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Ab6lract

Automatic image data analysis (Aida) on the Senotyping potymorphic barids of microsatellite DNA re4uires routinelv
aurormtic image segmentalion and especially translated absolule data. Compulerized aulomatic analysis is crucial ln
reproducibility and artifact-proof despite of the available connercial software which is highly inreracrive and hence gravely
tirne-consuming Albeit, the genotyping data of microsatellite DNA fragment that is represented as relative nobili[ sizes
with floating points based on selected DNA size standards may lead to great loss in dattintegration. The implenented Aida
system with general-Aida-modules (G. rf) of object segmentation and specific-A,da-modules (S,4M) of data translation
intends to provide efficient solutions iD its semi-automatic format. In an experiment of twenty images, tIrc Aida system
demonstrated 85-95E accuracy in automatic band segmentation. Moreover, the Aida system alo;g wi0r in-house DNa size
statrdafis of Ma*Qoff Marker-Quarter-oif) successfully translated absolute size data of DNA fraanents with zero standard
deviatlon while analying lnplicale genotyping images of hree running distances. In contrasl io Arda system's superior
performance, the results of conme.cial software based on fifteen DNA size standards in triplicate genotyping images
delivered the DNA fragnent size data up to 2.19 base pair of standard deviation along with the diicrepancies oi dati noating
points and missing bands.
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1. Introduction

Genotyped polymorphic baDds on bio-images of
electrophoretic analysis are represented as relative
mobility sizes of DNA fragments based on selected DNA
size standards. Polyrnorphic mobility patrems ol interested
band objects (BO) are often analyzed among individual
subjects with respective DNA samples to compare
genoilpic relations. Importantly, relative mobility size
data with floating points has imposed serious obstacles to
genotyplng among data integration, procedure
standardization, and system automation with available
comnercial software packages [1-4].

The bio-images are with sirnilar inage objects
produced by biolectmiques with practical purposes of
genotyping, microarray and two-dimensional gel. Indeed,
indispensable image data analysis software bridges fte
revolving bioinformatic daia analysis and bio,experimental
tasks. Wilh dynamically ad.iustable intensity range for
marking BO from local background, boundary drawing of
BO is cmcial for accurate genotyping jmage analysis
t5-el.

The basic modules of object segmentation and data
translation in automatic image data analysis (Aida)
algorithm demands complete implementation to meet the
practical specifications of general object segmentation and
specific task goals. Segmenring BO of microsatellite
genotyping images essentially deals with contrast quality

of local background and objects. With dynamic threshold
based on contrast quality, object segmentation sansitively
locates object boundaries better than the cases based on
simple average filter of noise elimination especially with
the cases of spread-out and blur objecrs [10, 11].

In this paper, we implement general ,4ida modules
(GAIO of object segmentation to reach the 85-957o
accuracy in standard proc€dure with 20 inuge samples
with minimal user efforts of sefting 2 parameters. In
additior, we implement specillc Aida nodules (SArlt) of
lane finding and malker localization to translate the
absolute size data in nucleotide lengths. Specifically for
genot)?ing tasks, GAM computes single band wilh obje€t
segmentation and SAM respectively computes gouped
bands with lane finding ard marker localization of
absolute size standards to translate absolute nucleotide
number of microsatellite genotyping fragments n2,l3l.

2. Materials and Methods

2.1: Microsatellit€ Genotyping Analysis

L Microsdtellite DNA Amplifrcation
The genomic DNA samples of total 6 chickens are
analyzed with ADLo102 IRDye700-prirner (Tm 54.3"C) ar
regular PCR program, respectively. The PCR reaction is
carried out under 36 l(denature), (anneal), (react)] cycles at
[( 'C. second)] conditions of [(95,30), (52,15), (72,30, and
inilialhot stan. The ADL0l02 lRDye70o-primer is from
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sizp. Ttte MQS is translated as B at ACG atrd as .lV at T
towards ,lv-string. Tl]€ BONO of identical absolute size
number anong marker latres are grouped by respective lane
positions and are linked-up as horizontally parallel
Absolutesi?tLinc (ASL). The absolute size of sample lane
BO is assigred based on the ovedapping AJr.

2.4: Datrbase of Aida Systen

l. Gewtlping Resul/J' (GR) for Ai.h Datobqse
Ma*c t l ,qne2031
Samplz la te456789
Lan 0 216 217 219 220 222 223 224 225 227 228
lanc 0 230 231 2i2 2i3 234 ... ...
PIXEL2 1 10n 17 8189 I I 217
PUEL2 I IoM 17 6930 0 I 217
PD(EL2 I 1086 18 7968 0 t 217
PIXEL2 2 1105 16 8957 I I 219
PrxEL 2 2 tIA 16 8538 0 I 219
The GR text file saves the Aida aDalysis results of BO
iDcluding band number, m8lker location, and band intensity
for loading into Aida database.
(1) MARKER I-ANE (M.), SAMPLE LANE (Sl), Lane

and PIXLE are the record types of clR shown at the first
wod of data line with TAB separator.

(2) MARKER LANE records marker lane indices.
(3) SAMPLE LANE records sample lane indices.
(4) LANE records lane inder at second word aloog with

maximally 10 size marker locatioos. The ML or SL
requircs nxmy Lane data lines to record all the marker
location of BO.

(5) PIXEL records lane index, band index, x-coorditrate.
y-coordinate, intensity, band center, marker lare, and
marker location of 80.

2, Genowing A,lltsii
By ttre cR example, 4 Ml and 6 Sl arc shown with mar*er
locations at 0-th lane including 216,2l'l,219,22O,222,
utd so forth. PXEL [1087,1fl is the center point of lst BO
at 2nd lane of matter lane with inlensity of 8189 and
absolute size of 217. For the genot)?ing analysis, the G,R
data is loaded into Ai.da database including sample lanes
with band absolute size and band intensity for the band
htensity c{rtoff ratio in each latre along with detailed
experiDetrtal bformation.

3 Results and Discussion

3.1: Single Dand Object Segnentation

Our Aida syslem applies local backgrcud threstrold
and band size respectively to filter nois€s of low-frequency
and high-frequency automatically. The seguEnled object of
single genotlping band is sirowtr by t}re band boundaries
(88) of eremplilied band object (AO) in Figure 3. The lare
80 is efficiently located with flexible 88 in overlapping
stretches of BR as shown in Figure 4. Desoiplive detail$ of
the algolithm are at section 2.2 of general Aida mdule
(G,AM) on single object segEentation.

Our Aida software nay wort more accurately with
realistic genotyping bio-images of slab gel electrophoresis
wittrout lorowing band regions at first of whidl is prelisely
the idealized prcvision in cornrnercial image data analysis
software of genot)?ing gel images. Specifically, our Aida
system intends to r€solve the issues of excessive natrual
interactiotr atd accurale band segmentation by autonatic
processing with only two parameters of local backgpund
thrcshold and band size entered by user. Additionally, the

peak, valley, band size, aDd local mean of pixels intensity
are also included for automatic band object segmentation in
Aida system in order to rcctify the fact that these criteria
are rtot universally efficient due to the required provision of
ideally uniform band object and lane.

Comrnercial softvare for gel image often requires to
manually set lane positions first before band segnentation.
Moreover, some software may overlook image proc€ssing
issue with only vertical waveform peaks to segmeDt band
objects. Especially, some software may mistakenly segmelt
band objects by presumed regular shape of rectangle in tlrc
genotyping gel inage.

Figun 3. (a) DO l,nq.
O)BO tcgrn.ntdtioD nith BB is tet dt r.d pixels. Th. BO and BB
tbn^ Jor bard frj.ct and bdrd boanfuf.

BO it sel b! tctlav.greenkh p:rtcb, The BR is bdnd ngion.

3,2: Gmuped Lane Objects Translation

With specific Aida modules (MM) for polymorphic
geDotyping images data analysis, band objects in r$pective
sample lanes arc showl iD Figure 5. The batrd boundary
(BB), lare demrcation lines (lDL), lane cents tre (rcL\,
and absolute size lines (ASa) are autonatically idertified
by the descriptive detr|ils at sectioD 2.3 of grouped object
translation. The microsatellite fragm€ots of individual
genomic DNA sample arc translated into absolute size
number as of grouped lane objerts based on ASL arnong
MorkQof leuJes which arc often rerognized with longest
image coverage.

Ou! Arida algorithm guarantees that all lsl across
respective lane cetrter with bolh .4Jwlimited la[e CP and
L*ABfilimited stuaight laDe. Greater L value may be equal
to the trumber of lane objects crossed by the straighler rCZ
in lalle tracking. The lare tracking methods may resolve the
skew issues of object lanes aDd genotyping image. In
addition, the S/M noise filter herein by both band size and
lane position may install appropriale Aida procedure for
genotyping tasks and rescue mis{eletion on meanilgful
weaker BO in whjch occur often at initial analysis stage
without valid certification.

33: M icrosate[ite Genolyping Analysis

The Aida system and MarkQoff size standards has
successfully translated lhe absolute size data of genotyping
DNA fragments vdlh standard deviation at zero base pair
by anallzing the triplicate genotyping images of identical
ruming distance in Li-Cor Global System 4200 (FiSure 6
and Table 1). With same geDotyping images, commercial

o)(a)
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L SU-6 and 8O an sir sanpb lanes with rcspe.ttue band objects on
hplicate genotrping eel inases in lefa-nstu and apao-do|'n o er.
2. RioN and BioN.M ttands lo, BioNunencs sofr|'amith IAGA and
MatkQofr size stando^ lor data dDallsis in llodins poi ts thta..
3. Aida is Aida qsten vith Ma*Qofr si.. ttaada s fu da,a a"atrsis irl

1 SD stattds Iot standttd deyiotion of iipli.de ahta sets.. The * indicates
ab,ornal SD with nissine datd of BO in the AioN case.

The implemented cAM algoriihm imitates visual
perc€ption in BO segnentation with peak and valley to
refine BO ard to separate overlapped BO as well as with
average band size to filter noise BO. Likely, microarray dot
obJects (DO) with weak intensity amount demands belter
image analysis by GAM to filter noise DO towards besr
accuracy by avoiding false-positive signal intensity which
may be extrinsically introduc€d by noise object located
within the weak dot object region.

Moreover, the implemented SAM algorithm may
demand custom-made approaches based on diiferent task
goals of genomic, transcriptomic, arid proteomic analysis.
The conmon theme is to defeat non-ideal image quality as
of processing difficulty towards best data translation after
proficient grouping of autonatic analysis. Genotypic Aidd
system achieves automatic lane finding by overcoming
non-st.aight lines of distorted and deformed images. Yet,
commercial genotyping software defining lanes by manual
drawing or assigning rectangles realistically unlikely to
locate lanes and objects is less efficient and accurate. Very
likely, two-dimensional gel spot objects (SO) of conlposite
rnobility lanes demands better image analysis by SA,tl to
group and match geometric chessboard SO as of isoelectric
focusing and molecular weight separation perlormed in
orthogonal directions iowards best accuracy by avoiding
false-positive global superimposing which is mistakenly
accomplishal by the erroneous feahrre SO selected for SO
image superimposing between experiment and control set.
With accurate superimposing, the inter gel protein anrount
comparison of SO signal level on 2D-gel image set may be
faithtully achieved for observing constituent and amount
differenc€s between experiment and control samples.
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