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Abstract 

C h r o m o s o m e s  have been classified into six categories based on centromere posit ion - M, m, sin, st, t, T, of 
which only M ( i sochromosome)  and T (telocentric) can be identified quickly with certainty. A template is 
illustrated which can be used to place any chromosome immediately into its correct category without the need 
to measure arm length. 

Introduction 

In the description of  karyotypes  in plants and 
animals the relative length of  ch romosomes  is an 
impor tant  factor, but more fundamenta l  is the 
morphological  identification of the ch romosome  
types in order that they may be classified into 
groups. In any morphological  classification system 
the locat ion of  the centromere  is the most  useful 
reference point, and is one which is normally cha- 
racterised by great constancy within a species. Le- 
van et al. (1964) suggested a s tandardized nomen-  
clature for  centromere position which is now used 
widely. They reviewed the most  impor tan t  devel- 
opments  in the history of  the terminology used in 
centromere location and stressed the impor tance  of  
a uniform system of  ch romosome  classification. 
Their nomenclature  did not take secondary con-  
strictions or satellites into account ,  but these were 
discussed fully by Battaglia (1955). 

In the nomenclature  proposed by Levan's  group 
six categories for the position of  the centromere in a 
ch romosome  were established: M (median, sensu 
stricto, as in isochromosomes) ,  rn (median region), 
sm (submedian region), st (subterminal  region), t 
( terminal region) and T(terminal ,  sensu strieto, as 
in telocentric chromosomes) .  
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Of  these the two extreme forms M a n d  T c a n  be 
defined precisely and there can be no doub t  when 
one or  the other is encountered.  The remaining four  
were identified by Levan's  group on the basis of a 
limited range of  ch romosome  arm ratios for each 
one. Al though the latter were defined precisely 
there remains a tendency a m o n g  many workers not 
to follow the scheme closely, but to assign the terms 
to particular ch romosome  types in an arbi t rary and 
sometimes incorrect manner  which can lead to con- 
fusion when different sets of  observations are com-  
pared. 

The method set out  below is based on the data  
established by Levan's  g roup  and can be used to 
give a rapid and accurate classification of  any 
ch romosome  without  the necessity of  measuring 
a rm length and calculating ratios. 

Method 

The long arm: short  a rm ratios proposed by Le- 
van's  group to delimit M, T a n d  the four  variable 
ch romosome  types are set out  in Table 1, which is 
based on a ch romosome  divided into 8 equal units. 
In assigning ch romosomes  to particular types diffi- 
culty arises when the arm ratio is exactly 5:3, 6:2 or  
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Table l.  Range of long arm:short arm ratios in the six nomen- 
clatural types of chromosome. 

Chromosome type Long arm:short arm 

M 4:4 only 
m 4.01:3.99 ~ 5:3 
sm 5:3 -- 6:2 
st 6:2 ~ 7:1 
t 7:1 ~ 7.99:0.01 
T 8:0 only 

7:1, which are the three b o u n d a r y  or t rans i t ion  
ratios separat ing the four intermediate chromo-  
some types m ,  s m ,  s t  and t. Chromosomes  with 
these a rm ratios must  be classified as m - s m ,  s i n - s t  or 

s t - t  intermediates  respectively. In  a r andom samole 
of ch romosomes  very few will fit exactly into these 
t rans i t ion  categories; most  will be included in one 
of the six types identified above and in Table 1. 

Figure 1 illustrates the three transi t ion arm ratios 
5:3, 6:2 and 7: I over a range of overall chromosome 

lengths from zero upwards. It can be used as tem- 
plates to classify any drawn or photographed 
chromosome as follows, provided that the chromo-  

some is straight: 
(1) Photograph  or trace the figure onto t ranspar-  

ent film or paper; 
(2) Align any of the three templates compris ing the 

figure over the chromosome such that the 
chromosome is vertical and has its shorter arm 

uppermost .  
(3) Move the template  to the right or left until  the 

ends of the chromosome touch the upper and 
lower guide lines. 

(4) The third line, between the guide lines is the 
centromere line. If the centromere falls exactly 
on this line the chromosome is an exact inter- 
mediate between two of the six chromosome 
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Fig. 1. Templates for classifying chromosome types. Each one can be used for a range of chromosome lengths. They represent the precise 
inlermediates between (from the top downwards) m-s in ,  s m - s t  and st-t .  m ,  s m ,  st and t chromosomes of different lengths are 
superimposcd on each template to demonstrate the use of the templates in chromosome classification. C = eentromere line. 
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types and must  be classified as such, N o r m a l l y  
this will not  be the case and the cen t romere  will 
be above  or  be low the cen t romere  line. If it is 
be low the line t empla tes  h igher  in the series 
should  be used until  it falls above  the line. On 
the o the r  hand,  if the ini t ial  test shows the 
cen t romere  above  the cent romere  line the 
c h r o m o s o m e  should  be matched  agains t  lower 
templa tes  unti l  the cen t romere  appears  below 
the line. 
The two templa tes  between which the cent ro-  
mere changes f rom a pos i t ion  above  to one 
be low the cen t romere  line define the c h r o m o -  
some type  to which the test c h r o m o s o m e  
should  belong;  sm and s t  types will be at  once 
recognized in this way. 
If the cen t romere  falls be low the cen t romere  
line in all three templa tes  the c h r o m o s o m e  is an 
m type, unless it is an i s o c h r o m o s o m e  M type 
which will be recognized readily.  If  it falls 
above  the cen t romerc  line in all three templa tes  
the c h r o m o s o m e  is a t type,  provided  tha t  it still 
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has a shor t  arm; otherwise  it is a te locentr ic  T 
type. 

In F igure  1 four  c h r o m o s o m e s  are  d rawn  in each 
of the three templa tes  to demons t r a t e  their  use 

more  clearly. 
One p rob lem in the use of this technique is the 

s econda ry  or  nuc leo lar  cons t r i c t ion  which in some 
cases can be very long, even in me taphase  c h r o m o -  
somes. This will exaggera te  the true length of  the 
c h r o m o s o m e  arm,  and we suggest that  it should  be 
ignored when the c h r o m o s o m e  is classified, only  
the  te rmina l  satel l i te  (if  any) being taken  into ac-  
count .  
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