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Conclusion

Our program is the first step in

digitally analyzing gel-electrophoresis

tests. The final program oriented

imagesby rotatinga regressionline of

detectedpoints on upper and lower

edgesof gels. Theprogramemployeda

lane-detection algorithm, which split

lanesthathada width greaterthantwo

times the mean lane width. A noise-

reductionalgorithmsubtracted90% of

the average background brightness

valuesfrom respectedlane brightness

values. The band-detection algorithm

wasusedto detectbandsusinga single

peak-trough association and to

associatebase-pair values with pixel

coordinates. Finally, using a database

of band locations for HPV types, the

test-interpretationalgorithm separated

expectedbandsfor eachHPV type into

two groupsðprimary and secondary

bandsðbasedon bandsthatarecrucial

for human diagnosis. The algorithm

first looked for the primary bandsfor

each HPV type on a gel, and if all

primarybandswerepresenton thegel,

the algorithm used secondary HPV

bandsto calculatea percentcorrelation

for the tested HPV type. When we

rankedeachHPV type that passedthe

primary checkand comparedthe most

highly correlated HPV type in the

secondarycheck to the human-review

process,our program yielded a 19%

accuracy rate. However, human-

reviewedresultscorrelated43% of the

time whencomparedwith our top three

HPV-type choices. And, human

reviewedresultscorrelated54% of the

time when compared with all HPV

types that passedthe primary check

from ourprogram.

Discussion

The next step for our researchis to

develop a more accurateDNA band-

detectionalgorithm. We plan to usea

trigonometricregressionto modeldata

points in a two-dimensional

representationof a lane,similar to the

one-dimensionalanalysis used in the

band-detectionalgorithmof our current

program. Unlike the currentalgorithm

that finds the slopebetweeneachdata

point, this model will allow us to find

continuous derivatives of the

trigonometricregression,which will be

usedto find local maximaon the one-

dimensional lane representation. We

anticipate that this will work better

because instead of finding slopes

betweentwo or threepixels that results

in inaccuratepeak locations, using a

trigonometricregressionwill allow us

to find theslopeat eachpixel. Not only

will this smoothout thediscretevalues,

this method will help to alleviate

problemscausedby artifactsin agel.

If usinga two-dimensionalmodeldoes

not result in 95% accuracy,then next

stepwill be to model the entire gel in

R3 (three-dimensionalmodel). Unlike a

two-dimensional method that uses

averagevalues of lane brightness,a

three-dimensional model will use

actualbrightnessvaluesfor eachpixel,

providing a more accuratemodel of

DNA bands.

To optimizethe final program,we will

loop through eachstatic cut-off value

in every algorithm within a specified

range to find all permutations. Then,

the accuracyrate of eachpermutation

will be calculatedusing the protocol

describedin Prototype5b, and results

from the version of the programwith

thehighestaccuratewill beused.

Once the program shows 95%

accuracy when comparedto human-

reviewedresults,the next stepwill be

to re-engineer the program to work

with otherelectrophoresistests,suchas

those for Chlamydia, Ghonneria,

Cystic Fibrosis, and Inherited

Thrombophilia. This could allow our

program to be incorporated into

laboratory use, increasingproficiency

while decreasingthe time, cost, and

errors of running gel-electrophoresis

tests.
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The objective of our study was to develop a web-based Java program to quantitatively 

interpret DNA-based gel-electrophoresis tests for Human Papillomavirus(HPV). The 

program was designed to avoid the time, cost, and errors that result from human-based 

analysis of gel tests. The program implemented the following five algorithms:

ÅOrientationAlgorithm: this algorithmvertically orientedthe gel portion of

UV gel-electrophoresisimages;

ÅLane-DeterminationAlgorithm: this algorithmdeterminedthe left andright

boundariesof eachgel lanein electrophoresisimages;

ÅNoise-ReductionAlgorithm: this algorithmdecreasedthe backgroundnoise

in thegel to increasethedefinitionof eachDNA band;

ÅBand-Detection Algorithm: this algorithm defined each DNA band and

determinedits base-pair locationbasedonDNA ladders; and

ÅTest-Interpretation Algorithm: this algorithm compared DNA-band

locationsto standardbandlocationsfrom adatabaseof HPV types.

Gel electrophoresishas beena staple

of genetic testing since the 1970s,

when agarose gel-electrophoresis

testingwas developed. To preparefor

gel electrophoresis,proteins,DNA, or

RNA fragments are extracted and

purified from samples containing

cellularmaterial. Next, thesefragments

are cut using restrictionenzymeswith

thermocycling. These fragments are

loadedonto a porousmatrix polymer

gel of either agaroseor acrylamide,

and a base-pair ladder is added that

contains proteins with standard

molecularweightstypically in 50 base-

pair intervals. A currentis thenapplied

acrossthis gel, causingthe migration

of thefragmentsthroughthegel matrix

at ratesdependingon their molecular

weights. Finally, a stainðtypically

ethidiumbromideðis addedto the gel

so that the fragmentsfluoresceunder

UV light, and an image is taken for

interpretation(1).

Traditionally, gel-electrophoresistests

have been interpreted by human

reviewers. Although recently-

developed computer programs aid

human interpretation of gel

electrophoresis tests, no existing

software fully automatesthe process.

Thus,the next logical optimizationfor

gel-electrophoresis testing is to

digitally automatetest interpretation.

The program that we engineered

automates all steps of gel

interpretation; therefore,our program

hasthepotentialto decreasethecostof

analyzing genetic tests and provide

more objective and more immediate

results to patientsby eliminating the

need for human interpretation. HPV

gels are more time-consuming for

humans to interpret than those for

Chlamydia, Gonorrhea, Inherited

Thrombophilia, and Cystic Fibrosisð

themostcommondiseasestestedusing

electrophoresisgelsðdueto the

variety of typesandthe complexityof

the electrophoresisimage produced

(1). Becauseof this, we applied our

algorithm to fully automate

interpretationof gel testsfor HPV.

HPV hasbeenshownto causecervical

cancer,the second-mostcommontype

of cancerin women; a studyby Muñoz

et al. (2003) showedthat 96% of the

womenwith cervical cancerand 13%

of patientsin a control group had at

leastone type of HPV, indicating that

HPV causes an elevated risk of

cervical cancer. The study also

identified typesof HPV most likely to

causecervical cancer (Appendix A).

We usedthis list of HPV typesin our

test-interpretation algorithm when

associating HPV types with band

locations(2).

Previousresearchby Ye et al. (1999)

proposed a two-step plan for gel

interpretation that involved, first,

enhancing gel images using

background filtration, and, second,

extractingone-dimensionalDNA band

locations from the two-dimensional

image. The study by Ye suggested

using edge detectionas a method to

separateDNA bandsfrom background

gel, as well as using the slope of

luminous-intensityvaluesfor pixels to

locateDNA bandsin agivenlane(3).

Further information from a gel-

electrophoresis reviewer handbook

suggestedmethods by which HPV

types could be reviewed and

interpretedusing a three-step review

protocol: confirming gel orientation,

reviewing assay controls, and

reviewing patient samples (4). We

combinedthis protocol with methods

suggestedby Ye to create our Java

program.

Introduction

Background

Orientation Algorithm

We engineeredthreeprototypesto horizontally orient the

geledgeswithin a gel electrophoresisimage.

Lane Detection Algorithm

We engineeredtwo lane-detectionprototypesto determine

and mark the boundariesof vertical patientsamplelanes

within thegel image.
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The orientation algorithm first obtained a gel-electrophoresis image

OrientationPrototype1a useda single-gradientcutoff value

to detect pixels on the gel edge and reorient the image

accordingly but was unsuccessfulbecauseit could not

compensatefor gel imagesthatweretoo dim comparedto the

background.

Orientation Prototype 1b used a variable gradient cutoff

method to detect top-edgepoints and re-orient the image.

This prototypecouldnot properlyre-orientgelswith artifacts

at thetopof theimage.

Lane-DetectionPrototype2a usedvariable intensity cutoffs

to detectand define the edgesof laneson the gel image.

However,prototype2a setDNA laneboundariesincorrectly

whengelartifactsspannedlanes.

Lane-DetectionPrototype2b was engineeredto split DNA

lanesthatweremorethantwo timestheaveragewidth of all

DNA lanes. This prototype was successful and was

integratedinto our final program.

Noise Reduction Algorithm

We engineeredtwo noise-reductionprototypesto reduce

background noise and enhanceband definition within

patientlanes.

Noise-Reduction Prototype 3a used a full -image contrast

adjustmentmethod to decreasevariations in background

brightness. However,this methodresultedin degradationof

banddefinition.

Noise-ReductionPrototype3b useda lane-basedbrightness

adjustment method to normalize lane brightnessesby

subtractingtheaveragebackgroundbrightnessfrom thelane

brightness. This prototypewassuccessfulandwasintegrated

into our final program.

Band Detection Algorithm

We engineeredfour band-detectionprototypesto detect

DNA bandswithin the imageanddeterminethe base-pair

(molecularweight)valueof eachdetectedband.

Band-DetectionPrototype4a usedstaticbrightnessandslope-

cutoff values to detect DNA bands. This band-detection

prototype detectedwell-defined bandsbut could not detect

smearedor ill -definedDNA bands.

Band-Detection Prototype 4b used a two-sided crest and

trough detection method to locate DNA bands and was

approximately80% successfulbut couldnot detectsmearedor

ill -definedbands.

Band-DetectionPrototype4c useda one-sidedcrestandtrough

detectionmethodto locateDNA bands. This prototypedetected

about90% of all DNA bandsbut only detectedapproximately

half of smearedbandspresentin gel images.

OrientationPrototype1c re-orientedgels using a regression

of points comprising either the top or bottom of a gel

depending on which side yielded better results. This

prototypewas successfuland was integratedinto our final

program.

We engineeredtwo test-interpretationprototypesto equateDNA

bandlocationsin a patientsamplewith a typeof HPV.

Test Interpretation Algorithm

Original Gel 
Electrophoresis 

Image

Image Analysis 
Algorithms

Gel Orientation Lane Detection
Noise 

Reduction
Band Detection

Test 
Interpretation 

Algorithm

Primary Band 
Correlation

Secondary 
Band 

Correlation

Auto-Called 
Results

Band-DetectionPrototype4d convertedthe pixel coordinates

of DNA bands detectedPrototype 4c into base-pair values

usingladderlaneson the imageasscalesfor basepair values.

This associatedeach horizontal row and thus each detected

bandacrossthe gel with a specific basepair value, and was

successfulwhenintegratedinto our final program
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Prototype 5b used a primary

correlation test and a secondary

correlation test,. In the primary

correlation,custombasepair ranges

were defined around expectedband

locationsfor eachtype of HPV, and

types were associatedwith a patient

sample only if a band was found

within eachexpectedrangeon thegel

image. This test filtered out most

incorrect typesof HPV as diagnoses

andthe typesremainingwereranked

usinga secondarycorrelationtestthat

employedthedistancemethod
Test-InterpretationPrototype5a useddistancecorrelationmethodto

correlateexpectedbandsfor a givenHPV typewith thebandson the

electrophoresisimage. This producedmultiple possiblediagnosesof

HPV typesrankedby percentcorrelationto bandslocatedon the gel

image. This prototypeoften mis-diagnosedHPV types that shared

similarbandlocations.

developedin Prototype 5a. This test-interpretationmethod was

integratedinto our final program. This Prototypewas45% accuratein

determiningthecorrecttypeof HPV within its top-correlatedchoices
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