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he largest flower� in the world, Rafflesia arnoldii, is more than 
three feet across. With no roots, shoots, stems, or leaves, this 
parasitic plant is stealthy, visually undetectable until it prepares 
to bloom. Buds erupt without warning from an infected host 
vine and swell slowly over months to the size of cabbages. In 
full bloom, each bud’s central floral chamber—orb-shaped, 
with a circular opening at the top—resembles a planetarium 

or astronomical observatory with a mottled roof partially opened 
to the sky. Within lies a disk covered with spiked structures. Bot-
anists have named the spikes “processes,” but have no clear idea 
what they do. In the largest flowers, the chamber is almost big 
enough for an infant to crawl inside and fall asleep. But R. arnoldii’s 
spectacular flower is the least of its appeal to scientists, because 

the genus to which it belongs also holds a gi-
gantic genetic mystery.

All members of the genus Rafflesia produce 
huge flowers. (Even the smallest are roughly 
the size of dinner plates.) In the Philippines, 
on the Malay Peninsula, and on the islands of 
Java, Sumatra, and Borneo, where these plants 
grow from vines trailing across the rainforest 
floor, Rafflesia are celebrated. The distinctive 
five-petaled flowers appear on stamps, cur-
rency, and even bags of rice in Malaysia. Raf-
flesia is one of three national flowers in Indo-
nesia. The buds and blooms are considered a 
delicacy in Thailand, while in other parts of 
southeast Asia, the plant is thought to have 
medicinal powers. Drinking a Rafflesia tea af-
ter childbirth, indigenous peoples of northern 
Borneo believe, will flush the placenta and re-
store the figure.

As fascinating as these mysterious blooms 
are to people, the flower is designed to at-
tract a much smaller visitor. Carrion flies 
swarm to Rafflesia, attracted by the scent of 
rotting meat—reportedly strongest around 
noon on the third or fourth day of the bloom, 
which lasts little more than a week. The pun-
gent bouquet, which varies in intensity from 
one species to another, has led to the names 
“corpse lily” and “carrion flower” in English. In 
fact, Westerners frequently confuse this rar-
ity with another “corpse flower,” Titan arum, a 
large, stinking inflorescence (actually thou-
sands of tiny flowers), often grown in green-
houses, that resembles a jack-in-the-pulpit and 
is related to calla lilies. Rafflesia, on the other 
hand, have never been successfully cultivated.

The carrion flies are the plants’ pollinators. 
“The flower is like a bar for these insects,” says 
professor of organismic and evolutionary biol-
ogy Charles Davis, who first encountered the 
genus in a small village in northern Borneo 
while studying the region’s spectacular plant 
diversity. Where the landscape rises from 
coastal low-land tropics to Mount Kinabalu, 

which peaks above 13,000 
feet, “across that gradient, 
in a tiny area, live more 
than 10,000 species” says 
the director of the Har-
vard University Herbaria and curator of vascular plants. And yet 
even among the gems—such as pitcher plants and orchids that 
grow nowhere else—Rafflesia stands out. “It’s hard for me to de-
scribe what it is like to see one of these flowers for the first time,” 
he continues, “because they are so out of proportion from what we 
normally think of as a flower. And they have a coloration—reddish 
to brownish, mottled with white—that is off most people’s radar 
for what a flower should look like.” That checker-board pattern-
ing, though, “is ideal for attracting the flies.” As is the fragrance, 
which he has captured using vacuum pumps in the field and sent 
to a colleague at Cornell for analysis using mass spectrometry. The 
chemical profiles are a remarkable match to rotting meat.

he miasma� emanating from the blooms places them in a category 
with other large-flowered carrion mimics that are pollinated by 
small-bodied insects, like the Stapelias of South Africa and skunk 
cabbage of the wetlands around New England. Although plants 

that imitate the colors and fragrances of dung or urine can also be 

The flowers of Rafflesia 
arnoldii are the largest in 
the world (left and 
above). In Malaysia, the 
blooms are even celebrat-
ed on stamps (right).
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large, those that masquerade as carrion are bigger. “There seems to 
be an association,” says Davis, between gigantism and plants that 
reek of rotten flesh.

Rafflesia flowers also generate heat. This thermogenesis, as it is 
called, is rare in plants, but shared with a few other species that 
evolved in the tropics, such as skunk cabbages, which can raise their 
temperature nearly 30 degrees. Once thought to be an adaptation 
for enabling early-bloomers to melt snow in temperate climates, the 
ability to generate heat probably first evolved to help plants like 
Rafflesia and skunk cabbage volatilize the foul odors they produce to 
attract pollinators. The heat—which in skunk cabbages requires a 
metabolic rate akin to that seen in animals like mice or birds—also 
creates a cozy microenvironment that allows visiting pollinators to 
operate at a lower metabolic cost. In Rafflesia, the combination of 

mottled red and white coloring and olfactory cues, Davis explains, 
draws gravid female carrion flies “to these darkened orifices where 
the reproductive parts of the flower reside. And unknowingly, each 
fly gets a blob of pollen deposited on her back. 

“The pollen is incredible,” Davis continues. In most plants, the 
pollen is powdery, but in Rafflesia, it is “produced as a massive quan-
tity of viscous fluid, sort of like snot, that dries on the backs of 
these flies—and presumably remains viable for quite a long time,” 
perhaps weeks. In their pollinating efforts, the flies may travel as 
much as 12 to 14 miles. Davis’s fieldwork seems to indicate that be-
cause Rafflesia bloom rarely, successful pollination and fertilization 
occur infrequently. “But when it does,” he says, “it’s like winning 
the lottery, because the female flowers produce fruits that look 
like a manure pie, filled with hundreds of thousands of tiny seeds.”

How the seeds then infect a new host plant is unknown. One 
whimsical theory is that the seeds are eaten and spread by tree 
shrews, and moved on the feet of elephants. Davis’s botanical train-
ing makes him skeptical of this idea. Each of those millimeter-long 
seeds carries a little oil body, he explains, “and those oil bodies are 
generally for ant dispersal. In fact, many of our forest-floor, under-
story herbaceous plants like trillium and violets, which also have 
these oil bodies, are dispersed by ants.” In the case of Rafflesia, Davis 
elaborates, ants are not only spreading the seed, but may also some-

how play a role in infecting the host. Perhaps the 
ants chew into the vine, or are attracted to sugar 
water leaking from nicks in the vine’s bark caused 
by animals. Or perhaps the ants drag the seeds back 
to underground nests where, stored next to the 
roots of the host vines, the seeds germinate and 
insinuate themselves into the host. Nobody knows.

What is known is that Rafflesia live as a thin neck-
lace of cells that wind throughout cells of the host 
plant, Tetrastigma, a woody vine in the grape family. 
They tap into the host through an organ called the 
haustorium, which functions like an illegal connec-
tion to the electrical grid, sapping nutrients and 
water undetected. Fortunately for Rafflesia, grape-

vines, as anyone who has cut one knows, are the firehoses of the 
forest. “If you are ever trapped in the woods,” Davis says, “one of 
the best sources of water is a vine.” Vines move massive quan-
tities of water, which may be one of the physiological reasons 
that Rafflesia colonize them, he explains. The flowers, which 
to the touch are like “a Nerf football that is wet,” are mostly 
water themselves, and the exponential growth of the blooms 
in the final stages of development is made possible “primar-
ily by pumping massive quantities of water into the flower.”

But it was not the physiology, parasitism, or grotesque pol-
lination biology that drew Davis to the plant. It was what he 
found in its genes.

avis grew up� in Michigan, exploring the region’s flora 
and fauna, particularly birds and insects, with his mother, 
a high-school biology teacher who traveled to biological 
stations around the state during the summer. To her, he 

attributes his interest in the outdoors; he traces his scientific 
bent to his father, a chemist. But Davis’s entry into plant bi-
ology rather than ornithology was serendipity: a mentor and 
adviser at the University of Michigan told him, “If you want 

Photographed from 
inside the bloom, the 
plant’s “processes” are of 
unknown purpose (left). 
Carrion flies (below) are 
attracted by the flower’s 
scent, which is reminis-
cent of rotting meat. 
Charles Davis studies the 
plant’s peculiar genetics. 
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to continue with me, it’s got to be plants, 
because that is what I know.” During post-
doctoral work, he was funded for a project 
to untangle the evolution of the plant group 
Malpighiales, which represents nearly 40 
percent of the flora in some tropical rainfor-
est understories. And in the midst of that 
effort, another scientist reported that ge-
netic analysis indicated that Rafflesia, too, 
were part of this order.

The relationship of Rafflesia to other flow-
ering plants had been “one of the last remaining puzzles of the broad 
outline of flowering-plant evolution,” Davis explains. Because they 
don’t have any vegetative parts (“They go the full monty, as some 
have said”), they can’t be linked to other plants through character-
istics such as leaf shape or growth habit. And their unusual repro-
ductive biology, though shared with a few other plants, provided 
no clues to their ancestry, either. Genetics would have to resolve the 
place of these strange outliers in the evolution of flowering plants. 
“By and large, with the advent of molecular genetics…the last 30 
years has really been a heyday for plant-evolutionary biologists,” he 
says, “because we’ve been able to greatly clarify how major groups 
of plants are related to each other.”

But still Rafflesia remained an enigma—because, “For the last 30 
years, we’ve used largely genes from the chloroplast to character-
ize flowering plant diversity,” Davis explains. The chloroplast ge-
nome governs photosynthesis, the process by which plants convert 
sunlight into chemical energy. Rafflesia, though, are among the most 
extreme of parasites. They have become so dependent on their host 
plant that they no longer photosynthesize, and appear, in fact, to 
have lost their chloroplast genomes entirely. To break this impasse, 
scientists had to use other genes, largely inaccessible until recently, 
to establish their relationship to other living plants.

Given his mandate to establish a phylogeny for the order Malpi-
ghiales, Davis set out, dutifully, to duplicate the published result 
for Rafflesia. What he found was not just unexpected. It absolutely 
astounded him. Some of the genes he sequenced confirmed that 

Rafflesia were indeed part of Malpighiales—but other sequenced 
genes placed them in an entirely different order (Vitales)—with their 
host plants. Davis had stumbled upon a case of massive horizontal 
gene transfer, the exchange of genetic information between two 
organisms without sex.

To a strict Darwinian, the idea of horizontal gene transfer (HGT) 
is almost heretical. Darwin understood sex as the means by which 
organisms exchange genetic information, and modern research has 
proven that sex improves a population’s fitness by preserving the 
beneficial random mutations that occur during reproduction, while 
allowing natural selection to pare deleterious changes. The abil-

ity of two organisms 
to produce offspring 
through sexual re-
production has been 
thought of almost 
as the definition of a 
species (the “spe-
cies barrier”). HGT 
shatters the idea of 
such boundaries. 

Bacteria and some 
single-celled prokaryotes are known to exchange whole cassettes 
of genes that perform a particular biological function—enabling, 
for example, the rapid lateral spread of antibiotic resistance. Hu-
man mitochondria, the energy-producing intracellular structures, 
are also thought to have originated as a horizontal gene transfer 
from bacteria.

But until Davis’s discovery, gene transfers between higher or-
ganisms such as plants were considered extremely unusual, and 

researchers could only speculate about the con-
ditions in which they took place. The unprec-
edented nature of the transfer Davis uncovered 
could shed light on questions such as the likeli-
hood that genetic modifications in crops might 
escape into the environment, and, in medicine, 
on basic understanding of the evolution, trans-
mission, and maintenance of virulence in human 
pathogens. The work is also facilitating the iden-
tification of Rafflesia’s past hosts, since many of 

the transgenes Davis found came from lineages of plants other than 
Tetrastigma, the current host. These ancient parasite/host associa-
tions, a kind of molecular fossil record, could be used to elucidate 
the timing and origin of plant parasitism itself. 

Davis found that the host plant contributed about 2 percent to 
3 percent of Rafflesia’s expressed nuclear genome (genes in the cell 
nucleus), and as much as 50 percent of its mitochondrial genome 
(genes that govern energy production). The sheer scale of the trans-
fer was so far-fetched, his collaborator at the time at first didn’t 
believe that the findings could be accurate. The paper, published 
in 2012, demonstrated that intimate (please turn to page 75)

Buds the size of 
cabbages take 
months to form, 
but the blooms 
open swiftly, and 
just eight days after 
unfurling, the show 
is over. 

Because they don’t have any  
vegetative parts—“They go the full 
monty…”—they can’t be linked to 
other plants through characteristics 
such as leaf shape or growth habit.
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host/parasite connections are potentially 
an important means by which horizontal 
gene transfers can occur. And it showed 
that the physiological invisibility of Raffle-
sia within the host is echoed in its genes: 
the host and parasite share so much biol-
ogy that the boundaries between them have 
become blurred.

Intriguingly, some of the transferred 
genes swap in at precisely the same genet-
ic location as in the parasite’s own genome. 
“One of the ideas that we are exploring,” 
says Davis, “is whether maintaining these 
transferred genes might provide a fitness ad-
vantage for the parasite. Might these trans-
fers be providing a kind of genetic camou-
flage so that the host can’t mount an immune 
response to the parasite that lives within 
it?” This kind of science has broader rele-
vance, he points out, not only to plants, but 
to people. How do the pathogens that infect 
the human body “maintain themselves and 
survive?” These are the kinds of questions 
that, by chance, the study of Rafflesia may 
help elucidate. The plant’s strategy might 

be an evolutionary dead end—or it could 
be a powerful, alternative means by which 
Rafflesia maintain their fitness: by co-opting 
the genes of their hosts.

hese are large questions.� For now, 
Davis shares the answer to a simpler one: 
Why are Rafflesia the biggest flowers in 
the world? That is a puzzle he’d hoped 

to solve since his postdoctoral days at the 
Michigan Society of Fellows. These plants 
place within the spurge family, whose mem-
bers produce tiny flowers, just one to three 
millimeters in diameter. Wondering how 
they could have evolved to become so im-
mense, he and Elena Kramer, Bussey pro-
fessor of organismic and evolutionary biol-
ogy, and other colleagues decided to tackle 
the question using floral developmental 
genetics.

Under their tutelage, Luke Nikolov ’07, one 
of Davis’s former doctoral students (now at 

the Max Planck Insti-
tute for Plant Breeding 
Research), began prob-
ing the relationships 
of the various parts of 
these strange flowers to 
the blossoms of other plants. He injected dyes 
into the plants as they grew, recording what 
genes were expressed during various stages of 
development to distinguish one floral organ 

from another. In some 
species, he found, the 
central floral chamber 
is formed from a novel 
inner organ called the 
ring meristem. But in 
the largest flowers, 
the chamber is made 

from organs that once were petals. 
The inescapable conclusion, says Davis, 

is that extreme gigantism evolved in this 
tiny family of parasitic plants not once, but 
twice. Why? He suspects that in the first 
evolution, with the ring meristem-derived 
chamber, the plant had become as large as 
it could using that part of the flower. Only 
by “re-architecting” gigantism a second 
time, using petal structures, could the plant 
achieve the spans of three feet or more seen 
in species such as R. arnoldii.

But what advantage lies in enormous 
size? What extraordinary selection pressure 
could drive gigantism twice? Davis suspects 
that the answer may lie with the carrion fly. 
The literature on the biology of these insects 
is robust, he points out: “Carrion flies seek 
out the largest carcass they can find.” 

Jonathan Shaw ’89 is managing editor of this 
magazine.

COLOSSAL BLOSSOM�  
(continued from page 47)

Charles Davis 
with Rafflesia 
tuan-mudae in 
2007, Gunung 
Gading National 
Park, Borneo.

Why are Rafflesia the biggest 
flowers in the world? That is a 
puzzle he’d hoped to solve 
since his postdoctoral days… 
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A WORKABLE DEMOCRACY  
� (continued from page 54)

he wrote in Glossip v. Gross, in 2015, in which 
he called for a fundamental review of capital 
punishment and said he thinks it is “highly 
likely” that the punishment is unconstitution-
al: “In this world, or at least in this Nation, we 
can have a death penalty that at least argu-
ably serves legitimate penological purposes or 
we can have a procedural system that at least 
arguably seeks reliability and fairness in the 
death penalty’s application. We cannot have 
both. And that simple fact, demonstrated con-
vincingly over the past 40 years, strongly sup-
ports the claim that the death penalty violates 
the Eighth Amendment”—the Constitution’s 
ban on cruel and unusual punishment. 

The death penalty remains among the 
most divisive subjects on the Supreme 
Court’s docket. Yet underlying his dissent 
is the optimistic idea underlying most of 
his dissents: What sets the majority and 
the dissenters apart is not a disagreement 
about basic principles—it is that the jus-
tices in the majority are not looking as care-
fully as they should at the most important 
facts. If they did, they would see the case as 
he does. They would join his opinion. 

Lincoln Caplan ’72, J.D. ’76, a contributing editor, 
is visiting lecturer in law at Yale Law School and 
the author of six books about the law, most recently 
American Justice 2016: The Political Supreme 
Court. He wrote about the Court as a New Yorker 
staff writer and as a member of the editorial board 
of The New York Times. His recent Harvard 
Magazine articles have covered Professor Cass Sun-
stein (January-February 2015), Judge Richard Posner 
(January-February 2016), and sibling scholars Carol 
Steiker and Jordan Steiker and their scholarship on the 
death penalty (November-December 2016).

In addition to Justice Breyer, LL.B. ’64, and his 
wife, Joanna Breyer, M.Ed. ’75, Ph.D. ’83, alumni men-
tioned in this article include past and present Supreme 
Court chief justices William H. Rehnquist, A.M. ’50, 
and John G. Roberts Jr.’76, J.D. ’79, and past and pres-
ent associate justices Oliver Wendell Holmes Jr., A.B. 
1861, LL.B. ’66, LL.D. ’95, Ruth Bader Ginsburg, L 
’59, LL.D. ’11, Elena Kagan, J.D. ’86, Anthony M. Ken-
nedy, LL.B. ’61, and Antonin G. Scalia, LL.B. ’60. Also 
mentioned are: Charles R. Breyer ’63; Justin Driver, 
J.D. ’04; Garrett Epps ’72; Richard Fallon, J.D. ’80; 
Learned Hand, A.B. 1893, A.M. ’94, LL.B. ’96, LL.D. 
1939; Henry M. Hart Jr. ’26, LL.B. ’30, S.J.D. ’31; Ed-
ward M. Kennedy ’54, LL.D. ’08; Albert M. Sacks, 
LL.B. ’48; David A. Strauss ’73, J.D. ’78; Cass Sunstein 
’75, J.D. ’78; and Donald Turner, Ph.D. ’47.
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