Scanning Microscopy

Volume 2 | Number 3 Article 35

3-18-1988

SEM of Canine Chromosomes: Normal Structure and the Effects
of Whole-Body Irradiation

G. K. Niiro
Argonne National Laboratory

T. M. Seed
Argonne National Laboratory

Follow this and additional works at: https://digitalcommons.usu.edu/microscopy

6‘ Part of the Biology Commons

Recommended Citation

Niiro, G. K. and Seed, T. M. (1988) "SEM of Canine Chromosomes: Normal Structure and the Effects of
Whole-Body Irradiation," Scanning Microscopy. Vol. 2 : No. 3, Article 35.

Available at: https://digitalcommons.usu.edu/microscopy/vol2/iss3/35

This Article is brought to you for free and open access by
the Western Dairy Center at DigitalCommons@USU. It
has been accepted for inclusion in Scanning Microscopy /[x\

by an authorized administrator of DigitalCommons@USU. /\ . .
For more information, please contact élla' ,()A]_ UtahStateUniversity

digitalcommons@usu.edu. { MERRILL-CAZIER LIBRARY


https://digitalcommons.usu.edu/microscopy
https://digitalcommons.usu.edu/microscopy/vol2
https://digitalcommons.usu.edu/microscopy/vol2/iss3
https://digitalcommons.usu.edu/microscopy/vol2/iss3/35
https://digitalcommons.usu.edu/microscopy?utm_source=digitalcommons.usu.edu%2Fmicroscopy%2Fvol2%2Fiss3%2F35&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/41?utm_source=digitalcommons.usu.edu%2Fmicroscopy%2Fvol2%2Fiss3%2F35&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.usu.edu/microscopy/vol2/iss3/35?utm_source=digitalcommons.usu.edu%2Fmicroscopy%2Fvol2%2Fiss3%2F35&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@usu.edu
http://library.usu.edu/
http://library.usu.edu/

Scanning Microscopy, Vol. 2, No. 3, 1988 (Pages 1593-1598)

Scanning Microscopy International, Chicago (AMF O'Hare), IL 60666

USA

SEM OF CANINE CHROMOSOMES:
NORMAL STRUCTURE AND THE EFFECTS OF WHOLE-BODY IRRADIATION

G. K. Niiro and T. M. Seed”

Radiation Hematology Group
Biological, Environmental, and Medical Research Division
Argonne National Laboratory
Argonne, IL 60439-4833 (USA)

(Received for publication September 25, 1987, and in revised form March 18, 1988)

Abstract

Canine chromosomes are not only numerous
(38 autosomal pairs), but they are small (com-
pared to human chromosomes) and morphologically
similar as well. Analysis of the canine karyo-
type by light microscopy (LM) of banded chromo-
somes is, thus, difficult, and the literature on
the canine karyotype is scanty. In this study,
we describe examination of chromosomes from
normal and chronically irradiated dogs with the
scanning electron microscope (SEM). Metaphase
chromosomes from bone marrow aspirates were
Giemsa-banded with either 0.025% trypsin alone
or 0.1% trypsin preceded by 10% HZO2 and pre-
pared for SEM. Examination of chromosomes from
normal dogs revealed cylindrical chromosome
profiles with well-defined chromatids and cen-
tromeres. The chromosome arms were consistently
marked by periodic grooves that had complemen-
tary structures on sister chromatids and may
represent the trypsin-sensitive chromatic
regions. The quality of the preservation varied
from preparation to preparation and depended on
the concentration and time of trypsin treatment.
Chromosomes from irradiated dogs revealed trans-
locations, deletions, and gaps. We conclude
that SEM produces images superior to LM images
of canine chromosomes; SEM images can be used
not only to identify individual chromosomes, but
also to identify genetic lesions in the chromo-

somes of chronically irradiated dogs. We
further conclude that the two Giemsa-banding
protocols wused in the present study produced

variable results, although 0.025% trypsin alone
appeared to give better and more consistent
results than 0.1% trypsin preceded by 10% Hzoz'
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Introduction

Since the first report of a consistent
structural chromosomal abnormality associated
with chronic myelocytic leukemia, the so-called
Philadelphia chromosome (Phl) described by
Nowell and Hungerford in 1960, similar abnormal-
ities in other cancers have been reported [see
reviews by LeBeau and Rowley (1986) and Rowley
(1983)]. The abnormalities identified so far
are the gain of a part or all of a chromosome,
loss of a part or all of a chromosome, and
translocations. These abnormalities have been
identified mainly by light microscopy (LM) with
the use of novel banding techniques. However,
further advancements in the study of chromosomal
abnormalities may depend on observing chromo-
somes with instruments of higher resolution. A
logical choice would be the scanning electron
microscope (SEM), which has already demonstrated
its usefulness in elucidating the structure of
the fragile X chromosome (Harrison et al., 1983)
and of chromosomal gaps (Chernos et al., 1986).

Furthermore, SEM could prove to be useful for
analysis of complex karyotypes such as the
dog's. The canine karyotype consists of 38

pairs of morphologically similar autosomes that
are mostly of the acrocentric or telocentric
type (Moore, 1970). Even with the advent of
novel chromosomal banding techniques, the size
and similarity of canine chromosomes make their
identification extremely difficult. This situa-
tion is reflected in the 1limited number of
studies published on canine karyotype analysis
by Giemsa-banding (G-banding) (Manolache et al.,
1976; Selden et al., 1975).

The scanning electron microscope has been
applied to the study of chromosome structure for
more than 20 years. However, until recently,

the images produced by the technique have not
led to a clear understanding of chromosomal
morphology. One reason for this failure has
been the wide variation in preparative tech-
niques used to jisolate metaphase chromosomes for
SEM study (Allen et al., 1986b). Recently,
techniques developed in the laboratory of Allen
(Allen et al., 1986a; Harrison et al., 1981,
1982, 1985) and based on routine methods used

in LM have produced more consistent SEM micro-
graphs.




The aim of the present study was to apply
these techniques to the cytogenetic study of
dogs with radiation-induced leukemia. The dog
model of radiation-induced Teukemia has been
previously described (Fritz et al., 1985; Seed
et al., 1977, 1982, 1985). The data presented
here represent preliminary findings on chromo-
somal abnormalities of these leukemic dogs.
This study also appears to be the first to
report the use of SEM to observe canine chromo-
somes.

Materials and Methods

Animals and Irradiation Protocols
Outbred beagles used in this study were
derived from the <closed colony at Argonne
National Laboratory described previously (Seed
et al., 1985). These dogs were exposed to
whole-body irradiation for 22 h each day from a
60Co gamma-ray source (Gamma Beam 150, Atomic
Energy of Canada, Ltd., Ottawa). The total dose
was 1 to 10 rad/day.
Preparation of Metaphase Spreads

and Giemsa-

Banding

Preparation of metaphase spreads and subse-
quent G-banding of the chromosomes were done
according to methods modified from the technique
of Testa and Rowley (1981). Mononuclear cells
were separated from bone marrow aspirates taken
from the humerus (Seed et al., 1982). These
cells were incubated for 10-20 min at 37°C in
Medium 199 (M. A. Bioproducts, Whittaker Corp.,
Walkersville, MD) containing 10% horse serum, to
which 2.5 pg/mL colchicine (E. Lily, Indianapo-
lis, IN) were added. The cells were then incu-
bated in 75 mM KCl for 10 min at 37°C and fixed
with three changes of 3:1 ethanol:acetic acid.
The cells were then dropped onto circular plas-
tic coverslips and air-dried slowly under high
humidity.

The spreads were aged for 24 h at room
temperature plus an additional 10 min at 70°C
and were subsequently G-banded by one of two
protocols. The first protocol consisted of a
14-s immersion in 10% H202, followed by a brief
rinse in distilled water and a 12-s immersion in
0.1% trypsin (trypsin 1:250, Difco Labs.,
Detroit, MI) in Isoton (Coulter Diagnostics,
Hialeah, FL). The chromosomes were then fixed
in 2% glutaraldehyde buffered with 0.1 M sodium
cacodylate for a minimum of 2 h at 4°C. The
second protocol consisted simply of a 10-s
immersion in 0.025% trypsin; no H202 was used.
After trypsin treatment, the spreads were placed
in buffered 2% glutaraldehyde.

Preparation for Scanning Electron Microscopy and

Morphometry
Metaphase spreads were prepared for SEM by

using a method modified from the technique of
Harrison et al. (1981). Following G-banding and
fixation in glutaraldehyde, the metaphase
spreads were quickly rinsed in buffer and post-
fixed with 1% 0sOy in buffer for 10 min. After
three rinses with distilled H20, the spreads
were treated with a saturated solution of thio-
carbohydrazide (TCH) for 5 min. After three
rinses in distilled H20 and another 10 min of
treatment in 1% 0sOy, the TCH-0sOy4 treatment was
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repeated. The chromosomes were then dehydrated
with increasing concentrations of ethanol and
critical-point dried from Freon 13, with Freon
113 as the intermediate fluid. The metaphase
spreads were then Tlightly sputter-coated with
gold before examination in a Cambridge Stereo-

scan Mark Ila or a JEOL JSM-840a SEM, both
operated at 10 kV.
Chromosome lengths were measured from

micrographs on an Apple II plus graphics tablet

with the Stereometric Measurement and Analysis

computer program (Scientific Micro Programs).
Results

Comparison of Giemsa-Banding Protocols

Although the two banding methods used in
this study produced variable results, the milder
banding treatment of 0.025% trypsin alone ap-
peared to produce better, more consistent
spreads (Fig. la) in terms of well-preserved
morphology and distinct patterns of chromatid
grooves (see below). In contrast, the harsher
treatment of 0.1% trypsin preceded by 10% HZO2
tended to yield more spreads with poor morphol=
ogy and chromosomes with indistinct patterns of
chromatid grooves Fig. 1b). An  example of
undesirable results is shown in Fig. 1b; such
chromosomes often had an "overdigested" appear-
ance, with numerous connections between indivi-
dual chromosomes and between sister chromatids.
Most importantly, the grooves seen in Fig. la
were not evident.

Morphology of Chromosomes from Control Dogs

In the best preparations, canine chromo-
somes appeared as relatively smooth, cylindrical
profiles with well-defined chromatids and cen-
tromeres (Figs. 2a and 2b). A consistent obser-
vation was the presence of indentations or
grooves periodically placed along the length of
the chromosome arms that subdivided the arms
into parallel segments. Corresponding indenta-
tions were found along both sister chromatids.
Morphology of Chromosomes from Irradiated Dogs

The overall appearance of chromosomes from
irradiated dogs was much like that of control

dogs; 1i.e., chromosomes were cylindrical with
well-defined chromatids, centromeres, and
grooves (Fig. 3a). In contrast to chromosomal

spreads from control dogs, however, spreads from
irradiated dogs commonly contained abnormal
chromosomes that were readily detected and
highlighted by SEM. These abnormalities includ-
ed translocations (Fig. 3b), fragile tips (Fig.
3c), and deletions (Fig. 3d). Further, canine
chromosomes examined by SEM were readily counted
and measured (Table 1), giving data that compare
favorably to LM-based data. In terms of chromo-
some length, the effect of chronic irradiation
is manifested by a gain in percent of total
genomic complement 1in chromosomes of families
A and B and by losses in family G, as well as in
the sex chromosome group (Table 1).

Discussion
The results we have obtained on dog chromo-

somes are similar to those obtained on human
chromosomes (Harrison et al., 1981). Of special




SEM of Canine Chromosomes

Fig. 1. Comparison of canine chromosomes after
(a) treatment with 0.025% trypsin alone and
(b) treatment with 0.1% trypsin preceded by 10%
H202. Note the appearance of grooves (arrows)
in la; these are not evident in 1lb. Bar =1 um.

interest are the indentations or grooves on the
chromosome arms. Harrison et al. (1981) have
demonstrated that the grooves correspond to the
G-positive bands seen by LM. A preliminary
comparison between LM and SEM images of the
first canine chromosome pairs indicates that the
SEM grooves and LM G-positive bands correspond.
Because of its higher resolving power, we feel
that SEM analysis can lead more quickly to a
precise canine karyotype than will conventional
LM analysis. In general, SEM analysis seems
likely to lead to a better understanding of
overall chromosome structure (Mullinger and
Johnson, 1987).

Our two banding protocols produced variable
results. That is, well-preserved morphology and
distinct circumferential grooves, as well as
poor morphology and indistinct grooves, resulted
from both treatment with 0.1% trypsin preceded
by 10% Hp0, and treatment with 0.025% trypsin
alone. However, we feel that the milder treat-
ment, with 0.025% trypsin alone, produces more
consistent results. We have not ruled out the
future possibility of using treatments inter-
mediate to the two we used in this study.
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Fige 2.
dogs.
metaphase spread.
preceded by 10% H202. Bar = 10 um. (b) Higher-
power view of the same spread showing pair of
chromosome 1 (*). Note the cylindrical profile
and grooves (arrows). Bar = 1 um.

Morphology of chromosomes from control
(a) Low-power micrograph showing entire
Treatment with 0.1% trypsin

The initial
somes from chronically
highlighted a number of prominent 1lesions.
Because of the greatly increased resolution
provided by SEM, the mapping and characteriza-
tion of critical, radiation-induced chromosomal
lesions will be facilitated.

In conclusion, we have shown that SEM is a
useful tool for the analysis of canine chromo-
somes. It appears that with some "fine-tuning"
of the methods, individual canine chromosomes
and chromosomal abnormalities can be identified
by SEM with precision and reliability.

examination by SEM of chromo-
irradiated dogs has




Fig. 3.
ted dogs. (a) Low-power micrograph
entire metaphase spread appearing much Tike
Fig. 2a. Arrow points to chromosome 1. Bar =
10 uym. Higher-power view of enclosed boxes is
shown in (b) and (c). (b) Chromosome from same
spread with possible translocation. The shorter
chromatid 1is the normal Tength. Bar = 1 um.
(c) Other chromosome 1 from same spread showing

Morphology of chromosomes from irradia-

showing

fragile tips (arrows). Bar =1 uym. (d) Chromo-
some from different spread showing possible
deletion. The missing portion is outlined with

white dots. Bar =1 um.
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Table 1. Canine chromosome lengths measured by
SEM as a percentage of haploid complement.

Chromo- Family % Total genomic length
some (Common lesions, . Control Irradiated
no. if present) (N =4) (N = 4)
i A 4,93 + 0.51 5.60 + 0.57
2 B 3.87 + 0.13 4.76 + 0.54
3 (g-arm 3.70 + 0.05 4.25 + 0.28
4 extensions, 3.60 + 0.06 4.05 t 0.30
5 translocations) 3.52 + 0.05 3.95 t+ 0.27
6 3.42 t 0.05 3.69 + 0.30
7 3.31 &£ 0.06 3.53 + 0.32
8 3.20 + 0.08 3.44 t 0.32
9 C 3.09 + 0.05 3.35 t 0.28
10 3.00 + 0.10 3.31 £ 0.27
1 2.94 + 0.09 3.26 + 0.22
12 2:91 & 0.07 3,23 £ 0.18
13 2,84 + 0.10 3.13 ¢ 0.13
14 2,81 & 0.12 2.97 + 0.12
15 2476 + 0,15 2,85 1 0,20
16 272 % 013 2.77 t 0.24
17 D 2:70 2 0,13 2.70 = 0,22
18 2.68 + 0.12 2.57 £ 0.09
19 2.53 & 0.07 2.53 £ 0.06
20 2.48 + 0.06 2.49 t 0.01
21 2.39 + 0.05 2.46 t 0.00
22 2.35 t 0.07 2.45 £ 0.00
23 2.27 t 0.07 2.42 + 0.00
24 2.21 £ 0.10 2.31 £ 0.01
25 2.15 t 0.09 2.18 + 0.01
26 E 2.11 £+ 0.09 2.03 t 0.04
27 2.10 + 0.08 1.96 + 0.09
28 2.07 + 0.06 1.91 + 0.07
29 2.04 + 0.03 1.85 t+ 0.01
30 1.97 + 0.09 1.81 t 0.04
31 1.88 + 0.19 1.81 t 0.04
32 1.80 + 0.19 1.68 + 0.18
33 F 1,75 + 017 1,63 £+ 0.22
34 1.67 :x 0.16 1.54 t 0.25
35 1.60 + 0.18 1.57 + 0.00
36 G 1.50 £ 0.10 1.32 % 0.00

37 1.40 + 0.04 - -
(Loss)

38 1.31 £+ 0.03 1.18 + 0.00

X SX 2.24 + 0.11 2.65 t 0.00

Y (Loss) 0.57 £+ 0.09 0.43 £ 0.00
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Discussion with Reviewers

N. Wang: The chromosomes in Fig. la are gener-
ally Tonger than those in Fig. 1lb. Do you think
this difference in length has anything to do
with the appearance of the groove?

Authors: Chromosomes may respond differently to
trypsin treatment depending upon their degree of
contraction. Less contracted chromosomes have
more of their structure exposed, permitting
either enhanced or faster trypsin digestion or

both. One might speculate that less contracted
chromosomes would display more prominent
grooves.

Reviewer IIl: Would actual sizes of chromosomes
be more useful than % genomic length?

Authors: We would have included the actual
lengths, however, we were most interested in
whether individual chromosomes have been affect-
ed to a greater or lesser degree than the karyo-
type as a whole. We felt that this sort of data
is best demonstrated by % genomic length analy-
Siss

J. Rowley: Why are the authors sure that Fig.
3b is a translocation? Why isn't it a chromatid
deletion? How do the authors know (see figure
legend) that the shorter chromatid is the normal
length?

Authors: The first chromosome pair of the

canine karyotype is considerably longer than the
second pair (Selden et al., 1975). On this
basis, we can identify the first pair in Fig. 3a
as the chromosome in the box Tabeled ¢ and that
identified by the arrow. Thus, it would appear
that the normal length of the chromosome in
question is that of the shorter chromatid.

J. Rowley: How certain are the authors that the
X chromosome in the control is 2.24% rather than
some other chromosome in Group D or E?

Authors: The x chromosome is metacentric
(Selden et al., 1975) and can be reliably iden-
tified since the other chromosomes are acrocen-
tric or telocentric.
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J. Rowley: How precise and reliable are the
data in Table 1? Is it premature to publish
this table?

Authors: The number of SEM chromosome spreads |
analyzed and measured are, indeed, small, thus |
placing limits on the degree of confidence one

places on specific chromosomes. However, part ;
of the intent of this study was to demonstrate |
the utility of SEM to the study of canine cyto- |
genetics. The SEM not only has a higher resolv-
ing power that may make identification of
chromosomes more precise, quantitative data
collected by SEM such as that shown in Table 1
compares favorably with LM-based data.

T. D. Allen: You indicate in Fig. la the com-
plementary position of grooves in sister chroma-
tids, which is readily apparent. However, the
pair of grooves directly above the central arrow
appears to run at a different angle to the Tlong
axis on each chromatid. Do you have any expla-
nation for this finding? Does this indicate a
gyre of final spiralisation in chromatid conden-
sation?

Authors: We have also noted your obversation
and 1t certainly makes for tempting speculation.
However, without seeing more of the chromosomes,
i.e., the other side, the answer to your ques-
tion remains hidden.

T. D. Allen: This study is perhaps one of the
first SEM studies of a karyotype with typically
acrocentric chromosomes. It is intriguing to
see some variation, c.f., the acrocentric next
to the chromosome with a deletion in Fig. 3b,
which had "U" configuration, with several in
Fig. 3a, where sister chromatids appear to lie
side by side without any common structure or
centromere. Would the authors Tike to comment
on this finding?

Authors: At the present time, we believe that
the "true" configuration 1is that where the
sister chromatids appear to lack any common
structure. In most of the "U" acrocentrics one
can see a faint or sometimes obscured line of
separation between the sister chromatids.
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