doi.org/10.4490/algae.2011.26.1.003

FIOOOResearch F1000Research 2013, 2:254 Last updated: 04 DEC 2013

Current Referee Status: J |

Referee Responses for Version 1

4

4

Robert Beiko
Faculty of Computer Science , Dalhousie University, Halifax, NS, Canada

Approved: 04 December 2013

Referee Report: 04 December 2013

This is an interesting short piece on the disconnect faced by those of us who focus on computational
analysis at the expense of experimental biology. The author suggests that experience with an organism
can help with the interpretation of the patterns one finds in its genome(s), and that being totally
disconnected from the biology of an organism can lead to a certain ennui, even as one gains exciting new
insights into an organism's lifestyle via its genes.

The article is an interesting read; however, it suggests to me that one might consider the value of
contributions made by researchers with different areas of expertise. Few can claim to run the gamut of
experimental biology including culture, the generation and interpretation of computational data and
development and validation of new computational approaches, whilst also managing a lab and an
academic career, with all that this entails. In an age of abundant sequence data, one can perform
synthesis as never before without ever leaving your desk, apart from the occasional attention paid to the
necessities of life. If one wishes to perform broad synthetic work, it may be impossible to connect oneself
with all organisms under investigation anyway. The best comparative genomic, evolutionary and
ecological meta-analyses (for example) can provide new insights into big questions, producing
hypotheses that can be tested with new data that need not be collected by the initial investigator. While it
may be more satisfying to some to carry out the entire chain of experiment - big analysis - further
experimentation on their own, it is often the case that all the necessary skills, time, or facilities are not
available to one person or one research group.

It is true that many of the great biologists (broadly defined) of the past that come immediately to mind,
such as Clements, Robert Whittaker, Margaret Dayhoff, Mayr, Baas-Becking, Sanger, and so on, did
indeed go on expeditions, work at field stations, grow their own organisms, and purify their own proteins.
But if  had one recommendation for this paper, it would be to investigate the matter in more depth, to
improve the scholarship by examining the historical contribution of pure theoreticians then and now. Even
S0, this piece is a worthwhile reflection on the life of those of us who try to make sense of the world
without necessarily experiencing it firsthand (except on weekends).

I have read this submission. | believe that | have an appropriate level of expertise to confirm that
it is of an acceptable scientific standard.

Competing Interests: No competing interests were disclosed.

Inaki Ruiz-Trillo
Department of Genetics, University of Barcelona, Barcelona, Spain

Page 4 of 5



FIOOOResearch F1000Research 2013, 2:254 Last updated: 04 DEC 2013

Approved: 27 November 2013

Referee Report: 27 November 2013

This is an interesting opinion article in which the author describes a common problem in biological
research, especially in the genomics/genetics field. This problem is a lack of knowledge of the biology
and/or ecology of some of the species that we, as researchers, analyze at a genetic level. The author
describes why much of the current research is like this and asks whether this may limit us to a narrow
understanding of the genome itself. Typically the research is done by combining different expertise, so
that some researches will understand the biology and the ecology of the species, while others will unravel
the contents of the genome.

The manuscript is very well written and will hopefully make a lot of us think twice about the way we
perform research nowadays.

I have read this submission. | believe that | have an appropriate level of expertise to confirm that
it is of an acceptable scientific standard.
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