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research indicates that these regions play a role in regulating gene expression. Long strands of DNA tightly
wrapped around proteins form threadlike structures referred to as chromatin. Prior to cell division,
chromatin further condenses into structures known as chromosomes that can be seen with a microscope.
Humans have 22 pairs of autosomes and one pair of sex chromosomes.
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Chromosomes can be isolated and stained, producing light and dark bands. The banding patterns provide a
useful framework for referencing a specific region‘of a chromosome, much as longitude and latitude
coordinates reference a specific location on the globe. Location of the centromere on a chromosome
produces a long arm (q) and a short arm (p). Chromosomes can be mapped using a coordinate system
including chromosome number, arm, and band position. For example, a gene location may be narrowed
down as follows: “chromosome 1, arm q, in band 16, sub-band 4,” which is presented in standard
chromosome mapping notation as “1q16.4.”
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What is the Human Genome Project?

A genome is the complete genetic information of an organism, or its entire DNA sequence of base pairs.
study of organisms’ genomes is referred to as genomics. The Human Genome Project was formally started
in 1990 and completed in 2003 through the combined efforts of over 2,000 scientists in six countries. The
goals of the Project were to determine the order of the approximately three billion base pairs in human
DNA, identify all human genes, and store this information in freely accessible databases for future research.
Over the course of its 13 years, the Human Genome Project cost about 3 billion dollars to complete. To
store the massive amounts of data generated by the project, public databases were developed. With the
knowledge gained from the sequencing project, scientists have the tools to study interactions between
genes and environmental factors, including those that result in disease. Scientists are now working toward
identifying the function of each gene in the human genome and sequencing the genomes of other
organisms.

Technological improvements that stemmed from the Human Genome Project include advances in
sequencing technologies. As sequencing technology advances, the cost of sequencing an organism’s
genome drops. In the near future, it will likely be possible for an individual to have his or her genome
sequenced for a price comparable to that of other common medical tests. Personal genome sequencing is
an important step toward individualized medicine, in which knowledge of an individual’s genetic variation
influences the selection of medical treatments for that patient. This leads to ethical and legal concerns,
including the security of personal genetic data. In response to that issue, GINA, or the Genetic Information
Nondiscrimination Act of 2008, was created. This law helps protect patients by declaring that insurance
companies may not use genetic testing information to refuse insurance coverage. Employers cannot use
genetic information as a basis for hiring, firing, or promotion decisions.

What is DNA Sequencing?

DNA Sequencing is the method used to determine the order of nucleotides in a segment of DNA. Early
work on the Human Genome Project was done using a method called Sanger sequencing. Current
sequencing work uses new technologies referred to as next-generation sequencing. Both sequencing
methods utilize the base-pairing rules at work during DNA replication. In sequencing, special nucleotides
that cause early termination are fluorescently tagged and added during elongation, the building of the
complementary strand. The fluorescent nucleotide may be randomly incorporated instead of a regular
nucleotide. When this happens, the elongation of the complementary strand stops. Therefore, each strand
produced is of a different length, with varying fluorescent nucleotides on each end. In order to find the
order of A's, C's, T's, and G's, these fragments are separated by electrophoresis and read by computers. This
process reveals the order of nucleotides for a given piece of DNA. Sequencing methods are continually
being refined, but all the methods take advantage of regular base-pairing rules.

During the Human Genome Project, the gost of sequencing the three billion base pairs was about a dollar
per base pair. Current technologies have reduced that costto a fraction of a cent.

What is Bioinformatics?

Bioinformatics is a fusion of biology, computer science, and information technology. Biological data (DNA
sequences, amino acid sequences, protein structure, etc.) is stored in an easily accessible form—a database.
A database is a collection of related information that can be searched in a computer system. The field of
bioinformatics focuses on analyzing biological data and developing software tools. The science of
bioinformatics helps scientists manipulate a great deal of data very quickly. One aspect of bioinformatics
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allows scientists to generate three-dimensional images of proteins, which give them new insights into the
proteins’ functions in the human body and elsewhere. With this technology, scientists can learn more about
how a change in protein structure leads to a change in protein function. Scientists can also use new
technologies to compare similar genes in different organisms. For example, scientists can learn more about
Huntington’s disease by studying the effects of a similar disease caused by a similar gene mutation in mice.
The field of bioinformatics continually explores new ways to collect, analyze, and present DNA data.

What is a biological database?

Due to the large volumes of DNA data being generated each day in labs from around the world, scientists
have developed a specialized system of managing the information. NCBI (National Center for Biotechnology
Information) is a U.S. government agency that serves as a clearinghouse for biological information. The NCBI
website includes more than 30 different databases and other biological resources. One of NCBI's commonly
used search tools is BLAST (Basic Local Alignment Search Tool). For this activity, BLAST will be used to
compare an unknown nucleotide sequence with those sequences stored in the database.
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Materials
Electropherogram Sequence Sheet
Patient Card (case study)
GeneBook template
Student Guide
computer with Internet access
Procedure

Day 1: GeneBook

T

Read the background information and answer the Pre-lab questions. Be prepared to discuss your answers
with the class.

. Follow your instructor’s directions to create the Genes and ConSEQUENCES GeneBook. This will be used to

record research information.

. Electropherograms are graphic representations of the readings made by a computer as the fluorescently

tagged segments of DNA exit a sequencing gel. Each peak indicates the nucleotide present in that position
of the sequence. Electropherograms are read from left to right and each nucleotide signal is presented in a
different color. Refer to the following color chart to complete the missing nucleotides in your sequence.
Copy all of the nucleotides, including those that have been provided, onto the My SEQUENCE portion of
your GeneBook.

Nucleotide Color
Adenine (A) Green
Thymine (T) Red
Guanine (G) Black
Cytosine (C) Blue

. Using normal base-pairing rules, record the complementary base sequence in the space provided on the

My COMPLEMENT SEQUENCE Tab. Make sure that the complement sequence is visible on the tab. In the
space labeled “Notes,” record key concepts about replication from your textbook, notes or instructor.

. Transcription is the process of making single-stranded mRNA from DNA. Using the coding rules for

transcription, use the complement sequence from the My COMPLEMENT SEQUENCE tab to create a
transcript, or RNA copy of the sequence.

. In the space labeled “Transcription Notes,” complete the Venn diagram comparing and contrasting RNA

and DNA. Record key concepts about transcription from your textbook, notes, or teacher.

. Translation is the process of using the mRNA codons to form a string of amino acids. Use a codon chart to

find the sequence of amino acids represented by your transcript. Record your amino acid sequence on the
My AMINO ACID SEQUENCE Tab.

. Your instructor will provide you with a “Patient Card.” Record your patient’s sequence from the card in the

space provided. Use the methods used in Steps 4-7 to determine your patient’s complement sequence,
transcript, and amino acid sequence. Record your original sequence in the space provided for comparison.

. Compare the patient sequence given to you by your instructor to the sequence in the My SEQUENCE

portion of your GeneBook. Determine the type of mutation (e.g..inversion, insertion, deletion). Compare
My AMINO ACID SEQUENCE to the patient’s amino acid sequence. tave-any changes occurred?
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Use the information from the My PROTEIN flap to answer the questions in the “Comparison of Amino
fy the type of mutation and describe how the change will affect the

protein produced.

Day 2: NCBI

1

Follow the BLAST protocol to access and use this online tool. Use your original sequence. Use the NCBI
BLAST search tool to find the name of your gene and the protein it produces. Use the BLAST results page
to record the following on the appropriate tabs:

* genename

« gene location

e protein name

« protein function

Open the My PROTEIN tab of your GeneBook to the section labeled Protein Function, and record your

2z
protein function.

3. Use the patient’s sequence to repeat your BLAST search. Pay attention to any differences in the search
results.

4. Use the information from BLAST to determine the disorder that your patient’s sequence causes. Use the
information from the “Genes and Diseases” or another site to answer questions about your specific
disorder in the My GENE tab of your GeneBook. :

5. Once all sections of the GeneBook have been completed, use the information in your GeneBook to answer
the Post-lab Questions.

BLAST Protocol
1. Go to http:/Avww.ncbi nim.nih.gov
2. Click on the button under “Popular Resources” on the right or find BLAST in the “All Resources”
section on the left.

3. Under the heading #Basic BLAST,” click on “nucleotide blast.”

4. Enter the data into the “Enter Query Sequence” box.

5. Enter the sequence as shown. Select reference mRNA sequences (refseq rna) under “Database.” Under
“organism"” type: Homo sapiens. Press the button at the bottom of the screen.

6. The screen contains the results of the Query. Click the accession number.

7. Look on the definition line to determine the name and symbol of the gene.

8. Then close the browser. 2

9. The screen contains the results of the Query. Under “Related Information,” click “Gene” link.

10. The Gene link directs the browser to Entrez Gene, another database within NCBL. It also contains the gene

name and symbol. Scroll down to #Genomic context” and find the specific location of the gene.

11. Click on the icon at the top of the page to return to the NCBI Home page. Click “All Resources

Aa-2."

12. Select “Genes and Disease.” Enter the name of the disease into the search box.

13. Select the disease from the list of results. A summary of the information pertaining to the disease will

©2014 HudsonAlpha Insttute for Biotechnology
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Bioinformatics Careers

Career Title Job Description Average Required Education Preparation
Salary
Molecular biologists study Those with simply a Take advantage of
the structure of B.S. may have a little | every opportunity to
molecules, such as DNA, trouble finding a job | work in a lab setting,
and proteins in order to in this field, but that | but remember that
manipulate them to cure degree coupled with a | quality (of research) is
diseases. They find few years of research | more important than
themselves researching in is at least equivalent | quantity (of
the lab, teaching in the to an M.S. Most positions). Make the
Molecular classroom, traveling ~$66,000 | people with an M.S. time your employer
Biologist around the world to ayear |workin the lab—it spends training you
attend conferences, and takes a Ph.D. or worthwhile—be sure
presenting their research higher to run one’s you are able to stay in
at such conferences. own lab! Possible B.S. | a position for a long
majors are Biology time (at least 6
and Chemistry, while | months to a year) so
the Ph.D. should be in | that you can
Cellular and/or contribute to the
Molecular Biology. research.
Computational biologists Because Be prepared to think
combine their computational biology | outside the box.
mathematical skills with is a fusion of Practice problem-
scientific research to mathematics and solving, critical
discover patterns in biology, workers in the | analysis, computer
biological data such as field come from both | programming, and
< ene expression. These backgrounds. Some basic bio-smarts.
C?mp u.tat:onal giologists use statistics =$100,000 begin their careers Pursue every interest.
Biologist and computer programs ayear | ith degrees in Technologies are
(that they often write Mathematics and always changing, and
themselves) to express Computer Sciences, the most successful
and organize large while others start with | people are those who
amounts of data and to Biology and develop can apply their skills
draw conclusions from their computer skills to many different
the data sets. later on. fields.
Bioinformaticians work as A mastery of two Network—
liaisons between product fields is required to opportunities come to
developers and excel in this field. those who look for
customers. They know Bioinformaticians them. Apply yourself
what is possible, and they ~$100,000 often have degrees in | in science and
Bioinformatician | know how to make it 5 ye'ar both a life science and | mathematics and

happen. They often
complete contracts with
potential buyers and
funders.

an engineering field.
Many pursue an M.S.
or Ph.D, buta
Bachelor’s degree will
often suffice.

work hard to get your
name out in the field.

Additional Information and Career Profiles can be found a%:/wﬁv.hudsonalpha.org/e’db?aﬁon
i g -

©2014 HudsonAlpha Institute for Biotechnology.
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What is PCR?

The polymerase chain reaction functions essentially as a molecular copy machine, a laboratory version of
DNA replication that focuses on a specific DNA region to copy. PCR protocols include the following
ingredients:

« Template—the DNA to be amplified

« Primers—two short specific pieces of DNA whose sequence flanks the target sequence to be copied
both in the forward direction and in the reverse direction

* Nucleotides—dATP (deoxyadenosine triphosphate), dCTP (deoxycytosine triphosphate), dGTP
(deoxyguanine triphosphate), dTTP (deoxythymine triphosphate)
v

* Magnesium chloride—enzyme cofactor
« Buffer—maintains pH and contains salt

o Heat-stable DNA polymerase—an enzyme initially purified from a thermophilic organism (an organism
adapted to hot places, such as hot springs or deep-sea thermal vents)

These chemical components are mixed together and placed in a thermal cycler, a machine that takes the
reaction through a predetermined sequence of time and temperature settings. At the beginning of the
cycle, the temperature is increased to around 95°C, which causes the DNA strands to separate (denature).
The temperature is then cooled to between 50-60°C, which allows the primers to bind (anneal) to the DNA
on either side of the target region. The temperature is then increased to 72°C, activating the Taq
polymerase, adding the nucleotides to the ends of the primers and extending a newly replicated copy of
the DNA strand. This sequence of denaturation, annealing, and extension continues for 24-40 cycles. Each
cycle doubles the number of copied fragments, leading to an exponential increase in target fragments. A
PCR program consisting of 30 cycles produces over one million copies of the targeted sequence—enough
DNA to be visualized using gel electrophoresis.

Y
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Codon Usage Chart

F

First Position

uonIsod Pyl

PHE SER TYR cvs u

U | PHR | sEr TYR cvs €
| Lev SER STOP | STOP A

LEU SER STOP | TRP G

LEU PRO HIS ARG u

c LEU PRO HIS ARG &
[Leu | PRO | GIN | ARG A

LEU PRO GLN ARG G

ILE THR ASN SER U

A ILE THR ASN SER C
ILE | THR LYS ARG A

MET | THR LYs ARG G

VAL ALA ASP GLY u

G VAL | ALA ASP GLY C
VAL ALA GLU GLY A

VAL ALA GLU GLY G
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NCBI Quick Guide
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ORIGIN
1 gectgeeggga cgggtccaag atggacggoc getcaggtic tgottttace tgeggeccag
61 agccccattc attgeccegg tgoctgagegg cgeocgegagt cggoccgagg ccteccgggga
121 ctgecgtgee gggogggaga cogecatgge gaccctggaa aagctgatga aggecttcega
181 gtccctcaag tccttccagec agcagcagea gcagcagcag cagcagceage ageageagea
241 gcagcagcag cagcagcagc aacagecgcc accgecgecg ccgecgecge cgoctoctea
301 gcttectcag ccgecgeoege aggcacagec gotgetgect cagecgeage cgeccecgec
361 gccgoeccccg cocgocacccg goccggotgt ggoctgaggag ccgotgeace gaccaaagaa
421 agaactttca gctaccaaga aagaccgtgt gaatcattgt ctgacaatat gtgaaaacat
481 agtggcacag tctgtcagaa attctccaga atttcagaaa cttctgggea tcgetatgga
541 actttttctg etgtgcagtg atgacgcaga gtcagatgtc aggatggtgg ctgacgaatg
601 cctcaacaaa gttatcaaag ctttgatgga ttctaatctt ccaaggttac agctcgaget
661 ctataaggaa attaaaaaga atggtgcccc tcggagtttg cgtgectgeece tgtggaggtt
721 tgctgagectg gotcacctgg ttcggoctca gaaatgecagg ccttacctgg tgaaccttct
781 gcecgtgectg actcgaacaa gcaagagacc cgaagaatca gtccaggaga ccttggetge
841 agctgttccc aaaattatgg cttcttttgg caattttgca aatgacaatg aaattaaggt
901 tttgttaaag gecttcatag cgaacctgaa gtcaagetce ceccaccattc ggeggacage
961 ggctggatca gcagtgagca tctgcocagca ctcaagaagg acacaatatt tctatagttg
1021 gctactaaat gtgctcttag gottactcgt tcctgtcgag gatgaacact ccactctget
1081 gattcttgge gtgoctgetca ccctgaggta tttggtgeee ttgetgecage agcaggtcaa
1141 ggacacaagc ctgaaaggca gecttcggagt gaca; =
1201 tgcagagcag cttgtccagg tttatgaact gacg At the very bottom of the GenBank
1261 caatgttgtg accggagccc tggagctgtt gg”’ Information Page is the gene’s
1321 gcttctgcaa accctgaccg cagtcggggg entire mm(mm
1381 gtctggtgge cgaagccgta gtgggagtat tgt
1441 atgcagccct gtcctttcaa gaaaacaaaa aggcaaagtg ctcttaggag aagaagaage
1501 cttggaggat gactctgaat cgagatcgga tgtcagcage tctgecttaa cagectcagt
1561 gaaggatgag atcagtggag agctggctgc ttcttcaggg gtttccactc cagggtcage
1621 aggtcatgac atcatcacag aacagccacg gtcacagcac acactgcagg cggactcagt
1681 ggatctggece agectgtgact tgacaagotc tgeocactgat ggggatgagg aggatatctt
1741 gagccacagc tccagccagg tcagegecgt cccatctgac cctgecatgg acctgaatga
1801 tgggacccag gcctcgtege ccatcagcga cagctcccag accaccaccg aagggectga
1861 ttcagctgtt accccttcag acagttctga aattgtgtta gacggtaccg acaaccagta
1921 tttgggcctg cagattggac agccccagga tgaagatgag gaageccacag gtattcttce
1981 tgatgaagcc tcggaggoct tcaggaactc ttccatggoc cttcaacagg cacatttatt
2041 gaaaaacatg agtcactgca ggcagccttc tgacagcagt gttgataaat ttgtgttgag
2101 agatgaagct actgaaccgg gtgatcaaga aaacaagcct tgccgeatca aaggtgacat
2161 tggacagtcc actgatgatg actctgcacc tcttgtccat tgtgtccgee ttttatctge
2221 ttcgtttttg ctaacagggg gaaaaaatgt gctggttccg gacagggatg tgagggtcag
2281 cgtgaaggee ctggecctca gotgtgtggg agcagetgtg gecctecace cggaatcttt
2341 cttcagcaaa ctctataaag t%gctcttga caccacggaa taccctgagg aacagtatgt
2401 ctcagacatc ttgaactaca tcgatcatgg agacccacag gttcgaggag ccactgccat
2461 tctctgtggg accctcatct geotccatcct cagcaggtce cgcttccacg tgggagattg
2521 gatgggcacc attagaaccc tcacaggaaa tacattttct ttggeggatt gecattccttt
2581 gctgcggaaa acactgaagg atgagtcttc tgttacttge aagttagett gtacagetgt
2641 gaggaactgt gtcatgagtc tctgcagcag cagctacagt gagttaggac tgecagctgat
2701 catcgatgtg ctgactctga ggaacagttc ctattggctg gtgaggacag agettctgga

DTET mammmbbmns mamabbaack bramanbant caccbbbbbe maseeaazas famaaasckk

S-16 MHM ©2014 HudsonAlpha Istitute for Biotechnology





[image: image14.jpg]Genes and ConSEQUENCES: Using Genetic Databases . Appendix

Entrez (pronounced ahn’ tray)
Gene Information Page reached
by clicking “Gene” under

“Related Information.”

HTT huntingtin [ Homo sapiens (human) ] i 3 Ils the ¢ i
; e This page also tells the gene’s title
- and symbol, under Summary. . O e, e s
Oyl HTT o 5
Ot Pl . g josinion
‘Primary source HONC.485T = Patheays.
et oscooraTi, SO WS Ve TR MRS S P
Gene typa  proein codng. Marsers, Homoiogy, Gens ONDZY.
Aty REVEWED =y
posmges Oty
ineage veazos Cranista: Earena Prmates. Catantini. Home e
Moo TS Rt s
p— P g e f . T gy i e A
e g e 3 stk Ay o e o i st s b il =
e v o et s Tt e e ey R it 4 B2 S E
gy - e s e nvedom o o o, Neeod norion

ey 2.

o...—-.,--.——,mnu--—-.—-—-;._-.-u-.__--—-—--mmu-_m,-—vv-
.‘-—_‘-m—n——-w-—mm-—\-\-..—-.-mm-.mu-m..ua-m ‘ons cantte s
el ot 1. gty i e, wich s ity o vt v raoets T gans contans 30 s 000
.—.mmn;mmn—_—uuum«—--nm---_—-w—-m 200

- Ganomie contxt
Locaton: 4153 Sea HIT in Edgmeamics
oo Comomoscene: 4 NC.000004 1 (0076408 S245887)

. Chromosome &-NC.0000BA 11
s o
e —————

This Summary, gives the location

of the gene, what mutation causes

the related disease, and how the | s
mutation produces symptoms. |

Summary  Huntiogt s 3 Gassse gensrked to Huntngin's dissase. 2
rnuciootde repast i he huntingin gene, WhCh 750

ey onas ecuired fo nomal ¥ Related information
e e anecrt s spprimatly 137 Kb an 3 expressd redominardy n a0t 30 (! - e 0 suctums

e oo oo 10 Hontgns sasse iy ok pecssary lminge Uascrigin o st e rupaty O tha MRNA sk e furcton o e rlen. Ove condidte = _ lokssay

e k-1, igny expressed o rin, W s iy o rotn Wit =
g ram i the & UTR that s ol tne gene procuct teough

ey
‘Under the heading Genomic

- Ganomie context

context is the location of the gene
= 49183 . 2 g s
ool oy on its chromosome. In this case,
ey chramesame 4G 5000411 o k the gene is located at 4p16.3.
e :
w7 = s
oo e

2w
= - - —
-~ -

4 s s & Bty CARQUINA  S-17





