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ABSTRACT

Human peripheral blood leukocytes were exposed to the base 
analogue 5-bromodeoxyuridine (5-BrdUrd) for two rounds of DMA replica
tion. Following harvest, chromosomes stained with the bisbenzimidazole 
dye 33258 Hoechst contain differentially fluorescent chromatids. If 

these bromouracil substituted chromosomes are exposed to visible light 
and a hot deionized water solution, differential staining of the chro
matids occurs after Giemsa staining. These preparations do not require 

fluorescent microscopy and are not subject to fading. This technique 
has been applied to human cells to establish if the incidence of 
sister-chromatid-exchange (SCE) is influenced by age. Our results indi
cate that "newborns” show an incidence of SCE lower than "old-aged" (80- 
over) and "middle-aged" (25-50) individuals.



INTRODUCTION

In early 1957, Taylor, Woods, and Hughes demonstrated a tech

nique that allowed one chromatid of a chromosome to be distinguished 
from its sister. Using plant material, they found that by allowing 

cells to grow one round of DNA replication in the presence of tritium- 
labeled thymidine, followed by another round of DNA replication without 

the label, chromosomes contained label in only one of the two sister 
chromatids at any point along their length. An area observed to contain 
a switching of label from one chromatid to another was believed to have 
been formed by sister-chromatid-exchange (SCE),

Although this technique gave both support to the semiconserv

ative role of DNA replication and additional information about internal 

rearrangements of chromosomes, the technique had inherent disadvantages, 
With the incorporation of a radioactive label into the chromosomes, 
detection of SCE1s became dependent on the recording of p-particle decay 

onto photographic emulsions. This autoradiographic technique resulted 
not only in a long delay for the desired photograph (approximately 2-4 

weeks) but often yielded equivocal results in the form of "isolabelling" 
of sister chromatids. Clearly, the development of a technique superior 
to autoradiography was required to yield unequivocal discernment of 

sister-chromatid-exchange, This thesis utilizes one such technique 
(Figure 1), the fluorescent plus Giemsa (FPG) technique (Wolff and Perry 

1974), Although the utilization of the FPG technique has provided 
unequivocal identification of SCE, it has not identified the mechanism
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Figure 1. Peripheral Blood Lymphocyte Metaphase 

Stained by the FPG Technique.



responsible for SCE formation. In order to explain the formation of 

SCE, numerous enzymatic mechanisms involving DNA repair enzymes have 
been proposed. Post replication repair (Kato 1973, Wolff, Bodycote and 
Painter 1974), excision repair (Kato 1974), and a hypothetical single 
polynucleotide strand exchange (Gatti and Olivierri 1973; Bender, Griggs 
and Bedford 1974) are among current mechanisms proposed. Although 

recent work by Wolff et al.(1975) has cast some doubt as to the exact 
enzymatic process, it appears likley that DNA repair enzymes are impor
tant in the formation of SCE (Dr. John Endrizzi, Professor, University 
of Arizona, personal communication, April, 1976). The mechanisms 

proposing that DNA repair enzymes are necessary for the formation of SCE 
are based upon studies which indicate that agents which damage DNA also 
increase SCE. X-rays (Gatti, Pimpinelli and Olivierri 1974), U-V light 
(Kato 1973), chemical mutagens (Latt 1974, Solomon and Bobrow 1975) 
radiation from ^H-disintegration (Gibson and Prescott 1972), and BrdUrd 
(Latt 1974, Wolff and Perry 1974) have all been shown to damage DNA and 

increase SCE. Therefore, after reviewing the current literature, it 
appears that although the exact enzymatic mechanism remains unclear; the 
utilization of DNA repair enzymes may play an important role in the 

formation of SCE.

If one next focuses his attention upon the proposed mechanisms 

for aging, an interesting parallel to SCE is found. First of all, it 

seems plausible to infer that aging involves the activity of cells (and 

therefore chromosomes), and that in the older animal the cellular 

response to stress is less appropriate. One might say that the infor
mation available to any older cell for an appropriate response is



either missing or distorted in transmission. Since the primary infor
mation available to a cell is in its DNA9 it would seem logical that the 
accumulation of DNA damage in somatic cells would attract considerable 
attention as a mechanism for aging. In fact, this has occurred. Curtis 
in 1963, and Curtis and Telley in 1971, demonstrated evidence for an 
increased level of DNA injury in older animals. In these experiments, 

injury to DNA was envisioned as double-strand breaks, single-strand 
breaks or nicks, and altered base pairs. According to these experi
menters , as the age of the animal increased so did the level of DNA 
injury.

in light of the findings of Curtis and Telley, a number of 
experimenters assumed that the increasing breaks in older animals were 
the result of failure in DNA repair. In order to test this assumption, 

the levels of repair enzymes, polymerase, and ligase were assayed 

(Regan, Setlow, and Tey 1971) using synthetic polynucleotide substrates 
(Modrich and Lehman 1970, Lindahl and Edelman 1968, Painter, Clarkson 
and Young 1973). Although some equivocal results have arisen, the 

majority of data supports a decrease in DNA repair enzymes with an 

increase in age. In light of these data, it appears a reasonable 
assumption that DNA repair enzymes may exhibit a measurable effect on 

the aging process.
Taking, into account the substantial.data presented which links 

both aging and SCE to DNA repair enzymes, it would appear worthwhile to 
deduce what effect, if any, age has on SCE. It is then the intent of 

this thesis to establish if, within the sample studied, a significant 
difference in the incidence of SCE exists between different age groups.



METHODS AND MATERIALS 

Samples

The sample studied consisted of 12 individuals of differing 

ages. In order to best present the data, individuals were placed into 

one of three groups: "old-aged" (80 and over), "middle-aged" (25-50)
and "newborns" (cord bloods). The "old-age" sample consisted of four 
males. The "middle-age" and "newborn" samples each contained two males 

and two females. It should be noted that Galloway and Evans (1975) and 
Chaganti, Schonberg and German (1974) found no significant difference in 
the incidence of SCE between male and female adults and newborns. All 
individuals studied for this thesis were apparently healthy and cyto

genetically normal. Further, all adults were under no current medication 
and had no past or present history of malignancy. In every case, venous 
blood samples were utilized for cultures of adults. Cord blood samples 

were used for cultures involving newborns.

Culturing
In every case, whole blood cultures were initiated within two 

hours of drawing. The medium utilized for all cultures was GIBCO KPMI- 
1640. One hundred ml of KPMI-1640 was supplemented with 25 ml fetal 
calf serum, 5000 units penicillin, 5000 meg streptomycin, and 1.75 ml 

phytohemagglutinin in PEA. Five ml aliquots of this medium was placed 
into sterile 15 ml Falcon tubes and stored at -9°C until needed.

5



The tubes were wanned to 37°C before use. At the time of inoculation,

0.2 ml of whole blood was added to two culture tubes. At this time, a 
final concentration of 40 /ig/ml of 5-bromodeoxyuridine was added. The 
cultures were then placed in a 37°C COg incubator at a twenty-five 
degree angle for 71-73 hours. All cultures were grown in the dark with 
only minimal exposure to incandescent light. Since this light does not 
emit significant amounts of energy at 313 nanometers (a wavelength that 

can cause the photolysis of BrdUrd^containing DNA), the number of SCET s 
resulting from exposure to light should have been minimized (Wolff and 
Perry 1974).

Harvesting

One hour and fifteen minutes before harvesting, 0.5 ml of 
colchicine (10~̂ M) was added to arrest cells at metaphase. The cultures 

continued to incubate at 37°C for the remaining hour and fifteen minutes. 
At this time, cultures were centrifuged for 5 minutes at 1200 rpm in a 

Sorval tabletop centrifuge. The supernatant was discarded, and the 

remaining pellet resuspended in .075M KC1 at 37°C. Cultures were placed 

back into the incubator where the hypotonic treatment was continued for 
10 minutes. This was followed by recentrifugation for 5 minutes and 
discarding of the supernatant. Next, 4-5 ml of fresh, cold fixative 

(3:1 absolute methanol to glacial acetic acid) was added. The solution 
was mixed well using a Vortex mechanical mixer and placed at -9°C for at 
least 15 minutes. At the end of this time, cells were washed twice more 
with fixative. After the final wash, all but 0.2-0.5 ml of fixative was



removed depending on the total cell pellet present (Ed Lavor 9 Laboratory 

Technician, Arizona Medical Center, personal communication, June 1975)•

The cells were resuspended in fixative, and 2-3 drops of the 

suspension were placed onto a precleaned slide which had been immersed 
in 50% acetic acid. A sharp burst of air was delivered to each slide to 

disperse the cells. Slides were then air dried and placed into slide 
folders for a minimum of 24 hours. As many slides as possible were made 
from each sample. Within one week, slides were removed from the folder 

and placed for 15-19 minutes into a solution of deionized water and 
Hoechst 33258 stain (O'. 5 jig/ml final concentration). At the end of this 

time, slides were rinsed with deionized water and placed into a deionized 
water bath in direct sunlight for 1 hour. This was followed by placement 
in deionized water at 62°C for 1 hour and finally, Giemsa Staining (2 ml 
commercial stock Giemsa and 98 ml distilled water) for 4 2̂5 minutes 
(Wolff and Perry 1974). Slides were next rinsed in cold tap water, 

coverslipped with permount and allowed to dry overnight.

Microscopy
The slides were scanned up and down from left to right using a 

16X objective. If a metaphase spread appeared complete (all 46 chro?- 
mosomes present) , 1000X oil immersion was used, and only those meta- 

phases containing all 46 chromosomes were counted. Further, any spread 

exhibiting substantial chromosome overlaps or uneven staining was ex
cluded from the sample• With these criteria for selection, a minimum of 

60% of the available material was discarded in order to improve



accuracy• Slides were coded9 and in many cases metaphase spreads were 
photographed. In order to test the reliability of a photographic repre

sentation of metaphase spreads, the following experiment was performed. 
The incidence and location of SCE's from photographs were compared in a 
blind test to the same metaphase spread under the microscope. Upon 
examining over 500 chromosomes, approximately a 1% difference existed 

between photographic and microscopic scoring. It was thus assumed that 
the blind scoring of photographic reproductions was equivalent to the 
blind scoring of slides. Therefore, metaphase spreads were scored 
blindly using two methods, direct microscopic inspection being the most 
common. Spreads were first scored for the number of chromosomes, and 
then the number and location of SCE*s by group. All spreads were scored 
under oil immersion.

Photography
Slides selected for photography were photographed on a Zeiss 

Photomicroscope II using High Contrast Copy fiim. An ASA setting of 25 

and a magnification of 125OX were used. The film was developed and 

pictures printed by the following procedure (Iris Veomett, Chief Cyto
genetic Technician., University of Arizona, April 1975) . Negatives were 

developed by:
1. D19 at 68°C for 6 minutes
2. Rinsed in water

3. Kodak Rapid Fix for 4 minutes

4. Rinsed in water at least 15 minutes

5. Allowed to dry



Pictures were printed on Kodabromide F4 paper in the following manner:
1. Prints were exposed 45. seconds to light using a #4 filter.

2. Developed in Decktol diluted 3:1 for 1 minute
3. Rinsed for 10 seconds in tap water
4. Fixed at least 10 minutes in Kodak Rapid Fix

5. Rinsed in a cold water bath a minimum of 20 minutes
6» Dried

Karyotyping
A routine karyotypic analysis was performed bn every individual 

in this sample, A minimum of 10 metaphase spreads were counted, followed 
by photography and the pasting up of the karyotype. Each karyotype was 
then carefully examined for any obvious chromosomal abnormality. In tio 
instance was chromosome abnormality observed.

Statistics
Before the initiation of this experiment, a choice of statisti

cal tests and a determination of minimum sample size was determined (Dr. 

William T. Starmer, Instructor, University of Arizona, June 1975). An 
F-test statistic was selected in order to perform an analysis of variance 

on the three groups involved. In selecting a study of the analysis of 

variance, we hoped to determine if the natural variability within groups 
was as great as or greater than the variability between groups. Before 
the initiation of this experiment, results were defined as significant 

if there was a chance probability below 5% (PC.05).



RESULTS- AND DISCUSSION

Distribution of SCE Between 
Individuals and Groups

The mean yield of SCEVs per chromosome varied greatly between 
individuals in this sample. The range was 0 * 185 to 0.312. These 
results obtained from normal individuals fit well within the published 
data on the mean yield of SCE per chromosome» Results published to date 
include a range of 0.196 to 0* 256 (Wolff et al. 1975) 5 0.20 to 0.32 

(Latt 1974), 0. 21 to 0.40 (Galloway and Evans 1975), and 0.14 to 0.22 

(Chaganti, Schonberg, and German 1974).
A summary of the Incidence of SCE per chromosome from indivi

duals in this sample is presented in Tables 1, 2, 4, 5, and 6. These 
data are arranged in order to facilitate the comparison of different age 
groups. Because of the utilization of cord blood samples, no listing of 

age (gestational) is recorded for the newborn sample. An examination of 
the data in Table 1 reveals an apparently smaller percentage of SCE?s per 

chromosome in newborns when compared to either "middle-aged” or "old- 
aged” individuals. It is further noted that in every individual except 
one (individual #10) newborns have an equal or lower incidence of SCE 

per chromosome than the adults in this sample. Because an obvious 
difference existed between age groups, a statistical analysis of variance 

was performed. By selecting an E-test statistic, I hoped to show that the 

natural variability within groups was as great or greater than the vari

ability between groups. The results from this statistical test are presented

10
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Table 1. Observation of SCE from different aged individuals

Group Individuals Age
Total

Chromosomes
Total
SCE

SCE per 
Chromosome

1. "Old Age" 1 80 322 97 0.301
2 85 276 79 0.286
3 83 276 74 0.268
4 80 276 81 0.293

Total/Avg. 4 82 1150 331 0.287

2. "Middle Age" 5 50 276 62 0.225
6 . 38 276 86 0.312
7 25 276 67 0.243
8 27 276 79 0.286

Total/Avg. 4 35 1104 294 0.267

3. "Newborns" 9 _ 276 61 0 .221
10 — 276 64 0.232
11 T- 276 62 0.225
12 276 51 0.185

Total/Avg. 4 , 1104 238 0.216

Overall
Total/Avg. 12 39 3358 868 0.257
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Table 2. Statistical analysis of variance

AN0VA
Source d.f. . s.S. M.S. F.

Total 12 .8063990

R i f ) 1 ,78899408

C.T. 11 ,01740492

Age 3 .79975725

Age-R (|i) 2 .01076317 .00538159 7.292

Error 9 .00664175 .00073797

F(9,2) = .05 = 4.26<7.292

l.s.d. = 5.05 
d.f.

sd 
= 9

Sd = 7 ^ / ^  
r = 4 
s2 = MSB

l.s.d. =2.26 (.01920898) ~ .04341230
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Table 3. Normal approximation of the means of SCE per chromosome

Observation - #SCE   — p
total chromosomes

p binomial Vp = p(l-p) p +1.96
N

Normal approximation: 95% confidence interval

End.
Old Age

C.I. Ind

Middle Age 
C.I. Ind

Newborns

C.I.

1 .3511-.2509 5 .2743-.1757 9 .2700-.1720
2 .3393-2327 6 .3367-.2573 10 .2818-.1822

3 .3203-.2157 7 .2936-.1924 11 .2743-.1757

4 .3467-.2393 8 .3393-.2327 12 .2308-.1392

Therefore, individuals comprising each group are the same; thus pool. 
Pooled

Old Age .3131-.2609
Middle Age .2931-.2409
Newborns .2402-.1917

%-old age ^middle age ^newborns
.287 .267 .216

.02 .051

.071

Xpld age ^middle age ^newborns
IDENTICAL DIFFERENT



Table 4. Frequencies of SCE per chromosome in "Newborns"

CHROMOSOME Over-all
GROUP A B C D E F G Total

Total SCE 64 38 82 23 15 8 8 238

Total
Chromosomes 144 96 372 144 144 96 108 1104

SCE per
Chromosome 0.44 0.40 0.22 0.16 0.10 0.08 0.07 0.22



Table 5. Frequencies of SCE per chromosome in "Middle-aged" Individuals

CHROMOSOME Over-all
GROUP A . B C D E F G Total

Total SCE 80 52 100 27 22 6 7 294

Total
Chromosomes . 144 96 372 144 144 96 108 1104

SCE per
Chromosome 0.56 0.54 0.27 0.19 0.15 0.06 0.06 0.27



Table 6. Frequencies of SCE per chromosome in "Old-aged" individuals

CHROMOSOME Over-all
GROUP A B C D E F G Total

Total SCE 80 59 115 36 23 9 9 331

Total
Chromosomes 150 100 373 150 150 100 125 1150

SCE per
Chromosome 0.53 0.59 0.31 0.24 0.15 0.09 0.07 0.29
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in Table 2. In summary. Table 2 shows that within the sample studied, 
a lower incidence of SCE per chromosome is found in newborns than is 

found in adults (F = 7.292, FlC 0,05), Table 3 Is a statistical attempt 
to establish the boundaries of the mean values of SCE per chromosome in 
this sample. By using a normal approximation with a 95% confidence 

interval, it is estimated that individuals within each group fall into 

statistically identical confidence intervals. Therefore, a pooling of 
the data comprising each group was possible. Using the pooled data as 
the basis of the sample statistics, it is estimated that the mean value 
of SCE per chromosome in the defined adult populations falls outside the 
confidence interval for newborns. Further, statistically there is 95% 
confidence that this estimation is correct.

Effects of BrdUrd on SCE
In early autoradiographic studies involving sister-chromatid- 

exchange, the observed incidence of SCE was considered to be the normal 
spontaneous level of sister strand crossing over (Taylor 1958, Marin and 

Prescott 1964). However, because the detection of SCE was dependent 

upon the uptake of H^—thymidine, it was later theorized that the isotope 

itself was responsible for SCE formation (Wolff 1964), This hypothesis 
has been substantiated by Gibson and Prescott (1972) who determined that 
the majority, if not all, of the SCE * s were the result of radioactive 

decay.
Since 1965, BrdUrd has been known to cause chromosomal aber

rations in human cells in vitro (Dewey and Humphrey 1965). In light of 
this and other findings on the mutagenic potential of BrdUrd, it is



impossible to rule out the participation of this analog in SCE forma
tion. Although the representative proportion of SCE resulting from 

BrdUrd cannot be unequivocally determined, the effect of varying con

centrations of BrdUrd have been determined. Studies on SCE in Chinese 
hamster ovary cells exposed to BrdUrd and analysed with the FPG tech

nique have shown that the yield of exchanges increases with higher con
centrations of analog within the range of 0.3 f i g /ml to 1.0 f i g /ml. When 
these studies were conducted using higher concentrations (1-20 jig/ml), a 

saturation level of approximately 12 SCE's per cell was reached. Gibson 
and Prescott (1972) working with kangaroo rat cells found a similar 
plateau using increasing doses of tritium. In work on human cells grown 
for two rounds of DNA replication, a similar saturation of SCE at concenr- 
trations above 1 f i g /ml has been demonstrated. In data published to 
date, the number of SCE’s per cell has ranged between 9.2 SCE’s per cell 

using 10 j i g /ml BrdUrd (Hayashi and Schmid 1975), 13 per cell using 12 
f i g /ml BrdUrd (Latt 1974) , 14 per cell using 70 f i g /ml BrdUrd (Kim 1974) , 

and 14 SCE’s per cell using 160 jig/ml BrdUrd (Galloway and Evans 1975). 

The average number of SCE’s per cell in this study was 11.8 using 40 
j i g /ml BrdUrd. The similar findings from the different experiments using 
different cell types is presumably a reflection of the similarity in DNA 

content per cell between these species (Galloway and Evans 1975).
However, the reason why the yields of SCE should saturate at so low a 

level of BrdUrd (1 pg/ml) remains a mystery. It is clear that at 
saturation levels of BrdUrd many of the SCE’s must be induced by the 
analog. Further, instances of SCE’s presumably reflect a DNA repair 
process that results in an exchange of DNA subunits.



Absence of Isolabelling Utilizing 
the FPG Technique

In early work Involving the detection of SCE by autoradiographic 
techniques«, isolabelling was a commonly encountered phenomenon (Taylor 
et alo 19579 Peacock 1964)» In order to account for this observation, 
Peacock (1964) proposed that such isolabelled regions resulted from 

missegregation of a binemic or polynemic chromosome. Upon reviewing all 
published reports utilizing the FPG technique, no instance of isolabelling 
of sister chromatids has been reported. Also, in the preparation of 

this work, no instances of isolabelling were shown. The importance of 
this finding is in relation to theories on the strandedness of chro

mosomes .
In a beautiful series of experiments by Wolff and Perry (1974), 

the controversy over isolabelling was apparently resolved. In these 

experiments, the same chromosome was subjected to both autoradiography 
and the FPG technique» When chromosomes involving multiple exchanges 
(as many as 6 over a 3 micron length) were scored, the autoradiograph 
contained isolabelling; whereas the FPG technique did not. This appar

ent inconsistency is almost certainly attributed to the one micron decay 
range of B-particles emitted from tritiated thymidine. Another signi
ficant finding by this group was the occurrence of "image spread" using 
autoradiography. In similar studies involving the use of both tech
niques upon the same chromosome, the spread of B-particle decay often 

extended beyond the point of SCE observed by the FPG technique. This 

"image spread" was, in the opinion of these experimenters, the cause of 
intercalary isolabelling of autoradiographs. With the direct observation
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that both "image spread" and multiple exchanges can and do cause iso
labelling in autoradiographs 5 it appears that p-particle decay and not a 

binemic or polynemic chromosome is responsible for similarly labelled 
sister chromatids,

Endoreduplication 

One of the most interesting findings in this experiment was the 
observation of cells that had undergone endoreduplication. The occur
rence of this phenomenon was extremely rare and, interestingly, occurred 

in both the "old-age" and newborn sample. Figure 2 is an example of an 
endoreduplicated cell stained by the FPG technique. In chromosomes from 
this cell, two light staining chromatids (doubly substituted) surround 

two dark chromatids (singly substituted) except where SCE has occurred. 
This pattern is what would be expected if a uninemic DNA double helix
separated along its entire length, and a newly synthesized strand was

/
added on the outside of the replicating double helix.

Similar findings have been reported using H^-thymidine in 
endoreduplicated cells. Walen (1965) and later Herreras and Giannelli 

(1967) showed that after one round of DNA replication, endoreduplicated 
cells contain label in only the outer chromatids.
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Figure 2. Endoreduplicated Cell Stained by the FPG Technique.



SUMMARY AND CONCLUSION

The detection of SCE by the -FPG technique has added a new and 

most interesting dimension to the field of cytogenetics. First, the FPG 
technique has provided a new topi in the study and identification of 

internal rearrangements of chromosomes. Second, the incidence of SCE 

appears to provide useful data in the screening of potential mutagens 
(Solomon and Bobrow 1975). Third, incidence of extreme chromosome 
fragility as reported in Bloom’s syndrome appears to be detectable by 
the study of SCE (Chaganti et al. 1974). Finally, if one can then 

accept the premise that SCE reveals a portion of the molecular events 
leading to chromosome aberrations and if SCE does prove valuable in 
investigating mechanisms of DNA damage and repair, then it may be 

permissible to conclude that the analysis of SCE will become increasingly 

more valuable as a diagnostic indicator of DNA damage and repair.
in summary, an analysis of the incidence of SCE between indi

viduals of different age groups was performed using the FPG technique.

The results of this work indicate that within the Sample studied, a 
significantly, lower incidence of SCE is present in newborns when com

pared to either "old-aged" or "middle-aged" individuals.
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APPENDIX A

SUPPLEMENTARY DATA 

ON SCE OF DIFFERENT AGED INDIVIDUALS
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Table A-1. Newborn Sample

Individual iSex Chr.
A

SCE Chr.
B

SCE Chr.
C

SCE Chr.
D

SCE

9 F 36 14 24 8 96 23 36 6
10 M 36 17 24 11 96 21 36 6
11 M 36 19 24 10 90 21 36 5
12 F 36 14 24 9 90 17 36 6

Total 144 64 . 96 38 372 82 144 23

SCE/Chromosome 0.44 0.40 0.22 0.16

,

Individual Sex
E

Chr, SCE
F

Chr. SCE
G

Chr. SCE
Total 

Chr. SCE

9 F 36 5 24 3 24 2 276 61
10 M 36 4 24 2 24 3 276 64
11 M 36 3 24 2 30 2 276 62
12 F 36 3 24 1 30 1 276 51

Total 144 15 96 8 108 8 1104 238

SCE/Chromosome 0.10 0.08 0.07 0.22



Table A-2. Middle Age Sample

Individual Sex Chr.
A

SCE Chr.
B

SCE Chr.
C

SCE Chr.
B

SCE

5 M 36 14 24 13 90 23 36 6
6 F 36 22 24 13 96 32 36 13
7 F 36 20 24 11 96 23 36 4
8 M 36 24 24 15 90 22 36 4

Total 144 80 96 52 372 100 144 27

SCE/Chromosome 0.56 0.54 0.27 (). 19

E F G Total
Individual Sex Chr. SCE Chr. SCE Chr. SCE Chr. SCE

5 M 36 3 24 0 30 3 276 62
6 F 36 5 . 24 2 24 0 276 86
7 F 36 7 24 1 24 1 276 67
8 M 36 7 24 3 30 3 276 79

Total 144 22 96 6 108 7 1104 294

SCE/Chromosome 0.15 0.06 0.06 0.27



Table A-3. Old Age Sample

Individual Sex Chr.
A

SCE Chr.
B

SCE Chr.
C

SCE Chr.
D

SCE

1 M 42 23 28 15 105 35 42 11
2 M 36 18 24 12 90 31 36 8
3 M 36 18 24 15 90 23 36 8
4 M 36 21 24 17 90 26 36 9

Total 150 80 100 59 375 115 150 36

SCE/Chromosome i0.53 0.59 0.31 i0.24

Individual Sex Chr.
E

SCE Chr.
F

SCE Chr.
G

SCE
Total 

Chr. SCE

1 M 42 7 28 3 35 3 32% 97
2 M 36 5 24 2 30 3 .276 79
3 M 36 6 24 2 30 2 276 74
4 M 36 5 24 2 30 1 276 81

Total 150 23 100 9 125 9 1150 331
SCE/Chromosome (). 15 0.09 0.07 0.29
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