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Variation in the size of cells, and the DNA they contain, is a basic feature of multicellular
organisms that affects countless aspects of their structure and function. Within humans, cell
size is known to vary by several orders of magnitude, and differences in nuclear DNA content
among cells have been frequently observed. Using published data, here we describe how the
quantity of nuclear DNA across 19 different human cell types increases with cell volume.
This observed increase is similar to intraspecific relationships between DNA content and cell
volume in other species, and interspecific relationships between diploid genome size and
cell volume. Thus, we speculate that the quantity of nuclear DNA content in somatic cells of
humans is perhaps best viewed as a distribution of values that reflects cell size distributions,

rather than as a single, immutable quantity.

ur understanding of the complexity of
multicellular organisms, and the diverse
cells of which they are comprised, has dramat-
ically increased over the past several decades.
Yet, we still lack an understanding of some of
the most basic features of the cells that consti-
tute multicellular organisms. For example, the
number of different cell types in an organism,
or the rate at which different cells grow, divide,
and die, remain poorly understood (see Niklas
2015). But perhaps most important, we lack an
understanding of the size and abundance of
cells that constitute an organism (see Amodeo
and Skotheim 2015). Cell size, in particular, af-
fects virtually all structural and functional attri-
butes of multicellular organisms, from the mo-
lecular level to the whole organism level.
One key feature of organisms that may vary
with cell size is the amount of nuclear DNA.

Across species, genome size has long been
known to correlate positively with cell and nu-
clear volume (Price et al. 1973; Szarski 1976;
Olmo 1983). But within species, too, the nucle-
ar DNA content of somatic cells has been shown
in a few instances to increase with cell size in
species such as Daphnia (Beaton and Hebert
1989) and Arabidopsis (Jovtchev et al. 2006).
Such increases in nuclear DNA content can
have important consequences for cell function,
in general, and gene expression, in particular
(Hancock et al. 2008; Lee et al. 2009; De Veylder
et al. 2011; Marguerat and Bahler 2012).

In the case of humans, substantial differenc-
es in DNA content have been observed in many
human cell types. Indeed, since Watson and
Crick described the structure of DNA, studies
of healthy human tissues have reported the
presence of polyploid cells (Winkelmann et al.
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1987; Biesterfeld et al. 1994). The cell types in
which this has been observed appear to have
little in common, except that they are generally
stable, fully differentiated cells (Winkelmann et
al. 1987). Still, these observations have done lit-
tle to change the traditional view that all healthy
somatic cells in the human body hold the same
characteristic quantity of DNA (~7 billion base
pairs) based on the long-standing principle of
DNA constancy (Mirsky and Ris 1949). Devia-
tions from the diploid quantity of DNA in hu-
mans, like other animals, are still often viewed as
exceptional, tissue-specific, or indicative of pa-
thology. A more synthetic view of differences in
nuclear DNA content across human cell types
may provide some clarity on these and other
issues.

In this review, we compile and analyze pub-
lished data to examine the extent to which nu-
clear DNA content varies across diverse human
cell types, and whether such variation is corre-
lated with cell size. We then compare these re-
sults with previously reported relationships be-
tween nuclear DNA content and cell size within
four other species. Finally, we compare these
results with the relationships between diploid
genome size and cell size observed across species
in several broad taxonomic groups. These anal-
yses suggest that systematic variation in nuclear
DNA content is a more ubiquitous phenome-
non in human cells than was previously appre-
ciated. However, as we later discuss, the mecha-
nisms underlying these patterns remain in
question.

THE RELATIONSHIP OF NUCLEAR DNA
CONTENT TO CELL SIZE IN HUMANS

Methodology

Our analysis for this work used published data
from healthy human cell populations represent-
ing 19 different cell types, as designated in the
original studies (data provided in Table 1). In
the original studies, DNA content was estimated
using the Feulgen staining method, and the size
of cells or cell nuclei were directly measured.
Feulgen staining (Feulgen and Rosenbeck
1942) has been the most widely used method

for estimating DNA content for several decades,
and is still generally considered a reliable meth-
od for making quantitative measurements of
DNA content (Chieco and Derenzini 1999; Bies-
terfeld et al. 2011). Measurement errors are typ-
ically <5% using this method (Gregory 2005),
which for our analyses is negligible given the
orders of magnitude variation in DNA content
among the cells we consider. The method works
by staining DNA owing to the reaction of Schiff
or pseudo-Schiff reagents with aldehydes, which
are converted from deoxyribose in DNA after
HCI hydrolysis (Chieco and Derenzini 1999).
The light absorbance of the stained genetic ma-
terial is then measured to quantify the relative
DNA content of cells.

In cases in which the relative content of DNA
was originally expressed in “arbitrary units” in
the original studies, we converted these mea-
sures to pg DNA given that the Feulgen staining
method results in a linear relationship between
light absorbance and DNA content (Biesterfeld
et al. 2011). In each case, a specific conversion
factor was used for each cell type based on the
observed relationship between light absorbance
and DNA content in the particular study (see
Table 1). This was done to avoid any bias as-
sociated with differences in DNA compaction
level or uptake of stain across cell types. The
conversions used for each cell type are given in
Table 1.

Finally, in many studies considered here,
only the population means of cell size and
DNA content were reported. Thus, to remain
consistent, for those studies that reported indi-
vidual cell measurements, we calculated mean
values and used these in the analyses. So, all
points shown in the figures for humans repre-
sent means of DNA content and cell size from
cell populations. In Table 1, we give all values for
cell size and DNA content reported in the orig-
inal sources, both population mean values and
individual cell values. In the majority of cases,
cell volumes were not directly reported, so we
estimated these volumes from measures of nu-
clear size based on a published relationship be-
tween nuclear volume and cell volume across
human cell types (see Table 1 for further details
of methodologyand data) (Swanson etal. 1991).
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Figure 1. Mean DNA content for cell populations. (A) Mean nuclear DNA content versus cell volume for healthy
human cell populations from 19 cell types (log;o [DNA]) = —1.3 + 0.74 log;, [cell volume], > = 0.81; data in
Table 1). The characteristic diploid human cell contains 7 pg DNA. (B) Relationship between DNA content and
cell size in humans (blue) in comparison to previously reported relationships in the rat (Rattus norvegicus, log;o

[DNA] = —1.3 4 0.77 log; [cell volume] [Heizer 1955]), frog (Pseudacris obscura, log;o [DNA] = —0.6 +
0.57 log [cell volume] [Bachmann et al. 1966]), crustacean (Daphnia pulex, log;o [DNA] = —2.3 + 0.871og;,
[cell volume] [Beaton and Hebert 1989]), and plant (Arabidopsis thalania, log;o [DNA] = —3.1 + 1.1 log;

[cell volume] [Jovtchev et al. 2006]). Lines were fitted to data for nonhumans using ordinary least-squares

regression. The human data shown here are the same as those shown in A.

We evaluated the relationship between mean
nuclear DNA content ( pg) and cell volume ()
using a linear mixed model of the form log;o
(DNA) = a + b logyo (cell volume) + C + D
+ E, where a and b are regression coefficients, C
and D represent random effects of cell type (ran-
dom slope and intercept, respectively), and E
represents residual errors (Pinheiro and Bates
2000). This statistical model accounts for with-
in-group autocorrelation, allowing us to include
cells from multiple cell types in a single analysis.
To determine whether DNA content was corre-
lated with cell volume within cell types, we used
ordinary least-squares regression. We verified
normality of residuals using quantile—quantile
plots.

Results

Our analyses of these data indicate that the
amount of DNA in human cells varies system-
atically with cell size among cell types, such that
larger cells contain substantially more DNA
(Fig. 1A) (mean log;y [DNA] = —1.4 + 0.77
log,o [cell volume], r* = 0.82, Fi, 175 = 36.6,
P <1 x 10~ °). Figure 1A shows that the mean
DNA content for cell populations varies from 1.8
to 68.6 pgacross cell types ranging from haploid
sperm to polyploid megakaryocytes. For 17 of
the 19 cell types shown in this relationship,
cell volume was calculated based on some mea-
sure of nucleus size. Without converting to cell
volume, we still observed a significant, positive
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Figure 2. Relationship between mean nuclear DNA content and mean cell size in diploid and polyploid human
cells by cell type for data shown in Figure 1. Each point represents mean cell size and DNA content from all cell

populations of a given cell type.

relationship between nuclear volume and DNA
content among these cell types (log;q [DNA,
pgl = —0.25 + 0.54 log;, [nuclear volume,
], P = 3.8 x 10°'%. For the two remaining
cell types in which we had direct measures of cell
diameter (cardiomyocytes and megakaryocytes),
we also observed a significant positive relation-
ship between DNA content and cell volume
(logio [DNA] = —0.71 + 0.52 logo [cell vol-
ume], P = 1.0 x 107 '°).

When DNA content and cell volume were
averaged over all cells for each cell type, we ob-
served a similar relationship between mean
DNA content and cell volume (Fig. 2) (mean
logp [DNA] = —1.3 4+ 0.72 logyo [cell vol-
ume], =082, F; ;=868 P=43x
107%). Note, however, that the range in DNA
content of individual cells from these popula-
tions was even greater, as one would expect. At
one extreme, the largest megakaryocytes con-
tained 448 pg of DNA (see Royere et al. 1988
in Table 1). This indicates that these cells have
likely undergone six genome duplication events
from their diploid state.

Moreover, within cell types, the same corre-
lations between nuclear DNA content and cell
volume were observed in five of the six cases in
which mean cell volume varied by a factor of
5 or more (megakaryocytes, hepatocytes, lym-
phocytes, hepatic parenchymal cells, and amni-
on epithelial cells). In these five cases, DNA
content was positively correlated with cell vol-
ume (ordinary least-squares [OLS] regression,
all P < 1.6 x 107). In the case of cardiomyo-
cytes, however, we did not observe a statistically
significant correlation (P = 0.1).

RELATIONSHIP OF NUCLEAR DNA
CONTENT TO CELL SIZE: HUMANS
COMPARED WITH OTHER SPECIES

Methodology

To determine whether the relationships between
cell size and DNA content were similar in hu-
mans and in other species, we used data from
the few studies available on intraspecific var-
iation in cell size and nuclear DNA content
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(Heizer 1955; Bachmann et al. 1966; Beaton and
Hebert 1989; Jovtchev et al. 2006). Studies of
nonhuman cells typically reported nuclear size
instead of cell size. To convert nuclear volume to
cell volume, we used the formula log;, (cell vol-
ume) = 0.88 + log;o (nuclear volume), which
we obtained by fitting a linear function to log; -
transformed cell and nuclear size measurements
from vertebrate (Olmo 1983) and plant (Price
et al. 1973) cells from a diverse assortment of
species using ordinary least squares.

Results

The relationship between nuclear DNA content
and cell volume in humans is similar to that
previously reported for other species. DNA con-
tent is similarly correlated with cell volume
in the rat Rattus norvegicus, the frog Pseudacris
obscura, the crustacean Daphnia pulex, and
the plant Arabidopsis thalania (Fig. 1B). These
results indicate that concomitant changes in
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cell volume and nuclear DNA content may
occur across very different cell types and spe-
cies, although this has only rarely been inves-
tigated.

The relationship between nuclear DNA con-
tent and cell volume in humans also appears
similar to the relationships observed between
diploid genome size and cell volume in plants
(Price et al. 1973), vertebrate animals (Olmo
1983), and unicellular eukaryotes (Fig. 3A)
(Shuter et al. 1983). Interestingly, the range of
nuclear DNA content in human cells is compa-
rable to the range of diploid genome sizes across
all vertebrates (Fig. 3B). However, one must be
cautious in interpreting similarities and differ-
ences among these interspecific relationships
given possible differences in methodology, pos-
sible differences in the relationship between
nuclear volume and cell volume among taxa
and, in some cases, a fairly limited sampling
of species from these groups (e.g., unicellular
eukaryotes).

Nuclear DNA content in humans relative
to diploid genome size in vertebrates

Human >ocococococococococooax 2-448
Fishes >ococococoococe 1-266
Amphibians >ocococoocoooo: 2-260
Reptiles > 2—-11
Mammals x 3-17

Birds : 2—4

0 100 200 300 400 500

Nuclear DNA content (pg)

Figure 3. Relationship between nuclear DNA content and cell volume in humans. (A) Relationship be-
tween nuclear DNA content and cell size in diploid and polyploid human cells (blue) in comparison to
previously reported relationships for diploid cells of vertebrates (log,o [DNA] = —1.91 + 1.07 log;, [cell
volume]), unicellular eukaryotes (log;o [DNA] = —2.81 + 0.945 log;o [cell volume]), and angiosperms
(log1o [DNA] = —1.75 4 0.912 log;o [cell volume]). Lines were fitted to previously reported relationships
using ordinary least-squares regression. The range of unicellular eukaryote cell and genome sizes is truncated to
clearly show data for other groups. Note that the human data shown in this figure are the same as those shown in
Figure 1A. (B) Range of nuclear DNA content in individual human cells in comparison to ranges of diploid
genome sizes within vertebrate groups. DNA content was rounded to the nearest whole number.
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CONCLUSIONS

Our analysis of previously published data raises
questions regarding the prevalence of endo-
replication in human cells and its relationship
to cell size. It remains to be seen whether the
relationship presented here extends across the
hundreds of different cell types in the human
body. Our common assumption of DNA con-
stancy across somatic cells in humans and other
species has not been adequately investigated.
The number of animal species for which we
have measured the amount of DNA in different
cell types of different sizes is restricted to only a
handful of model organisms. Endoreplication
may be a common and/or functional trait in
the somatic cells of humans and other animals
(Lee et al. 2009; Ullah et al. 2009; Anatskaya and
Vinogradov 2011; De Veylder et al. 2011), as it
has long been viewed in plants. Some have ar-
gued that perhaps this process serves to provide
extra gene copies as an insurance policy against
DNA damage, or that larger cells simply require
greater levels of protein synthesis for mainte-
nance and production (Lee et al. 2009; De
Veylder et al. 2011). Certainly, in some human
cell types (e.g., megakaryocytes), polyploid nu-
clei are considered normal and functional. And
in other cell types not considered here (e.g.,
muscle cells), multinucleated cells are common
and functional. The relationship between cell
size, nuclear DNA content, and gene expression
within and across cell types is only beginning to
be explored (Marguerat and Bahler 2012), but
clearly genomes are much more dynamic than
was previously thought (Parfrey et al. 2008).

We have moved beyond the view that ge-
nomes are immutable blueprints. Most of the
cells shown in Figure 1 are presumably postmi-
totic, but many show quantities of nuclear DNA
well beyond the expected value of about 7 pg.

The notion that human cells may have quite
different genetic constitutions depending on
their size would have profound implications
for our understanding of cell structure and
function.

The data shown here suggest that perhaps
the quantity of nuclear DNA content in human
cells is best viewed as a distribution of values
that reflects cell size distributions, rather than

as a single value. That is, most cells may be of a
similar size and contain something close to the
characteristic amount of nuclear DNA, but a
relatively small number of cells may be large
with high amounts of DNA.

Changes in the DNA content of somatic
cells may occur by endoreplication of individual
genes or the entire genome (i.e., polyploidiza-
tion). Often, it is assumed that genome dupli-
cation via endoreplication is responsible for any
increases in nuclear DNA content beyond the
typical diploid quantity. Of the cell types shown
here, it is simply not possible to generalize the
extent to which this may be the case because
most data are averages of cell populations. How-
ever, for the two cell types for which we have
data on the individual cells of a cell population
(amnion epithelial cells and hepatocytes), a
closer look at the data provides some clues
(see Table 1). In these data, the increases in
DNA content with cell size appear to cluster
around values expected from endopolyploid-
ization (e.g., 7, 14, 28, etc.), but there is consid-
erably more variation than one would expect
simply based on error. Thus, the data suggest
DNA content has increased as a result of some
combination of partial and complete genome
duplication in these two cell types.

However, the results shown here do not ad-
dress the question of whether genome size con-
trols cell size, or cell size controls genome size.
This has long been debated in the literature, and
has yet to be resolved. It is our hope that our
comparisons of DNA-—cell size relationships
within species to genome size—cell size relation-
ships across species may help point to a more
general understanding. We were surprised by
the qualitatively similar relationships between
the two. They highlight the fact that we have
much to learn about the various mechanisms
that lead to increases in cellular DNA content,
and how such increases affect gene expression
(Therman et al. 1983; Marguerat and Béhler
2012). Again, here, broadly comparative ap-
proaches may be insightful. In particular, we
suggest that it may be useful to relate relevant
structural features (genome size and cell size)
and functional features (gene expression and
polyploidization) to the life span, replication
rate, and metabolic rate of cells.

6 Cite this article as Cold Spring Harb Perspect Biol 2015;7:a019091



DNA—Cell Size Relationship in Humans

panunuo)
0961 JoydeZIEMDS pUe I93UIDy ¢/ G9¢01 eo S0S 6'C (s) @2 rerPyIde uotuUy
0961 JoyDdeZIEMDS pUe I93UIDy ¢/ 7€0S1 B9 €0S ¥ (s) 1190 TerEYIIde voTUUIY
0961 19YIRZIEMUDS PUE JFUID L 6896 e 6'67 LT () 110 [eryids uoruury
0961 19YIRZIEMUDS PUE JFUID L S ¢rol e ¥6¥ 8'C (s) 10 [eryids uoruury
0961 I9YdeZIEMDS pUE JOZUID | W4 L'9¢6 'O ¢'6¥% 97 (s) 1192 rerPyide uotuUy
0961 IoydeZIEMUDS pue I93UIRy 'L 9°¢/€1 e9 1'6¥ 8¢ (s) 1192 rerPyIde uotuUY
0961 JoydeZIEMDS pue 93Ul 'L 76011 eo 6'8¥% 1°¢ (s) @2 rerPyIde uoTuWY
0961 JoyDdeZIEMYDS pue I93UIDy 1L G9¢01 eo 8'8F 6T (s) 1190 TerEYIds voTUUIY
0961 19YIRZIEMUDS PUE JFUID | W4 6896 e 8'8% LT () 10 [erpyds uoruury
0961 I9YdeZIEMDS pUE JOZUID 'L 77891 e 1°8¥ L'y (s) 192 rerPyIde uotuUY
0961 IoydezZIeMUDS pue 193Ul 0L 1'SO¥1 B9 0°'8¥ 6'€ (s) 1192 rerPpids uotuUy
0961 IoydeZIEMUDS pue I3l 69 S €101 e9 YAVA 4 8T (s) 102 rerPyde uotuwy
0961 JoydeZIEMDS pue I93UIRy 69 77001 eo L'y 8T (s) @2 rerPyIde uoTUWY
0961 IoUDRZIEMDS pUe I93UIY 69 G698 O 9 /¥ 7T (s) 1190 TerPYIIds voTUUIY
0961 19YIRZIEMUDS PUE JFUID 8'9 | A e LY 0¢ () 10 [erpyids uotuury
0961 T9YIRZIEMUDS PUE JFUID 89 G'86C1 e 897 9'¢ () 12 rerayids uoruury
0961 IoydeZIEMUDS pue 93Ul 99 G'9¢01 B9 96y 6C (s) 1192 rerPyde uotuUy
0961 JoydeZIEMUDS pUe I93UIDy 99 1°9¢6 e9 GG 9'C (s) 102 rerpPyIde uotuwy
0961 JoyDdeZIEMDS pue 93Ul 99 0 LEVT eo Sy 0¥ (s) 1190 TerEYIIds uoTUUIY
0961 I9YdeZIEMDS pUE JOZUID G'9 TLRIL 9O L'¥y € (s) @2 rerPyIde uoTUUY
0961 I9YdeZIEMDS pUE JOZUID G'9 G'9¢01 e 9'FF 6T (s) 192 rerPyIde uotuUy
0961 I9ydeZIEMDS pUE JOZUID G9 77001 [2he) 9V 4 (s) 1192 rerPpide uotuUY
0961 IoydeZIEMUDS pUe I9ZUIRy 9 6°896 e9 (1547 1T (s) 1192 rerPyde uotuUy
0961 JoydeZIEMUDS pue I93UIDy 79 8616 e9 (1X54 [ (s) @2 rerPyIde uotuUY
0961 IoyDdeZIBMDS pue I93UIRY 79 €668 B9 1X54 [ (s) 1190 TerPEYIds uoTUUIY
0961 IoydeZIEMDS pUe I93UIDy 79 crzl eo LTy ¥'¢ (s) 1190 TerEYIIde uoTUUIY
0961 T9UYIRZIEMUDS PUE JFUIDY 9 0°LEVT e 44 0¥ () 10 [eryids uoruury
0961 19YIRZIEMUDS PUE JFUID 09 S 8¥01 L] L'T¥ 6'C () 110 [erpyids uoruury
0961 I9YdeZIEMDS pUE JOZUID 09 0°'8S6 B9 91 9'C (s) 1192 rerPIde uoTUUY
0961 JoydeZIEMUDS pue I93UuIRy 6'S 1°2201 B9 L°0% 0¢ (s) 1192 rerPde uotuUy

$92IN0S (8d) () (syun (sanjea (sanjea adAy 12D

Juau0d YNd dWN|oA [|9D |euidLio) |eui3Lio) |euidLio) azis
JUDIOD ‘971§ Juauod YNd Jeapnu/|[19D

B]EP SWN|OA [|9D PUB JUU0D YN Jea|onu uewnH | a|qe]

310°saan0adsiadyso-mmm

77,

SIAILDIdSYId

A3ojoig ur saandadsiag toqiey Sundg pjod ﬁa_umeuﬁw

Cite this article as Cold Spring Harb Perspect Biol 2015;7:a019091



J.F. Gillooly et al.

panuyuo)
0961 I9ydezZIEMPS pue 13U 91 €02ST ) 1'26 ¥ (s) e TerEYIds uoTUUIY
0961 1oyorZIEMYDG pUe 13Uy 9¢T 9'€991 () 076 9y () o0 [erpyido woruwry
0961 19Y2BZIEMYDS pUE J23UIY 9l S°LEST €9 66 €F () 1120 TerpPyda uotuury
0961 Iayoezremydg pue 13urpy] ¥el 6'0ZF1 1) 176 0¥ (8) o0 rerpyiids uoruwry
0961 IayoezIemydg pue 13urpy cel $'8091 1) 616 fo (8) 120 rerpyitds uoruury
0961 I9ydezIEMDS puE I3UIDY NS CF061 1) 1°06 ¢ (s) @2 TerEYIds uoTUUIY
0961 I9ydezIEMPS pue 13U 0°€l 6'07F1 ) 9'68 0¥ (s) e TerEYIds uoTUUIY
0961 19YorZIEMYDG pUe 123Uy 6Tl 7661 €O 1'68 9G () 120 [erpyido woruwry
0961 Iaydezremyds pue 13urpy| 171 1'8S€1 e c'/8 8¢ (s) 192 Tereyids uoruury
0961 Iayoezremydg pue 13uIpy] 77l G'/eST 1:) 1°G8 fo (8) o0 rerpyiids uoruwry
0961 IayoezIemydg pue 13urpy] 071 TEIel 1) 978 9'¢ (s) 120 rerpyirds uoruury
0961 I9ydezZIEMPDS pUE T3UIDY 211 1°86€T1 ) 808 8¢ (s) e TerEYIds uoTUUIY
0961 1oYorZIEMYDG pue 13Uy €01 7'68¢1 () V1L 6'¢ () o0 [erpyido woruwry
0961 19YoeZIEMYDS pue 193UIN] €6 9€LEl €9 759 8¢ () 190 Terpyids uoruwry
0961 I9YdeZILMYDS pue IdZUID] 06 TEICT e 79 9¢ (8) o0 rerpyiids uoruwry
0961 IayoezIemydg pue 13urpy ¥'8 1'SOP1 1) 78S 6°¢ (8) 1120 rerpyiids uoruury
0961 I9ydeZIEMPDS PUE ISUIY] cg TARI 1) ¥'/6 e (s) o0 rerpyirds uoruury
0961 Ioydezremyds pue 13urpy 08 ¢cerl ) 675 G¢ (s) e TerEYIds uoTUUIY
0961 19YOrZIBMYDS PUE 123UI] 6L 768¢T €O i 6'€ (s) TP0 [erpyido woruwry
0961 19YBZIBMYDG PUE LaBUID] 8L 1'S071 e o 8'¢s 6'¢ (s) 112> rerpyda uoruury
0961 Ioydezremydsg pue 13urpy] 8/ 1'2L01 1) G¢s 0°¢ (8) o0 rerpyiids uoruwry
0961 IayoezIemydg pue 13urpy L'/ ¥7LST 1:5) Tes 7y (s) 120 rerpyiids uoruury
0961 IoyoezIEMDS puE T3UID 1L 8°099 1) 0°¢s g1 (s) T2 TerEyIIds uoTUUIY
0961 I9yoezIEMDS pue 13UID L'l ¢cerl 1) 0°¢s G¢ (s) o0 rerpyirds uoruury
0961 Ioydezremyds pue 1Surpy] 9/ IRTARI ) $'76 e (s) e TerEYIds uoTUUIY
0961 19YOPZIBMYDS PUE 193UI] 9L 6'896 €O TS LT () TP0 [erpyido woruwry
0961 I9YOLZILMYDS pue 1aZUI] ¢/ 0°LEFT e 9 078 0¥ (s) 122 TerEyids uoruury
0961 IoydezIemyds pue 13urpy| i 9°606 e 0'1S 7 (8) o0 rerpyiids uoruwry
0961 IayoezIemydg pue 13urpy ¢/ g cIzl 1:5) £°0S ¥¢ (8) 1120 rerpyitds uoruury
0961 I9yoeZIEMPDS PUE TSUI] ¢/ THELT 1) 905 e (s) o0 rerpyirds uworuury

$921N0G (8d) (M) (syun (sanjea (sanjea adAy 19D

Ju2U0d YN aWN|oA || [eutdLio) [eutdLio) |eutdiio) azis
JUBUOD ‘971G JUBIL0D YN 1eapnu/|le)

310°saan0adsiadyso-mmm

77,

SIAILDIdSYId

A3ojoig ur saandadsiag toqiey Sundg pjod ﬁa_umeuﬁw

panupuo) °|. d|qey

Cite this article as Cold Spring Harb Perspect Biol 2015;7:a019091



DNA—Cell Size Relationship in Humans

panuyuo)
0961 Ioydezremyds pue 1Sury cze STIHT ) €y 89 (s) o0 rerpyirds uoruury
0961 19YOrZIBMYDSG PUE 123UI] v0€ 7'185C () 8'607 €L () o0 [erpyido woruwry
0961 I2YBZIEMYDS PUE JZUIN] 8°LT L1267 ® O 0761 €8 () 1122 [erpPyida uoruury
0961 Ioyoezremydg pue 13urpy] LT 7971¢€ 155) 6'/81 6'8 (8) o0 rerpyiids uoruwry
0961 IayoezIemydg pue 13urpy 697 11262 1:0) G'cg1 cg (8) 120 rerpyitds uoruury
0961 I9YdeZIEMPDS PUE TSUIY] 697 9'19/2 1) $'681 8/ (s) o0 rerpyirds uoruury
0961 IoydezIemydg pue rurpy 69T G'960¢ ) GILI 18 (s) o0 rerpyirds uworuury
0961 IAYORZILMYDS pue 13U 17T €007 ) €961 9/ (s) 122 TerEypids uoruury
0961 IoYJeZIEMDS pUE J9ZUID 112 9'19/C e 7671 4 (s) 1122 rerPypds woruwry
0961 Iayoezremydg pue 13urpy 102 ¥'L9%C 155) T 0L (8) o0 rerpyiids uoruwry
0961 IayoezIemydg pue 13urpy 761 ¥'201¢ 1) LTET 6'S (s) 120 rerpyirds uoruury
0961 Ioydezremyds pue 13ury P81 8F10T ) 1921 YA (s) o0 rerpyirds uoruury
0961 19YOrZIBMYDS PUE 123UI] 081 ¥'L01C () 0¥zl 6'S () o0 [erpyido woruwry
0961 IoYJeZIEMIDS pUE JOZUID L1 }°7SST [3%) 7071 L (s) 122 rerPypids woruwry
0961 Ioydezremydg pue 3urpy] LI 6'86¢€T 5] 811 19 (8) o0 rerpyiids uoruwry
0961 IayoezIemydg pue 13urpy 891 0°0L61 1:5) LGI1 ol (8) 1120 rerpyiids uoruury
0961 I9ydeZIEMDS PUE TFUIY 991 86EHT 1) SPIT 69 (s) o0 rerpyirds uoruury
0961 Ioydezremyds pue 1dSurpy 8cT COFLI ) 1601 6'F (s) o0 rerpyitds uoruury
0961 19YOBZIBMYIS PUE 123UI] 961 0°08L1 () 6'L01 0S (s) TP0 [erpyido woruwry
0961 Iaydezremydg pue 3urpy] ¢Sl 0°€88T ) 8901 ¢c (8) o0 rerpyids uoruury
0961 Ioydezremydg pue 13urpy] ¢Sl 0781 155) 2901 'S (8) o0 rerpyiids uoruwry
0961 IayoezIemydg pue 13urpy I'ST 87107 1:0) SH01 LG (s) 120 rerpyiids uoruury
0961 I9YoeZIEMPDS PUE TSUIY 61 1'SH91 1) 6701 ¥ (s) o0 rerpyirds uoruury
0961 IoydezIemydg pue rurpy Rl PIEIT ) 701 09 (s) o0 rerpyiids uoruury
0961 Ioydezremyds pue 18ury Rl 0781 ) 0701 'S (s) o0 rerpyiids uoruury
0961 19YOrZIBMYIS PUE 123UI] 9% 90907 () 0’101 8's () TP0 [erpyido woruwry
0961 19YILZIBMUDIS pUE I3UI] 9%l SLEST €O 001 ¢y () 1192 [erpypids voruwry
0961 Iayoezremydg pue 13uIpy ¥l 0°0L61 1) 186 G'c (8) o0 rerpyiids uoruwry
0961 Iayoezremydg pue 13urpy ¥l 70921 1:5) ¢'86 6'F (8) 1120 rerpyitds uoruury
0961 IoyoezIEMDS pue 13U Rl 90902 1) 116 g'c (s) o0 rerpyirds uworuury

$921N0G (8d) (M) (syun (sanjea (sanjea adAy 19D

Ju2U0d YN aWN|oA || [eutdLio) [eutdLio) |eutdiio) azis
JUBUOD ‘971G JUBIL0D YN 1eapnu/|le)

310°saan0adsiadyso-mmm

77,

SIAILDIdSYId

A3ojoig ur saandadsiag toqiey Sundg pjod ﬁa_umeuﬁw

panupuo) °|. d|qey

Cite this article as Cold Spring Harb Perspect Biol 2015;7:a019091



J.F. Gillooly et al.

panuiuo)

¥L61 31eMG pue dLIyy 0L L'TL8 d» 0C 7'86 (ur) [o0 dnEaDUEd SULOPUY
7961 UOI[eD g 7'6E01 d o 7T 0'81 () 1sejqoydonoidn
7961 uolED ¢'8 96101 d o 7T 0°szI (ur) 1sejqoydonoif)
7961 UoIED VL L6 dm IC 0601 (u) ysejqoydonors)
7961 uoIED L9 $'1901 d o 61 0°€eT (u) 1sejqoydonors)
0102 ‘Te 32 1982B[UIS[OM 9% 9°GTTH d oo 9°¢T 6621 (ur) a1hooLwrorpre)
010 "[e 32 1982B[YDS[YOM L'Th S'861¢ d» 6'TT 9°L6 () ah>oLworpre)
0T0T ‘Te 32 T9SLTYIS[YOM ce¢ 10996 d“» 6 ¥°S/1 (ur) ao0Lworpre)
0T0T ‘Te 32 T289.YDS[YOM c1¢ 8'9¢H¢ d o 06 1°601 (ur) ao0Lworpie))
0102 ‘Te 39 1982.[UIS[OM 8°0¢ 9656V d o 88 G761 (ur) a1hooLworpre)
0102 ‘Te 32 1982.[UIS[YOM 1°0¢ 0¥2S d o 98 G191 (ur) a1hooLworpre))
0102 ‘Te 32 T982B[UIS[YOM 8°6¢ 7°992¢ d oo ¢'g 8'66 (ur) a1hooLwrorpren)
010 "[& 32 1982B[YDS[YOM v'6C 6'859¢€ d o 7’8 548! (wr) ahd>oLworpre)
0T0T ‘Te 32 T98LTYOS[YOM 11T ¥ 70%€ d o 6L 0F01 (ur) aho0Lworpre))
0102 ‘Te 39 1982.[ydS[OM 9°/7 G'76EE d o 6L £7€01 (ur) a1hooLworpre)
0102 ‘Te 32 1982.[yIS[OM ST 7°S9/7 d oo L %8 (ur) a1hooLworpre)
0102 ‘Te 32 1982B[UIS[YOM 8¢t 7°0002 d o 89 €09 (ur) a1hooLworpre))
010 Te 12 1983 [ydS[yopm 1§24 0'588¢ d» 99 611 (wr) ahd>oLworpre)
010 "[& 32 1982B[YDS[YOM 0'1C L'9VET d o 09 'L (wr) ahd>oLworpre)
0T0T ‘Te 32 T28.TYIS[YOM 10T 1°9%5¢ d o 6°S €L (ur) a1fo0Lwrorpre))
0102 ‘Te 32 1989.[ydS[OA 107 €'75TT d oo 6°C 1'89 (ur) a1fooLworpre)
0102 ‘Te 32 1989.[UIS[OM 10T 6HS1T d o 6°C 1S9 (ur) a1hooLworpre)
0102 ‘Te 32 1989B[UIS[YOoM 702 I'Z€1d d o 8°'G 0°L21 (ur) a1hooLwrorpre)
0102 ‘Te 32 1982B[UIS[OM 6.1 990G d o s $°9GT (ur) a1hooLworpre)
010 T8 12 1983 [ydS[yoMm 191 8'C0v¥ d» 9F G'GeT (wr) ah>oLworpre)
0T0T ‘Te 32 T98.TYIS[YOM 8¢l 9'FH81 d“» o 666 (ur) 9ooLwrorpre))
0T0T ‘Te 32 T28.TYOS[OM LA G'€107 d o 'y £°09 (ur) a>0Lworpre))
010 'Te 39 198ae[yds[yopm 971 aLial d» 9'¢ 8'ch (wr) 21h>04worpre)
0661 'Te 30 UIBAIA 1T 6'6£€9 3d 4 TIe 0%6L0C (ur) arh>0fworpIe)
0661 'Te 30 UIBAIA 00T L9%9S 3d A 00T 0'T0¥LT (ur) rh>0fworpre)
$921N0G (8d) (M) (syun (sanjea (sanjea adAy 19D

JuauUod YN dWIN|OA [[9D [eurdLio) [euidLio) |eurdLio) azis

JUJUOD ‘971G JUUOD YN (] Jea|onu/[aD)

panupuo) °|. d|qey

810'saandadsiadysommm PO,

SIAILDIdSYId

A3ojoig ur saandadsiag toqiey Sundg pjod ﬁa_umeuﬁw

Cite this article as Cold Spring Harb Perspect Biol 2015;7:a019091

10



DNA—Cell Size Relationship in Humans

panunuo)

9561 Z)IeMS 89 T°6ETT ) 9T Tse (ur) 12> Tewrdypuared Snedap

0661 Z3emMS 89 'STHI ' 9 Gz IS (ur) 72 rewdypuared onedapy

9G6T 21TBMS 89 1'696 e ST 9°LT () [0 rewdypuared snedsp

9G6 [ Z1IemMs L9 ¢ /971 [ ek o4 L1y (ur) 122 rewdypuared oneday

966 Z1Iems 19 €9801 e 20 (o4 6'C¢ (ur) o0 rewdypuared orredoy

9G6 1 Z)Iems 99 87601 [eh) (o 7€e (ur) 190 rewdypuared oredoy

9561 Z31eMS 99 LLOTT e ST 6°¢E (w) [0 [ewdypuared onedapy

9561 Z)eMg ¢9 THITI e i 9'9¢ (w) (o0 [ewypuared onedap

9661 Z31emMs €9 01611 [ReR) €T 6'LE (wr) [0 rewdypuared snedsp

9G6 [ Z1IemMs 79 1121 [ ek (54 6'8¢ (ur) 190 rewdyouared orredoy

966 Z1IemMs 79 9¥¢6 e 20 54 197 (ur) 190 rewdypouared orredoy

9G6 1 Z)Iems 19 19211 ® 9 (o 8¥¢ (ur) 190 rewdypuared oredoy

9G6T Z1TBMS 9'g geeet [en) 't 'Sy (ur) [0 ewdypuared snedsy

9G6T 21TBMS v's T8IIL e} 0C a3 (wr) [0 rewdypuared snedsp

9561 21TBMS 8¥ 9HTIl e ‘0 81 L¥€ () o3 Tewikypuated snedsy

¥.,61 Z)IeMS pue LIy (\WA 1°¢S6 d o 0 8Tl (ur) 92 oneardued SULIdOXY
¥.,61 Z)IeMS pue aLIyg 0/ G'GT6 d o 0c 17,01 (ur) 92 oneardued suLIDOXY
V.61 71TeMS PUE OLI 0L cz8s do 0T 1°00T (ur) 22 dneandUed SULHOXY
0661 Te 32 UewIoq €S 9701¢ 3d o €S S'€9 () 1pe0 [eTpyIOpUY
0661 'Te 12 ueWLIO(] 9¥ 8'GLET 8d 9o 9¥ I'Ty (w) [ [erPYIOpUy
0661 'Te 32 uewIoq T T8IF1 3d » 4% v (w) [ [erpPYyIOpUY
0661 'Te 32 uewIoq T araa 3d » T §9¢ (w) [ [erpPyIOpUy
V.61 71TeMS PUE O 08¢ 8FS¢T d 08 ¢Sy () [[22 dnERDURd SULDOPUY
¥L6T 731emg pue oLy 08¢ 1°6¢€T d o 08 (WA 47 (ur) [o0 dneanUed duLOpUY
V.61 7TeMS PUE SLI 08¢ 676TT d 08 oo (ur) [o0 dnEanUEd SuULOPUY
VL61 71TeMS PUE SLIYH 0%1 T°08¥1 do 0% 8°1¢¢ (wr) [[22 dERDURd SULDOPUY
VL61 7)TeMS PUE ALY 0%1 LT9%1 dm 0% 8L1¢C (wr) [0 oneamdued surOpUY
¥.L61 Z1I1eMS pue LIy 0¥l 0°80%1 d o V5% 60T (ur) (22 onyeardued surdoOpuy
¥.61 Z)IeMS pue LIy (\WA G'/86 d o 0c 0611 (ur) 92 oneandued surpOpUY
¥.,61 Z)1eMS pue aLIyg 0/ 6°¢L6 d o 0¢ G911 (ur) (92 oneandued suLLOpPUY
$921N0G (8d) (M) (syun (sanjea (sanjea adAy 19D

Jualu0d YNJd SWIN|OA [[9D) [eurdLio) [euidLio) |eurdLio) azis
JUDU0D ‘9ZI§ Juau0od YN( Jeajonu/|[]9D

310°saan0adsiadyso-mmm

77,

SIAILDIdSYId

A3ojoig ur saandadsiag toqiey Sundg pjod ﬁa_umeuﬁw

panupuo) °|. d|qey

1

Cite this article as Cold Spring Harb Perspect Biol 2015;7:a019091



J.F. Gillooly et al.

panuyuo)
9661 Z3Tems L€1 1°8SL1 ® D I's 069 (ur) 190 rewdypuared oredopy
9S61 Z31eMS €€l I'T691 [es) 0°s 09 (wr) [0 ewdypuared snedsy
9G61 Z31eMS NS 80081 ' D 6% 9’1/ (ur) 120 rewdypuared onedapy
9661 Z1IeMS 671 9F0L1 e D ¥ 8¢9 (ur) 190 rewdyouared oryedofy
9661 Z3IeMS 8Tl 6 1Z€1 e ¥ SPP (ur) o0 rewdypuared orredoy
9661 Z3Tems STl G661 [ eb) ¥y 1'8/ (ur) 190 rewdypuared oredoy
9S61 Z31eMS 101 9'81¢CC (s} 8¢ L'86 (ur) [0 ewdypuared snedsy
9661 Z3emg I'6 9'/6L1 ' D $'¢ 1L (ur) o0 rewdypuared onedapy
9661 Z31em§ G'8 Q' ISI1T ' D 4l 09¢ (ur) 122 rewdypuared onedapy
9661 Z1IeMS ) 6°€S01 e e ¥IE (ur) 190 rewdyouared orredoy
9661 Z3eMS 6L 67601 e 6'C cee (ur) 190 rewdypouared orredoy
9661 231emMs 8L 6°€TEl s} 67 9F¥ (ur) [0 rewdypuared snedsy
9S61 Z31eMg L'L 6°¢SII (s} 6'C 1'9¢ (ur) [0 ewdypuared snedsy
9G61 Z31eMS YAy 0°SIPI e 6'C ¢6F (ur) 120 rewdypuared onedapy
9G61 Z3Tems YAy 7S0Z1 ' D 6°C 9'8¢ (ur) 122 rewdypuared onedayy
9661 Z1IeMS </ 1'S0ST e Q7 GFS (ur) [1o0 rewdyouared oredoy
9661 Z3eMS </ L7011 e 87T 6¢c¢ (ur) 790 rewdypuared orredoy
9561 Z3TeMS S/ S'086 [en) 8T 187 (ur) [0 ewdypuared sneday
9S61 Z31emMs S'L T'0911 [es) 8'C ¥'9¢ (wr) [0 ewdypuared snedsy
9661 Z31eMS S/ L€H8 ' 90 8T €T (ur) 120 rewdypuared onedapy
9G61 Z3Tems v/ SOLIIT B D 7T 6°9¢ (ur) 122 rewdypuared onedoy
9661 Z3IeMS ¥/ €9¢01 e 1T 9'0¢ (ur) o0 rewdyouared osredoy
9S61 Z31eMS L GTTs e 1T folele (ur) 190 rewdypuared orredoy
9661 Z3eMS L 11101 e 1T cze (ur) 190 rewdypuared orredoy
9S61 731emMg L ¥ Iett [er) LT 6'6¢ (ur) [0 ewdypuared snedsy
9S61 Z31emMg L €LLET [es) LT YLy (wr) [0 [ewdypuared snedsy
9G61 Z31eMS WA S I¥Cl e 97 0% (ur) 12 rewdypuared onedapy
9G61 Z3Tems 'z 176001 [ Ben} 97 767 (ur) 120 rewdypuared onedayy
9661 Z1IeMS 0L 072101 e 97 6T (ur) o0 rewdyouared osredoy
9661 Z3eMS 69 76921 e 97 1 (ur) 190 rewdypuared oredoy
$921N0G (8d) (M) (syun (sanjea (sanjea adAy 19D
JULIU0D YN aWIN|OA []9D [eurdLio) [euidLio) |eurdLio) azis
JUSIUOD ‘971§ Ju2u0d YN Jeajonu/|[]9D

310°saan0adsiadyso-mmm

77,

SIAILDIdSYId

A3ojoig ur saandadsiag toqiey Sundg pjod ﬁa_umeuﬁw

panupuo) °|. d|qey

Cite this article as Cold Spring Harb Perspect Biol 2015;7:a019091

12



DNA—Cell Size Relationship in Humans

panuiguoy)

L96T UOSIqIEH PUE YN LTl L1T1T ) 19T %9 (s) a1oojedoy
L961 UOSIQIEH pUue Yooy €Tl €9%TT e 86T 089 (s) 2booredoy
L961 UOSIqIEH pue YaaN (44! T'8SST e 96T L'9% (s) a3booyedopy
L961 UOSIqIEH pue ad]N 911 STHIT e 0 ¥ L9 (s) a1hooyedopy
£961 UOSIqIEH pue adN i 9TTHT e 0D 8¢t veL (s) a1hoojedayy
L961 UOSIGIEH pue o ¢l PP €D 9¢€T T (s) a1hoojedoy
L961 UOSIQIEH pue YN 801 90T el 9'7¢ 0°6¢ (s) 2hooredoy
L961 UOSIqIEH pUue Yooy L0T 96961 e vee €65 (s) 2booredoy
L961 UOSIqIEH pUe Yaa]N 001 8°00%1 e ‘0 012 6'Th (s) a1booreday
£961 UOSIqIEH pue adN 6'6 €LEST e ‘0 L0 1'9% (s) ayhoojeday
L961 UOSIqIEH pue adN L8 6°00CT e D €81 L's¢ (s) a1hoojedoy
9G6 1 Z1Iems 9'9¢ 0°S¥8C L:el] 9°¢T L¥P1 (ur) 190 rewdypuared oredoy

9G6T Z1TBMS I'1¢g L'118C en) 911 |§4al (ur) [0 ewdypuared snedsy

9G6T Z1TBMS §'9C 1€hLT e} 66 8'9¢T (wr) [0 rewdypuared snedsp

9G61 Z)TemMs ¥'9C 1°608¢C [hel) 36 6'1¥1 (ur) 122 rewdypuared onedayy

966 Z1Iems 797 1°6¥9C [ ek 86 ¥6C1 (ur) [1o0 rewdyouared oredoy

966 Z1IemMs 67T 6°¢E€T e 20 <6 2901 (ur) 790 rewdypuared orredoy

9G6T Z1TBMS 661 r'6vee ) VL SLLT (ur) [0 ewdypuared sneday

9G6T Z3TBMS LI 9691 en) 79 €59 (wr) [0 ewdypuared snedsy

9G6T 2TBMS 791 Preesl e} 9 9¢L (wr) [0 rewdypuared snedsp

9G6 [ Z3Iems 7'S1 02781 [hele) YAS 6'CL (ur) 122 rewdypuared onedoy

966 Z1Iems 0°ST 9°0961 [ ek 9°G 918 (ur) o0 rewdyouared osredoy

966 Z1Iems L'Vl G6LLT e 20 [l ¢0L (ur) 190 rewdypuared orredoy

9G6T Z)1TBMS SHI 6'9L8T ) ¥'s TLYT (ur) [0 ewdypuared snedsy

9G6T Z1TBMS SHI o161 ) ¥'s ¥'8L (ur) 12> Tewrdypuared snedap

9G6T 23TBMS SHI 6'€%0T en) ¥'s 0°L8 (wr) [0 [ewdypuared snedsy

9661 Z3IeMs Tyl 0°ST1T B D €S L'16 (wr) [0 rewdypuared snedsp

9G6[ Z3IeMS 191 19871 [hele) [ YAYA (ur) 120 rewdypuared onedayy

966 Z1Iems 1'¥1 07281 e 00 [ 6L (ur) o0 rewdyouared osredoy

9661 Z1IemMs 6°¢l 6°G6/91 e 0 S 1'%9 (ur) 190 rewdypuared oredoy

$921N0G (8d) (M) (syun (sanjea (sanjea adAy 19D

Jualu0d YNJd SWIN|OA [[9D) [eurdLio) [euidLio) |eurdLio) azis
JUDU0D ‘9ZI§ Juau0od YN( Jeajonu/|[]9D

310°saan0adsiadyso-mmm

77,

SIAILDIdSYId

A3ojoig ur saandadsiag toqiey Sundg pjod ﬁa_umeuﬁw

panupuo) °|. d|qey

13

Cite this article as Cold Spring Harb Perspect Biol 2015;7:a019091



J.F. Gillooly et al.

panuiguoy)

L961 UOSIqIEH pUe Yo 0°LT 1°£50S e 996 T9s1 (s) 2hooredoy
£96T UOSIQIEH] PUE YN a1 101LE e ves LETT (s) a1bo0redoy
£961 UOSIQIEH] PUE YN 1874 10T e} LTS 7101 (s) a1ooredoy
£961 UOSIqIEH] PUE YN €¥eC 1'8¥S¥ e ‘0 605 [Xia! (s) ayhoojeday
£961 UOSIQIEH] PUE YN 6'¢T 66567 e 0D €05 06 (s) a1hoojedayy
L96T UOSIqIEH] PUE YN L€t £'se6¢ ] 86V 8°0CT (s) a1hoojedoy
L961 UOSIQIEH pue Y9N vt 6'70S¢ e I'6¥ TL0T (s) 2hooredoy
L961 UOSIqIEH pUue Yooy Tee L'vTig e L'8¥ €66 (s) 2booredoy
£961 UOSIQIEH] PUE YN 6'CC 1'8¥S¥ B D 0'8¥ 10%1 (s) a1booreday
£961 UOSIQIEH] PUE YN L'TT 66567 e ‘0 9'L¥ 06 (s) ayhoojeday
£961 UOSIQIEH] PUE YN v'ee ¢ehIe e D 0°L¥ 096 (s) a1hoojedoy
£961 UOSIQIEH PUE Iy 812 8'60€¢€ s L'SY 1101 (s) hooredoy
L961 UOSIQIEH pUue Yooy 0°1¢ LY6¥¢ e 844 6901 (s) 2hooredoy
£961 UOSIQIEH] PUE YN 8'0¢C 6'656C e} A4 T06 (s) 2dooredoy
£961 UOSIQIEH] PUE YN 9°0¢ T601¥ e ‘0 ceh 9Tl (s) a1booredapy
£961 UOSIqIEH] PUE NI 661 8'669¢ e D 6% PErt (s) ayhoojeday
£96T UOSIQIEH] PUE YN S6l 61072 e D 60 8L (s) a1oojedoyy
L961 UOSIQIEH pUue YaoA 6l £967T e €0¥ €89 (s) 2hooredoy
L961 UOSIqIEH pUue Yooy 061 ¢II1e el 6'6¢ 8¢9 (s) 21hooredoy
£961 UOSIQIEH] PUE YN 6'81 9°865¢C ) L°6€ 6'8L (s) 2booredoy
£961 UOSIQIEH] PUE YN 981 6'€9LT e ‘0 1'6¢ %8 (s) 23hooyedopy
£961 UOSIQIEH] PUE YN 81 ¢ovee e 0D €8¢ 0'89 (s) aufoojeday
£96T UOSIQIEH] PUE YN | WA €'88/1 e D 6'S¢ 8¢S (s) a1hoojedoyy
£961 UOSIQIEH] PUE YN | WA 9°6ST¢ e D 8'¢¢ €96 (s) a1foojedayy
£96T UOSIqIEH] PUE YN 791 €TIFT e vre T¢s (s) hooredoy
L961 UOSIQIEH pUe Yoo 6'ST L121¢ e €ee I'%9 (s) 2hooredoy
L961 UOSIqIEH pUe YaaN G'¢1 £'6£67 e STe $'68 (s) 21ho0redoy
£961 UOSIQIEH] PUE YN €6l CTIFT e 0 e I'¢s (s) ayhoojeday
£961 UOSIQIEH] PUE YN 91 8'86L1 e 0D 90¢ 1'% (s) auhoojeday
£96T UOSIqIEH] PUE YN |54 £'6£67 e D $'6C $'68 (s) a1oojedoy

$921N0G (8d) (M) (syun (sanjea (sanjea adAy 19D

Jualu0d YNJd SWIN|OA [[9D) [eurdLio) [euidLio) |eurdLio) azis
JUDU0D ‘9ZI§ Juau0od YN( Jeajonu/|[]9D

310°saan0adsiadyso-mmm

77,

SIAILDIdSYId

A3ojoig ur saandadsiag toqiey Sundg pjod ﬁa_umeuﬁw

panupuo) °|. d|qey

Cite this article as Cold Spring Harb Perspect Biol 2015;7:a019091

14



DNA—Cell Size Relationship in Humans

ponu1uo))

€561 sp[endd 9¥ 97951 eu 0°¢ LL (s) 2booyduky
€S61 SPTRIRg 9% 0CIL e‘u 0°¢ TS (s) a1bo0yduudt
€661 Sp[enag 9F 9°¢6T1 eu 0°¢ 0L (s) a1hooyduk
€S61 SPfeIRg Sy Te6L eu 0°¢ S's (s) a1booyduky
€S6T SDIEIRd ¥ CLERT eu LT v (s) aooyduky
9261 UIRISP[OD) pUE Ipag L 6976 ) 661 0'8C (s) 21fo0yduuky
9/61 UIISP[OD) pue Ipag 'L 8208 e L'61 8¢t (s) 2hooyduky
9/61 UIRISP[OD pUB Ipag 0L 8¢LL e €61 8TT (s) a1bo0yduudt
961 UIISP[OD) PUE IPag 69 v18L e ‘0 161 0°¢T (s) axhooyduky
9/61 UIISP[OD) pue Ipag 69 678 e 0D 061 4 (s) aooyduihy
9/61 UIISP[OD) pUE Ipag 69 ST9L e D 061 ve (s) hooyduwiky
9261 UIRISP[OD) UL Ipag 69 PS8 ) 06T 67T (s) 21fo0yduuky
9£61 UIISP[OD pue Ipag 69 9LLL e 681 6'CC (s) 2hooyduky
9/61 UIISP[OD pue Ipag 69 $'8TL [en) 681 ¥'1e (s) a1bo0yduudt
9/61 UIISP[OD) pue Ipag 89 8°€¢LL e ‘D 881 87T (s) axhooyduky
9/61 UIISP[OD) puUe Ipag L9 0°12L e 0D 981 TIe (s) aooyduky
9/6T UIRISP[OD) pUE Ipag L9 $'96/ ] S81 get (s) 2booyduwky
9/61 UIISP[OD) pue Ipag 79 6°€€9 e LLT 981 (s) 2hooyduky
9/61 UIISP[OS) pue Ipag €9 ¥'6L9 B9 ¥L1 661 (s) a1booydud
9L61 UIISP[OD) pue Ipag €9 L'819 AR TLI 1’81 (s) andooydudy
0661 °[e 39 uewLIO(] ]G ¥ 1971 3d oo 8°G 9°/¢ (ur) 23400ydwd
0661 °Te 32 UeULIO(T a4 8 1€9 3d oo i 4 G'81 (ur) 23h00ydwd
0661 'Te 12 uewIo(q 0¥ 0649 3d » 0% 861 (ur) 21£50yduky
0661 Te 12 UeWIOq 0¥ 119 3d oo 0¥ 6 LT (ur) 21400ydwdy
L961 UOSIQIEH pue Y9N 9'9% 6'9TLS e 6'L6 SLLT (s) 2hooredoy
L961 UOSIQIEH pUue Yooy 9'¢y 6°€0SS e 916 ¥0LT (s) :hooredoy
£961 UOSIqIEH] PUE YN 6°LE ¥°896¥ e ‘0 9°6L L0¥I (s) a1booreday
£961 UOSIqIEH] PUE YN 0°0¢ £'6c6¢ e ‘0 0€9 8071 (s) ayoojeday
£961 UOSIQIEH] PUE NI 6°LT $'689¢ e 0D 186 0°¢TT (s) a1hoojedoy
$921N0G (8d) (M) (syun (sanjea (sanjea adAy 19D

Ju9)U0d YN( SWN|OA [[9D [eurdLio) [euidLio) |eurdLio) azis

JUdU0D ‘9ZI§ Juau0d YN( Jeajonu/[]9D

panupuo) *| a|qeL

810'saandadsiadysommm PO,

SIAILDIdSYId

A3ojoig ur saandadsiag toqiey Sundg pjod ﬁa_umeuﬁw

15

Cite this article as Cold Spring Harb Perspect Biol 2015;7:a019091



J.F. Gillooly et al.

panuiuoy)
€661 SDrenad 'S G'€S6 e u 8¢ 09 (s) axhooyduky
€661 spfenag 'S 6956 e u 8¢ 09 (s) aooyduiky
€S6T SDIEN™] 8'¢g 78201 eu 8¢ 9 (s) a3booyduk
€561 sp[endd LS 9'1/9 eu L€ 0°S (s) 2booyduwky
€561 sp[endd LS 098T1 eu L€ 0L (s) 21booyduky
€661 Sp[enad 96 9°6LST e u L€ 8L (s) ahooyduuky
€661 spfenag 9'g 0°T9¥1 e u L€ S'L (s) aooyduky
€661 spfenag S's 9°€6T1 e u 9¢ 0L (s) aooyduky
€661 SDEN™] ¢'g 7056 e 9°¢ 09 (s) a3booydud
€561 sp[endd S¢S 9°L¢LT eu 9°¢ 8 (s) 2booyduky
€561 SPTEIRg ¢S 919 eu 9'¢ 0'S (s) a1b>0oyduudt
€661 Sp[enag 7S I'8IT1 e u 9¢ S9 (s) ahooyduuky
€661 spfenag 7S 9°€SH1 e u G¢ VL (s) aooyduky
€661 SDrenad 7S G'€S6 e u G¢ 09 (s) aooyduky
€661 spfenag 7S 8°089 e u S¢ 0's (s) ahooyduky
€G6T SDIEN™] €s 0°S6¥T eu g€ S'L (s) a3hooydus
€561 sp[endd €¢ 79991 eu g€ 08 (s) 2booyduwky
€661 SDIEI_] €' 97981 e‘u g¢ LL (s) a1b>0yduudt
€661 Sp[enag €s 8'6€T1 e U G¢ 69 (s) a14ooyduuky
€661 spfenag TS 8111 e u ve S9 (s) aooyduhy
€661 spfenag TS L6651 e u ve 8L (s) aooyduky
€561 sp[endd 0°S L9¥LT eu €€ 8 (s) 2booyduwky
€561 sp[endd 0°S 0°79%1 eu €€ gL (s) 2booyduwky
€561 SDTEIR] 0°S 79991 e‘u ¢¢ 0’8 (s) a1bo0yduudt
€661 Sp[enag 0'S 9°€671 e u €€ 0L (s) axhooyduky
€661 spfenag 8F 198 e u Te 96 (s) aooyduky
€S6T SDIEI™d 8¥ 8 0v¢T eu I'¢ T'L (s) a3booyduky
€561 spfenag 8F T8LT1 eu I'¢ 0L (s) 21fo0yduuky
€561 sp[endg L'y 079%1 eu I'e S'L (s) 2booyduky
$921N0G (8d) (M) (syun (sanjea (sanjea adAy 19D
JuaJu0d YN( QWN|OA [[9D [eurdLio) [euidLio) |eurdLio) azis
JU9U0D ‘971§ Juau0d YN( Jeajonu/|[]9D

310°saan0adsiadyso-mmm

77,

SIAILDIdSYId

A3ojoig ur saandadsiag toqiey Sundg pjod ﬁa_umeuﬁw

panupuo) | d|qelL

Cite this article as Cold Spring Harb Perspect Biol 2015;7:a019091

16



DNA—Cell Size Relationship in Humans

panuuoy)
€661 SDrenad 69 7056 e u ¥ 09 (s) axhooyduky
€661 spfenag 9 9°€0ST e u ¥ 9L (s) aooyduiky
€S6T SDIEN™] $9 06621 eu T 0L (s) a3booyduk
€561 sp[endd 79 LTHIT eu 47 99 (s) 2booyduwky
€661 sp[enad 79 71T eu (7 9/ (s) ahooydwhy
€61 spfenag 7’9 09871 e u Ty 0L (s) ahooyduuky
€661 spfenag 79 LETTT e u Ty S9 (s) aooyduky
€661 spfenag 79 7056 e u Ty 09 (s) aooyduky
€G6T SDEI™] €9 0°L1CT e I'v 89 (s) a3booydud
€561 sp[endd 9 T8LTl eu 'y 0L (s) 2booyduky
€S6T SP[endg 79 I'GI1T eu I'v 06 (s) ahooydwhy
€661 spjenad 9 9'9¢8 eu 0¥ 9'¢ (s) ahooydusy
€661 spfenag 19 L6071 e u 0¥ 89 (s) aooyduky
€661 SDrenad 19 LETTT e u 0¥ S9 (s) aooyduky
€661 spfenag 19 6'765T e u 0¥ 001 (s) ahooyduky
€G6T SDIEN™] 1’9 T'T1LT eu 0¥ '8 (s) a3hooydus
€561 sp[endd 19 6°L591 eu 0% 08 (s) 2booyduwky
€561 sp[endd 1’9 TOLET eu 0% L (s) 21booyduky
€61 spfenag 09 06671 e U 6°€ 0L (s) a14ooyduuky
€661 spfenag 09 0°S6¥1 e u 6°¢ S'L (s) aooyduhy
€661 spfenag 09 LP9ET e u 6°¢ TL (s) aooyduky
€561 sp[endd 09 §'Ge0l eu 6'¢ €9 (s) 2booyduwky
€561 sp[endd 6'S €086 eu 6'¢ 9 (s) 2booyduwky
€561 SDTEIR] 6'S 01Tl eu 6'¢ 89 (s) a1bo0yduudt
€661 Spfenag 6'S 6°LT9T e u 6°€ 101 (s) axhooyduky
€661 spfenag 6'S G'€S6 e u 6°¢ 09 (s) aooyduky
€S6T SDIEI™d 8'g LETTT eu 8¢ c9 (s) a3booyduky
€561 SD[end] 8¢ DALY eu 8¢ 'L (s) 2booyduuky
€561 sp[endg 8¢ LTHIT eu 8¢ 99 (s) 2booyduky
$921N0G (8d) (M) (syun (sanjea (sanjea adAy 19D
JU2U0d YNA SWIN|OA [[9D) [eurdLio) [euidLio) |eurdLio) azis
JU9U0D ‘971§ Ju9u0d YN( Jeajonu/|[]9D

310°saan0adsiadyso-mmm

77,

SIAILDIdSYId

A3ojoig ur saandadsiag toqiey Sundg pjod ﬁa_umeuﬁw

panupuo) | d|qelL

17

Cite this article as Cold Spring Harb Perspect Biol 2015;7:a019091



J.F. Gillooly et al.

panuuoy)
€661 SD[enad 0L 60001 e u 9¥ 19 (s) axhooyduky
€661 spfenag 0L 6'SL0T e u 9% 6'8 (s) aooyduiky
€S6T SDIEN™] 0L 05012 eu 9% 06 (s) a3booyduk
€561 sp[endd 0L €881 eu 9% 8L (s) 2booyduwky
€661 sp[enad 0L 9'€GPI eu 9¥ VL (s) ahooydwhy
€661 Sp[enag 69 06671 e u 9¥ 0L (s) ahooyduuky
€661 spfenag 69 79991 e u 9¥ 08 (s) aooyduky
€661 spfenag 69 €268 e u S¥ 'S (s) aooyduky
€G6T SDEI™] 89 9°€0ST e o 9L (s) a3booydud
€561 sp[endd 89 61CTl eu Sy 89 (s) 2booyduky
€S6T SP[endg 89 9101 eu Sy 79 (s) ahooydwhy
€561 spfenad 89 LT18 e u Sy o (s) ahooyduuky
€661 spfenag 89 0°5607 e u Sy 06 (s) aooyduky
€661 SDrenad 89 79991 e u Sy 08 (s) aooyduky
€661 spfenag 89 06671 e u vy 0L (s) ahooyduky
€G6T SDEN™] L9 6996 eu i 09 (s) a3hooydus
€561 sp[endd L9 9GeTT eu a4 99 (s) 2booyduwky
€561 sp[endd L9 99601 eu iad €9 (s) 21booyduky
€561 Sp[enag L9 i3l e U vy VL (s) a14ooyduuky
€661 spfenag L9 9°€0ST e u vy 9L (s) aooyduhy
€661 spfenag L9 79011 e u vy g9 (s) aooyduky
€561 sp[endd 99 0°G8¥1 eu a4 S'L (s) 2booyduwky
€561 sp[endd 99 9'9¢¢T eu ¥ L (s) 2booyduwky
€561 SDTEIR] 99 1'6TET eu (5 'L (s) a1bo0yduudt
€661 Sp[enag 99 09871 e u ¥ 0L (s) axhooyduky
€661 spfenag 99 1°0ST1 e u ¥ 99 (s) aooyduky
€S6T SDEn™d 99 6996 eu ¥ 09 (s) a3booyduky
€561 sp[endd 99 78181 e‘u P €8 (s) 2booyduuky
€561 sp[endg ¢9 gzsel eu ¥ 69 (s) 2booyduky
$921N0G (8d) (M) (syun (sanjea (sanjea adAy 19D
JU2U0d YNA SWIN|OA [[9D) [eurdLio) [euidLio) |eurdLio) azis
JU9U0D ‘971§ Ju9u0d YN( Jeajonu/|[]9D

310°saan0adsiadyso-mmm

77,

SIAILDIdSYId

A3ojoig ur saandadsiag toqiey Sundg pjod ﬁa_umeuﬁw

panupuo) | d|qelL

Cite this article as Cold Spring Harb Perspect Biol 2015;7:a019091

18



DNA—Cell Size Relationship in Humans

panuiuoy)
€661 SD[enad S'L 79991 e u 6% 08 (s) axhooyduky
€661 spfenag S'L G'€S6 e u 6% 09 (s) aooyduiky
€S6T SDIEN™] S'L 05602 eu 67 06 (s) a3booyduk
€561 sp[endd <L eIl eu %4 L9 (s) 2booyduwky
€661 sp[enad VL oLV eu 6F S'L (s) ahooydwhy
€661 spjend ¥ CLEVT eu 6F ¥ (s) andooydudy
€661 spfenag VL CorEl e u 6% TL (s) aooyduky
€661 spfenag VL S16Tl e u 6% 0L (s) aooyduky
€G6T SDEI™] VL 6'SLTT e 8¥ 0L (s) a3booydud
€561 sp[endd <L €0TST eu 8 9L (s) 2booyduky
€G6T SP[ENdd ¢/ $°6/91 ' U ¥ 08 (s) 91hooydwudy
€661 spjend <L 0768 eu 8¥ 8¢S (s) ahooydusy
€661 spfenag €L €'6Thl e u 8¥ VL (s) aooyduky
€661 SDrenad L 0°L0€T e u LY 0L (s) aooyduky
€661 spfenag L €LEPT e u LY VL (s) ahooyduky
€G6T SDIEN™] L 09871 eu LY 0L (s) a3hooydus
€561 sp[endd L L60TT eu LY 89 (s) 2booyduwky
€661 SDIEI_] L 9CETT e‘u LY $9 (s) a1b>0yduudt
€561 SDEI™] UL $9991 eu LY 0'8 (s) 21hooyduky
€661 spfenag L S'8LYI e u LY S'L (s) aooyduhy
€661 spfenag L 6°£001 e u LY 79 (s) aooyduky
€561 sp[endd 'L G'G6ST eu LY 8L (s) 2booyduwky
€561 SD[endd |2 $'680¢ eu L'y 06 (s) 2booyduwky
€561 sp[endd 'L §'6091 eu LY 8L (s) 21booyduky
€661 Sp[enag 'L 8'6€T1 e u LY 6'9 (s) axhooyduky
€661 spfenag 'L 9°€0ST e u 9¥ 9L (s) aooyduky
€S6T SDIEI™d 'L T°0STT eu 9% 99 (s) a3booyduky
€661 sp[enag L G'se01 eu 9¥ €9 (s) 21fo0yduuky
€561 sp[endg 0L 09871 eu 9¥ 0L (s) 2booyduky
$921N0G (8d) (M) (syun (sanjea (sanjea adAy 19D
JU2U0d YNA SWIN|OA [[9D) [eurdLio) [euidLio) |eurdLio) azis
JU9U0D ‘971§ Ju9u0d YN( Jeajonu/|[]9D

310°saan0adsiadyso-mmm

77,

SIAILDIdSYId

A3ojoig ur saandadsiag toqiey Sundg pjod ﬁa_umeuﬁw

panupuo) | d|qelL

19

Cite this article as Cold Spring Harb Perspect Biol 2015;7:a019091



J.F. Gillooly et al.

panuuoy)
€661 SD[enad 7’8 8'88¢1 e u G's €L (s) axhooyduky
€661 spfenag 7’8 81691 e u S's 08 (s) aooyduiky
€S6T SDIEN™] 78 6HIET eu c's T'L (s) a3booyduk
€561 SD[endg €8 79991 eu e 08 (s) 2booyduwky
€G6T SP[EN™J 8 1'¥L91 e u $'S 08 (s) 91hooyduudy
€661 spjend 8 §'6807 eu ¥'s 06 (s) andooydudy
€661 spfenag T8 7'98¥C e u 7S 86 (s) aooyduky
€661 spfenag 78 0°L0€T e u il 0L (s) aooyduky
€661 SDEN™] '8 08 e ¥'s 9°G (s) a3booydud
€561 sp[endd r's 861LI eu €S '8 (s) 2booyduky
€561 SPTeIRg '8 7891 e‘u €S 08 (s) a1b>0oyduudt
€661 spjend '8 Tov6 eu €S 09 (s) ahooydusy
€661 spfenag 08 81691 e u €S 0’8 (s) aooyduky
€661 SDrenad 6L 9'0L6 e u TS 09 (s) aooyduky
€661 spfenag 6L 7'H891 e u TS 08 (s) ahooyduky
€G6T SDIEN™] 6L 0°S6¥T eu TS S'L (s) a3hooydus
€561 sp[endd 6L Lveel eu TS 89 (s) 2booyduwky
€661 sp[enad 8L 1141 eu I's '8 (s) ahooydwhy
€561 SPIRIIR] 8L 6°LS91 e U I's 0’8 (s) a14ooyduuky
€661 spfenag 8L 1°0ST1 e u I's 99 (s) aooyduhy
€661 spfenag 8L €481 e u I's LL (s) aooyduky
€561 sp[endd 8L P oF81 eu I's 78 (s) 2booyduwky
€561 sp[endd 8L 9°¢6Tl eu I's 0L (s) 2booyduwky
€561 sp[endd L'L 9¢8TI eu I's 0L (s) 21booyduky
€661 spfenag LL 6996 e u I's 09 (s) axhooyduky
€661 spfenag 'L €HI91 e u I's 6L (s) aooyduky
€S6T SDIEI™d 'L 79991 eu 0°S 08 (s) a3booyduky
€661 SDEI™] 9L 8'61L1 eu 0'S '8 (s) 21fo0yduuky
€561 sp[endg 9L 6VICT eu 0°S 'L (s) 2booyduky
$921N0G (8d) (M) (syun (sanjea (sanjea adAy 19D
JU2U0d YNA SWIN|OA [[9D) [eurdLio) [euidLio) |eurdLio) azis
JU9U0D ‘971§ Ju9u0d YN( Jeajonu/|[]9D

310°saan0adsiadyso-mmm

77,

SIAILDIdSYId

A3ojoig ur saandadsiag toqiey Sundg pjod ﬁa_umeuﬁw

panupuo) | d|qelL

Cite this article as Cold Spring Harb Perspect Biol 2015;7:a019091

20



DNA—Cell Size Relationship in Humans

panuiuoy)
€661 SDrenad L01 SHYIT e u 0L I'6 (s) axhooyduky
€661 spfenag S0l 8F91¢ e u 69 I'6 (s) aooyduiky
€S6T SDEn™d S01 LvTIT eu 69 06 (s) a3booyduk
€561 Sp[endg 701 1'Z911 eu 89 99 (s) 2booyduwky
€561 sp[endd o1 79991 eu L9 08 (s) 21booyduky
€561 sp[endd o1 79991 e‘u 99 08 (s) 21hooyduky
€661 spfenag 001 8FEIT e u 99 I'6 (s) aooyduky
€661 spfenag 66 0612z e u S9 6 (s) aooyduky
€G6T SDEI™] 86 T's0TT e 79 6 (s) a3booydud
€561 sp[endd L6 PP891 eu ¥9 08 (s) 2booyduky
€561 SPTeIRg 96 T's0TT e‘u €9 6 (s) a1b>0oyduudt
€661 Sp[enag S'6 82971 e u €9 69 (s) ahooyduuky
€661 spfenag S'6 0°L0€T e u 79 0L (s) aooyduky
€661 SDrenad 76 0°5607 e u 19 06 (s) aooyduky
€661 spfenag €6 7'H891 e u 19 08 (s) ahooyduky
€G6T SDIEN™] I'6 76191 eu 09 08 (s) a3hooydus
€561 sp[endd 6 1'26S1 eu 09 8L (s) 2booyduwky
€561 SDTRIR] I'6 76701 e‘u 09 €9 (s) a1b>0yduudt
€661 Sp[enag 06 0°517¢ e U 6'S 76 (s) a14ooyduuky
€661 spfenag 8’8 1'60€1 e u 8'G 'L (s) aooyduhy
€661 spfenag 8’8 1928 e u 'S 9'G (s) aooyduky
€561 sp[endd L8 79581 eu LS 78 (s) 2booyduwky
€561 sp[endd L8 1'CIST eu LS 9L (s) 2booyduwky
€561 SDTEIR] L8 967C1 e‘u LS 89 (s) a1bo0yduudt
€661 spfenag L8 TLL6 e u LS 19 (s) axhooyduky
€661 spfenag 98 9°96¢1 e u 96 TL (s) aooyduky
€S6T SDIEI™d S8 0°L8%1 eu 9°G S'L (s) a3booyduky
€561 sp[endd ¢'8 05607 eu 9'G 06 (s) 2booyduuky
€561 sp[endg ¢'8 SzI6l eu 9°G 98 (s) 2booyduky
$921N0G (8d) (M) (syun (sanjea (sanjea adAy 19D
JuaJu0d YN( QWN|OA [[9D [eurdLio) [euidLio) |eurdLio) azis
JU9U0D ‘971§ Juau0d YN( Jeajonu/|[]9D

310°saan0adsiadyso-mmm

77,

SIAILDIdSYId

A3ojoig ur saandadsiag toqiey Sundg pjod ﬁa_umeuﬁw

panupuo) | d|qelL

21

Cite this article as Cold Spring Harb Perspect Biol 2015;7:a019091



J.F. Gillooly et al.

panuuo)

9861 "[e 32 IYseqrys| 79 ¢'8120T dp 191 8¢ (ur) 334004 1exESa N
9861 '[e 32 Tyseqrys| 8°0S $'8120¢ dp Sl g€¢ () 3ho0hrexe3aN
9861 '[& 32 TYseqrys| v6¥ vhecel dp TPl ceg () 3ho0hrexedaN
9861 '[e 39 IyseqIys] 8P YIPILT dp 8Tl €€ (ur) 21404 rexeSoN
9861 '[e 39 IyseqIys] 1844 $'700ST dp 971 9'0¢ () 21804 rexeSoN
9861 e 32 Iyseqrys| T8¢ 8ITHI1 dop 601 zo¢ (wr) a1hd>0hrexyeday
9861 '[& 32 TyseqIys] I'LE 780011 dp 901 9°LT (ur) 334004 13RS
9861 '[& 32 TYseqrys| 79¢ 768801 dp 701 SLT () 3ho0hrexe3aN
9861 "¢ 12 Tyseqys] 1°0¢ 6’7885 do 98 v'Te (ur) a1h>04rexyeSay
9861 '[e 32 TYseqrys| 96T S 11LY dp €L 80T (ur) 34004 13RSI
9861 Te 39 IyseqIys| ST 8'650S dp 0L 1T (ur) 914004 1exeSoN
9861 e 32 Iyseqrys| 9'81 L'T8YT d<p €s 891 () a1ho04rexyeSoN
9861 '[e 32 TYseqrys| 191 9°297¢ dp 9% €91 (wr) 3ho0hrexedaN
9861 "[e 32 IYyseqrys| 7Sl 16817 dp vy G91 (ur) 334004 1exESa N
9861 '[& 32 TYseqrys| PSl 1'7s€e dp vy 191 (wr) 3ho0hrexe3aN
9861 '[& 32 TYseqrys| Pel €'6/81 dp vy €61 () 3hoohrexea N
9861 '[e 39 IYseqIys] L€l 86761 dp 6'¢ | (ur) 21404 rexeSoN
961 UIRISP[OD) pue Ipag 69 8'988 e 0 061 9T (wr) ydrowdjod a14>0ydurdy
9/61 UIISP[OD) pue Ipag 69 6976 ' 90 061 08T (ur) ydrowdjod a14oyduudy
9/61 UIdISP[OD) pue Ipag 69 8 1/8 [k 6'81 16T (ur) ydrows4jod a34o0yduuky
9/61 UIISP[OD) pue Ipag VAL 9'LLL [k (o] 6°7C (ur) ydrows4jod a34o0yduuk
9/6T URISP[OD) pUE Ipag 99 6916 ' 9 81 122 (ur) ydrow4jod 21400ydwdy
961 UIRISP[OD) pue Ipag 99 8L [en) T8I €1z (ur) ydrowdjod a14>0ydurdy
961 UIRISP[OD) pue Ipag 9'9 9'978 [en) 781 vHC (wr) ydrowdjod a14>0ydudy
9/61 UIISP[OD) pue Ipag 99 1°€89 [ Beh) 181 002 (ur) ydrowdjod a1£ooydud
9/61 UIdISP[OD) pue Ipdg G'9 G'97L [k 0'81 712 (ur) ydrows4jod a34ooyduuk
9/61 UIISP[OD) pue Ipag G'9 €/ [ek) 081 87T (ur) ydrow4jod a3ho>oyduud
9/6T UISP[OD) pUE Ipag c9 678 ' 9 6,1 1'sz (ur) ydrow4jod 21400ydwdy
€561 sp[endd 0°¢I ¥79L¢€ e‘u S8 N4 (s) 2booyduky

€661 Sp[enag €1l 7'8S1€ eu VL 11 (s) ahooyduky

$921N0G (8d) () (syun (sanjea (sanjea adAy 19D

JU2u0d YNA SWIN|OA [[9D) [eurdLio) |euidLio) |eurdLio) azis
JUDIUOD ‘971§ JuLu0d YN( Jeajonu/|]aD

310°saan0adsiadyso-mmm

77,

SIAILDIdSYId

A3ojoig ur saandadsiag toqiey Sundg pjod ﬁa_umeuﬁw

panupuo) | 3|qel

Cite this article as Cold Spring Harb Perspect Biol 2015;7:a019091

22



DNA—Cell Size Relationship in Humans

panuuo’)

9661 e 12 19819quaydPNaT L] 0°2601 ' 90 97 ce (ur) 2ho0rewrrads Lrepuooag
9661 e 32 19819quaIyPNT 89 G¢g/ [ Beb) €T 661 (ur) aho01ew10ds Lrepuooag
9661 'Te 12 19819quaPNT follo ¥'€TL ' D 6'1 9'/1 (ur) aho01etn1ds Lrepuooag
9G6T “Te 32 10312qUaIYONIT ¥ 0°£6S ' 9 61 '€t (ur) 934o0retrrads A1epu0d9g
9G6T “Te 39 19819qUaYONIT a4 7679 ' 9 Sl el (ur) 934o01etrrads A1epU09g
9G6T ‘T8 19 19819qUaYONIT 861 77661 [ Beh) 'S T8y (ur) 9y4o0rewnrads Arewrtig
9661 e 12 19819quayPNaT YAl 6°66€1 ' Q) 'S 9'8% (ur) 23ho0rewnrads Arewrtig
9661 T 32 19819quaIPNT ¢l G eeet ' 9D 9¥ 1'S¥ (ur) 2ho0rewrads Arewrtg
9661 e 19 12819quaPNT el L'%9/1 ® D 9¥ ¥'69 (ur) 9y4o0rewrzods Arewrtig
9G6T “Te 32 19312qUaIYONIT 11 TSLT1 ' 9 6°¢ 'y (ur) 9y4oorewrrads Arewrtig
9G6T “Te 39 19319qUaYONIT L6 Te6S1 ' 90 c¢ €65 (ur) 9)4o0rewrrads Arewrtig
9661 e 12 19819quaydPNaT 16 G086 ' 9 ¢¢ 1'8¢ (ur) 9y4o0rewrrods Arewrtig
9661 e 12 19819quayPNT 9/ P8I [eb) 97 9'/¢ (ur) 93ho0rewurads Arewrtg
9/61 UIISP[OD) pUB Ipag 8L €EFST e 9 S1T 9% (s) 21boouoly
9/61 UIISP[OD) pue Ipag VL L0¥0T e €0z 6°0¢ (s) 2boouoly
9/61 UIISP[OD) pue Ipag €L 1°€€01 e 90 0T 9°0€ (s) 2ho0uopN
9/61 UIISP[OD) PUE Ipag €L 6'9€01 © D) 10T 80¢ (s) a1hoouopy
9/61 UIISP[OD) puE Ipag €L 9'068 {5} 002 €9z () 21boouopy
9/61 UIISP[OD) pue Ipag 7L 81801 e 9 661 1'ze (s) 214o0u0
9/61 UIISP[OD) pue Ipag 0L S'8TL e 9 €61 v (s) 2boouoly
9861 '[& 32 TYseqrys| 989 ¥7sTsT dp 961 ¥9¢ () 3ho0hrexedaN

9861 '[e 39 IyseqIys] 9'/9 8'LTTET dp €61 ¥'se (ur) 21404 rexeSoN

9861 '[& 39 IYseqIys] 159 8'LTTET dp 9'81 ¥'se () 21804 rexeSoN

9861 e 32 Iyseqrys| 079 0'6THVT deop LI 0'9¢ () a1h>0hrexyeday

9861 [& 3 Tyseqys| 079 c6¥hIT deop YA 0'sE (wr) ahd>ohexeSaN

9861 '[& 32 TYseqrys| 09 PHICIT dp Ll vye (wr) 3ho0hrexe3aN

9861 Te 19 TYseqIys] T°09 YRICIT d<p TLI 7He (ur) 1404 rexyesoN

9861 & 32 Iyseqrys] T6S 919207 dop 691 I'v¢ () hoohrexesay

9861 'T¢ 32 TYSEqIYS] 885 8607 deop 891 Tre () ahd>0hrexeSo
$921N0G (8d) (M) (syun (sanjea (sanjea adAy 19D

JULIU0D YN dWN|OA [[9D [eurdLio) [euidLio) |eurdLio) azis
JUDIU0D ‘971§ JuLu0d YN( Jeajonu/|[]9D

panupuo) | d|qelL

810'saandadsiadysommm PO,

SIAILDIdSYId

A3ojoig ur saandadsiag toqiey Sundg pjod ﬁa_umeuﬁw

23

Cite this article as Cold Spring Harb Perspect Biol 2015;7:a019091



J.F. Gillooly et al.

ponuiuoy)

7961 UOIED) 7’9 0'69Z d» 8T 0’18 (ur) jse[qoydononouig
8861 ‘Te 19 a1240y 6'€ 1°S0¥ ' D 6L LTT (ur) woozojewrradg
8861 '[& 32 140y 8¢ 6'LVY B9 L'L 0°¢l (wr) uoozoyeuwrradg
8861 'Te 12 d12hoy 1€ 0F6< [RR%) S/ PII (wr) uoozoyewrradg
8861 Te 12 a1hoy 9°¢ $°86¢ [RR%) ¥/ 11 (wr) uoozoyewrradg
8861 Te 12 1240y 9°¢ TYIE R%) ¢/ 0'Z1 (ur) uoozoyewrradg
8861 Te 19 1240y G'¢ 8°00% ' D 0L 91T (ur) woozojewrrodg
886T Te 19 a140y ¥'¢ S'08¢ ' D 0L 011 (ur) woozojeurrodg
8861 Te 10 d1ahoy ce 6F8¢ [ 19 I'TT (wr) uoozoyewrradg
8861 Te 12 12hoy c¢ 601 [RR%) 19 611 (wr) uoozoyewrradg
8861 ‘e 32 2140y I'¢ SHov (2] ¥9 L1 (ur) uoozoyeursadg
9661 T 12 19819quaydPNaT 011 0 191 %) 8¢ 6’15 (ur) wnruodojewrrodg
9661 'Te 19 1819quaPNaT S0l L6FTT ' D 9°¢ 6'6¢ (ur) wntuodojeurrodg
9G6T “Te 39 19312qUaYONIT S0l '876 ' 9 9°¢ 19T (ur) wntuodojeuriadg
9G6T “Te 39 19819qUaYONIT 00T PP ' D $'¢ 1'1S (ur) wntuodojeuriadg
9661 e 12 19819quaydPNaT I's 7°S0T1 [RR%) 8T 98¢ (wr) wnruogoyewrradg
9661 e 12 19819quaPNT ¥/ 8L/ [R%) 9T 161 (ur) wnruogojewrradg
9661 'Te 32 19819quaydPNT 19 S'0/8 [RR%) ¢z $¢T (ur) wnruogojewrradg
9661 'Te 12 19819quaPNT 9°G 76121 R%) 61 €'6¢ (ur) wntuodojewrrodg
9661 e 19 19819quaPNaT o 4 9'8/¢ ' D 1 G'9 (ur) pryewrrodg
9661 '[e 39 19812qUaIYINST a4 Sv8y B D <1 <6 (w) pnewtadg
9661 'Te 12 19819quaIyONT fo 4 8 /9% [ ¢'1 06 (wr) pneurtodg
9661 e 12 19819quaydPNaT 0% 9°/6¥ [RR%) 1 '8 (wr) pneurrodg
9661 e 32 19819quayPNaT s cecy [R%) I'T 08 (ur) pneurrodg
9661 'Te 12 12819quaPNaT 0¢ 9°T¢¢ ' D 01 €6 (ur) pneurradg
9561 “[e 39 19312quaIYPNa] 6T 9°LSY B D 01 L8 (wr) pnewtadg
9661 '[e 30 19812qUaIYINST 8’1 SLTE B D 90 s (w) preurradg
9G6T ‘T8 39 19819qUaYONIT L'8 6°9¢6 [ Beh) 0¢ 79T (ur) 94o01et1ads A1RpU029g
9661 e 12 19819quaydPNT 7’8 €108 [RR%) 6T 9°0¢ (ur) 2ho01ewn10ds Lrepuooag
9661 e 32 19819quaPNT 08 6626 R%) 1T 6'ST (ur) aho01et19ds Lrepuooag
$921N0G (8d) (M) (syun (sanjea (sanjea adAy 19D
Jualu0d YNQd dWN|OA [[9D [eurdLio) |euidLio) |eurdLio) azis
JUSIUOD ‘971§ Juau0d YNd Jeapnu/|19D

310°saan0adsiadyso-mmm

77,

SIAILDIdSYId

A3ojoig ur saandadsiag toqiey Sundg pjod ﬁa_umeuﬁw

panupuo) *| 3|qeL

Cite this article as Cold Spring Harb Perspect Biol 2015;7:a019091

24



DNA—Cell Size Relationship in Humans

X9} 2}
u1 pajuasaxd sosA[eue oy Ut pasn a1om suedwr a5y ], 'A[PARdsax Bd ¢*/ PUB£'9 Q"9 I°L ‘661 ‘T 21oM S)up3u00 YN uedw Surpuodsarro)) *([9£61 urispon) pue Ipag| sapfoouowr) M 1601
pue ([9/61 urisp[oD pue 1paq] sydrowdjod a1h>0qdwdy) . £18 ([9£61 ueIspjon pue 1pag] sardooydwid]) M 9/ ([¢561 spyenad ] saubdoyduwid]) v 171 ([£961 UOSIqIeH pue Joa|N]
sayfoojeday) M 9¢6T ([0961 oyoezIEMYdS pue FUIY ] S[[22 [erpy3idd uotuwre) v $/GT 219m s3dA) [[90 9591 JO SaWN[OA [[90 UBIIA APNIs yoes uryyim 2d4) 20 yoes 105 ueswr uonendod
S[3uTts & P[AIA 0] SIUIWAINSLIW JUAIU0D YN(J PUB SWNJOA [[3 [[é PIFeIoAR oM p)I0daT 2ToM SJUITWIDINSEIUN [[20 [BNPIATPUT YITYM UT $3SD JO :SJUIWAINSLIW [[90 [ePIAIPUT SUTSeIoAy
*JX9) 3} UI PISSNISIP St JU2IU0D YN(] PUB 2dUBqIOSqe 1Y3I] Usamlaq dIysuone[a1 Ieaul| & ut s}[nsal
poypow Suture)s uaS[nag ay) asnedaq aqissod st uorsroauod sty T, (Sd £¢°0) 9561 z11emg pue (YN Sd/s1un Areniqre ¢('z) 8861 ‘T8 19 2140y (VN 8d/siun A1eniqie 99°0) €561 SH{eIdJ
‘(YN 8d/simun Areniqre 1°7) £961 uosiqieH pue Y9I (VN 8d/siun Lreniqre y¢°0) 9661 Te 19 19819quaiyonaT (YN 3d/siun £1eniqie 6°9) 0961 Dydeziemyds pue 13urpy (VN
8d/syun Lreniqae 6/°7) 9/61 ULISP[OD) PUB IPag :10)08] UOISIAAU0D anbrun e pey paw1oy1ad sem UOISIIAU0D SIY) YDTYM UT SATPNIS UdASS Y} JO Yoea ‘sny ], "YNJ 3d 01 sytun L1eniqre woiy
san[eA 112AU00 03 YN JO 8d £ = ¢'¢ X 7 03 popuodsariod sty pawnsse uay) pue ‘pro[dip se pajeusSisop Apnis yoea Jo s103eS13saAuT [eUISLIO 1) Jey) S[[20 JO an[eA JIuN ATe1IqIe UBW )
pauTwIaop am YN (T 8d 03 sytun Lreniqre 110au00 o7, *([107 4108215 8d ¢°¢) sfeo wewny jo yuauod YN projdey 1esrd4) oy 4q pardnnur am YN 8d 03 [oas] Aprord 110AT100 0T, "'YN T
JO sjTun 9d0URqIOSqe ATRIYIQTE SB 10 [aAd] Apro[d se “YN(T Jo surei30o1d se :sem 9211} JO U0 Ul pa1odar AJ[euISIIo aIom SJUSUIAINSBIW JUU0D YN (] :JU2IU0d YN (] Ueaul Jo uoneinduro)
*(s12)2womdIW UT) sniper Jeapnu Junnduod a10joq
SI9)9WOIDTW parenbs Jo sjrun 0} $)Iun AIe1)1q IR WOIJ Yorq PILIIATOD IM OSBD ST U] "SITUN ATRI}IqIR PIJRIQI[ED UT USATS 919M BIIE TBI[ONT JO SYUIWINSEIUT ()96 T IOYILZILMDS pue I93UTY)
9S8 U0 U] X2} 9} U PAJRdIPUI SB . (SWN[OA TLINU) T4 = SWNJOA [[2 (1661 ‘T8 19 UOSUBMG) S[[2 UBWUNY JO SWN[OA Te[XNU PUE [[20 ud22m1q drysuonefar payrodar A[snoraard e ursn
SUWINJOA [[25 0} PAJIIATOD U} 2TIM WNJOA TEI[INU JO SJLWNSI [[Y “TR[NOIID 2IIM SLIIL [BUOI}IS-SSOID TBI[DNU Jey[) PUE [ed1IYdS 2IoM I2[oNU SUTWINSSE JWNJOA TEI[INU 0] PIIIAUOD 2TIM
SNIPEI/I9OWERIP PUEB BIIE [BUONDIS-SSOID 1BI[ONU JO SJUIWAINSBIJN "[eILI2YdS 919M S[[90 FUTWUNSSE SUIN[OA [[92 O} PILIIAUOD 1M SNIPEI/IIIWERIP [[3D JO SIUIWINSLITA SNIPLI/19)19UIRIp
IBIXNU IO BAIE [BUOTIIS-SSOID JBIONU SNIPEI /INIWERIP [0 DUINJOA [[9D :SJUIWAINSEIW INOJ JO dUO SUISN dZIS TBI[ONU 10 [0 palrodar saIpnig :sownjoa [ ueaw jo uonenduwo)
'saTpN)s [eurSLIo Ut UaAIS suoneudrsap 2d41-[[20 uo paseq
parzodar are sady 12 *(8d) YN Jo surerSoord 10 (&) sytun aoueqrosqe Areniqre <(d) 19437 Aprofd jo sjrun ur pajrodar a1om SIUSUIAINSEIUW JUUWOD YN (T TOYIYM S2)eITPUT f UWIN[OD UT
UONEIOU PU0AS AT, *(A) M UTSWN[OA [[30 10 “(U) Tl UT I2)9UIRIP TLA[ONU ¢(30) Tl UT BAIL [BUONIIS-SSOID TEI[HNU (3) SHTUN ATIeniqre pajeIqI[ed Ul BaIe [BUOT)IS-SSOID IBI[ONU (P) 19JoUIRIP [[20
se pay1odar AJ[eUIS1Io 919M S)UWAINSBIUT JZIS JBI[INU/[[3D JOYI2YM SIBIIPUT f UWIN[OD UT PIsN UOTBIOU 3811 Y T, *(ur) s[[22 Jo uonendod e jo ueaw 3y} 10 () [[92 S[SUIS B JO JUIWINSLIUL
® ST aNJRA 1) JOYIAYM 2J0udp [ wwunjod ut ad4) [122 Jo Sumsiy o) Surmor[oy sasapuared UT s19139T "9 WWIN]0d UT UMOYS YN JO swerdodo1rd 0] pajIoatod a1am JUajuod YN(J JO SaInseaur
PUE ‘G UWN{0d Ut umoys (. T1) SWNJOA [[23 JO S)IUN 0] PAYIDAUOD XM DZIS TeAOXNU /[[23 JO SHINSEIW A JO [[€ ‘SISARUR 0] *F UWN[OD UT PA)SI[ 218 Passardxa a1am san[ea 25 YOIYM Ul sjun
[euI3LI0 3} pUE ‘¢ PUE 7 SUWN[OD UT PIISI] 1. JUIU0D YN(] PUE JZIS 1ed[dNU /[[92 10] san[ea (pajiodar “o°1) [eurdLio oy, 'z pue [ sarnJrj ut umoys sask[eue ur pasn sad4£) [[95 61 woay ejeg

7961 UoyED L8 £'¢68 do ST 0201 () ewons snofIA

7961 UolfeD S8 8'8S8 d o 7' 096 (ur) ewrox}s SNOJIA

7961 uOI[ED S'L 1'L26 d o e 080T (wr) erwons snojiIA

7961 uOI[ED VL TSLL d |54 0Z8 (ur) errons snojiIA

7961 UOI[ED 8/ %92 d T 0°LL (ur) 3sejqoydoniondousg

7961 UOI[ED LL 9'96/ d oo 7T 0'6L () 1serqoydonondoulg

7961 UoY[eD) L9 €TIL d o 6’1 0L () 1serqoydonondoulg

$921N0G (8d) () (spun (sanjea (sanjea adAy 19D
Juauod YN dWIN|OA [[9D) [eui3Lio) [eui3Lio) [euidLio) azis
20D ‘971§ JUSIU0D YN 1eajonu/||9D

panupuo) | 3|qeL

810'saandadsiadysommm PO,

SIAILDIdSYId

A3ojoig ur saandadsiag toqiey Sundg pjod ﬁa_umeuﬁw

25

Cite this article as Cold Spring Harb Perspect Biol 2015;7:a019091



fco;m Cold Spring Harbor Perspectives in Biology

PERSPECTIVES

www.cshperspectives.org

*

J.F. Gillooly et al.

ACKNOWLEDGMENTS

We thank the population biology group at Uni-
versity of Florida for feedback.

REFERENCES

*Reference is also in this collection.

Amodeo AA, Skothein JM. 2015. Cell size control. Cold
Spring Harb  Perspect Biol doi: 10.1101/cshper
spect.a019083.

Anatskaya OV, Vinogradov AE. 2011. Somatic polyploidy
promotes cell function under stress and energy depletion:
Evidence from tissue-specific mammal transcriptome.
Funct Integr Genomic 10: 433 —446.

Bachmann K, Goin OB, Goid CJ. 1966. Hylid frogs: Poly-
ploid classes of DNA in liver nuclei. Science 154: 650—
651.

Beaton M]J, Hebert PDN. 1989. Miniature genomes and
endopolyploidy in cladoceran crustaceans. Genome 32:
1048-1053.

Bedi KS, Goldstein DJ. 1976. Apparent anomalies in nuclear
Feulgen-DNA contents. Role of systematic microdensito-
metric errors. J Cell Biol 71: 68—88.

Biesterfeld S, Gerres K, Fischer-Wein G, Bocking A. 1994.
Polyploidy in non-neoplastic tissues. J Clin Pathol 47:
38-42.

Biesterfeld S, Beckers S, Del Carmen Villa Cadenas M,
Schramm M. 2011. Feulgen staining remains the gold
standard for precise DNA image cytometry. Anticancer
Res 31: 53—58.

Chieco P, Derenzini M. 1999. The Feulgen reaction 75 years
on. Histochem Cell Biol 111: 345—358.

De Veylder L, Larkin JC, Schnittger A. 2011. Molecular con-
trol and function of endoreplication in development and
physiology. Trends Plant Sci 16: 624—634.

Dorman A, Graham D, Curran B, Henry K, Leader M. 1990.
Ploidy of smooth muscle tumours: Retrospective image
analysis study of formalin fixed, paraffin wax embedded
tissue. J Clin Pathol 43: 465—468.

Ehrie MG, Swartz FJ. 1974. Diploid, tetraploid, and octa-
ploid B cells in the islets of Langerhans of the normal
human pancreas. Diabetes 23: 583—588.

Feulgen R, Rosenbeck HC. 1942. Manual of histological dem-
onstration technique. Butterworth, London.

Galton M. 1962. DNA content of placental nuclei. J Cell Biol
13: 183-191.

Gregory TR. 2005. The evolution of the genome, pp. 1-768.
Academic, New York.

Gregory TR. 2012. Animal genome size database, www
.genomesize.com.

Hancock V, Martin JE Lelchuk R. 2008. The relationship
between human megakaryocyte nuclear DNA content
and gene expression. Brit ] Haematol 85: 692—697.

Heizer P. 1955. Desoxyribose nucleic acid (DNA) content
and size of rat liver nuclei during thioac etamide intox-
ication and recovery. Chromosoma 7: 281-327.

Ishibashi T, Ruggeri ZM, Harker LA, Burstein SA. 1986.
Separation of human megakaryocytes by state of differ-

*

entiation on continuous gradients of Percoll: Size and
ploidy analysis of cells identified by monoclonal antibody
to glycoprotein IIb/IlTa. Blood 67: 1286—1292.

Jovtchev G, Schubert V, Barrow M, Schubert I. 2006. Nucle-
ar DNA content and nuclear and cell volumes are posi-
tively correlated in angiosperms. Cytogenet Genome Res
114: 77-82.

Klinger HP, Schwarzacher HG. 1960. The sex chromatin and
heterochromatic bodies in human diploid and polyploid
nuclei. J Biophys Biochem Cytol 8: 345—364.

Lee HO, Davidson JM, Duronio RJ. 2009. Endoreplica-
tion: Polyploidy with purpose. Genes Dev 23: 2461—
2477.

Leuchtenberger C, Leuchtenberger R, Schrader E Weir DR.
1956. Reduced amounts of desoxyribose nucleic acid in
testicular germ cells of infertile men with active sperma-
togenesis. Lab Invest 5: 422—440.

Marguerat S, Béhler J. 2012. Coordinating genome expres-
sion with cell size. Trends Genet 28: 560—565.

Meek ES, Harbison JFA. 1967. Nuclear area and deoxyribo-
nucleic acid content in human liver cell nuclei. J Anat 101:
487-489.

Mirsky AE, Ris H. 1949. Variable and constant components
of chromosomes. Nature 163: 666—667.

Niklas KJ. 2015. A phyletic perspective on cell growth.
Cold Spring Harb Perspect Biol doi: 10.1101/cshper
spect.a019158.

Olmo E. 1983. Nucleotype and cell size in vertebrates: A
review. Basic Appl Histochem 27: 227-256.

Parfrey LW, Lahr DJG, Katz LA. 2008. The dynamic nature of
eukaryotic genomes. Mol Biol Evol 25: 787-794.

Petrakis NL. 1953. Microspectrophotometric estimation of
the desoxyribonucleic acid (DNA) content of individual
normal and leukemic human lymphocytes. Blood 8:
905-915.

Pinheiro J, Bates D. 2000. Mixed-effects models in S and S-
PLUS. Springer, New York.

Price HJ, Sparrow AH, Nauman AE 1973. Correlations be-
tween nuclear volume, cell volume and DNA content in
meristematic cells of herbaceous angiosperms. Cell Mol
Life Sci 29: 1028—1029.

Royere D, Hamamah S, Nicolle JC, Barthelemy C, Lansac J.
1988. Freezing and thawing alter chromatin stability of
ejaculated human spermatozoa: Fluorescence acridine
orange staining and Feulgen-DNA cytophotometric
studies. Garmete Res 21: 51-57.

Shuter BJ, Thomas JE, Taylor WD, Zimmerman AM.
1983. Phenotypic correlates of genomic DNA content
in unicellular eukaryotes and other cells. Am Nat 122:
26—44.

Swanson JA, Lee M, Knapp PE. 1991. Cellular dimensions
affecting the nucleocytoplasmic volume ratio. J Cell Biol
115: 941-948.

Swartz FJ. 1956. The development in the human liver of
multiple desoxyribose nucleic acid (DNA) classes and
their relationship to the age of the individual. Chromo-
soma 8: 53-72.

Szarski H. 1976. Cell size and nuclear DNA content in ver-
tebrates. Int Rev Cytol 44: 93—111.

26 Cite this article as Cold Spring Harb Perspect Biol 2015;7:a019091


http://www.genomesize.com
http://www.genomesize.com
http://www.genomesize.com

fco;m Cold Spring Harbor Perspectives in Biology

PERSPECTIVES

www.cshperspectives.org

Therman E, Sarto GE, Stubblefield PA. 1983. Endomitosis:
A reappraisal. Human Genet 63: 13—18.

Ullah Z, Lee CY, Lilly MA, DePamphilis ML. 2009. Devel-
opmentally programmed endoreduplication in animals.
Cell Cycle 8: 1501—-1509.

Vliegen HW, Bruschke VG, Van der Laarse A. 1990. Different
response of cellular DNA content to cardiac hypertrophy

in human and rat heart myocytes. Comp Biochem Physiol
95A: 109-114.

DNA—Cell Size Relationship in Humans

Winkelmann M, Pfitzer B, Schneider W. 1987. Significance
of polyploidy in megakaryocytes and other cells in health
and tumor disease. Klin Wochenschr 65: 1115—1131.

Wohlschlaeger ], Levkau B, Brockhoff G, Schmitz KJ, von
Winterfeld M, Takeda A, Takeda N, Stypmann J, Vahlhaus
C, Schmid C, et al. 2010. Hemodynamic support by left
ventricular assist devices reduces cardiomyocyte DNA
content in the failing human heart. Circulation 121:
989-996.

Cite this article as Cold Spring Harb Perspect Biol 2015;7:a019091 27




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


