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The highly interdisciplinary field of bioinformatics has emerged as a powerful modern sci-
ence. There has been a great demand for undergraduate- and graduate-level trained bioin-
formaticists in the industry as well in the academia. In order to address the needs for trained
bioinformaticists, its curriculum must be offered at the undergraduate level, especially at
four-year colleges, where a majority of the United States gets its education. There are many
challenges in developing an undergraduate-level bioinformatics program that needs to be
carefully designed as a well-integrated and cohesive interdisciplinary curriculum that pre-
pares the students for a wide variety of career options. This article describes the challenges
of establishing a highly interdisciplinary undergraduate major, the development of an un-
dergraduate bioinformatics degree program at Ramapo College of New Jersey, and lessons
learned in the last 10 years during its management.

INTRODUCTION
panding the use of biological, medical, be-

Bioinformatics is a highly interdisci-
plinary modern science that combines life
sciences and computer science with infor-
mation technology. The National Institutes
of Health (NIHt) defines bioinformatics as
“research, development, or application of
computational tools and approaches for ex-

havioral or health data, including those to
acquire, store, organize, archive, analyze,
or visualize such data.” According to the
National Center for Biotechnology Infor-
mation (NCBI), “the ultimate goal of the
field is to enable the discovery of new bio-
logical insights as well as to create a global
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perspective from which unifying principles
in biology can be discerned.” It is hard to de-
fine interdisciplinary sciences because of
their inherently dynamic scope. However,
via integration of multiple disciplines, the
science of bioinformatics offers powerful re-
search tools that would be difficult for indi-
vidual disciplines to provide on their own.
Bioinformatics is already practiced in the
fields of molecular biology, personalized
and preventive medicine, biotechnology, and
nanobiotechnology [1-5]. The information
obtained by the application of this powerful
technology can potentially be applied to pre-
vent, diagnose, and treat inherited and other
diseases, design new drugs and vaccines,
and help shorten the development cycle of
new medicines [1,6-10]. Bioinformatics-
based genome studies have completely
transformed cancer research in recent years
[11]. Application of bioinformatics has the
potential to revolutionize the way scientific
research and medicine is done in the 21st
century.

The post-genomic era has brought sig-
nificant changes in the life sciences and as-
sociated fields. Owing to lower costs and
technological advances, large amounts of
data are coming out of genomic sequencing
projects [12,13]. Consequently, there has
been an explosion of biological information
being generated [14]. A variety of many
other efforts such as high throughput gene
expression profiling, miRNA profiling, and
biological data-mining also result in large
datasets [15-17].

A wide variety of databases store well-
organized information that is continuously
being generated by scientific research and
by further computations of the data coming
out of research projects [18-21]. There are
several databases that hold information
about genomes [22] and genes [23], gene ex-
pression data [24], or a variety of informa-
tion on proteins [25] and biochemical
pathways [26]. Databases are very useful for
analyzing genomic variations and regulated
gene expression, analyzing structure and
function of proteins, or studying complex re-
lationships among biochemical reactions in
the cell. New databases are regularly being
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developed to accommodate biological data
from novel efforts.

Bioinformatics-based mathematical and
computational methods are required to man-
age, analyze, interpret, and draw conclu-
sions from experiments that result in large
and compound datasets with multifaceted
relationships such as those observed in bio-
chemical pathways. Many new methods are
being regularly developed to address the
complex needs of the rapidly evolving field
of bioinformatics and associated sciences.
Comparative genomics, proteomics, bio-
chemical pathway modeling associated with
systems biology, and many other bioinfor-
matics approaches have been applied in re-
cent times to address biological problems
that were beyond reach with traditional tech-
niques [27-29].

Bioinformatics methods are already
proving very useful for scientific research,
improved diagnosis, and treatment of dis-
eases. For instance, bioinformatics re-
searchers have used innovative strategies
such as video gaming to resolve the struc-
ture of a retroviral protease, opening up new
avenues for AIDS drug design [30]. Mi-
croarray analysis has already begun to help
correctly identify carcinomas and help de-
cide streamlined approaches for personal-
ized treatments. Large datasets that result
from microarray functional genomics ex-
periments are also used for extraction of use-
ful information that could be directly applied
in medicine. For example, based on compu-
tational analysis of the gene expression pro-
files, researchers were able to successfully
identify new therapeutic uses for existing
medicines. The “drug repositioning” strat-
egy resulted in prediction and experimental
validation of cemetidine, an antiulcer drug
for use in lung adenocarcinoma [31]. Using
a similar approach, anticonvulsant drug top-
iramate has been indicated for treatment of
inflammatory bowel disease (IBD) [32].

The importance of modern interdiscipli-
nary bioinformatics science cannot be
overemphasized. As a result, there has been a
great demand for undergraduate- and gradu-
ate-level trained bioinformaticists in the in-
dustry as well in the academia. The global
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bioinformatics market, estimated at USD 3
billion in 2010, is expected to grow at Com-
pound Annual Growth Rate (CAGR) of 25
percent to reach USD 8.3 billion within the
next 3 years [11,33]. Bioinformatics and re-
lated fields of proteomics and genomics have
been the top contributors to advances in drug
discovery and are projected to be the major
contributors for the next decade [34]. There-
fore, the demand for individuals with training
in bioinformatics seems justified. A search of
simplyhired.com found that roughly 10 per-
cent of all science jobs require bioinformatics
skills. According to this web service, the av-
erage salary of a bioinformaticist in New York
area was $98,000, and for a senior bioinfor-
maticist, it was $154,000. These salaries were
much higher than those of comparable posi-
tions in other sciences. The jobs-salary.com
posted 45 positions requiring bioinformatics
skills with salaries approaching $112,000.
Similarly, glassdoor.com, another job posting
website, posted 66 positions requiring bioin-
formatics skills in 21 companies with salaries
in the range of $90,000.

Several graduate programs have been
developed in bioinformatics in recent years
to satisfy the needs of the job market. How-
ever, it is difficult to find suitable candidates
for graduate programs. Most prospective
graduate students either have a biology
background or computer science skills, but
not both. Availability of undergraduate level
instruction in bioinformatics cannot only
start building up a highly desirable trained
workforce, it can also better prepare the stu-
dents for graduate programs. Several elite
research institutions already have an under-
graduate degree program related to the
bioinformatics field or include courses in
bioinformatics, genomics, computer pro-
gramming, mathematical biology, and sys-
tems biology in their undergraduate biology
curricula. Very few undergraduate degree
colleges have been able to develop instruc-
tional programs in bioinformatics. (Please
see [35] for a list of bioinformatics and re-
lated educational programs in the United
States and rest of the world). Albeit, a ma-
jority of students in the United States gets
their education at either associate-degree
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colleges or four-year bachelor’s degree
granting institutions. Of the 1,650 institu-
tions offering baccalaureate and higher de-
grees in the country, 1,388 are primarily
non-PhD-granting educational institutions
[36]. If we are to address the needs for
trained bioinformaticists, a bioinformatics
curriculum must also be offered in the nu-
merous four-year colleges and not just at the
universities with doctoral programs.

This article at first describes the chal-
lenges of establishing a highly interdiscipli-
nary undergraduate major in a typical
four-year college and the development of an
undergraduate bioinformatics degree pro-
gram at a liberal arts college in New Jersey,
as well as lessons learned in the last 10 years
during its management.

CHALLENGES OF DEVELOPING AN
UNDERGRADUATE BIOINFORMATICS
CURRICULUM

Interdisciplinary programs face many
challenges, especially at four-year educa-
tional institutions. It is hard to find profes-
sionals with bioinformatics background who
are willing to teach in undergraduate pro-
grams that offer modest remunerations as
compared to industry compensations. Ac-
cording to a recent genomics-based salary
survey [37], median salary range for a senior
scientist in academia is $50,000 to $75,000,
whereas this amount for an equivalent posi-
tion in the pharmaceutical is $100,000 to
$125,000. Nevertheless, the undergraduate
institutions have generally recognized the im-
portance of establishing such programs and
have had some success attracting dedicated
educators or encouraging existing faculty
members to obtain appropriate training. The
next challenge is in designing an interdisci-
plinary science curriculum that will be able
to accommodate additional bioinformatics
courses without compromising education in
the fundamentals of biology, chemistry, and
physics. In fact, bioinformatics courses re-
quire biology, chemistry, mathematics, and
computer science as foundations on which
the higher level of interdisciplinary instruc-
tions need to be built. Therefore, interdisci-
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plinary programs like bioinformatics are in-
herently larger than other disciplines. Most
undergraduate institutions have an upper limit
for the total number of credits (generally in
the range of 120 to 130) for graduation. Stu-
dents at many institutions have to satisfy col-
lege core and then their specific school core
requirements in addition to general education
course credits. These requirements pose a
limit on the number of credits that can be as-
signed to the science courses. Whereas liberal
arts institutions provide a well-rounded edu-
cational experience in science that include
humanities and other general education
courses, they have limited room for curricu-
lar expansion.

In the absence of established guidelines
or accreditations in this modern field, it is
hard to decide which courses to include in
the bioinformatics curriculum. Bioinformat-
ics is a young science, and there have been
rapid developments in this field. Since the
scope of this science and the jobs that re-
quire its expertise is constantly changing, the
undergraduate curricula need to be dynamic.
The rigorous process associated with curric-
ular changes makes it difficult for the un-
dergraduate programs to adapt in a timely
fashion.

The biggest challenge perhaps comes
from a general lack of interdisciplinary col-
laboration among colleagues at undergradu-
ate institutions. The school of science at these
institutions is usually divided into individual
departments, such as chemistry, biology,
mathematics, and computer science. Estab-
lishment of a major in bioinformatics requires
cross-department partnerships, mutual coop-
eration in sharing resources, and collabora-
tive development of new interdisciplinary
courses. Boundaries of the departments are
generally inhibitive of interdisciplinary al-
liances.

Attracting students to the undergradu-
ate bioinformatics program can also be a
challenge. The concept of bioinformatics is
generally not discussed at the high school
level. Therefore, high school seniors are
usually not aware of the significance or even
existence of this interdisciplinary science.
Most incoming undergraduate freshmen
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tend to pick the traditional majors in biol-
ogy, biochemistry, chemistry, mathematics,
physics, or computer science. Consequently,
the small number of undergraduate bioin-
formatics programs that do exist have had
difficulty enrolling students despite a great
demand for trained bioinformaticists in aca-
demia and industry. Many students who do
get attracted to the programs due to impres-
sive placement rates may not be prepared to
handle a broad spectrum of courses native to
interdisciplinary curricula, resulting in
dropouts and low retention rates.

INTEGRATION OF BIOINFORMATICS
INTO EXISTING UNDERGRADUATE
COURSES AND CURRICULA

Despite the inherent challenges in es-
tablishing highly interdisciplinary under-
graduate curricula in bioinformatics, there
have been many successful efforts in the
right direction. One way to get started is to
“infuse” concepts of bioinformatics into ex-
isting courses. This concept originated at
Wheaton College 10 years ago [38]. Bioin-
formatics has become an essential compo-
nent of modern life sciences. Therefore, it
makes sense to discuss its principles and ap-
plications in existing courses. For example,
courses in genetics, molecular biology, and
biochemistry, which are taken by almost all
life science majors, essentially discuss gene
mapping, mutations, gene expression, ge-
netic diseases, biochemical pathways, and
structure and functions of nucleic acids and
proteins. Bioinformatics methods and data-
bases are intimately associated with all of
these concepts and can easily be integrated
into these courses to provide up-to-date
knowledge and skills to undergraduate stu-
dents. There have been several successful ef-
forts using a variety of strategies for
incorporating bioinformatics into the exist-
ing courses [39-41].

The concept of “linking courses,”
which also originated at Wheaton College
[42], is a great way to demonstrate cross-dis-
ciplinary connections between concepts
taught in two independent courses. For ex-
ample, a biology course that covers se-
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quence comparisons can easily be linked to
a computer programming course. The edu-
cators can give a number of reciprocal guest
lectures and combine selected labs of the
courses. The idea is for students of both the
courses to understand the biological prob-
lem and collaboratively come up with com-
putational solutions. This could be a class
project for students working in teams con-
sisting of a biology and a computer science
student each. Besides enhancing learning
through project-based instruction, this exer-
cise will help encourage interdisciplinary
partnerships among students as well as fac-
ulty, thereby opening up new avenues in
pursuing undergraduate bioinformatics edu-
cation. “Linked-courses” strategy has been
successful at Wheaton and is being tried at
other institutions [43].

Many undergraduate degree programs,
such as the Genetics program at Rutgers
University in New Jersey, Biology programs
at Spelman College in Georgia, and
Wheaton College in Massachusetts, have de-
veloped individual courses in bioinformat-
ics and related disciplines. Some models of
bioinformatics courses are available [44-47].
These courses are commonly used as elec-
tives in the existing curricula. Some of the
undergraduate programs in life sciences
have gone a step further and developed
tracks in bioinformatics and genomics.
These tracks provide a great alternative to
students who were not aware of the signifi-
cance of the bioinformatics field initially
and later decided to include them in their
curricula.

DEVELOPMENT OF
UNDERGRADUATE CURRICULA
IN BIOINFORMATICS

In recent years, several new undergrad-
uate degree programs have been developed
by overcoming many challenges. Since there
are no nationally or internationally accepted
guidelines, the early undergraduate bioin-
formatics curricula come in a wide variety
of flavors. A comprehensive list of under-
graduate and graduate programs in bioinfor-
matics is available [35].
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It is tempting to quickly develop under-
graduate programs in bioinformatics by put-
ting together existing courses from different
disciplines. However, there is a need to care-
fully design a well-integrated and cohesive
bioinformatics curriculum that prepares the
students for applying their problem-solving
skills in research and addresses the needs of
academia and industry. The concept of “in-
fusing” principles of bioinformatics, ge-
nomics, and proteomics, as appropriate, into
the contents of existing courses before
adopting them for a program in bioinfor-
matics has much merit. Development of sev-
eral carefully designed new courses in the
core curriculum to build cohesiveness and
integrate knowledge and skills learned from
basic science courses is instrumental to the
success of the program. Availability of a va-
riety of elective courses helps enrich the pro-
gram and helps develop specialized skills of
students’ interest.

Bioinformatics Undergraduate Degree
Program at RCNJ

In 2002, Ramapo College of New Jer-
sey (RCNJ) became the first in the state and
one of the first primarily undergraduate col-
leges in the entire United States to offer a
baccalaureate degree in bioinformatics. It all
started with a bioinformatics course offering
in 2000 as an upper level elective for the ex-
isting biology and biochemistry curricula.
The success of the bioinformatics course and
a tremendous student response led to the
idea of establishing an entire program of
study in this field. After many months of de-
liberations among faculty members from the
biology, chemistry, mathematics, and com-
puter science programs, a curriculum was
agreed upon. The proposed bachelor of sci-
ence degree in bioinformatics program went
through a series of administrative and peer
reviews before being officially approved by
the state of New Jersey in 2002.

Fortunately, Ramapo College has a
unique governance structure that provides a
fertile ground for interdisciplinary efforts.
Instead of division into individual depart-
ments, the RCNJ school of Theoretical and
Applied Science (TAS) is comprised of
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Table 1. BS in Bioinformatics Curriculum at Ramapo College of New Jersey.

Bioinformatics Major Requirements

As of Fall 2012

Bioinformatics CORE

Credits

Bioinformatics courses (8 credits):
BIIN 430 Bioinformatics Lec and Lab Integrated
BIIN 450 Advanced Bioinformatics

Biology courses (16 credits):

BIOL 110/112 Fundamentals of Biology | & Il Lec and Lab
BIOL 331 Genetics Lec and Lab

BIOL 406 Cell & Molecular Biology Lec and Lab

Computer Science courses (20 credits):
CMPS 147/148 Computer Science | & Il
CMPS 231 Data Structures

CMPS 364 Database Design

CMPS 345 Analysis of Algorithms

Chemistry/Biochemistry courses (12-16 credits):
CHEM 110/111 Fundamentals of Chemistry | Lec & Lab
CHEM 112/113 Fundamentals of Chemistry Il Lec & Lab
CHEM 210/211 Organic Chemistry | Lec and Lab and
CHEM 212/213 Organic Chemistry Il Lec and Lab or
CHEM 205 Bio-organic Chemistry Lec and Lab

Math courses (12 credits):
MATH 121 Calculus |

MATH 237 Discrete Structures
PSYC 242 Statistics

A DD DD A DD A Do

A DD

Electives (minimum 3 courses required)

Group 1: Bioinformatics/Biology/Biochemistry (one course minimum)
BIIN 350 Molecular Genetics

Two semesters of Research Honors (SRSH 301/302)/Independent Studies/CO-OP
BIIN 351 Protein Structure and Modeling

CHEM 425 Biochemistry

CHEM 445 Medicinal Chemistry

Group ll: Computer Science / Mathematics (one course minimum)
BIIN 210 Introduction to PERL Scripting

CMPS 331 Atrtificial Intelligence CMPS 342 Computer Graphics
CMPS 361 Software Design

CMPS 369 Web Application Development

MATH 122 Calculus Il

MATH 122 Calculus Il

-h-b-bll\)-h
N

AABMDAMSAD

Credit Calculations

General Education

School Core Requirements (SCP)
Bioinformatics Core Requirements
Required Core courses

Required Electives

Free Electives

Total Credits for Graduation

78-84
68-72
10-12
8-14
128
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“convening groups” to manage individual
majors like biology, chemistry, physics,
mathematics, etc. There is significant re-
source sharing among the convening groups.
Almost all science faculty members actively
participate in multiple convening groups.
For example, the bioinformatics convening
group consists of faculty members drawn
from biology, mathematics, chemistry, and
computer science groups. The governance
structure at Ramapo College helped circum-
vent many problems commonly faced in es-
tablishing an interdisciplinary curriculum.

The undergraduate bioinformatics pro-
gram at RCNJ has evolved in the last 10
years and is now well established. Follow-
ing sections describe the current state of the
project.

RCNJ Undergraduate Bioinformatics
Curriculum

The curriculum for the undergraduate
bioinformatics program at RCNJ has been
designed to lay a solid multidisciplinary
foundation in modern life sciences, chem-
istry, and mathematics, as well as computer
science using informatics as an interdisci-
plinary cohesive tool (Table 1). In advanced
courses, students are trained to manage bio-
logical data, develop computational meth-
ods to analyze and interpret data, solve
scientific problems, and make new discov-
eries.

The first year of study in this program is
generally dedicated to introductory courses
in sciences and mathematics. Students take
two semesters each of fundamentals of biol-
ogy (BIOL 110 and 112) and chemistry
(CHEM 110-113). They also take at least
one course in mathematics (Calculus I:
MATH 121) and computer programming
(CMPS 147). All the science courses also
have associated lab sections that expose stu-
dents to the concept of experimentation, data
analysis and computation, data interpreta-
tion, and reporting. In their second year, stu-
dents typically take two semesters of organic
chemistry (CHEM 210-213) along with as-
sociated labs, statistics (PSYC 242) and dis-
crete mathematics (MATH 237) courses, a
genetics course (BIOL 331) with lab, and a
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mid level computer programming course
(CMPS 148). All along, students are as-
signed professional advisors to ensure that
they stay on course with the curriculum.
They are also encouraged, through advise-
ment, to take courses in physics. This year
essentially prepares the students for higher
level junior and senior courses in which they
will be able to integrate the concepts learned
from chemistry, biology, and mathematics
and start applying computer programming
strategies to address biological problems.

In their junior year, students will need
to take an upper level cell and molecular bi-
ology course (BIOL 406) with lab, covering
the current state of knowledge about the
cells and their biology at molecular level,
and a bioinformatics course (BIIN 430),
which covers current topics in bioinformat-
ics, including sequence analysis and align-
ments, phylogenetic analysis, structural
bioinformatics, genomics, and proteomics.
By this point, each student has been as-
signed a bioinformatics faculty member as
an adviser. In this year, students also take
upper level courses like data structures
(CMPS 231) and database design (CMPS
364) and are encouraged by the faculty ad-
visors to take a course in Perl programming
(BIIN 210). The junior year trains them well
to integrating their knowledge and skills
gained from diverse scientific disciplines of
biochemical, mathematical, computational,
and life sciences. By this time, the students
are aware of latest advances in bioinformat-
ics, understand key biological problems, and
know how to apply their technical skills to
seek solutions and manage and analyze a va-
riety of biological data, including large data
sets.

The courses in the senior year of the
RCNIJ undergraduate bioinformatics pro-
gram help prepare the students for graduate
studies and jobs in the industry. The majors
will take a high level bioinformatics algo-
rithms course (CMPS 345), followed by the
advanced bioinformatics course (BIIN 450),
which is designed to provide a capstone ex-
perience. Besides covering current topics in
bioinformatics research, the advanced bioin-
formatics course involves working on major
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research projects for designing computa-
tional tools and databases. Students also take
several electives from two groups of courses
(Table 1) to enhance their knowledge and
skills in the areas of their choice and to com-
plement the core curriculum. They are
highly encouraged by their faculty advisors
to take a course in protein structure and
modeling (BIIN 351) and an upper level
course in software development (CMPS 361
and/or CMPS 369).

Interdisciplinary curricula tend to be
generally larger than the traditional majors.
The RCNIJ bioinformatics core curriculum
ranges from 78 to 84 credits based on the
choices students make (Table 1). The com-
prehensive program helps students to be pre-
pared for a wide variety of challenges in
scientific careers.

In addition to the scientific and techni-
cal concepts, RCNJ bioinformatics majors
are also exposed to the social, business, and
ethical aspects of science as part of the
school of science core and college general
education courses. There is a key advantage
in having an interdisciplinary major like
bioinformatics at a public liberal arts insti-
tution like Ramapo College. It offers a well-
rounded curriculum leading to a compre-
hensive experience of undergraduate educa-
tion, which, in addition to equipping them
with highly technical bioinformatics skills,
also helps to create coherence and integrity
in the students and preparation for life
ahead.

Project-Based Instructions

Project-based laboratories, especially
those associated with interdisciplinary
courses, provide opportunities for adequately
comprehending cross-discipline integrated
knowledge inherent to such courses and to
develop invaluable skills for solving realis-
tic biological problems encountered in re-
search. Several mid- to upper-level courses
in the undergraduate bioinformatics curricu-
lum at RCNJ require independent research
projects. These projects involve application
of knowledge and skills learned during the
semester to solve biological problems. Pro-
vided below are descriptions of three such
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projects associated with courses of the bioin-
formatics curriculum.

Students of the junior level cell and mo-
lecular biology course (BIOL 406) spend the
last three weeks of the lab section working
on their projects. Every student is assigned a
unique partial amino acid sequence of an ap-
parently purified protein. Searching appro-
priate databases with the help of the BLAST
(Basic Local Alignment Search Tool)
[48,49] program, the students investigate if
that protein has already been identified and
previously studied. Once the protein is iden-
tified, they explore a wide variety of Inter-
net-based molecular databases and other
resources to compile information about the
structure and function of their protein and its
gene in significant details. The project re-
ports are submitted in the form of well-de-
signed and published websites dedicated to
their gene and protein. They provide detailed
information about the domain composition,
three dimensional and quaternary structure
of the protein, known functions of the pro-
tein, interactions with other proteins, and
biochemical pathway involvements, as well
as sub-cellular localization. They also pro-
vide information about alternative and tis-
sue specific gene expression, involvement
of the gene in diseases, and any treatments
that may be available. The website is heav-
ily hyper-linked to the Internet-based re-
sources in a context-specific way. This
project is quite popular, since it provides a
real-life active learning opportunity to the
students. A plus for the students is that they
can showcase the published websites in their
resumes.

Students of the junior level bioinfor-
matics course (BIIN 430) are assigned at the
end of the semester to individual research
projects for the lab component of this
course. They spend 3 weeks solving a “real-
life”-like problem using bioinformatics
skills learned during the semester. Each stu-
dent is assigned a “novel” protein, which has
“never” been studied before. (The instructor
personally “designs” the proteins by “stitch-
ing” together amino acid sequences corre-
sponding to different functional domains
obtained from a variety of proteins. A sub-
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cellular localization signal is also added.)
Every student is assigned a unique protein.
The goal of the project is to predict the struc-
ture and function of the protein using the in-
structor-provided partial amino acid
sequence. Students use a variety of bioin-
formatics skills to predict the domain struc-
ture, secondary and tertiary structure,
sub-cellular localization, and other proper-
ties of the protein using existing databases
and web-based applications that are freely
available. The project requires students to
figure out a molecular function of the pro-
tein and any diseases it may cause when mu-
tated. They get to name the protein
themselves based on their findings. Al-
though it is a lot of work, the students have
fun playing detective.

The instructor of the advanced bioin-
formatics (BIIN 450), which is a capstone
course for the BS in bioinformatics program,
works closely with the students to assign in-
dependent research projects in the beginning
of the semester. The semester projects are
designed to answer a question and consist of
original research. The research uses a bioin-
formatics/computational approach and usu-
ally includes development of new programs
and databases. For example, one of the stu-
dents worked on developing an application
to computationally footprint genes using
Bioperl and ClustalW. Another student
worked on a method to correlate physical
properties of binding sites of proteins that
bind to similar ligands. This is considered a
capstone or senior research project of the un-
dergraduate bioinformatics curriculum that
every student of the program needs to ac-
complish.

Undergraduate Research Opportunities
and Internships

Learning to apply the knowledge and
skills outside the classroom are pivotal to
student success in the graduate school and
for industry jobs. Research opportunities
provide invaluable means of active learning.
In the process, the students benefit by get-
ting trained in the latest techniques, learn to
design experiments, and thus become more
marketable for jobs and higher studies. Con-
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sequently, research is rapidly becoming an
essential component of undergraduate edu-
cation. Undergraduate level research expe-
riences are particularly important for the
students of interdisciplinary curricula be-
cause they help integrate cross-disciplinary
knowledge effectively via direct application
of interdisciplinary skills to solving real
problems. Therefore, in addition to incorpo-
rating research into the curriculum, there is
a need for the bioinformatics programs to
provide sufficient extra-curricular research
opportunities.

RCNJ bioinformatics faculty members
are actively engaged in research and en-
courage involving undergraduate students in
their research projects. Several of these re-
search efforts represent cross-disciplinary
collaborations, for example, between com-
puter scientists and biologists. Interdiscipli-
nary research efforts have led to greater
collaborations for developing interdiscipli-
nary courses and eventually the bioinfor-
matics curriculum at RCNJ.

Owing to the growing interest in under-
graduate research, the school of Theoretical
and Applied Science (TAS) at RCNJ, in
which the undergraduate bioinformatics pro-
gram resides, has established a Research
Honors program. It provides a structured
system for students to regularly engage in
independent research under the mentorship
of faculty members for two to four semes-
ters. This experience can count toward elec-
tive credits in the bioinformatics curriculum.
Establishment of this research program has
significantly increased the number of fac-
ulty-student research projects. Typically,
bioinformatics undergraduates get involved
in the research honors program after their
sophomore year and continue working on
their research projects until they graduate.

Faculty-student research endeavors
have resulted in several top quality research
projects in the bioinformatics program at
RCNIJ. For example, one of the projects in-
volves studying G-quadruplex structural
motifs as cis-regulatory elements of post-
transcriptional gene expression. This project
has resulted in the development of many
bioinformatics web servers and databases
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(http://bioinformatics.ramapo.edu/GQRS/)
designed by collaborative efforts of faculty
and undergraduate bioinformatics students.
These tools help predict cis-regulatory mo-
tifs in the genomic and expressed nucleotide
sequences and have been used to perform
genome wide bioinformatics studies [50].
Other research projects in the bioinformat-
ics program have involved, for example, ex-
ploration of ligand sites on the malarial
parasite proteins using structural bioinfor-
matics approaches, identification and func-
tional characterization of genes involved in
the regulation of bone mass, and evolution
of proteins involved in cystic fibrosis.

The bioinformatics faculty-student re-
search projects have resulted in more than
35 conference presentations, including sev-
eral international conferences, by faculty
and undergraduate students in the past 5
years alone. RCNJ bioinformatics under-
graduates have, in fact, won multiple awards
for their research accomplishments at re-
gional conferences. In recent years, bioin-
formatics faculty and students have
co-authored many publications in interna-
tional peer-reviewed journals [50-53].

The school of Theoretical and Applied
Science organizes its own student research
conference every year. Bioinformatics un-
dergraduates make good use of the local
event to get their first conference experience
at home and hone their presentation skills.
In addition, the weekly journal club has
proven a great way for students to learn
about recent developments in bioinformat-
ics and related fields.

In addition to the research opportunities
on campus, the students are highly encour-
aged to seek off-campus training opportuni-
ties in the form of research internships and
co-ops in academia and industry. These expe-
riences are important for them to broaden their
skills, apply the knowledge they have ob-
tained in the classroom, and gain invaluable
hands-on experience. Many RCNIJ bioinfor-
matics majors opt for paid summer internships
at top-ranked research universities. For exam-
ple, students have been able to intern in Cor-
nell University's plant genome research
project. Students have also been successfully
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able to work in the local pharmaceutical in-
dustry to gain on-the-job work experiences.

Undergraduate research experiences
provide a glimpse into the expectations of
the graduate school and provide essential
skills and the ability to succeed in doctoral
programs. Research and internship experi-
ences are also essential for marketability and
success in post-baccalaureate jobs in the
pharmaceutical and biotech industry.
Prospective employers look for trainable
candidates. Past experiences working on in-
dependent research projects are instrumental
in determining the suitability of job candi-
dates with desired skills and abilities.

Career Placements

The Ramapo College bioinformatics
program prepares students to obtain em-
ployment in the industry and academia, pur-
sue graduate education, careers in medicine
and related disciplines, or engage in research
in this technological field of great demand.
The breadth as well as depth of knowledge
obtained from a well-rounded, comprehen-
sive interdisciplinary curriculum, combined
with a variety of research experiences, help
prepare the students for doctoral programs
as well as industrial jobs. That is why per-
haps the bioinformatics program has had im-
pressive student placement record.

The majority of the RCNIJ-trained
bioinformaticists have been accepted into
elite doctoral programs like those at the Uni-
versity of Pennsylvania, Cornell University,
Albert Einstein College, Columbia Univer-
sity, and Yale University. RCNJ bioinfor-
maticists have also been very successful in
finding jobs in the pharmaceuticals and
biotech industry.

Although the RCNIJ bioinformatics cur-
riculum is well balanced in terms of provid-
ing training in life sciences and computer
programming, trained bioinformaticists gen-
erally show a dichotomy in their prefer-
ences. Some students are a bit more
interested in the molecular biology as com-
pared to the computer science. They tend to
pick more elective courses related to their
interest. On the other hand, some students
prefer computer programming. RCNJ bioin-
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formatics program has evolved in the last 10
years to provide sufficient background for
every graduate to develop a balance of skills
or be successful in either direction. RCNJ-
trained bioinformaticists with biology pref-
erence have sufficient training in “wet”
bench experimentation techniques to work
as molecular biologists, and at the same time
to communicate aptly with computer scien-
tists. Computer science-oriented students are
trained well enough to be successful as pro-
grammers as well as capable of working
closely with “wet” bench research scientists.
Consequently, RCNJ-trained bioinformati-
cists have been successful in working as
bioinformaticists, computer programmers,
and molecular biologists.

The undergraduate bioinformatics pro-
gram prepares students for a variety of career
choices, including medical school. The
courses in the RCNIJ bioinformatics curricu-
lum are sufficient for students to prepare for
careers in medicine. The curriculum contains
most of the courses, such as biology, chem-
istry, organic chemistry, genetics, and molec-
ular biology, needed for the pre-med track.
Students can choose appropriate courses from
the list of electives, such as biochemistry and
higher level calculus, and take additional
courses like physics as free electives within
the credit limits for graduation from RCNJ
with a BS in the bioinformatics program to
prepare for medical school. Since bioinfor-
matics research is directly applied to modern
medicine, it only makes sense for bioinfor-
maticists to pursue careers in this field.

CONCLUSIONS

Bioinformatics can be introduced into
the undergraduate curricula by infusing its
concepts into existing courses and develop-
ing tracks of bioinformatics in existing ma-
jors. However, there are many challenges in
developing an undergraduate level bioinfor-
matics program that needs to be carefully
designed as a well-integrated and cohesive
interdisciplinary curriculum that prepares
the students for a variety of career options.

Several new undergraduate programs
have been developed in recent years by
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overcoming many challenges. Ten years
ago, Ramapo College of New Jersey
(RCNJ) became the first in the state and one
of the first primarily undergraduate colleges
in the United States to offer a baccalaureate
degree in bioinformatics. Being a liberal arts
institution, RCNJ offers a well-rounded and
balanced curriculum leading to a compre-
hensive experience of undergraduate educa-
tion.

The RCNJ undergraduate bioinformatics
program has evolved over 10 years and has
had many successes. It provides many op-
portunities for undergraduate research expe-
riences inside and outside the classroom. As
apparent from their successful placements,
the graduates of this program are well pre-
pared for doctoral programs as well as jobs in
the industry. The undergraduate bioinformat-
ics program successfully prepares students
for a wide variety of career options.
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