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Inversion Analysis in
Cytogenetics Researches

Sitogenetik Arastirmalarda
Inversiyon Analizi

ABSTRACT Objective: There have been great improvements in chromosome analysis software paralle-
ling the developments in computer technology since 1980s. There are mainly three stages in generating
karyotypes in chromosome analysis systems. These are 1. Capturing photography of the metaphase re-
gion by microscope using a video camera and saving it on a computer, 2. Eliminating the background
noise by reducing the threshold value of the saved photography and differentiating the chromosomes,
3. Grouping each chromosome in the karyotype table according to their length and band structure. The
purpose of using this method was to differentiate the normal and abnormal chromosomes with using the
numerical data sequence and chart which obtain chromosomes photography. Metarial and Methods: In
this study, chromosomes with inversions and normal chromosomes were compared with software. The
software used in this study transforms the banded chromosome photograph to numeric data sequence.
The numeric data sequence compared with Pearson Correlation analysis. Results: The software used in
this study transforms the banded chromosome photograph to numeric data sequence. The resulting nu-
meric data revealed the differences of chromosomes with normal and pathological structures using sta-
tistical analysis. Conclusion: Numeric data sequencing using a software program identified chromosomes
without taking into account chromosome morphology. We suggest that the method described is bene-
ficial in determining chromosome inversion and the classification of chromosomes.

Key Words: Cytogenetic analysis; inversion; chromosome

OZET Amag: 1980'lerden bu yana kromozom analizi yazilim ve sistemlerinde biiyiik ilerlemeler olmus-
tur. Bu sistemlerin ¢aligma sekli; 1- mikroskoba bagh dijital kamera ile metafaz bélgesinin resminin ge-
kilmesi, 2- resmin arka planinin temizlenmesi ve kromozomlarin belirginlestirilmesi ve 3-
kromozomlarin gruplandirilmasi seklinde 6zetlenebilir. Kullandigimz metodun amaci normal ve anor-
mal yapidaki kromozomlarin ayrimini kromozom fotografindan elde edilen grafikler ve sayisal veri di-
zilerini kullanarak saglamaktir. Gereg ve Yontemler: Bu caligmada normal yapiya sahip kromozomlar
ile inversiyonlu kromozomlar yazilimla karsilastirlmistir. Bu ¢alismada kullanilan yazilim, bantlanmig
kromozom fotografini saysal veri dizisine dontistiirmektedir. Sayisal veri dizileri Pearson korelasyon
analizi ile kargilagtirilmigtir. Bulgular: Bu ¢alisma igin gelistirilen yazilimla anormal bant yapisina sa-
hip kromozomlarin, normal yapiya sahip olan kromozomlar ile karsilagtirilarak inversiyonlarin, gra-
fiksel ve sayisal olarak tespiti yapilmustir. Sayisal veriler kromozomun normal ve patolojik yap: farkim
istatistiksel olarak ortaya koymustur. Sonug: Elde ettigimiz sonu¢ kromozomlarin morfolojisine bakil-
maksizin sayisal veri dizileri ile kromozomlarin identifiye edilebilecegini gostermistir. Tarif edilen bu
metodun kromozom inversiyonunun belirlenmesinde ve kromozomlarin siniflandirilmasinda yararh
oldugunu diisiinmekteyiz.

Anahtar Kelimeler: Sitogenetik analiz; inversiyon kromozom
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ytogenetic analysis is an important tool in the diagnosis of genetic di-
sorders. It involves cell culture, metaphase arrest, hypotonic treat-
ment, cell fixation, slide preparation and use of banding methods.
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Following the banding, analysis is done by captu-
ring photomicrographs of the metaphase spreads,
and developing and printing the film in the dark
room. Individual chromosomes are then manually
cut, paired, pasted and a karyotype is made. This
whole procedure is time consuming, labour inten-
sive and expensive. With the increasing workload
of the cytogenetic laboratories and the availability
of improved computer capabilities for image pro-
cessing, the Image Analysing System with approp-
riate software, have become the choice for
cytogenetic analysis. The system includes a light
microscope with or without an automatic metap-
hase scanning stage, charged couple device (CCD)
camera and computer with special software for
image capturing, chromosome counting, automa-
tic karyotyping etc.!

Since 1980s, computers have been utilized in
karyotype analysis in cytogenetic studies. The first
utilized systems were composed of computers with
LSI/11 microprocessor and Fortran and Macro pro-
gramming language designed for them.? Currently,
karyotype analysis systems suitable for PC and Mac
are used.® Except for some karyotype analysis soft-
ware used today, properties that are able to detect
the structural anomalies of chromosomes do not
exist. In the software developed for this study, nor-
mal and abnormal (having an inversion) chromo-
somes were compared and their difference were
presented numerically as well as graphically.

A chromosomal aberration in which a segment
of a chromosome is reversed in orientation but not
relocated is called an inversion. There are two
types of inversion. Paracentric inversions involve
only one arm of a chromosome, whereas pericen-
tric inversions involve both arms of a chromosome
and therefore, include the centromere. The type of
inversion does not have to be specified, as this will
be evident from the breakpoints. Thus, generally,
large inversions are associated with a greater risk
of producing abnormal liveborn offspring, because
the recombinant chromosomes associated with
them carry small duplications and deficiencies that
have a greater probability of being compatible with
survival. Furthermore, the larger the inversion, the
greater the likelihood that a recombination event
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within the inversion loop will occur and form re-
combinant chromosomes. The opposite is true of
small inversions with large distal segments, which
are usually associated with a very low risk of live-
born abnormal offspring.*

In previous studies indicated inversions were
observed in recurrent pregnancy losses 46,XX,inv
(9)(p11q12), 46,XY,inv(9)(p24q13) male infertility,
46,XY,inv(9)(p24q34.1) FIT and congenital anoma-
lies in offspring, 46,XY,inv(9)(p11q13) acute leuke-
mia, 46,XY,inv(9)(p11q21), familial bipolar disorder,
46, XY, inv(9)(pl1ql3) Asperger Syndrome Pia,
46,XY,inv(9)(p11q13) Goldenhar Syndrome or ocu-
46,XX, inv(9)
(pl1q13) schizophrenia-like psychosis, 46,XY,
inv(9)(p11q13) schizophrenia, 46,XX,inv (9)(p13q24)
neuroblastoma, 46,XX,inv (9)(p13q21) ectodermal
dysplasia, 46,XX,inv(9) (p33.2q34.1) Blepharophi-
mosis Syndrome, 46,XX, inv (9)(pl1ql1) recurrent

lo-auriculo-vertebral spectrum,

spontaneous first trimester abortions, 46,XY,
inv(9)(q31.2q34.3) schizoaffective disorder, short sta-
ture, depressed nasal bridge, hypertelorism and slen-
der shoulders, 46,XX,inv(11)(q13q23) pediatric
osteosarcoma, 46,XX,inv(14)(q11q32) T-Cell leuke-
mia, 46,XY, inv(18)(q21.1g22.1) Gilles de la Touret-
te syndrome, 46,XY,inv(X)(q11q28) FG syndrome,
46,XY, inv(9)(p21q21) primary infertility, moreover,
inversion chromosome 9 induced mental retardati-
on, familial schizophrenia, immotile/ultrastructural
sperm defect, double aortic arch (CHD), hydronep-
hrosis, encephalocele, neurofibromatosis, prune belly
syndrome, habitual abortions, spontaneous aborti-

ons, and amenorrhea.>3?

I MATERIAL AND METHOD

The software uses the chromosome images saved
on the computer or the image from the video cam-
era source. Analysis is started by turning on the im-
ages of normal chromosomes and chromosomes
with inversion respectively. The size of the images
of normal chromosomes and chromosomes with
inversion equaled to 400 pixels by the software.
Moreover, images taken from the video source and
chromosome photos taken directly from the mic-
roscope that do not have karyotype analysis sys-
tems are fixed with this software due to its options
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FIGURE 1: The original images of some chromosomes (a-d, left) and their modified profiles by software (a-d, right).

such as Color Balance 4(R-G-B), Brightness/Con-
trast, Ligthness (B), Darkness (W), Color, R/G and
Negative image (Figure 1).

Software is packaged in two different modes. The
first software Band Analysis 10 divided the chromo-
some into 10 equal parts and assessed the chromoso-
me in 200 lines. The first software was suitable for the
low-resolution chromosomes whose band level was
400. The second software Band Analysis 20 divided
the chromosome into 20 equal parts and assessed the
chromosome in 400 lines. The second software was
suitable for chromosomes with a high band level (800
and above). The software scanned the image of the
chromosome starting from the first line and attribu-
ted a numerical value to the parts with a black band
in line with the darkness of the color. The color valu-
es of all pixels on the line were recorded and their av-
erages were calculated. Chromosome’s numerical
nature is determined both from the average band con-
centration and numerical data file. Correlation analy-
sis of normal and abnormal chromosomes was done
by comparing the data files created simultaneously
with the Band analysis. In Band Analysis 10 software
data files were divided into 10 pieces and 10 different
correlation analyses were made. On the other hand,
in Band Analysis 20 software the data files were divi-
ded into 20 pieces. The reason of dividing chromoso-
me into pieces for statistical examination was to find
out the chromosome regions that show low or nega-
tive correlation.

In this study, chromosomes with inversions
and normal chromosomes were compared. In ad-
dition, two normal chromosomes were compared
to test the software.

Turkiye Klinikleri ] Med Sci 2008;28(6)

Statistical Analysis

Pearson correlation analysis is used for the classifi-
cation and identification of chromosomes in this
study. For inversion parts of inverted chromoso-
mes,only the correlation values either zero or the
values near zero are considered.

I EXPERIMENTAL RESULTS

PERICENTRIC INVERSION OF CHROMOSOME
8 46,XX, inv(8)(p21q11.2)

Chromosome 8 that shows a pericentric inversion
was compared with the same individual’s normal
chromosome 8. The lengths of both chromosomes
were equaled to 155 pixels (Figure 2). The starting
point of inversion p21 is the third region in the
graphic generated by the software (Figure 3). In-
version ends in the seventh region in the graphic
(q11.2 region) (Tablel).

8

FIGURE 2: Chromosome 8 (left), pericentric inversion of chromosome 8 (rigth).
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- correlation table formed by the software had a lo-

~ wer correlation compared to the other regions.
/f\_f': J’\J "\a; 4 Correlation table itself can even give information
F i W about the inversion regions (Table 2). In Figure 6

chromosome picture was examined elaborately in
20 regions.

COMPARING CHROMOSOME 11 WITH

Y, A NORMAL BAND STRUCTURE
fi | Vﬁ\(

In this part of the study, the software was tested by
using only normal chromosomes. Graphics desig-

ned for both chromosomes matched one-to-one.

] ] Euchromatin regions were unstained whereas het-
FIGURE 3: Software generated graphic from normal (top) compared to in- . . R
verted (bottom) erochromatin regions were stained (taken a band)
(Figure 7). In both graphics chromosome 11 cen-
tromer corresponded to 10 regions. Chromosome p
arm was located on the left side of the graphic and

chromosome q arm was on the right side of it (Fi-

PERICENTRIC INVERSION OF CHROMOSOME
2 46,XX, inv(2)(p11.2 q13)

In p11.2 q13 inversion observed in chromosome 2,

gure 8).

The chromosome photos used in this study
the lengths of both chromosomes were equaled to ~ W¢'® taken by Zeiss Axioplain microscope. Chro-

160 pixels (Figure 4). Chromosome 2 that has a nor- mosomes were attained from peripheric blood cul-

mal band structure was shown on the left and the ture on a Pb Max ready medium. Microscope slides

chromosome that shows inversion was shown on were prepared with Giemsa-Trypsin staining met-

the right. Inversion started in the fourth region and hod.

ended %n the eighth region in the graphic. An asy- I RESULTS

mmetrical structure was observed in the graphic in

the fourth and eighth regions (Figure 5). Compa- Numeric data is obtained from giemsa —trypsin sta-
tible with the graphic and chromosome images, va- ~ ining method photographs. Numeric data sequences
lues given in the fourth and eighth regions in the ~ separate the normal and inverted chromosomes.

TABLE 1: Software measured and calculated result from normal chromosomes 8 and inverted chromosomes 8.
(Pearson correlation is significant at the 0.01 level).

Chromosome regions from Average band intensity from Average band intensity from The correlation between normal and Sig.(0.01 level)
armptoarmq normal chromosome 8 inverted chromosome 8 inverted chromosome band intensities p value
1 10504.63 11954.81 0.993601 0.000
2 8368 10364.44 0.8518 0.000
3 8221.813 10975.75 -0.73149 0.053
4 11254 10281.75 0.218205 0.328
5 7650.188 8623.25 0.714115 0.013
6 6794.375 8294.375 0.95316 0.277
7 8600 8602.75 0.94482 0.020
8 6169.875 7923.188 0.623171 0.241
&) 9246.875 9010.563 0.862544 0.042
10 9741.063 9492.063 0.999945 0.000

814 Turkiye Klinikleri ] Med Sci 2008;28(6)
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FIGURE 4: Chromosome 2 (left), inverted chromosome 2 (rigth).
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FIGURE 5: Software generated graphic from normal chromosomes 2 (top),
compared to inverted chromosomes 2 (bottom).

Normal and inverted chorosome numeric sequences
were included in the correlation analysis. Morever,
inverted regions can be determined statistically wit-
hout using chromosome morphology), In addition,
numeric data sequences of normal and inverted

chromosomes were compared with correlation
analysis. Numeric data sequence is divided into 10
equal parts. Then, the correlation value of each part
is calculated . In Table 1 and 2, the correlation value
of 10 equal parts from p to q is calculated. Normal
and inverted chromosomes are separated with this
method. In Table 3, the chromosome 11 of two dif-
ferent individuals with normal structure is analyzed.
Since both have normal structure, no statistical dif-
ference is observed. In Table 4, chromosome 11 is
compared with an individual’s chromosomes (22 au-
tosomal and 1 sex chromosome). The highest corre-
lation value is observed between the chromosomes
11. These results showed that numeric data sequen-
ces using software program identified chromosomes
without taking into account of chromosome morp-
hology.

I DISCUSSION

The subject matter software complements other
chromosome analysis software used in clinical cy-
togenetic laboratories in terms of the below stated
properties.

I- It transforms chromosome photography to
a chart on an X, Y two dimensional platform.

II- It makes chromosome photography nume-
rical and statistically analyzes chromosome photos
that were transformed into numerical data (Supp-
lemental 1).

By this way, the software will be helpful in
differentiating the normal band structured chro-

TABLE 2: Software measured and calculated result from normal chromosomes 2 and inverted chromosomes 2.
(Pearson correlation is significant at the 0.01 level)

Chromosome regions from Average band intensity from Average band intensity from The correlation between normal and Sig.(0.01 level)
armptoarmq normal chromosome 2 inverted chromosome 2 abnormal chromosome band intensities p value
1 11062 10026.31 0.989735 0.000
2 11294.13 10419.5 0.76146 0.000
3 11227.44 9670.438 0.563199 0.053
4 11860.63 10466.75 0.285693 0.328
5 12887.31 10569.44 -0.4389 0.013
6 11602.63 9460.375 0.367009 0.277
7 10008.13 9311.75 -0.5427 0.020
8 9939.813 8914.063 0.256672 0.241
9 9803.875 9412.625 0.771236 0.042
10 9783.25 8888 0.99803 0.000

Turkiye Klinikleri ] Med Sci 2008;28(6)
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FIGURE 6: Software generated large scaled graphic from normal chromosomes
2 (top), compared to inverted chromosomes 2 (bottom).

FIGURE 7: Software generated graphic from two normal chromosomes 11.
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FIGURE 8: Chromosomes 11 (left and right).

mosomes from abnormal ones. Moreover, color,
contrast, threshold and negative image properties
make the chromosome photos suitable for analysis.
Another utilization area of the software is that it
can be used for ultramicrospectrophotometry that

816

is based on a principle of defining which chromo-
some band takes what amount of stain during the
preparation of chromosome slide phase.

According to Ahmed et. al the classic method of
chromosome identification is as follows; 1. Determi-
nation of Chromosome centromere 2. Describing
banding patterns 3. A context-sensitive classification
procedure based upon relative length, centromeric in-
dex and banding description of the chromosomes.

In contrast, only numeric data sequences are
used in this study. Our software separates numeric
data sequences from normal and inverted chromo-
somes without using chromosome morphology.

Hiller B et al showed that for statistical analy-
sis in cancer cytogenetics, the genomic changes en-
coded by the karyotype should be translated into
numerical codes. We developed a program, which
extracts chromosomal gains and losses as well as
breakpoints from the karyotype. The changes are
compiled in tables according to the chromosome
bands involved and/or depicted in projection to the

respective chromosome ideogram.**

According to Hiller, genomic changes in kar-
yotype should be converted to numeric codes.
With the software that we used in our study, ban-
ded chromosomes are converted to numeric codes.

Martin et al demonstrated that the Image Analy-
sis Systems had varying amounts of decision-making
ability. The metaphase chromosomes are manipula-
ted (cut) and arranged (pasted) in pairs on the kary-
otype card (projected onto the computer monitor).
Chromosomes are classified based on chromosome
dimension (e.g., relative length of chromosomes, cen-
tromeric index, i.e. ratio of short arm to long arm)
and banding pattern profile. Assuming absorption
imagery, bands are considered the dark regions of the
chromosomes by the system. An optical density based
threshold selects the dark parts as regions potentially
bearing a band. In this way, the vague connections
between clearly separated bands are avoided. From
this and some more information, a subset of the bands
is extracted and used for classification. Some of the
systems use the central position of the following
bands to get an initial karyotype.®

Turkiye Klinikleri ] Med Sci 2008;28(6)
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TABLE 3: Software measured and calculated result from normal chromosomes 11
(Pearson correlation is significant at the 0.01 level).

Chromosome regions from Average band intensity from Average band intensity from The correlation between normal and Sig.(0.01 level)
armptoarmq normal chromosome 2 inverted chromosome 2 abnormal chromosome band intensities p value
1 12853.38 11517.19 0.9819434 0.000
2 11480.69 11061.94 0.9289895 0.000
3 11214.06 10755.25 0.6795448 0.008
4 12330.75 12070.56 0.8956381 0.000
5 12434.19 12277.94 0.9710914 0.000
6 12095.13 12112.31 0.9942735 0.000
7 10823.06 10809.06 0.4571935 0.171
8 10919.06 10690.75 0.9102486 0.000
9 11914.25 11743.83 0.4213372 0.262
10 10089.88 8910.125 0.9973502 0.000

TABLE 4: The table shows correlations between the numeric data sequence of chromosome 11 and all other chromosomes.
(Pearson correlation is significant at the 0.01 level)
Chromosomes name Correlation value p value Chromosomes name Correlation value p value
1 0.196719887 014 15 0.213333689 0.008
2 0510773597 000 16 0.372612688 0.000
3 0.299917282 000 17 0.695293285 0.000
4 0.600123669 000 18 0173412437 0.031
5 0.283456899 000 19 0.024312984 0.764
6 -0.013101545 87 20 0517839413 0.000
7 0197831778 014 21 -0.11046621 0171
8 0.372335067 000 22 0.243541392 0.002
9 0523482713 000 X 0.660654771 0.000
10 0.320474647 000 8 0.605791967 0.000
11 0.846952535 000 inverted 8 0.448876838 0.000
12 0.697742216 000 2 0.603784655 0.000
13 0.6134873 000 inverted 2 0.452368429 0.000
14 0173143415 031 11 0.789103493 0.000

In contrast, Martins study similarly numeric
data is used regardless of relative length of chro-
mosomes, centromeric index i.e. ratio of short arm
to long arm.

Attempts for an accurate automated chromo-
some classification using a neural network have led
to partial results.?

Although the image analysis system makes
the process of cytogenetic analysis rapid, cost ef-

Turkiye Klinikleri ] Med Sci 2008;28(6)

fective and eliminates labor involved in the con-
ventional method, the system cannot itself detect
any abnormality (structural or numerical) present
in a metaphase. All its decision-making features
are just to help in improving the resolution of the
band and making the cytogenetic analysis correct
and faster. Therefore, a qualified, skilled and
well-trained cytogeneticist is essential for cyto-
genetic analysis.
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SUPPLEMENTAL 1: Chromosomes numerical datas (155 pixel density).

Normal chromosome 2 Inverted chromosome Normal chromosome 8 Inverted chromosomes Normal chromosome Normal chromosome
2 (inv(2)(p11.2 q13)) 8 (inv(8)(p21;q11.2)) 11 (46, XX) 11 (46, XX)

818 Turkiye Klinikleri ] Med Sci 2008;28(6)
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11311 8478 8742 8319 10863 10811
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14765 14270 14361 14032 14926 14282
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