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Hanly et al.1 and Nishida et al.2 use distinct approaches to provide exceptional lessons regarding the genetic,
molecular, morphological, and biochemical bases of butterfly wing pigmentation. Thesemechanistic insights
collectively have important implications for our understanding of phenotype evolution.
Animal color patterns have a long history

of research.3,4 Butterfly wing patterning,

in particular, stands out as an important

focal system in the fields of genetics, evo-

lution, and development.5–7 One might

think we have learned almost all there is

to know about butterfly wing pigmenta-

tion, but two new papers inCell Reports1,2

detail important discoveries about the un-

derlying mechanisms responsible for the

amazing diversity of butterfly color pat-

terns.

Hanly et al.1 explored the genetic basis

of color variation between two closely

related ‘‘sulphur’’ butterflies in the genus

Colias, C. eurytheme and C. philodice

(Figure 1A). Unlike most prior research,

which has focused on studying the differ-

ences between discrete color pattern

morphs, subspecies, or species, Hanly

et al. focused on continuous color varia-

tion—spanning orange to yellow—be-

tween these two hybridizing taxa. The au-

thors used a high-throughput phenotyping

method to quantify color variation be-

tween species and among experimental

crosses. Subsequent quantitative trait lo-

cusmapping revealed just two large effect

loci, one on chromosome 18 and the other

on the Z (sex) chromosome, that together

explained 70% of the variation in pigmen-

tation. A separate analysis focused on

wing size revealed associations with the

Z chromosome and chromosome 2. Ulti-

mately, the authors identified two specific

pigmentation candidate genes, red Malpi-

ghian tubules (red) on chromosome 18

and bric-a-brac (bab) on the Z chromo-

some, which they functionally tested with

CRISPR-Cas9 knockouts.

One real stand-out feature of this study

is its remarkably comprehensive nature:
This is an open access ar
here, the authors quantify color pattern

variation, genetically map these differ-

ences, identify candidate genes, and ulti-

mately test those genes functionally using

CRISPR-Cas9. While this is certainly not

the first study to identify specific genes

responsible for butterfly color patterning,

it is by far the most complete exploration

to date, setting a new standard for the

field. Conceptually, the work is important

because it unlocks the discrete, almost

Mendelian, genetic basis of continuous

phenotypic variation. While we often think

of most phenotypic variation as largely

being continuous and the underlying ge-

netic control as being polygenic, butterfly

color patterns stand out as strikingly

discrete.8 Hanly et al. show that even

when color pattern variation appears

more continuous, the underlying genetics

may still be quite simple. The Mendelian

genetic architecture of mimetic color pat-

terns is often interpreted as a product of

natural selection,9 and Hanly et al.’s re-

sults suggest that similar selective pres-

sures may operate on butterfly wing pat-

terns outside the context of mimicry.

In a very different undertaking, Nishida

et al.2 explored the morphological and

biochemical bases of vibrant green color-

ation in two distantly related butterfly spe-

cies, Philaethria diatonica and Siproeta

stelenes (Figure 1B). Butterfly wing color-

ation is usually a product of pigments

deposited in wing scales or structural

properties of the scales themselves.

Here, however, the authors discovered

an entirely new mechanism of wing

pigmentation caused by a green liquid

contained within the wing membrane.

The authors documented a plethora of

living cells in the green portions of the
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wings—that they suggest may be related

to green pigmentation. Nishida et al. also

identified the molecular basis of green

pigmentation, finding that it is a combina-

tion of the yellow carotenoid lutein and

blue bile pigment. The pigments appear

to form a macromolecular assembly with

one another and with their own binding

proteins in vivo. The authors identified

these pigments in the butterfly hemo-

lymph, suggesting that the wing pigments

are derived from those in the circulatory

system.

This discovery of a novel pigmentation

mechanism is itself certainly exciting.

Beyond the unexpected nature of liquid

pigmentation is the even more surprising

story of convergent evolution. There are

a variety of green butterflies in nature

that produce their green hue using well-

known properties of scale structure and

pigmentation. Yet, Nishida et al. demon-

strate that two nymphalid butterfly line-

ages, which last shared a common

ancestor 70–80 million years ago,10

happened upon the same, unusual liquid

pigmentation mechanism to generate

strikingly similar green wings. Perhaps

this suggests that there is only one way

to generate this specific green hue. But

why this particular green color? Conver-

gent color patterns often evolve in

response to predation,6 however, the pur-

pose of these vibrant greenwings remains

a mystery. After many decades of careful

study, it is almost unbelievable that we

can still, today, learn about a new mecha-

nism of wing pigmentation in butterflies. It

is exciting to think about how many other

marvelous new findings sit right under our

noses awaiting discovery.
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Figure 1. Mechanisms of butterfly wing pigmentation described in two recent studies
(A) Top: pigment variation within and between two closely related Colias species. Bottom: summary of
genetic mapping, showing that candidate loci or genomic regions account for 70% and 18%of variation in
wing color and size, respectively.
(B) Two distantly related green butterflies have evolved similar wing phenotypes using a novel liquid
pigment. Zoom-in shows a dorsal view of the brown/melanic and green regions and a cross-section of the
wing, illustrating the green liquid between upper and lower cuticle membrane. Divergence estimate is from
Espeland et al.10
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