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Recounting the history of polyploid research in D. melanogaster: 1 century
since 2 reports of 3 flies with 4 sets of chromosomes
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ABSTRACT ARTICLE HISTORY

One hundred years ago, two reports appeared of tetraploid D. melanogaster females — Received 3 September 2025
curiosities that had never been seen before. The authors, Calvin Bridges and Lilian Revised 4 October 2025
Morgan, were among the famed founders of fly genetics in T.H. Morgan’'s lab at Accepted 6 October 2025
Columbia University. Sadly, their findings have faded into the fog of ancient fly lore. KEYWORDS

This review exhumes those relics in order to offer modern fly-pushers some possible Drosophila; polyploidy;
avenues for polyploid research. That subfield is undergoing a revival that may interest cancer; neural circuitry;
them. bristle patterns

Introduction

In 1925 Calvin Bridges described two D. melanogaster females with twice the normal (diploid) number of
chromosomes [1] and alluded to a third such fly that had been found by Lilian Morgan, who was working in
the same legendary laboratory of Lilian’s husband, T.H. Morgan. Calvin had recently proposed his ‘balance
theory’ [2], wherein a fly’s sex is determined by the ‘X:A’ ratio of the number of X chromosomes to the
number of sets of autosomes (A). Ordinary males and females would be 0.5 and 1.0 respectively, with the
presence or absence of the Y chromosome playing no role. Bridges had studied various kinds of diploid and
triploid flies, all of which matched his model, but the sudden appearance of tetraploids in one of his stocks
offered him the chance to test it even further:

The list of sex-types has been enlarged by the discovery of tetraploids, or 4N individuals. These are females, quite
identical with normal females in sex characteristics. The tetraploid arose in a stock of triploids; and was detected
only by the strikingly different offspring given. ... All offspring were triploid females (about 30) or triploid
intersexes (about 20). There were no 2N offspring or supersexes. It was seen that this result might be produced
if the mother were 4N instead of 3N. For in that case all the reduced eggs would be 2N; and these fertilized by
X sperm would give 3N females, and fertilized by Y sperm would give 2X,3A intersexes. ... Soon after this first case
of 4N female a second similar case was found. Also L.V. Morgan found a third case and was able to prove by genetic
tests that four separate X-chromosomes had been present (in press) [1].

Later that same year, Lilian announced her discovery of the third tetraploid (4n) fly that Calvin had
mentioned, and she tallied all of the various offspring from this female after she mated her with a wild-
type male:

Still another instance of increase in the number of chromosomes was found in a daughter of a 3n female, which
proved to be a 4n female; she behaved genetically as would be expected if she had four X chromosomes and four
sets of autosomes. ... The 4n female was mated to a male which was wild-type in respect to sex-linked characters.
Her offspring ... were all (with one exception) either 3n females or intersexes; none of them was a 2n female or
a male. The regular eggs of a 4n fly would be expected to have two X chromosomes and two sets of autosomes,
and these fertilized by sperm with one set of autosomes would give only offspring with three sets of autosomes.
The eggs that were fertilized by X sperm should be 3n females, those by Y sperm should be intersexes (2XY 3A) [3].
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Surprisingly, no further reports of adult flies with a 4n level of ploidy have appeared among the 48
articles that have cited Lilian’s paper in the comprehensive Web of Science database in the last 100
years, though 3n strains are commonplace. Why should we care if these 4n studies fade into
obscurity? This essay addresses that question. It was written as a centennial tribute and as
a review of recent attempts to revive this line of research. Excellent reviews by other authors
have extolled the utility of polyploids in general from the standpoint of physiology [4] and
cancer [5].

Regrettably, Lilian never enjoyed Calvin’s fame, despite her megawatt brilliance among the godlike
geniuses in T.H. Morgan’s lab [6]. All of us working on fly genetics should treasure the legacy of insights
that those intrepid pioneers left us [7], including the finding of 4n flies.

Fankhauser’s law

In the interest of full disclosure, | admit to being bewitched by the phenomenon of polyploidy ever since
| read Fankhauser’s seminal review [8] when | was a graduate student 50 years ago. He showed that cell size
in salamanders increases with ploidy, while body size remains relatively constant. These correlations, which
| refer to as Fankhauser's Law, appeared to apply to animals more broadly, though nematodes are an
exception due to their hard-wired cell lineages [9]. At that time, fruit flies had not been studied anatomically
beyond the superficial descriptions that were given in the Bridges and Morgan papers.

A dependence of cell volume on ploidy seemed logical since more chromosomes should yield more
proteins and hence fatter cells, but the lack of significant impact of ploidy on body size indicated some
sort of constraint. This constraint was easy to explain by Lewis Wolpert's theory of pattern formation
[10], which had become dogma in developmental biology by the mid-1970s. One only needed to
envision each body part as specified by morphogen gradients, whose linear dimensions are fixed by
the diffusion parameters of the signaling molecules, regardless of the size of the cells within that
structure. A leg, for example, should always span the same length, regardless of the sizes of its
constituent cells - analogous to a football field whose goal posts are fixed, regardless of whether the
players upon it are fat or thin.

It stands to reason that a body of fixed size with larger cells must have fewer of them—e.g. 4n individuals
would have half as many cells as 2n ones. Might such reductions in cell number affect the anatomy or
physiology of an animal’s organs in a measurable way? Fankhauser probed this question in a second paper
published later that same year (1945) dealing with the same salamander species [11]. His investigation
revealed something striking about the larval pronephric ducts. The diameter of those ducts remains constant
with increasing ploidy, as does the thickness of their walls — both traits being essential for duct function.
However, those walls must be formed from fewer cells, and to compensate for this reduction the higher-
ploidy cells change their shapes (Figure 1).

Cell shape: C!D ﬁ m

Duct
anatomy:

1n 2n 5n

Figure 1. Cell shape (above) within the walls of pronephric ducts (cross-sectioned below) of salamander larvae having
ploidies from 1n to 5n. Note the adaptive change in cell shape from a short arc (1n) to a half circle (5n). Adapted from [11].
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Puzzles galore

We do not yet understand how embryonic cells ‘know’ that they should change their geometry in such
novel situations. John Gerhart and Marc Kirshner have argued that this flexibility is hard-wired into
how organs are built in general [12], and Michael Levin has even gone so far as to attribute this
adaptability to a primitive level of consciousness, which he imagines can somehow emerge within
cellular aggregates. (Italics are mine.)

Functional anatomy is both robust and plastic, using basal cognition of cell collectives to achieve specific
anatomical goals. ... At the same time, the process reveals important plasticity - the ability to achieve the
correct functional anatomy in novel ways that use mechanisms, or traverses configurations, very different
from the normal course of events. ... The same scheme of exploiting novel mechanisms to achieve the same
goal is seen in polyploid newts. In normal animals, small cells use cell-cell coordination mechanisms to
arrange into kidney tubules; but when polyploid animals with huge cells are artificially created, individual
cells wrap around themselves (a cytoskeletal, unicellular behavior) to create tubules of the same shape and
diameter [13].

Regardless of whether assemblies of ordinary cells can ‘think’ in the usual sense of that term, we know
that one special category of them can actually do so — namely, the neurons of the animal brain!
Polyploids offer a chance to probe the extent to which cognition, memory, and intelligence depend on
the number of neurons and their connections. Such questions have often been asked with regard to
evolution across the primate clade [14], but we'd like to know what correlations exist within a species.
Octoploid (8n) mice have been produced [15], but their IQ hasn’t been tested to see if they're as stupid
as we would expect.

The effects of ploidy on kidney cell shape that Fankhauser noticed (Figure 1) would have been
subtler — and perhaps even beyond detection - if he hadn’t had a 5-fold range to work with. The
lesson for those who would pursue a similar quest in flies is that we should strive for the highest
possible ploidy to detect analogous changes: comparing 3n with 2n flies may not suffice. That is why
>4n flies are desirable, and if we could create >4n flies in large quantities, rather than just one or two
at a time, then we could probe micro-anatomy with more precision. Aside from the tantalizing
mysteries about neural circuitry at the single-cell level [16-18], alluring riddles abound for other tissues
in flies that might be approachable using hyperploids.

Bristle patterns

D. melanogaster is covered with bristles that are organized into intricate patterns [19]. How might
changes in cell size and/or number affect those patterns? As part of the research that | conducted
toward my Ph.D., | decided to explore this riddle [20]. Each leg segment has straight rows of bristles
spanning its length, and within each row the bristles are evenly spaced - every 5 cells or so. If the fly
were using a cell-counting mechanism to place its bristles (like a farmer planting corn seeds in his
field), then increases in cell size should push the bristles apart and reduce their number. In fact, triploid
flies do turn out to have larger intervals and fewer bristles, and the interval length is directly
proportional to cell diameter [21].

This trend also holds for 4n tissue, which I induced in 2n embryos by exposing them to 5000 pounds of
hydrostatic pressure per square inch. Such pressure dissolves spindles [22], thereby doubling the ploidy of
cells undergoing mitosis at that instant. This treatment only affects a subpopulation of cells, resulting in a 2n/
4n mosaic fly that is composed mostly of 2n cells but which exhibits patches of 4n cells engendered by
pressure (Figure 2) [23].
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Figure 2. Tetraploid (4n, left) versus diploid (2n, right) tibias of a putative 2n/4n mosaic fly (anterior aspect). Red dots mark
bristles in the same longitudinal row. This row borders a triangular chevron of transverse rows, which resembles icicles on
windowsills. Intervals are larger on the 4n tibia, and the bristles themselves are bigger. Scale bar = 100 microns. From [23].

Making polyploids

Aside from pressure, there are various ways to disable spindles and double ploidy. Ben Stormo and Donald
Fox were able to create 2n/4n mosaic flies by transiently overexpressing the cyclin-destroying gene fizzy-
related [24]. Another method that we have used successfully with fly embryos [25] and adult females [26]
entails exposure to cold temperatures at or near the freezing point of water [27]. From our treated embryos
we were able to obtain 2n/4n adult mosaics, and from our treated mothers we were able to harvest 3n F;
offspring, but in neither case did we achieve the production of >4n adults.

A more prevalent approach for boosting ploidy relies on the anti-mitotic drug colcemid [28]. We fed fly
larvae food containing colcemid in an effort to increase the ploidy of their germ cells from 2n to 4n so as to
produce 2n eggs or sperm, which, after fertilization by a 1n wild-type sperm or egg, would yield 3n F,
offspring. The drugged larvae had the dominant markers vestigial”"™ (vg") or Glazed (Gla) on their 2™
chromosomes, which allowed 3n F; offspring to be identified by their vg¥/Gla phenotype as a result of
nondisjunction. We obtained 145 3n F, flies [29] but found no evidence of > 1 doubling per larva that would
have led to the production of =5n F; flies.

In 2023, a new way of generating >3n flies was reported by Alexis Sperling et al. in Current Biology [30]. The
authors used CRISPR to genetically engineer a D. melanogaster strain whose virgin females can lay viable
eggs without ever mating. How does an unfertilized 1n egg manage to overcome the lethality that prevents
1n embryos from surviving to adulthood [31]? Sperling et al. showed that the mechanism of parthenogenesis
here involves the 1n egg nucleus fusing with either 1, 2, or all 3 of its 1n polar body nuclei (its sister and 1°
cousins from meiosis) to yield 2n, 3n, or 4n embryos that can apparently develop fully. The authors’ surmisal
of 4n survival to adulthood is unproven because they had to kill them as larvae to karyotype their brains.
Hopefully, a new protocol for karyotyping mature flies should let us bypass this limitation [32] to verify the 4n
status of impaternate F, offspring.

Unfortunately, the fecundity of the virgins in this parthenogenetic stock is so low that < 0.001% of their
eggs survive, and less than 10% of those survivors appear to be 4n. We attempted to increase fertility by
crossing them with tudor-derived spermless males, but failed [33]. We are now trying a different way of
boosting fertility by mating the virgins with the male-sterile mutant ms(3)K81, which Yoshiaki Fuyama found
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can prod egg nuclei to fuse with polar bodies at a higher frequency [34]. We are also trying to repeat
Fuyama'’s investigation of a gynogenetic strain which he showed can produce up to 80 = 3n F; offspring per
mother per week [35].

Number constancy?

Assuming these challenges can be overcome and >4n flies become routinely available, one question we are
eager to answer concerns stretch-activated sensilla [36]. Humans sense the posture of our arms and legs by
proprioceptors in our joints [37], and so do flies [38], but there are key differences. First, a fly’s sense organs
are embedded in its exoskeleton and hence easily visible without dissection [38]. Second, those organs
consist of only a few cells each and hence should be more sensitive to ploidy effects. And third, they occur in
clusters that have a constant number of sensilla [39]. For example, the anterior trochanter has a nest
comprised of exactly 5 campaniform sensilla (C.S.) on all three legs. How are such fixed numbers specified
by the genome? We do not yet know.

The great British polymath John Maynard Smith once wrote an essay entitled ‘The Counting
Problem’ [40], where he mused about various ways that cells might ensure precise numbers.
Hyperploid flies would allow us to easily disprove some of those strategies. For instance, if the
genome dictates 5 C.S. in a trochanter nest, then =4n flies should have 5 C.S. there, just like 2n
individuals. But if the genome instead allocates a fixed area of cuticle that is normally filled by 5 cells
in a 2n fly, then =4n flies should have fewer than 5 C.S. in that nest because 5 fatter cells would not
be able to fit into that space. This example is just one of many brainteasers that hyperploid flies might
help to solve.

Prospects for brain science

The greatest benefit that =4n flies could offer resides in the realm of neuroscience. Doubling the
size of neurons would make it easier to insert electrodes for intracellular recordings of action
potentials [41], and halving the number of neurons would let us investigate how circuits within
the fly connectome [42] adjust to having fewer cells. Some of these goals can be accomplished via
currently available 2n/4n somatic mosaics, but the dependence of learning, memory, and intelli-
gence upon brain size can best be addressed when cell nhumber is reduced throughout the entire
central nervous system.

Conclusions

Given the mechanical difficulties that the cells of autopolyploids must face in segregating their chromo-
somes during mitosis and meiosis [43-46], there would have been good reason — before 1925—to question
whether 4n flies could even exist at all, let alone be fertile [47,48].

Autopolyploids face a distinct challenge relative to allopolyploids as they do not have differentiated sub-genomes,
and generally lack recombination partner preferences. Somehow these species must sort and recombine four or
more highly similar homologous chromosomes during prophase I, and come out the other end (in metaphase )
with a viable array for chromosome segregation [49].

What Calvin Bridges and Lilian Morgan proved 100 years ago is that 4n ‘pink unicorns’ can exist in
D. melanogaster and be fertile. Ironically, a moment’s reflection - literally looking at ourselves in
a mirror - should have convinced us that high-level autopolyploids can survive, since we are one!
Humans are 8n descendants of 2n chordate ancestors who underwent two doublings of their genomes
[50]. Indeed, that's why we have four Hox complexes compared with fruit flies, which have only one—
albeit one that famously fractured into the separate Bithorax and Antennapedia clusters of Hox genes
long ago [51].



6 L. I. HELD

Acknowledgments

| thank Don Fox, Alexis Sperling, Barbara Wakimoto, and Mariana Wolfner for useful discussions, Howy Jacobs for
encouragement, and the outside reviewers for their critiques. | also acknowledge Chiyoko Tokunaga, who taught me
the methodology of fly genetics when | was her understudy at U.C. Berkeley. She had apprenticed as a postdoc with
the great Curt Stern, who earlier had been a postdoc with the patriarch T.H. Morgan himself. So this review is not
just an academic exercise for me: it's personal. Calvin and Lilian are venerated members of my own intellectual
lineage.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

The author is grateful to the TrUE Scholars program at Texas Tech University for its financial support of our ongoing
research into the phenomenon of polyploidy in fruit flies.

ORCID

Lewis I. Held http://orcid.org/0000-0003-3884-0032

Data availability statement

Data available on request from the author.

References

(1]
(2]

(3]
(4]
(5]

[6]

[10]

(111

[14]
[15]

[16]

Bridges CB. Sex in relation to chromosomes and genes. Am Nat. 1925;59(661):127-137. doi: 10.1086/280023
Bridges CB. The origin of variations in sexual and sex-limited characters. Am Nat. 1922;56(642):51-63. doi: 10.1086/
279847

Morgan LV. Polyploidy in Drosophila melanogaster with two attached X chromosomes. Genetics. 1925;10
(2):148-178. doi: 10.1093/genetics/10.2.148

Morris JP 4th, Baslan T, Soltis DE, et al. Integrating the study of polyploidy across organisms, tissues, and disease.
Ann Rev Genet. 2024;58(1):297-318. doi: 10.1146/annurev-genet-111523-102124

Herriage HC, Huang Y-T, Calvi BR. The antagonistic relationship between apoptosis and polyploidy in development
and cancer. Sems Cell Dev Biol. 2024;156:35-43. doi: 10.1016/j.semcdb.2023.05.009

Keenan K. Lilian Vaughn Morgan (1870-1952): her life and work. Am Zool. 1983;23(4):867-876. doi: 10.1093/icb/23.
4.867

Kohler RE. Lords of the fly: Drosophila genetics and the experimental life. Chicago: Univ. Chicago Pr; 1994.
Fankhauser G. The effects of changes in chromosome number on amphibian development. Q Rev Biol.
1945;20:20-78.

Misare KR, Ampolini EA, Gonzales HC, et al. The consequences of tetraploidy on Caenorhabditis elegans physiology
and sensitivity to chemotherapeutics. Sci Rep. 2023;13(1):18125. doi: 10.1038/541598-023-45225-w

Wolpert L. Positional information and the spatial pattern of cellular differentiation. J Theor Biol. 1969;25(1):1-47.
doi: 10.1016/50022-5193(69)80016-0

Fankhauser G. Maintenance of normal structure in heteroploid salamander larvae, through compensation of
changes in cell size by adjustment of cell number and cell shape. J Exp Zool. 1945;100(3):445-455. doi: 10.1002/
jez.1401000310

Kirschner M, Gerhart J. Evolvability. Proc Natl Acad Sci USA. 1998;95(15):8420-8427. doi: 10.1073/pnas.95.15.8420

] Levin M. Life, death, and self: fundamental questions of primitive cognition viewed through the lens of body plasticity

and synthetic organisms. Biochem Biophys Res Comm. 2021;564:114-133. doi: 10.1016/j.bbrc.2020.10.077

Jerison HJ. Evolution of the brain and intelligence. (NY): Acad. Pr., 1973.

Imai H, lwamori T, Kusakabe KT, et al. Hyper-polyploid embryos survive after implantation in mice. Zygote. 2020;28
(3):247-249. doi: 10.1017/50967199420000064

Allen AM, Nevile MC, Birtles S, et al. A single-cell transcriptomic atlas of the adult Drosophila ventral nerve cord.
Elife. 2020;9:e54074.


https://doi.org/10.1086/280023
https://doi.org/10.1086/279847
https://doi.org/10.1086/279847
https://doi.org/10.1093/genetics/10.2.148
https://doi.org/10.1146/annurev-genet-111523-102124
https://doi.org/10.1016/j.semcdb.2023.05.009
https://doi.org/10.1093/icb/23.4.867
https://doi.org/10.1093/icb/23.4.867
https://doi.org/10.1038/s41598-023-45225-w
https://doi.org/10.1016/S0022-5193(69)80016-0
https://doi.org/10.1002/jez.1401000310
https://doi.org/10.1002/jez.1401000310
https://doi.org/10.1073/pnas.95.15.8420
https://doi.org/10.1016/j.bbrc.2020.10.077
https://doi.org/10.1017/S0967199420000064

[19]
[20]

[21]

(23]
[24]

[25]

(32]
[33]

(34]

(35]
[36]

(37]

LY & 7

Lee Y-J, Yang C-P, Miyares RL, et al. Conservation and divergence of related neuronal lineages in the Drosophila
central brain. Elife. 2020;9:€53518. doi: 10.7554/eLife.53518

Rossi AM, Jafari S, Desplan C. Integrated patterning programs during Drosophila development generate the
diversity of neurons and control their mature properties. Annu Rev Neurosci. 2021;44(1):153-172. doi: 10.1146/
annurev-neuro-102120-014813

Held LI. Imaginal discs: the genetic and cellular logic of pattern formation. In: Barlow PW, Kirk DL, Bard JBL, editors.
Developmental and cell biology series. Vol. 39. (NY): Cambridge Univ. Pr., 2002;460.

Held LI. Analysis of bristle-pattern formation in Drosophila. In: Dept. of molecular biology. Berkeley: Univesity of
California; 1977.

Held LI. Pattern as a function of cell number and cell size on the second-leg basitarsus of Drosophila. Wilhelm
Roux’s Arch. 1979;187(2):105-127. doi: 10.1007/BF00848266

Gao M, Berghaus M, Mébitz S, et al. On the origin of microtubules’ high-pressure sensitivity. Biophys J. 2018;114
(5):1080-1090. doi: 10.1016/j.bpj.2018.01.021

Held LI. Tetraploid male mosaics induced by pressure. Dros Info Serv. 2003;86:50-53.

Stormo BM, Fox DT. Distinct responses to reduplicated chromosomes requires distinct MAD2 responses. Elife.
2016;5:e15204. doi: 10.7554/eLife.15204

Held LI, Banerjee SJ, Nawaz HA, et al. Cold-induced aneuploidy of the 4th-chromosome in Drosophila melanogaster.
Dros Info Serv. 2025;106:15-19.

Held LI, Banerjee SJ, Roy S, et al. Cold-induced meiotic nondisjunction in D. melanogaster. Micropub Biol. 2025;10.
doi: 10.17912/micropub.biology.001439

Li G, Moore JK. Microtubule dynamics at low temperature: evidence that tubulin recycling limits assembly. Mol Biol
Cell. 2020;31(11):1154-1166. doi: 10.1091/mbc.E19-11-0634

Onfelt A. Mechanistic aspects on chemical induction of spindle disturbances and abnormal chromosome numbers.
Mutat Res. 1986;168(3):249-300. doi: 10.1016/0165-1110(86)90023-0

Held LI. Polyploidy and aneuploidy by colcemid in Drosophila melanogaster. Mutat Res. 1982;94(1):87-101. doi: 10.
1016/0027-5107(82)90171-3

Sperling AL, Fabian DK, Garrison E, et al. A genetic basis for facultative parthenogenesis in Drosophila. Curr Biol.
2023;33(17):1-16. doi: 10.1016/j.cub.2023.07.006

Santamaria P. Analysis of haploid mosaics in Drosophila. Dev Biol. 1983;96(2):285-295. doi: 10.1016/0012-1606(83)
90165-3

Clay DE, Stormo BM, Fox DT. Measuring cellular ploidy in situ by light microscopy. In: Van de Peer Y, editor.
Polyploidy: methods and protocols; Methods in Molecular Biology series. (NY): Springer-Nature; 2023. p. 401-412.
Held LI, Banerjee SJ, Schwilk DW, et al. Spermless males fail to remedy the low fecundity of parthenogenetic
females in D. melanogaster. Micropub Biol. 2025;10(17912/micropub.biology.001446).

Fuyama Y. Genetics of parthenogenesis in Drosophila melanogaster. |. The modes of diploidization in the
gynogenesis induced by a male-sterile mutant, ms(3)K81. Genetics. 1986;112(2):237-248. doi: 10.1093/genetics/
112.2.237

Fuyama Y. Genetics of parthenogenesis in Drosophila melanogaster. Il. Characterization of a gynogenetically
reproducing strain. Genetics. 1986;114(2):495-509. doi: 10.1093/genetics/114.2.495

Keil TA, Steinbrecht RA. Mechanosensitive and olfactory sensilla of insects. In: King RC Akai H, editors. Insect
ultrastructure. (NY): Plenum; 1984. p. 477-516.

Proske U, Gandevia SC. The proprioceptive senses: their roles in signaling body shape, body position and move-
ment, and muscle force. Physiol Rev. 2012;92(4):1651-1697. doi: 10.1152/physrev.00048.2011

Schubiger G, Schubiger M, Sustar A. The three leg imaginal discs of Drosophila: “Vive la différence”. Dev Biol.
2012;369(1):76-90. doi: 10.1016/j.ydbio.2012.05.025

Dinges GF, Chockley AS, Bockemiihl T, et al. Location and arrangement of campaniform sensilla in Drosophila
melanogaster. J Comp Neurol. 2020;529(4):905-925. doi: 10.1002/cne.24987

Maynard Smith J. The counting problem. In: Waddington CH Aldine P, editors. Towards a theoretical biology.
I. Prolegomena. Co: Chicago; 1968. p. 120-124.

Abbott J, Ye T, Krenek K, et al. A nanoelectrode array for obtaining intracellular recordings from thousands of
connected neurons. Nat Biomed Eng. 2020;4(2):232-241. doi: 10.1038/s41551-019-0455-7

Dorkenwald S, Matsliah A, Sterling AR, et al. Neuronal wiring diagram of an adult brain. Nature. 2024;634
(8032):124-138. doi: 10.1038/541586-024-07558-y

Darmasaputra GS, van Rijnberk LM, Galli M. Functional consequences of somatic polyploidy in development.
Development. 2024;151(5):dev202392. doi: 10.1242/dev.202392

Fox DT, Gall JG, Spradling A. Error-prone polyploid mitosis during normal Drosophila development. Genes Dev.
2010;24(20):2294-2302. doi: 10.1101/gad.1952710

Schoenfelder KP, Montague RA, Paramore SV, et al. Indispensable pre-mitotic endocycles promote aneuploidy in
the Drosophila rectum. Development. 2014;141(18):3551-3560. doi: 10.1242/dev.109850

Sperling AL, Glover DM. Aneuploidy during development in facultative parthenogenetic Drosophila. Heredity.
2023;132(2):89-97. doi: 10.1038/541437-023-00664-z


https://doi.org/10.7554/eLife.53518
https://doi.org/10.1146/annurev-neuro-102120-014813
https://doi.org/10.1146/annurev-neuro-102120-014813
https://doi.org/10.1007/BF00848266
https://doi.org/10.1016/j.bpj.2018.01.021
https://doi.org/10.7554/eLife.15204
https://doi.org/10.17912/micropub.biology.001439
https://doi.org/10.1091/mbc.E19-11-0634
https://doi.org/10.1016/0165-1110(86)90023-0
https://doi.org/10.1016/0027-5107(82)90171-3
https://doi.org/10.1016/0027-5107(82)90171-3
https://doi.org/10.1016/j.cub.2023.07.006
https://doi.org/10.1016/0012-1606(83)90165-3
https://doi.org/10.1016/0012-1606(83)90165-3
https://doi.org/10.1093/genetics/112.2.237
https://doi.org/10.1093/genetics/112.2.237
https://doi.org/10.1093/genetics/114.2.495
https://doi.org/10.1152/physrev.00048.2011
https://doi.org/10.1016/j.ydbio.2012.05.025
https://doi.org/10.1002/cne.24987
https://doi.org/10.1038/s41551-019-0455-7
https://doi.org/10.1038/s41586-024-07558-y
https://doi.org/10.1242/dev.202392
https://doi.org/10.1101/gad.1952710
https://doi.org/10.1242/dev.109850
https://doi.org/10.1038/s41437-023-00664-z

8 L. I. HELD

[47]

[51]

Eakin GS, Behringer RR. Tetraploid development in the mouse. Dev Dyn. 2003;228(4):751-766. doi: 10.1002/dvdy.
10363

Novitski E. Search for a tetraploid male. Dros Info Serv. 1984;60:157.

Bomblies K. Learning to tango with four (or more): the molecular basis of adaptation to polyploid meiosis. Plant
Reprod. 2023;36(1):107-124. doi: 10.1007/s00497-022-00448-1

Canestro C, Albalat R, Irimia M, et al. Impact of gene gains, losses and duplication modes on the origin and
diversification of vertebrates. Sems Cell Dev Biol. 2013;24(2):83-94. doi: 10.1016/j.semcdb.2012.12.008

Held LI. Deep homology? Uncanny similarities of humans and flies. (NY): Cambridge university Pr., 2017.


https://doi.org/10.1002/dvdy.10363
https://doi.org/10.1002/dvdy.10363
https://doi.org/10.1007/s00497-022-00448-1
https://doi.org/10.1016/j.semcdb.2012.12.008

	Abstract
	Introduction
	Fankhauser’s law
	Puzzles galore
	Bristle patterns
	Making polyploids
	Number constancy?
	Prospects for brain science
	Conclusions
	Acknowledgments
	Disclosure statement
	Funding
	ORCID
	Data availability statement
	References

