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ABSTRACT 

Preliminary results of a simpler approach to the metaphase-finding and karyotyping 
of human chromosomes are presented. By reducing what initially was a two-dimensional 
(2D) pattern recognition problem into an effective 1-D task, the complexity of the numeri
cal processing involved was reduced. This simplification made possible the numerical task 
of metaphase-finding and karyotyping using a personal computer in a reasonable amount 
of time. 

The simplification resulted from 1) the use of an appropriate image magnification 
scheme in metaphase-finding, 2) an innovative implementation of the centromere-finding 
algorithm originally proposed by Gallus and Mendelssohn, and 3) the more efficient appli
cation of the three parameters (size, centromere location, and band patterns) in classifying 

human chromosomes. 

Introduction 

The ordered classification (karyotyping) of human chromosomes into 23 
pairs from a given metaphase is an important pattern-recognition problem. The 
normal procedure of karyotyping is a very tedious job and often requires the 
services of trained personnel to image the metaphases of a given sample, develop 
the photographic print of the microscope image, and via a 'cut and paste' proce
dure arrange the chromosomes according to size, centromere location, and band 
patterns. 

The type of chromosome aberration may reveal the kind of disorder present 
in a patient. The disorder may be Mongolism, sterility, cancer or mutation (9). 
Beyond diagnosis, gene manipulation to prevent or correct the occurrence of the 
mentioned disorders sans the harmful side-effects may become practical if simu
lated surgeries of chromosomes are first done in the computer. 

Our work achieves metaphase-finding and karyotyping of chromosomes 
using a less complex but equally reliable pattern recognition algorithm. The com
plexity of the recognition problem is simplified through the use of two-dimen
sional detection and data transport, appropriate use of image magnifications, and 
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efficient usc of the classification parameters. With our tedmique, the process of 
karyotyping no longer needs a trained technician 1<1 impkmenr it. 

Hopefully, the results of our research will enable cyln~eneticists in our 
hospitals to do rapid kal)·{1typing and analy-sis of r hrumosnmes usin~ a standard opti
cal mciroscopt: that is fitted with a 2.-D CCD ~m1ua. image digitizer, and a personal 
computer, instead of the very ..:xpensive workstatiom, that are in the market [e.g. I, 6, 
D. Lloyd, et al.j. 

Background 

Thr production of a karyotype starts \vith th.: •·.ltil·e nt locati.m of a f!Otld 
metaphase spread in a microscopic slide comarning .1 n:1 mher of treated re lls. A 
cell is treated to induce its division. A perfect mcLtph<t~ < : ~·or pattern n.:wgnition is 
one where the duomosomes fMm~d from prnkin-DNA CI.Hnph:xes in a cell's 
nucleus (2), <Ire wdl-spn:ad <md do 11111 ovu L-op in \llai.:C. 

Three features may be. used to da~sifv a bumJn .::hromostlntt.· i7J: 1) its 
rdativt: size, 2) the location of it~ ct:ntromcn:. and:\) cit<.!ractaistics of its hand 
patterns. In a human karyotype. the 4<_, d 1romosom.:s :1rc arran~ed in dccrea:;ing 
order of size or length. Based on the h1G1li,m ('l! he u:nll cmcrt-, three gmupings 
1)f chromosnmcs can be generated: .t} metau;r.tric. h) ~ui,me l accntric. anJ c) 
acrocentric (sec Figure 1 ). Using. G;cms;l dye to st;,in chnu.1nwm~s, parterns that 
arc unique tn .:very chromosoml' pair (;m be l'cali;-.. ~ d. Cnm parisun b~.- band 
patterns alone, is enough to generate ali the 23 di~tinctchrnm .. ~0:ne pilirs. Tabk 1 
cnumnalcs the ~landard grouping.<> in :1 hum~n br:;otn1c. 

metacentric submetacentric acrocentric 

Figure 1. Thret> typt'!> of human chromosomes according to ccotrumcl'e location 

To carry out the numerical processing, a 5U x 492 CCD camera ( Hamamalsu 
Photonics C3057. pixel size: 17 x 13 ~tm) records the microscopic images Llf the 
metaphases while a frame storcboard (Tektronix DCSOl, 512 by 512 ckm~nt:;, .127 
gray scales) digitizes the captured image for storage and numerical manipulation 
in a personal computer (IBM PC486-compatihle). All computer programs were 
written in Turbo Pascal (Version 6.0). 



Image<; used for mc taphasc-linding arc first back~mund-corrccred to can
cel l he efft:ct of lmeven illumination which <.:ompwmises image comra~t [101. The 
image signal i( m,n) is a product of the spacc-dep~~ndent illuminati~m fu nct inn h (m. 
n) and the sracc-dc pc nde nt :-.cnsor ~ensiti~.ity l.:(m.n): 

i(m,n) -= t(m.,n)b(m.n)l:(m,n) (1) 

where the t(m , n) i~ the tnt~: object informatil)ll function to be n:wven:d. T he 
effect of the product b(m.n)c(m,n) in F.q . ( 1) ca n be corrected by not ing that a 
blank ima~c ib(m, n) which corresponds to imaging without ::1 sample placed in the 
object space of the microscope can be expressed as: 

ib(m.n) .. c1 b(m,n)t.:( m,n) (2a) 

"-here C1 is an associated gain f:~el.or. anJ (m,n) s i.~ilies pixel dcmt:nllocation in x
y ~.pan:. Taking the ratio of i / i1, yidds an image fun ctiun that is proportion<.~ ltn 
t(m.n ): · 

cl 
~11(m.n) ~- t(m,n) (2b) 

c~ 

whe re C 2 is a gain faclor used to adjul>t the degree of contrast. 
.Samples (white blo od cell .... mitngen : phytohem agg.luttcn, arrestin!:( <1!-(ent: 

colchicinc,l useJ in the expe riments were supplied hy the lmmunoltJgy Depart. 
mt:lll. i'hilippine Cicncral H ospital. The chromosomes \verc fixed on the slide 
11sing Carnoy's l'ixe r ( me thanol: acetic acitl .1: I). · 

FORMULATION OF ALGORITU.M 

U nJer low-kvel magnificat ion ( 4x object ive). a good metaphase :-pre ad ap
pears il!> a circular s pread (see Figure ~) in image space whose radius is iargcr 
than that of an unuurst nucleus (see Figure 3). This pruperty simplilies metaphase
tinding iJJtu an 1-D n.:cognition problem. 

To identify a metaphase fn1m an unburst nuclt"us. 1-D template matching [5, 
8 j is use d . The prcst: n<:e of a pallcrn in a s ignal ca·n be ascertained by sea rching 
for a location of match between a patte rn lcmplale p(x) of finite le ngth , and a mw 
data series t(x) . The correlation between p(x) and t(x) is ¢vcn by 

1/2 
cp,t(x)- L:P(x)l(x+ u) < T"Lri(x)L:t2(x-"-u)] 

X lx X 
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In metaphase- finding, the normalize d correlation is used to take into account the 
linite kn!:,>1.h of the template, 

normalized correlation = 

c p,t 
(4) 

The normalized correlation becomes maximum whi:n t(x) "'· u1nst. p(x) . The nor
malized correlation given Eq. (4) produces a narrower correlation function than 

cr. t· 

The reduction of the metaphase-finding into an equivalcnr l-D problem hrings 
about a significant decrease in the number of multiplications involved for every pixel 
x, from m2 to m for a template of lcn~:,>th L-= m pixels. Unlike the procedure proposed 
by 4 our procedure minimizes mechanical scanning because liclds of view are hu·gcr 
at low magnifications 
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Figure 2. Image of spreads (boxed) under 4x magnification. The sharp dots are 
unburst nuclei. The biggL·r spot!; are accumulated dust particles. 
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Figure 3. Intensity protile of spreads indicated on the irnage by numbers and 
vertical lines. a) vertical cross-section. b) horizontal cross-section. 

B. Karvotyping 

The three classification parameters of relative size, centromeric position, 
and band pattern signature can be determined only.when lhc 2-D bounda ry 
(edge) profile, the majo r axis-centromeric axis pair o f every chromosome in the 
given metaphase, are known. 

In our method, the boundary of each chromosome is traced using Frcermu1 
vectors [3]. A Freem an vccror is represented by an integer F( i) where i ra nges 
from 1 to 8, such that the angle between a pair of successive vectors (cluck wise) is 
1/ 4n (sec Figure 4). Thus the 2-D edge profile of chromosome can be re pre
sented as a dosed-looped string of numhcrs with values varying from 1 to 8. 

As the computer looks for the boundaries, it simultaneously computes the 
area of the chromosome by pixel counting. For every pixel detected, our algo
rithm counts the number of neighboring pixels on its left which is used to incre
ment the area variable of the given chromosome. 
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code 

(x-1, y+ 1) 1 
(x, y+ l) 2 

8 .. x,y 4 (x+l,y+l) _; 

/1 ~ 
(x+ 1, y) 4 

(x+ 1, y-1) 5 
(X, y-1) 6 

(x-1, y-1) 7 
(x-l, y) ~ 

7 G 5 

Figure 4. Freeman ''ectors and codes. 

The identification of chromosome arms is realized after following a 
predefined sequence: a) computation of the freeman vectors from a given chro
mosome image, b) computation of the vector gradients as the difkn:nce from two 
adjacent Freeman vectors, and c) computation nf the rWlning sum of three gradi
ents. The resulting ~;[ring is one that has positive values for convexities and nega
tive values for concavities. Chromosome arms arc identitied by looking for major 
positive-valued convexities that arc delimited by two O's or ncgal ivc numbers. 
The major axif. ,;pans the longest side pf the chromnsornc, while !he m inimum 
distance perpendicular to the major axi~ ddincs the ce.nlromeri{· axis which con
tains the centromen. Fig:ure 5 iliustratcs how the sequence just discw,scd is im
plemented. 

l'ERFOR!\to\NCE 

A Metaphase-_findin l?, 

In the experiment, the template (m = 15 pixels) was made from the average 
ol ten good metaphase profiles. F:gurc 6 shows the corrdation results using our 
algorithm. Note that a correlation pc.ak is obtained in th~. region containinv. gonJ 
metaphase spread. 

B. Kwyotyping 

In some preparations, a number of chromosomes overlap in spac:e. A chro
mosome separation routine was developed to allow Lht: ut;cr to separate chromo
somes via the mouse before performing boundary tracing. 
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Figure 5. Boundary anal)'l>is appli~d to a chromosome image. 
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Figure 6. Normalized correlation between image intensity profile and template 
(shown in the middle). 
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After the boundary profile of a given chromosome is estahlished using 
Freeman vectors, the pro!,TTam proceeds to find the chromosome ends, the 
centromeric line, and the major axis. From these values, the centromeric index is 
calculated (see Fif,rure 7). The centromeric index is the ratio of the long arm to the 
entire length of the chromosome. 

An ensemble of 76 chromosomes (l(X)x objective magnification) was used to 
test the success rate of the algorithms discussed. The edge detection algoril hm 
had a 100% success rate. The centromere-finding procedure worked for fil of 
the 76 chromosomal images, or an 80% success rate. The common cause for 
errors was incorrect location of the chromosome arms, accounting for 1J of the 15 
centromere location errors. Location errors generally involved the overcounting 
(lots of convexities caused by diffractions) or undcrcounting (absence of details) 
of the number of arms. Figure 8 illustrates how the area parameter and clas~ifies 
the randomly-arranged of 46 chromosomes in selected metaphase spreads. 

Figure 9 shows a (major) axial intensity of a pair of chromosomes. These 
profiles will be cross-correlated v.:ith pre-defined template of band patterns for 
each chromosome pair. Again the cross-correlation procedure simplifies into an 
1-D problem. 

Acknowledgment 

The authors are grateful to the various scientists of PGH Immunology L~bo

ratory and PNRI Cytogenetics Laboratory, for never falling to provide explana
tions, microscopic slides, and high-contrast pictures whenever nccde<.L 

References 

1. Cytosc<tn 110, Medical Research Council of the United Kingdom. 
2. J. Darnell, H. Lodislt and D. Baltimore, Molecular Cell l:liology, 2nd Edition (Scien tifil

Ameri<-a n Bonks, New York, 1990}, 318. 
3. H. l'reema.n, "On The Encodmg of t\rbitrdl)' Geometric Configurations." IRE Trans. EJect ron. 

Comp., 10, 260-268 (1'.161). 
4. O.K. Green and P. Neurath, The Design, OpenHion and evaluation of a Hi gh Speed Auto

matic Metaphase Finder; J. Histochem. C;tochcm. 22,531-535 (L974). 
5. A. Jain, Fundamcnctals of Digital Image Processing, (Prentice-Hall, :-:ew York, 1982). 400~102 
6. D. Lloyd, J . Piper, D. Rutovib: and G. Shippey, "Multiprocessing Interval Proressor for 

Automated Cytogcncti.cs," Appl. Opt. 26, 3356-3.166 (1987). 
7. E. Passarge, The Human Karyotype. Analysis of C..nromosomcs in Mitosis and Evalua tion of 

Cytogenetic' Data (from files of the Philippine G~neral Hospital. Manila, .l'hilippin~). 

8. A. Rosenfeld and A. Kak, Digital Picture Processing, Vol. 2, 2nd Edition (Academic P ress. 
New Yo rk, 1982), 37-38. 

9. R. Turpin and J .R. Leje·une, Human Afflictions and Chromosomal Aberrations (Pergamon 
Press, New York, 1969). 

10. F. Wahl, Digital Image Processing (Artcch House, New York, 1987), 66-68. 




