
x-y, x-z, and y-z cross sections of the cell (Fig. 2,
C to E, and movie S1) (27).

To characterize our cell imaging resolution
more quantitatively, we identified point-like ob-
jects in the cell that appeared as small clusters of
localizations away from any discernible micro-
tubule filaments. These clusters likely represent
individual antibodies nonspecifically attached to
the cell. The FWHM values of these clusters,
which were randomly chosen over the entire
measured z-range of the cell, were 22 nm in x,
28 nm in y, and 55 nm in z (fig. S2) (27), similar
to those determined for individual molecules
immobilized on a glass surface (compare fig. S2
with Fig. 1C). Two microtubule filaments sep-
arated by 100 nm in z appeared well separated
in the 3D STORM image (Fig. 2F). The appar-
ent width of the microtubule filaments in the
z dimension was 66 nm, slightly larger than our
intrinsic imaging resolution in z and in quanti-
tative agreement with the convolution of the
imaging resolution and the independently mea-
sured width of the antibody-coated microtubule
(Fig. 2F). Because the effective resolution is
determined by a combination of the intrinsic
imaging resolution (as characterized above) and
the size of the labels (e.g., antibodies), improved
resolution may be achieved by using direct im-
munofluorescence to remove one layer of anti-
body labeling, as we show in the next example,
or by using Fab fragments or genetically encoded
peptide tags (29, 30) in place of antibodies.

Finally, to demonstrate that 3D STORM can
resolve the 3D morphology of nanoscopic struc-
tures in cells,we imaged clathrin-coatedpits (CCPs)
in BS-C-1 cells. CCPs are spherical cage-like struc-
tures, about 150 to 200 nm in size, assembled from
clathrin and cofactors on the cytoplasmic side of
the cell membrane to facilitate endocytosis (31).
To image CCPs, we adopted a direct immunofluo-

rescence scheme using primary antibodies
against clathrin doubly labeled with Cy3 and
Alexa 647 (27). When imaged by conventional
fluorescence microscopy, all CCPs appeared as
nearly diffraction-limited spots with no discern-
ible structure (Fig. 3A). In 2D STORM images in
which the z-dimension information was dis-
carded, the round shape of CCPs was clearly
seen (Fig. 3, B and D). The size distribution of
CCPs measured from the 2D projection image,
180 ± 40 nm, agrees quantitatively with the size
distribution determined using electron microsco-
py (EM) (32). Including the z-dimension
information allowed us to clearly visualize the
3D structure of the pits (Fig. 3, C and E to H).
Figures 3C and 3E show the x-y cross sections of
the image, taken from a region near the opening
of the pits at the cell surface. The circular ring-
like structure of the pit periphery was unambig-
uously resolved. Consecutive x-y and x-z cross
sections of the pits (Fig. 3, F to H) clearly revealed
the half-spherical cage-like morphology of these
nanoscopic structures that was not observable in
the 2D images. These experiments demonstrate the
ability of 3D STORM to resolve nanoscopic
features of cellular structures with molecular
specificity under ambient conditions.
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An Association Between the Kinship
and Fertility of Human Couples
Agnar Helgason,1,2* Snæbjörn Pálsson,1,3 Daníel F. Guðbjartsson,1
Þórður Kristjánsson,1 Kári Stefánsson1,4

Previous studies have reported that related human couples tend to produce more children than
unrelated couples but have been unable to determine whether this difference is biological or
stems from socioeconomic variables. Our results, drawn from all known couples of the
Icelandic population born between 1800 and 1965, show a significant positive association
between kinship and fertility, with the greatest reproductive success observed for couples related at
the level of third and fourth cousins. Owing to the relative socioeconomic homogeneity of
Icelanders, and the observation of highly significant differences in the fertility of couples
separated by very fine intervals of kinship, we conclude that this association is likely to have a
biological basis.

There has been long-standing uncertainty
about the impact of kinship or consan-
guinity between spouses on the total num-

ber of offspring they produce (completed fertility).

Consanguineous unions among humans increase
the probability of a zygote receiving the same
deleterious recessive alleles from both parents,
with a possible adverse effect on fertility through

an increased rate of miscarriage, infant mortality,
and morbidity (1–3). Conversely, consanguin-
eous unions may confer greater completed
fertility through earlier age at marriage, as well
as the socioeconomic advantages associated with
preserving land and wealth within extended
families. (4, 5). In other species, lower fitness
has been observed in offspring of distantly re-
lated individuals, which appears to be a result of
the breakdown of coadapted gene complexes (6).

Previous studies examining the relationship
between kinship and fertility in humans have fo-
cused on relatively close relationships between
couples, rarely evaluating relationships more dis-
tant than second cousins (who share two great-
grandparents) (4). Such studies have tended to be
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