
14. D. Levin, Am. Nat. 105, 157 (1971); T. Swain, Giems 
Annu. Rev. Plant Physiol. 28, 479 (1977). 

15. S. Mitjavila, G. de St.-Blanquat, R. DeRache, 
Nutr. Metab. 15, 163 (1973); M. Joslyn and Z. A New 
Glick, J. Nutr. 98, 119 (1969); S. Chang and H. 
Fuller, Poult. Sci. 43, 30 (1964); P. Vohra, F. 
Kratzer, M. Joslyn, ibid. 45, 135 (1966); F. 
Rayudu, R. Kadirvel, P. Vohra, F. Kratzer, Abstr 
ibid. 49, 957 (1970); M. Tamir and A. Alumot, J. gion ofc 
Nutr. 100, 573 (1970). 

16. M. Mandels and E. Reese, Annu. Rev. Phytopa- bility wi 
thol. 3, 85 (1965). Giemsa- 17. Samples were air- and oven-dried. Examination 
for phenolics was carried out at the University ing size 
of Strathclyde, Department of Pharmaceutical location 
Chemistry, Phytochemical Laboratory. Nutri- on 
tion samples were processed by Dr. M. J. Trlica, or at the 
Department of Range Science, Colorado State 
University, Fort Collins. had a ci 

18. In Cameroon all trees of 50 cm or more in cir- band. T 
cumference were enumerated, in a strip 5 m 
wide and totaling 1.45 ha (3). In this area, 383 Giemsa- 
individual trees belonging to 51 species were consistei counted. In Uganda, all trees of 10 m or more in 
height were enumerated, in a strip 5 m wide and fashion. 
totaling 1.43 ha. In this sample, 469 trees, repre- 
senting 51 species, were counted. 

19. W. Horowitz, Ed., Official Methods of Analysis Indivi 
of the Association of Official Analytical Chem- 
ists (AOAC, Washington, D.C., ed. 11, 1970), between 
p. 154. somes (1 20. J. Goldstein and T. Swain, Phytochemistry 2, 
371 (1963); R. Burns, Agron. J. 63, 511 (1971). ed regio 

21. T. Swain and W. Hillis, J. Sci. Food Agric. 10, have nc 
63 (1959). 

22. E. C. Bate-Smith and J. B. Harborne, With th( 
Phytochemistry 10, 1055 (1971). identify 23. Phenolic compounds might be expected to pre- d tl 
dominate among the chemical defenses of plants chromat 
that occur in pure stands and in other plants or 
plant parts that are "apparent" to herbivores in regn 
space or time, such as long-lived leaves (24). chromat 
Higher phenolic content of leaves of common 
Douala-Edea trees might be partly a con- uals but 
sequence of longer leaf life-spans than in the Ki- herited bale site, or of a greater tendency of trees to 
grow in pure stands. These features may in turn Furth< 
be consequences of lower mineral availability region 
(1). It should be noted that there is no lack of 
other types of secondary compounds in the veg- asymme etation of this site. Nonprotein amino acids, vol- 
atile oils, alkaloids, naphthoquinones, cyano- the siste 
genic glycosides, and unusual compounds such one chr 
as trimethoxystyrene have all been identified in 
samples from this site (28). pale. Th 

24. P. Feeny, in Biochemical Interaction Between size and 
Plants and Insects, J. W. Wallace and R. L. 
Mansell, Eds. (Plenum, New York, 1976), p. 1. terate 

25. C. Van Sumere et al. in Chemistry and Bio- size on 
chemistry of Plant Proteins, J. B. Harborne, Ed. le 
(Academic Press, London, 1975), p. 211. tern on 

26. W. Pierpont, Biochem. J. 112, 609 (1969).e 
27. R. Allison, in Leaf Protein: Its Agronomy, Prep- The ( 

aration, Quality and Use, N. W. Pirie, Ed. duces m 
(Blackwell, Oxford, 1971), p. 78. 

28. P. G. Waterman and C. N. Mbi, unpublished ondary 
data. some 1 

29. Diet estimates are based on frequency scores, 
not on the amount ingested (3, 4). nique. T 

30. R. Cates and G. Orians, Ecology 56,410 (1975). bright re 31. J. S. Gartlan, unpublished data. 
32. T. Bauchop and R. W. Martucci, Science 161, is smalle 

698 (1968); H.-J. Kuhn, Folia Primatol. 2, 193 -bandi 
(1964); J. Black and M. Sharkey, Mammalia 34, C-an 
294 (1970). modifica 

33. H. Art, F. Borman, G. Voight, G. Woodwell, 
Science, 184, 60 (1974). in whlc 

34. S. Siegel, Nonparametric Statistics for the Be- Giemsa 
havioral Sciences (McGraw-Hill, New York, 
1956). 

35. For example, the coefficient of variation (C) of 
the total phenolic content of Markhamia mature 
leaves (N = 13) is only 27 percent. The 13 sam- 
Ples were collected from eight individuals, in 
five different months. For Dichostemma mature 
leaves (N = 8; each sample was taken from a Giemsa-11 
different individual during the same month), 
C = 13 percent. For Coula edulis mature leaves 
(N = 8, collected in the same manner as Dicho- 
stemma), C = 30 percent. C-banding 

36. We thank C. Bach, B. Hazlett, M. Huston, D. 

14. D. Levin, Am. Nat. 105, 157 (1971); T. Swain, Giems 
Annu. Rev. Plant Physiol. 28, 479 (1977). 

15. S. Mitjavila, G. de St.-Blanquat, R. DeRache, 
Nutr. Metab. 15, 163 (1973); M. Joslyn and Z. A New 
Glick, J. Nutr. 98, 119 (1969); S. Chang and H. 
Fuller, Poult. Sci. 43, 30 (1964); P. Vohra, F. 
Kratzer, M. Joslyn, ibid. 45, 135 (1966); F. 
Rayudu, R. Kadirvel, P. Vohra, F. Kratzer, Abstr 
ibid. 49, 957 (1970); M. Tamir and A. Alumot, J. gion ofc 
Nutr. 100, 573 (1970). 

16. M. Mandels and E. Reese, Annu. Rev. Phytopa- bility wi 
thol. 3, 85 (1965). Giemsa- 17. Samples were air- and oven-dried. Examination 
for phenolics was carried out at the University ing size 
of Strathclyde, Department of Pharmaceutical location 
Chemistry, Phytochemical Laboratory. Nutri- on 
tion samples were processed by Dr. M. J. Trlica, or at the 
Department of Range Science, Colorado State 
University, Fort Collins. had a ci 

18. In Cameroon all trees of 50 cm or more in cir- band. T 
cumference were enumerated, in a strip 5 m 
wide and totaling 1.45 ha (3). In this area, 383 Giemsa- 
individual trees belonging to 51 species were consistei counted. In Uganda, all trees of 10 m or more in 
height were enumerated, in a strip 5 m wide and fashion. 
totaling 1.43 ha. In this sample, 469 trees, repre- 
senting 51 species, were counted. 

19. W. Horowitz, Ed., Official Methods of Analysis Indivi 
of the Association of Official Analytical Chem- 
ists (AOAC, Washington, D.C., ed. 11, 1970), between 
p. 154. somes (1 20. J. Goldstein and T. Swain, Phytochemistry 2, 
371 (1963); R. Burns, Agron. J. 63, 511 (1971). ed regio 

21. T. Swain and W. Hillis, J. Sci. Food Agric. 10, have nc 
63 (1959). 

22. E. C. Bate-Smith and J. B. Harborne, With th( 
Phytochemistry 10, 1055 (1971). identify 23. Phenolic compounds might be expected to pre- d tl 
dominate among the chemical defenses of plants chromat 
that occur in pure stands and in other plants or 
plant parts that are "apparent" to herbivores in regn 
space or time, such as long-lived leaves (24). chromat 
Higher phenolic content of leaves of common 
Douala-Edea trees might be partly a con- uals but 
sequence of longer leaf life-spans than in the Ki- herited bale site, or of a greater tendency of trees to 
grow in pure stands. These features may in turn Furth< 
be consequences of lower mineral availability region 
(1). It should be noted that there is no lack of 
other types of secondary compounds in the veg- asymme etation of this site. Nonprotein amino acids, vol- 
atile oils, alkaloids, naphthoquinones, cyano- the siste 
genic glycosides, and unusual compounds such one chr 
as trimethoxystyrene have all been identified in 
samples from this site (28). pale. Th 

24. P. Feeny, in Biochemical Interaction Between size and 
Plants and Insects, J. W. Wallace and R. L. 
Mansell, Eds. (Plenum, New York, 1976), p. 1. terate 

25. C. Van Sumere et al. in Chemistry and Bio- size on 
chemistry of Plant Proteins, J. B. Harborne, Ed. le 
(Academic Press, London, 1975), p. 211. tern on 

26. W. Pierpont, Biochem. J. 112, 609 (1969).e 
27. R. Allison, in Leaf Protein: Its Agronomy, Prep- The ( 

aration, Quality and Use, N. W. Pirie, Ed. duces m 
(Blackwell, Oxford, 1971), p. 78. 

28. P. G. Waterman and C. N. Mbi, unpublished ondary 
data. some 1 

29. Diet estimates are based on frequency scores, 
not on the amount ingested (3, 4). nique. T 

30. R. Cates and G. Orians, Ecology 56,410 (1975). bright re 31. J. S. Gartlan, unpublished data. 
32. T. Bauchop and R. W. Martucci, Science 161, is smalle 

698 (1968); H.-J. Kuhn, Folia Primatol. 2, 193 -bandi 
(1964); J. Black and M. Sharkey, Mammalia 34, C-an 
294 (1970). modifica 

33. H. Art, F. Borman, G. Voight, G. Woodwell, 
Science, 184, 60 (1974). in whlc 

34. S. Siegel, Nonparametric Statistics for the Be- Giemsa 
havioral Sciences (McGraw-Hill, New York, 
1956). 

35. For example, the coefficient of variation (C) of 
the total phenolic content of Markhamia mature 
leaves (N = 13) is only 27 percent. The 13 sam- 
Ples were collected from eight individuals, in 
five different months. For Dichostemma mature 
leaves (N = 8; each sample was taken from a Giemsa-11 
different individual during the same month), 
C = 13 percent. For Coula edulis mature leaves 
(N = 8, collected in the same manner as Dicho- 
stemma), C = 30 percent. C-banding 

36. We thank C. Bach, B. Hazlett, M. Huston, D. 
Janzen, P. Regal, and T. Swain for critical com- 
ments. D.M. and T.T.S. were supported by the Fig. 1. G 
Center for Field Research and Conservation, chromosi New York Zoological Society, and C.N.M. was 
supported by a scholarship from the British row from 
Council. J.S.G. was supported by grants RR Giemsa-l 
01055-02 and RR00167-17 from the National In- soms w stitutes of Health. These studies were carried 
out while J.S.G., D.M., and C.N.M. were inves- from the 
tigators of ONAREST, Institut de Recherches two Gier 
Agricoles et Forestieres, Douala, Cameroon. ing of ch 

13 January 1978; revised 31 May 1978 uals as a 

Janzen, P. Regal, and T. Swain for critical com- 
ments. D.M. and T.T.S. were supported by the Fig. 1. G 
Center for Field Research and Conservation, chromosi New York Zoological Society, and C.N.M. was 
supported by a scholarship from the British row from 
Council. J.S.G. was supported by grants RR Giemsa-l 
01055-02 and RR00167-17 from the National In- soms w stitutes of Health. These studies were carried 
out while J.S.G., D.M., and C.N.M. were inves- from the 
tigators of ONAREST, Institut de Recherches two Gier 
Agricoles et Forestieres, Douala, Cameroon. ing of ch 

13 January 1978; revised 31 May 1978 uals as a 

a-ll Staining of Chromosome 1: 

ly Described Heteromorphism 

act. Sequential Giemsa-11 and C-band staining of the heterochromatic re- 
'hromosome I from 30 unrelated individuals revealed a high degree of varia- 
thin this region, more than was identifiable with either stain alone. The 
11 stained material usually appeared as a single band of only slightly vary- 
within the heterochromatic region. The position of this band ranged from a 
immediately adjacent to the centromere, to one farther along the long arm 
?junction of the C-band heterochromatin and euchromatin. Two individuals 
hromosome 1 with no detectable Giemsa-11 band but an average-size C- 
wo others with a large heterochromatic segment by C-banding had two 
11 positive bands. Additional studies of five members of one family were 
nt with transmission of these heteromorphisms in codominant Mendelian 
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dual morphological differences 
homologous human chromo- 

heteromorphisms) occur in limit- 
ns of specific chromosomes and 
) apparent phenotypic effects. 
e C-banding technique one can 
a prominent block of hetero- 

in in the secondary constriction 
)f chromosome 1. This hetero- 
in varies in size among individ- 
the variations are stable and in- 

(1). 
er variation within the C-band 
?, 3) is revealed by the "lateral 
try" technique (4), which stains 
Jr chromatids asymmetrically- 
)matid heavily stained, the other 
lese dark and light areas vary in 
d in some individuals there are al- 
light and dark bands of varying 
one chromatid; the reverse pat- 
the other. 
]iemsa-11 technique (5, 6) pro- 
lore specific staining of the sec- 
constriction region of chromo- 
than does the C-banding tech- 
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er than the region stained by the 
ng technique (5). By use of a 
ition of the Giemsa-11 technique 
:h only two components of 
dye are used (7), we have dis- 
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iemsa- 11 and C-banding variations in 
ome 1 from eight individuals. Top 
i left to right: chromosome 1 with no 
11 positive staining; five chromo- 
ith single bands at varying distances 
centromere; two chromosomes with 
nsa-11 bands. Bottom row: C-band- 
iromosome 1 from the same individ- 
bove. 
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covered further stable and inherited vari- 
ations of the secondary constriction re- 
gion of chromosome 1. 

Peripheral blood lymphocytes from 30 
unrelated individuals were cultured for 
66 hours and the chromosomes har- 
vested by routine methods. The slides 
were air-dried and aged for a minimum of 
2 days. They were incubated at 37?C for 
2 minutes in 50 ml of fresh phosphate 
buffer, pH 11.3. Next, 0.6 ml of 1.0 per- 
cent aqueous azure B (Mc/B) and 0.5 ml 
of 0.25 percent eosin Y in methanol were 
added to the buffer and incubation was 
continued an additional 5 to 6 minutes. 
After being rinsed in distilled water, the 
slides were air-dried and examined with 
a Zeiss photomicroscope. They were 
considered understained if the chromo- 
somes were uniformly pale blue and 
overstained if the chromosomes were 
uniformly pink-red. The chromosome I 
heterochromatin was stained best when 
both the centromeric region of chromo- 
some 9 and the short arm-satellite re- 
gions of the acrocentric chromosome 
were pink-red with pale blue eu- 
chromatin. These chromosome prepara- 
tions were destained and reexamined by 
a C-band technique (8). 

The red-staining Giemsa- 11 positive 
material in chromosome 1 usually ap- 
peared as a single block or band which 
was always within the C-band region. 
The amount of this material varied 
among the 60 different chromosomes 
from the 30 individuals. However, the 
size variation between individuals was 
difficult to distinguish quantitatively 
from the variation found from cell to cell 
in the same individual. The placement 
distinctly varied between these chromo- 
somes but was consistent for a given 
chromosome as evidenced by reproduc- 
ibility from cell to cell. Thirty-five of the 
60 chromosomes had a Giemsa-11 posi- 
tive band immediately adjacent to the 
centromere. Twenty-one had single 
Giemsa-11 positive bands at varying dis- 

SCIENCE, VOL. 202, 6 OCTOBER 1978 

covered further stable and inherited vari- 
ations of the secondary constriction re- 
gion of chromosome 1. 

Peripheral blood lymphocytes from 30 
unrelated individuals were cultured for 
66 hours and the chromosomes har- 
vested by routine methods. The slides 
were air-dried and aged for a minimum of 
2 days. They were incubated at 37?C for 
2 minutes in 50 ml of fresh phosphate 
buffer, pH 11.3. Next, 0.6 ml of 1.0 per- 
cent aqueous azure B (Mc/B) and 0.5 ml 
of 0.25 percent eosin Y in methanol were 
added to the buffer and incubation was 
continued an additional 5 to 6 minutes. 
After being rinsed in distilled water, the 
slides were air-dried and examined with 
a Zeiss photomicroscope. They were 
considered understained if the chromo- 
somes were uniformly pale blue and 
overstained if the chromosomes were 
uniformly pink-red. The chromosome I 
heterochromatin was stained best when 
both the centromeric region of chromo- 
some 9 and the short arm-satellite re- 
gions of the acrocentric chromosome 
were pink-red with pale blue eu- 
chromatin. These chromosome prepara- 
tions were destained and reexamined by 
a C-band technique (8). 

The red-staining Giemsa- 11 positive 
material in chromosome 1 usually ap- 
peared as a single block or band which 
was always within the C-band region. 
The amount of this material varied 
among the 60 different chromosomes 
from the 30 individuals. However, the 
size variation between individuals was 
difficult to distinguish quantitatively 
from the variation found from cell to cell 
in the same individual. The placement 
distinctly varied between these chromo- 
somes but was consistent for a given 
chromosome as evidenced by reproduc- 
ibility from cell to cell. Thirty-five of the 
60 chromosomes had a Giemsa-11 posi- 
tive band immediately adjacent to the 
centromere. Twenty-one had single 
Giemsa-11 positive bands at varying dis- 

SCIENCE, VOL. 202, 6 OCTOBER 1978 64 64 



tances from the centromere but always 
within the heterochromatic region. Two 
chromosomes with very long C-band re- 
gions had two Giemsa-11 positive bands. 
This seems to support the idea that such 
elongated regions arise by duplication of 
smaller ones. Two other chromosomes 
had no detectable Giemsa-11 positive 
band, although the C-band of the same 
chromosome was of moderate size (Fig. 
1). Some of the chromosomes with mor- 
phologically identical C-band regions 
had differences with Giemsa-11 banding, 
and some chromosomes with identical 
Giemsa-11 bands had different C-bands. 
There was no direct correlation between 
the Giemsa-11 and C-band variants. 
Thus with sequential staining the detect- 
able variation was greatly increased. 

Study of five members from one family 
showed inheritance of the Giemsa-11 
variants and the corresponding C-band 
variants intact through three generations 
(Fig. 2). A Giemsa-ll study of 77 mem- 
bers of a family with the autosomal 
dominant disorder, antithrombin III defi- 
ciency, was undertaken because many 
family members were homozygous for 
C-banding morphology of chromosome 1 
and uninformative for linkage. In this 
family, the Giemsa-11 and C-band vari- 
ants were also inherited as a unit. Link- 
age information was markedly increased 
(9) because there were many instances of 
heterozygosity with Giemsa-11 banding 
in individuals homozygous with C-band- 
ing. 

In order to further define the Giemsa- 
11 heteromorphisms, we compared Giem- 
sa-11 and C-band variants with those pro- 
duced by the lateral asymmetry tech- 
nique (2). These studies in five unrelated 
individuals included one individual with 
a 1/15 translocation which permitted un- 
equivocal chromosome 1 homolog iden- 
tification. The blocks of heterochromatin 
identified with the lateral asymmetry 
technique corresponded in location to 
the Giemsa-11 positive and negative re- 
gions (Fig. 3). 

It has been shown by annealing proce- 
dures in situ (10) that the hetero- 
chromatic region of chromosome 1 con- 
tains at least four different species of re- 
petitive DNA (11-13). Since more than 
one species of repetitious (satellite) 
DNA may hybridize to a single chromo- 
some site, Gosden et al. (13) hypothe- 
sized that the centromeric regions of 
such chromosomes contain adjacent 
blocks of different satellite DNA se- 
quences. Giemsa-11 staining has been 
correlated with the presence of a specific 
species of repetitive DNA (satellite III) 
in both the human (12, 14, 15) and chim- 
panzee (14). 
6 OCTOBER 1978 

Our data suggest that the Giemsa-11 
positive material is contained in discrete 
blocks on chromosome 1 with variable 
position within the heterochromatic re- 
gion. The Giemsa-11 stain appears to re- 
veal a specific subset of hetero- 
chromatin. The C-banding technique is 
less selective and stains the entire heter- 
ochromatic region known to contain 
highly repetitive DNA. These findings 
together with annealing studies in situ 
support the idea that the hetero- 
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Fig. 2. Inheritance of sequentially stained 
chromosomes 1 in three generations of a fam- 
ily. Note three chromosomes labeled C with- 
out a Giemsa-11 positive band but with a mod- 
erate size C-band. 

Lateral Giemsa-11 C-banding 
asymmetry 

i ' i 

.Fg. 3. of h s her 

Fig. 3. Comparison of homologous hetero- 
chromatic regions of chromosome 1 with 
three staining techniques. Chromosomes from 
an individual with a 1/15 translocation were 
used to permit homolog identification; the 
longer chromosome with the translocation is 
on the left. The ideogram depicts the regions 
stained with the lateral asymmetry technique. 
Blocks B and C stain with Giemsa-11, where- 
as blocks A and D do not. With C-banding all 
four blocks are stained. 

chromatic region is composed of blocks 
of different satellite DNA sequences 
(13). 

Of special interest is the finding that 
these blocks can vary both in location 
and amount and can be duplicated or de- 
leted without apparent phenotypic ef- 
fects. In addition, these Giemsa-11 het- 
eromorphisms may be of value not only 
in gene mapping and linkage studies but 
also in the elucidation of the organization 
and structure of heterochromatic re- 
gions. 
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