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SUMMARY 

Gene multiplicity alterations may be an important feature 
of maize developmental biology. A developmentally-phased 
change in DNA level has been found to be a striking feature of 
maize endosperm growth. In the central portion of the endo
sperm tissue, an average DNA level of 4.5C during the first 10 
days post-pollination increases to an average of 90C by day 16. 
The ribosomal DNA (rDNA) proportion increases by 50 percent 
from day 12 to day 16 and returns to near initial levels by day 
20. We propose that the rDNA replicates more rapidly than the 
majority of the non-rDNA regions between 12 and 16 days post
pollination; subsequently the rDNA proportion decreases due to 
proportionately higher replication of other DNA. Various ex
perimentally-induced modulations in ribosomal RNA gene multi
plicity were achieved using 25 chromosomal interchanges each 
with a break in the nucleolus organizer region (NOR). Gametes 
which apparently have retained only 1-2 percent of the rDNA 
region were transmissible throuch the ovules. This finding 
raises the question whether gametes would be viable with no 
rRNA genes at the NOR. Molecular cytogenetic analyses lend 
support to the concept that maize development may be controlled 
in part by the multiplicity of specific genes. 

INTRODUCTION 

The regulation of gene expression as a controlling factor 
in development usually is viewed from the perspective of sig
nal sequences that modulate transcription or of sequences that 
affect transcript processing or translation. Another level of 
regulation may be achieved by control of individual gene multi
plicities. The amplification of genes encoding ribosomal RNA 
(rRNA) has been shown to be a regular feature of development 
in specific tissues of several species (GALL, 1969). Such mod
ulation of gene expression has more recently been shown for the 
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chorion genes of Drosophila, which amplify 25- fold in the ova
ries at the time of egg laying (SPRADLING AND MAHOWALD , 1980 ; 
SPRADLING , 1981) . Various portions of Dro s ophila salivary 
gland chromosomes replicate to different levels of stranded
ness presumably reflecting the respective demand for gene pro
ducts (RUDKIN , 1972) . One aspect of this paper is to suggest 
that molecular cytogenetic modulation of g e ne multiplicity is 
involved in gene product enhancement and , therefore , develop
ment in maize ( Ze a ma y s L . ) endosperm and perhaps in other 
tissues . 

The majority of the DNA in the maize nucleus represents 
repeated sequences . As in other eukaryotic species , single
copy genes are in the minority . The highly repetitive portion 
is 20 % of the genome with the sequences repeated at an a verage 
level of 800 , 000 copies per sequence (HAKE & WALBOT , 1980) . 
The mid- repetitive portion is 40 % of the genome and these
quences are repeated at an average level of 1 , 000 copies per 
sequence. In terms of organization , approx imately one- third 
of the genome has unique sequences interspersed with mid
repetitive DNA , one- third has alternating high and mid-repeti 
tive sequences , and the remaining one- third has unique and 
related sequences as well as mid- repetitive sequences that are 
not in an interspersion pattern . When a genomic clone contain
ing an 8,000 base pair maize insert was hybridized by in si t u 
techniques to maize pachytene chromosomes , the e xistence of a 
repeated sequence was indicated to be present throughout every 
maize chromosome (PHILLIPS , WANG , & RUBENSTEIN , unpublished) . 
This observ ation vividly demonstrates that certain homologous , 
repeated sequences are present in all maize chromosomes . The 
information available to date indicates that most of the DNA 
in every maize chromosome is present as multiple sequences . 
If control of gene multiplicity is a common feature of develop
ment , it is clear that much of every chromosome could be under 
such control . It has been known for some time that certain 
repeated genes can vary in multiplicity among maize line s . 
The multiplicity of rRNA genes varies from 3 , 300 to 23 , 100 
among maize lines thus far studied (PHILLIPS , 1978) . Evidence 
is presented later in this paper that the level of total DNA 
and the proportion of rDNA vary with developmental stage in 
endosperm tissue . 

Several reports hav e suggested that cells of a specific 
maize tissue can differ in DNA level (SWIFT , 1950 ; DUNCAN & 

ROSS , 1050; TSCHERMAK- WOESS & ENZENBERG- KUNZ , 1965 ; STEPHEN , 
1973 ; BARLOW , 1977). We believe these reports did not stimu
late much research activity because the DNA increase s were 
generally viewed as rather random e vents and not directly re
lated to development . The evidence presented in this paper 
shows that alterations in DNA level are developmentally phased 
in endosperm tissue . 

In addition to reporting the direct measurement of gene 
multiplicity , we describe cytogenetic studi e s on e xperimental
ly-modified nucleolus formation (presumabl y reflective of rRNA 
gene expression) . An e x ample is presented where gametes are 
transmitted with only 1-2 % of the parental rRNA gene multipli-
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city. These general findings are important to both maize 
genetics and breeding. 

Developmentally-phased Alterations 
in Endosperm Gene Multiplicity 

107 

Maize endosperm tissue is generally thought to be triploid 
resulting from the fusion of one of the pollent sperm nuclei 
with the two polar nuclei of the central cell of the embryo 
sac. Reports in the 1950-60's (DUNCAN & ROSS, 1950; TSCHERMAK
WOESS & ENZENBERG-KUNZ, 1965) showed the occurrence of very 
large nuclei in maize central-endosperm tissue. The nuclear 
size differences suggested that some nuclei possessed DNA levels 
of 384C (TSCHERMAK-WOESS & ENZENBERG-KUNZ, 1965). A few DNA 
measurements made in 1950 (SWIFT, 1950) indicated that some 
endosperm cells contain significantly greater than triploid DNA 
levels; up to 24C levels were repoted. Because of the expected 
correlation of nuclear volume and DNA content, we became inter
ested in the endosperm tissue for in situ hybridization pur
poses. In situ hybridization procedures developed for maize to 
date require the clustering of about 50 copies of a sequence 
for detection. If the elevated DNA levels reflect polyteny, 
the endosperm nuclei might be useful for the localization of 
single-copy genes by in situ hybridization. Because mitosis 
does not occur in the large nuclei, special cytogenetic stocks 
would need to be employed to determine the chromosomal location 
of silver grain clusters. Homozygous interchanges with one 
break in the NOR would allow the chromosomal placement of sil
ver grains using the nucleolus as a cytological marker.. Inter
changes with heterochromatic B chromosomes might be expecially 
useful, where silver grain clusters near heterochromatic regions 
would suggest linkage to the interchanged chromosome(s) . 

The objectives of the study reported here were to describe 
the developmental cytogenetic pattern of maize endosperm growth, 
to assess changes in DNA levels of endosperm nuclei during de
velopment, and to determine the mode of chromosome behavior in 
achieving high nuclear DNA levels. 

The initial triploid endosperm nucleus undergoes rapid 
synchronous divisions in the absence of cytokineses leading to 
a coenocytic condition of free nuclei (RANDOLPH, 1936; KIESSEL
BACH, 1949). About 72 hours after fertilization, cell walls 
are formed leading to cellular endosperm tissue. Mitoses con
tinue increasing the number of endosperm cells until about 12 
days post-pollination. The mitotic index peaks at approximate
ly 10% during the period of 8-10 days post-pollination (Table 
1). A rapid decrease in mitotic index occurs thereafter; mito
ses in the non-peripheral regions of the endosperm have essen
tially ceased after 12 days post-pollination, Mitoses continue 
in the four or five layers of peripheral cells (DUVICK, 1963). 

Considerable variation in nuclear size exists at all 
stages of development with greater variation in older endosperm 
tissue. Through day 10 post-pollination, the mean nuclear 
volume averages 2.0 µm3 x 10 3 (Table 2). By day 16, the mean 
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nuclear volume increases 20-fold . A reduction in mean nuclear 
volume appears to occur around day 20 . Whether or not the re 
duction is artifactual due to bursting of larger nuclei or 
represents a catabolism of cellular contents is not resolved 
at this time . 

Table 1 . Maize (inbred Al88) endosperm mitotic indices 4 to 
24 days after po.llination . 

Days post ~ Total Number of Mitotic 
pollina- nuclei mitotic index 
tion observed nuclei (%) 

4 970 13 1. 3 
6 445 22 4.9 
8 433 46 10 . 6 

10 617 59 9 . 6 
12 429 4 0 . 9 
14 413 l 0 . 2 
16 331 0 0 
18 714 0 0 
20 430 0 0 
22 352 0 0 
24 259 0 0 

Table 2 . Nuclear volume and DNA levels in endosperm nuclei 
during mai.ze. (inbred Al88) endosperm development . 

Days post
pollina
tion 

4 
6 
8 

10 
12 
14 
16 
18 
20 
22 

of 
Number 
nuclei 

41 
47 
37 
42 
39 
41 
41 
29 
29 
20 

Mean nuclear Mean C 
volume amounts 

(µm3 X 10 3) of DNA 

1. 6 4 . 9 
1. 4 4 . 8 
2 . 2 4 . 2 
2 . 8 4 . 3 

22 . 6 27.5 
29.7 23 . 0 
41.1 90 . 9 
53 . 4 84 . 1 
37 . 8 55 . 9 
38 . 4 41.1 

Changes in nuclear volume are paralleled by alterations 
in nuclear DNA content as measured by Feulgen microspectropho
tometry . A mean DNA level of 4 . 5c exists over the first 10 
days post - pollination (Table 2) . This DNA level is somewhat 
greater than would be expected . Although a dividing population 
of triploid cells would include 3C to 6C nuclei , most cells 
would need to be dividing to achieve an average DNA level of 
4 . 5C . This would be unlikely since the mitotic index is less 
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than 10 % during much of this period. The explanation of the 
4 . SC value is not clear at this time; information on endosperm 
cell c ycle kinetics will be needed to further understand the 
basis of the 4 . SC value . The mean DNA level per nucleus rises 
after day 10 until a peak of over 90C is achieved only six 
day s later; this represents a 20- fold increase similar to the 
nuclear volume increase. Some nuclei measured possessed DNA 
leve ls of over 200C . Mean DNA level also appears to decrease 
after day 18 po st-pollination . Again the significance of this 
reduc tion is no t known . Similar data have been obtained with 
field-grown material over four summers and involving three 
other lines (PHILLIPS et al . , 1982) . 

Although the high DNA level supports the idea of using 
endosperm cells for in situ hybridization, the exciting aspect 
of the data is that the DNA inc rease appears to be a regular 
f e ature of endosperm development . Such developmentally-staged 
increases in DNA during endosperm development suggest that the 
phenomenon must be fundamental to kernel growth . Total pro
tein synthesis as well as specific starch-synthesis enzymatic 
activities (TSAI et al . , 1970) closely parallel these DNA syn
thesis patterns . Although the zein genes would conceivably be 
good candidates for preferential gene amplification, tests by 
Burr and colleagues thus far have not indicated a dispropor
tionate multiplicity of these genes in the endosperm compared 
with embryo tissue (BURR et al ., 1982) . These tests do not 
indicate whether the multiplicity of zein genes increases dur 
ing endosperm development , only that the relative proportion of 
zein genes is similar in endosperm and embryo at a point in 
deve lopment representing high zein synthesis . Changes on the 
order of 10- 20 % probably would hav e been undetec ted . 

The DNA increases do not appear to reflect a polyploidiza
tion process . In situ hybridization of labelled 18S ribosomal 
RNA (rRNA) to endosperm nuclei results in no more than three 
obv ious clusters of silver grains (PHILLIPS & WANG , unpublish
ed) . This indicates the existence of three nucleolus organizer 
regions and , therefore , three chromosome 6's which is the e x 
pected triploid number . Some form of polyteny or differential 
chromosome replication are likely possibilities . The cytologi
cal appearance of endosperm chromosomes gives the impression 
that certain regions could be laterally reduplicated whereas 
other regions could be single. Stephen (1973) stated " These 
chromosomes appeared to be polytenic at least at certain 
regions . " 

To understand the process more completely we hav e made 
preliminary tests on whether the whole genome is involved in 
this temporally controlled DNA increase or whether dispropor
tionate replication occ urs in certain genomic regions . Pro
portionate rRNA gene levels were monitored during endosperm 
development . Satu:r:.atio n rRNA/DNA filter hybridizations (PHIL
LIPS, WANG , & MASCIA, 1982) with DNA e x tracted from 4 to 26 -
day-old endo sperms indicated that the rDNA changes in proportion 
during development (fig . 1) . The proportion increases starting 
at about 10 to 12 day s post-pollination and peaks about 50 % 
higher around 1 4 to 1 6 days . However , the proportion is again 
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near initial levels by 20 days post- pollination . Similar re
sults were obtained in each of fi v e years , although the cool 
ness of the season seems to have an effect . Our hypothesis is 
that the rDNA may be among the first DNA to replicate during 
the DNA increase phase ; then , as other regions replicate , the 
proportion of rDNA decreases . The idea is that the actual num
ber of rRNA genes increases and remains elevated but the in
crease in other DNAs accounts for the proportional decrease in 
rDNA observed with the filter saturation hybridizations . The 
observed correlation of silver grains over nucleoli with 
nuclear (and nucleolar) volume at a specific stage of endosperm 
development (Fig . 2) is supportive of the concept that the 
proportional decrease in rDNA in older endosperms is due to 
increases in non-rDNA regions . Similar measurements will be 
made at various stages of development in the future . 
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Figure l. Percent rRNA/DNA hybridization in self - pollinations 
of the single cross Wf9 x B37 . DNA was isolated from whole 
endosperms in 1977 ( •-• ), 1978 and 1979 (o - o) , 1980 (&-& ) and 
1981 (6 -6) . Embryos were separated from endosperms after 8 
days post-pollination prior to DNA extraction . Hybridization 
procedures in 1977 - 1979 and 1981 were identical to our previous 
publication (PHILLIPS et al. 1971) . In 1980 , an aqueous rRNA/ 
DNA hybridization technique was used as described by Casey and 
Davidson (1977) . DNA and rRNA used in 1980 and 1981 were iso
lated by procedures described by Mascia et al. (1981) . 3 H- rRNA 
(Sp . act . 4 x 10 3 cpm/µg rRNA) was extracted from 6-day-old 
seedlings of inbred Al88 a nd used in 1977 , 1978 and 1979 experi 
ments . 32 P- end-labelled rRNA (Sp . Act . 3 x 10 4 to 6 x 10 5 cpm/ 
µg rRNA) was used in 1980 and 1981 experiments . 1978 and 1979 
data are pooled since they are not statistically different . 
Each value represents at least four replicates . 

Drosophila salivary gland chromosomes may provide a pre 
cedence for this behavior . Conside rable evidence has been pub-
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lished suggesting that different regions of a single chromosome 
show vast variation in the number of chromosome strands gener
ated during the polytenization process . Certain components of 
pericentromeric heterochromatin are thought either to replicate 
through only 1 or 2 rounds or not at all (RUDKIN , 1972) . The 
rDNA may be underreplicated compared with euchromatic portions 
of the chromosome (HENNING & MEER, (1971). The rDNA region may 
undergo only 8 rounds of replication compared to 10 rounds for 
euchromatin . Although there is controversy on whether under
replication occurs during saliv ary gland polytenization 
(DENNHOFER , 1982) , the comparison with older maize endosperm 
cells is intriguing because they also are specialized inter
phase cells and are not undergoing cytokinesis . We intend to 
use molecular probes representing a variety of gene systems to 
further test for differential gene amplification during kernel 
growth and development . 
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Figure 2 . Relationship of nuclear volume to nucleolar volume 
and number of silver grains per nucleus . Endosperm cells at 
12 days post-pollination were in situ hybridized with 125 I-rRNA 
(Sp . Act . 5 X 10 7 dpm/µg) and exposed for 7 days at 4°c . 

Recent observations by Rivin and Cullis (personal communi 
cation) indicate that the copy number of various repeated se
quences in maize F 1 plants may differ substantially from the 
expected parental mean . They tested DNA from coleoptilar tis
sue of germinating seedlings . F1 copy number could be above or 
below the expected value , but for a particular probe the change 
was in only one direction . The expected F1 value was obtained 
for every hybrid with certain probes . Where unexpected F 1 
values were obtained , significant differences were not found 
for every hybrid tested . Transcribed (5S and 18/26S rDNA) 
sequences as well as sequences found in heterochromatic knobs 
could be in unexpected copy number in the F1 . It will be inter-
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esting to discover whether these unexpected (non- midparent) 
multiplicities change during development or differ in various 
tissues . 

Experimentally- induced Modulation 
of rRNA Gene Expression 

Several lines of evidence localize the maize rDNA to the 
nucleolus organizer region (NOR) of chromosome 6 (PHILLIPS , 
1978) . Duplications of the NOR-heterochromatin versus NOR
secondary constriction were utilized in rRNA/DNA saturation 
hybridization . The results suggested that 90% of the rDNA is 
in the NOR-heterochromatin and about 10% is in the secondary 
constriction (GIVENS & PHILLIPS , 1976) . In si t u hybridization 
of labelled rRNA to homozygous interchange stocks where one 
interchange break is in the NOR allows an assessment of the 
relative proportion of rRNA genes in different NOR segments 
(PHILLIPS et al ., 1979). Twenty- two of the available 25 NOR
interchanges have now been used for i n s itu hybridization 
(Fig . 3) . The hybridization results indicate that rDNA is 
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Figure 3 . Proportion of silver grains associated with the prox
i mal NOR portion in i nterchange homozygotes with breaks at vari 
ous places in the NOR . In si t u hybridization involved pachytene 
cells according to procedures giv en in Phillips and Wang (l981) . 
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present throughout the NOR with approximately 20% in the proxi
mal 10% of the NOR-heterochromatin, and the total NOR-hetero
chromatin containing about 70% of the total rDNA . The remain
ing 30% of the rDNA is placed in the secondary constriction . 
No evidence was found for the existence of rDNA in the satel
lite region of chromosome 6. The 30% estimate for rDNA in the 
NOR-secondary constriction is considerably higher than the 10% 
estimate for rRNA/DNA saturation hybridization (GIVENS & 
PHILLIPS, 1976) perhaps due to more efficient in situ hybridi
zation of labelled rRNA to the secondary constriction rDNA com
pared wi th the heterochromatic rDNA . 

Another in situ hybridization approach was recently af
forded quite by accident. Cytological preparations of two 
interchanges , T2-6 (001-15) and T2-6(5419), had stretched NOR 
regions (Fig . 4) in a total of 100 cells. Counting silver 
grains over these expanded NOR regions allowed an opportunity 
to check for clustering of rDNA within the NOR . Five peaks of 
silver grain numbers occurred over the NOR with remarkably 
close agreement between the two interchanges (Fig. 5) and in 
agreement with the distribution of rDNA previously determined 
with homozygous interchanges (Fig. 3). rDNA in the NOR by the 
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Figure 4. Stretched NOR's of T2-6 (001-15) homozygote showing 
silver grains distributed over the entire NOR of three pachy
tene cells . Cells were in situ hybridized with 3 H-cRNA (Sp. 
Act. 114 X 10 8 dpm/µg) transcribed from cloned rDNA in vitro 
(gift from G. Hagen and I . Rubenstein) . Exposure time was 15 
days. 
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stretched NOR analysis is distributed about 9% in the proximal 
10% of the NOR-heterochromatin and 51% in the proximal half of 
the NOR-heterochromatin . The entire NOR-heterochromatin is 
estimated to contain about 78% of the total rDNA . The remain
ing 22% of the rDNA is placed in the secondary constriciton . 
This in situ hybridization evidence indicates that although 
rDNA is throughout the NOR, the distribution does not appear 
uniform . Five major clusters of rRNA genes are indicated . 

1/) 0.28 
C 

ca 0.24 .. 
C, 

Cl 0.20 
<C 
.... 0.16 
0 
C 
0 

0.12 

.... 0.08 .. 
0 
CL 0.04 0 .. 

CL 

1,---NM LO t-CO q f 
: cici ci ci ci ci ; Mid 

SegRe~ Prox Sat •••• 
NOR----' 

Heterochromatic Secondary 
Segment Const ri ct ion 

Figure 5 . Distribution of rDNA in the NOR as revealed by in 
situ hybridization . NOR's of T2-6(001- 15) and T2-6(5419) were 
stretched to 5 to 10- fold normal size and hybridized in si tu 
with 3 H- rRNA (Sp . act . 1 . 1 x 10 7 dpm/µg) at 60°c for 16h . Auto
radiograms were made and exposed at 4°c for 5 to 10 days. Sil
ver grains were localized in the NOR by means of a camera 
lucida drawing . Each value represents an average of the mea
surements of 90 NOR ' s for T2-6(001-15) and 10 NOR ' s for T2 - 6 
(5419) . Data for the secondary constriction are presented as a 
single value . 

The nucleolus normally forms at the distal end of the NOR 
in association with the secondary constriction . Homozygous 
NOR-interchanges divide the NOR into two parts and the nucleo
lus formation capacity of each part can be observed . Previous 
ly published results indicated that the functional capacity of 
the two separated NOR parts depended on the location of the 
break (PHILLIPS , 1978) . A break at 10% in the NOR-heterochro 
matin or at 50% revealed that the proximal NOR portion could 
organize a small nucleolus . However , breaks elsewhere in the 
NOR- heterochromatin revealed little nucleolus formation capa-
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city by the proximal portion. An additional NOR-interchange, 
T4-6(7037), has been found that has a break at the extreme dis
tal end of the NOR-heterochromatin. The entire NOR-heterochro
matin in homozygotes of this interchange normally is not 
associated with the main pachytene nucleolus and usually does 
not form a small nucleolus (PHILLIPS & BUESCHER, 1977). The 
point we wish to emphasize is that above 80% of the rDNA is 
present in the NOR-heterochromatin, yet when present in a 
pachytene nucleus along with the distal NOR portion that 80% 
apparently is not functional in organizing activity. Stocks 
with these same interchanges but when heterozygous will produce 
some microspores with the proximal NOR portion present and the 
distal portion absent; the proximal NOR portion will form a 
normal appearing nucleolus. Similar results are obtained for 
all the NOR-interchanges (PHILLIPS, 1978). One portion of the 
NOR appears to control the expression of rRNA genes in another 
portion. This phenomenon also is exemplified by study of a 
duplication-deficiency (dp-df) heterozygote derived from T6-9 
(067-6). The NOR breakpoint of this interchange is only about 
1-2% of the distance from the proximal end of the heterochroma
tin. In the heterozygote, the dp-df chromosome probably with 
only 1-2% of the rDNA forms an apparently normal-size nucleolus 
in quartet microspores (PHILLIPS & WANG, unpublished). We have 
not evidence relative to what governs this apparent regulation 
of rDNA activity. An interesting relationship may exist be
tween the percentage of rDNA sequences that are methylated at 
a certain restriction site (BENTON, 1980) and the percentage of 
rDNA in the NOR-heterochromatin as determined by saturation 
rRNA/DNA hybridization (GIVENS & PHILLIPS, 1976); that is, 90% 
in both cases. 

The multiplicity of rDNA sequences required to allow de
velopment to proceed through megagametogenesis has been tested 
using NOR-interchange heterozygotes. The genetic marker poly
mitotic (po) is most likely located in the first chromomere of 
the chromosome 6 satellite (PHILLIPS et al., 1977) and can be 
used to detect the transmission of gametes deficient for that 
region as well as parts of the NOR. Heterozygous NOR-inter
change stocks produce gametes via chromosome segregation that 
carry only one of the interchange chromosomes - the one with 
the NOR portion proximal to the break. The existence of poly
mitotic (male sterile) plants in the F1 of a cross between the 
interchange heterozygote as female and heterozygous +/po as 
male indicates the transmission of a dp-df chromosome through 
the ovules. The dp-df chromosome expected to be transmitted 
would be the one deficient for the distal part of the NOR and 
the satellite. Interestingly, every NOR-interchange adequately 
tested transmitted the dp-df chromosome through ovules (Table 
3). This illustrates that gametes can be transmitted that are 
deficient for up to 98-99% of the NOR. Presumably these 
gametes carry only 1-2% of the parental rDNA unless some form 
of amplification occurs. Transmission also may be possible 
because (1) 1 to 2% of the rDNA is sufficient, (2) the carry 
over of maternal ribosomes is adequate or (3) the existence of 
orphan rRNA genes not located at the NOR. Is it possible that 
a deficiency for the entire NOR would be transmissible? 
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Future Implications for Genetics and Breeding 

Because DNA alterations are dev elopmentally-phased during 
endosperm development, changes in gene multiplicity must be 
fundamental to kernel growth and perhaps to yield per se. 

Table 3 . Tests for - /po . herni.zygote.s from T/+ x +/po crosses . 

NOR- Break- Number of Male 
Inter- points small kernels Surviving steriles 
change 6 planted plants (- /po ) 

3-6 (032-3) S.C.-midway1 65 11 4 
5-6f II 32 14 2 
5-6 (8696) 45 24 3 
2-6(5419) s . c . - . 25 68 32 4 
3-6 (030- 8) 78 39 18 
6-7(035-3) 35 29 4 
l-6Li S . C. -prox . 12 10 0 
1-6 (4986) II 75 46 10 
1-6(8415) 50 30 5 
2- 6(8441) 21 17 0 
2-6(027-4) 22 14 1 
6-10(5519) II 136 102 17 
6-9(4778) Het . 95 194 141 21 
4-6(7037) Het . 90 114 65 11 
2-6(8786) Het . 88 79 53 8 
6-7 (5181) Het . 71 83 47 15 
6- 9a Het . 67 157 126 10 
4 - 6(4341) Het . 50 67 18 6 
6-9d Het . 46 27 22 4 
6-7(4964) Het.32 42 30 10 
6-10-5253) Het . 30 162 131 18 
1-6(6189) Het . 10 7 6 1 
6-9(067-6) Het.01 128 96 26 
l-6d 6S . 74 2 62 39 8 
I-6 (5495) 6S.80 2 53 26 7 

1 S . C. -midway, s . c.-prox., and s . c . -.25 breakpoint midway , 
proximal portion or between midway and proximal portions of 
the NOR-secondary constriction, respectively; Het.95 = break 
point in NOR-heterochromatin 95% of the distance from proxi
mal to distal ends of the heterochromatic segment . 

2 Breakpoints represent the distance of the breakpoint from the 
centromere to the end of 68. 

Heterotic patterns may be related to the multiplicity of spe 
cific sequences which vary with plant ontogeny or under various 
environmental conditions . We believe gene multiplicity merits 
further consideration as an important parameter for controlling 
the levelof gene e xpression . One might s peculate, for e xample, 
thatthe opaque - 2 gene controls the multiplicity of the large 
polypeptide zein sequences. The mRNAs for this zein class in 
opaque - 2 endosperm (SOAVE et al. , 1980 ; PEDERSON et al . , 1980) 
may be deficient . because the appropriate gene sequences are not 
elevated in multiplicity during e ndosperm development. Imprint-
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ing (KERMICLE, 1978) is another phenomenon that could be a 
manifestation of controlling alterations in sequence multipli
city during development. Of course, these extensions are 
simply speculation, but they are illustrative of the kind of 
thinking such information elicits. 
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