
In the early 1990s, molecular biologist 
Sydney Brenner gave a talk in Cam-
bridge, UK, in which he espoused the 

merits of sequencing the human genome 
to fully characterize the human “gene 
kit”. Several years later, in 2001, the first 
draft sequence of the human genome was 
released. The assumption was that human 
form, function and dysfunction would be 
reduced to a finite and tractable problem. 
Over time, this vision has been eroded by 
the discovery of successive Russian-doll-
like levels of informational and regulatory 
complexity, from epigenetics to microRNAs. 
Genomic protein-encoding genes may rep-
resent the surface of a much deeper problem. 

The latest assault 
on Brenner’s model 
of organismal form 
and function has 
come from an unex-
pected quarter. It 
seems that, instead of 
being self-contained, 
the contents of the 
human gene kit are 
generously supplemented by a plethora of 
extraneous components. These riches come 
from the topsy-turvy world of microorgan-
isms, symbionts whose products bolt onto 
the more modest collection furnished by 
their hosts. The implications of this extra 
informational dimension, and how it inter-
weaves with our genes, are explored in four 
new books.

In his compelling I Contain Multitudes, 
science writer Ed Yong plunges into the 
Alice in Wonderland shadow world of 
the microbes that live in and on us. As he 
reminds us, the 30 trillion cells in the human 
body are effortlessly outnumbered by the 
39 trillion or so microbial cells that lurk 
within it. Our own genomes muster 20,000 
protein-encoding genes; our uninvited 
guests may collectively field an impressive 
10 million. We know this thanks to meta-
genomics — the method of sequencing 
short, species-specific stretches of RNA, pio-
neered by biophysicist Carl Woese in the late 
1960s — which helps to define the genomic 
architecture of our microbial communities.

Bacteria confer unique properties on their 
hosts. Their collective genes, and capacity 
for rapid evolution through high rates of 

mutation, horizontal gene transfer and rapid 
replication, render them virtuosos of bio-
chemistry, and providers of rich metabolic 
creativity. This gives organisms a versatility 
far above that afforded by their own genes. 
Aphids, for example, rely on Buchnera-strain 
bacterial symbionts to produce essential 
amino acids absent from the phloem sap that 
is the insects’ food. Such relationships led 
US biologist Ivan Wallin in 1927 to describe 
symbiosis as an engine of novelty that ena-
bles bacteria to transform their host species. 

Whereas scientists from germ-theory 
pioneer Louis Pasteur to penicillin-devel-
oper Howard Florey have taught us to fear 
microbes, Yong argues that we must nurture 
them, appreciating that they may help us to 
develop into what we are. The human micro-
biome should be viewed as a distributed 
organ, performing functions as essential as 
those of our liver, lungs or kidneys.

Intriguingly, Yong argues that human 
immune cells are akin more to park rang-
ers than to xenophobes, carefully wrangling 
the microbial zoo, modulating its popula-
tion dynamics and responding to its chatter. 
The degradation and collapse of coral reefs 
in warm, acidic waters is due not only to 
direct effects of global warming, but also to 
the disruption of relationships in microbial 
communities. Likewise, Yong suggests that 
some human diseases result from alterations 
to bacterial community dynamics, trig-
gering abnormalities in internal microbial 

ecology and cooperativity. An example of this 
is obesity, which seems, in part, to result from 
an imbalance of gut microbes. Obese indi-
viduals have more bacteria from the phylum 
Firmicutes and fewer from the genus Bacte-
roides than lean ones, and a relative lack of 
Akkermansia muciniphila. It was shown in 
2013 that microbes from lean mice can make 
obese mice lose weight (A. Everard et al. Proc. 
Natl Acad. Sci. USA 110, 9066–9071; 2013). 

Yong goes on to explain how the dialogue 
between cells and resident microbes may 
affect organismal development. Hawaiian 
bobtail squid (Euprymna scolopes) adopt 
their mature form only in the presence of the 
luminescent bacterium Vibrio fischeri, which 
colonizes the squid’s light organ. Human 
breast milk contains indigestible oligosaccha-
rides, the favoured food of Bifidobacterium 
longum infantis, which releases short-chain 
fatty acids that influence the permeability of 
an infant’s gut cells. 

In The Human Superorganism, immuno-
toxicologist Rodney Dietert goes further, 
asserting that Homo sapiens is a super-
organism containing thousands of micro-
bial species. He argues that the biology of 
microbes will eventually challenge our view 
of what it means to be human, and lead to 
the identification of therapeutic agents. In 
his vision, humans are “microbial storage 
machines” designed to pass microorganisms 
to future generations. Our “second genome” 
— the genes encoded by our microbiome — 
resides in a thriving bacterial community 
that he compares to the diversity of a tropi-
cal rainforest. Even in the age of genome-
editing tools such as CRISPR, it remains 
challenging to modify the human genome. 
Dietert is astute, however, in suggesting that 
microbial genomes could be engineered to 
introduce functionalities and tackle human 
diseases. The ability of microbial metabo-
lites to manipulate the expression of human 
genes has already been established: sodium 
butyrate, for example, helps to control the 
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Lactobacillus bacteria help 
to make human intestines 
hostile to pathogens.

“Our 
minuscule 
passengers 
act like puppet 
masters, 
manipulating 
how we think, 
feel and act.”
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switch from embryonic to fetal haemoglobin.
Not content to cruise around their 

luxury human condos, microorganisms 
also hack into our nervous systems. In her 
eye-opening, entertaining and slightly dis-
concerting This Is Your Brain on Parasites, 
journalist Kathleen McAuliffe contends 
that our minuscule passengers act like pup-
pet masters, manipulating how we think, 
feel and act. I will think of cats differently 
now that I am aware that their parasite 
Toxoplasma gondii may have the ability to 
affect human behaviour, and is implicated 
in mental illnesses such as schizophrenia. 
Men harbouring this parasite are, further-
more, more inclined to break rules, and are 
more reserved and suspicious. McAuliffe 
ingeniously suggests that the psychoactive 
chemicals produced by microbes could be 
used to develop mind-altering medicines.

Focusing on how the microbiome may 
cause chronic conditions such as persistent 
pain and irritable bowel syndrome, gastro-
enterologist Emeran Mayer’s The Mind–Gut 
Connection depicts the brain, the gut and its 
microorganisms as a unitary structure tightly 
knit, anatomically and chemically. He asserts, 
albeit with rudimentary evidence, that the 
enteric nervous system — the mesh of neu-
rons that governs the gastrointestinal system 
— functions as a mini-brain, relaying sensory 
information from the gut to the central nerv-
ous system. It was fascinating to learn that 
microbes contain ancient versions of many 
signalling peptides and hormones found 
in the human alimentary tract, including 
noradrenaline, serotonin and endorphins. 
That may argue in favour of his thesis. Mayer 
speculates that early programming errors in 
the putative brain–gut–microbiome axis can 
result in medical conditions that might ben-
efit from treatment with probiotics.

We are descended from microbes, have 
evolved around them, and incorporate ele-
ments of them into our cells. Microbiome 
profiling is certain to become as routine as 
blood testing, and the extensive treasure 
chest of bacterial molecules will doubtless be 
used to change the way we are. Our micro-
bial companions may even influence our 
responses to important medicinal agents, 
such as the anti-PD-L1 and anti-CTLA4 
drugs that re invigorate the immune systems 
of people with cancer. Several regional initia-
tives, including the US Human Microbiome 
Project and National Microbiome Initiative, 
have been established to study the human 
microbiome. The complexities of cataloguing, 
mapping and characterizing microbial biol-
ogy on a worldwide scale promise to make 
sequencing the human genome look easy. A 
global programme seems to beckon. ■

Adrian Woolfson is the author of Life 
Without Genes.
e-mail: adrianwoolfson@yahoo.com

Venomous
Christie Wilcox Farrar, StrauS and Giroux (2016)
Evolutionary biologist Christie Wilcox mines reams of research 
on venomous fauna, a vast cross-taxa group that ranges from the 
platypus (Ornithorhynchus anatinus), which delivers venom containing 
83 toxins, to the Komodo dragon (Varanus komodoensis), whose 
anticoagulant-laced version bleeds victims dry. We may cringe at 
snakebite necrosis, but Wilcox reminds us that venoms are “complex 
molecule libraries” with medical potential — so safeguarding their 
biodiversity also preserves biochemical riches. Barbara Kiser

Science and the City: The Mechanics Behind the Metropolis
Laurie Winkless BloomSBury SiGma (2016)
‘Up’, ‘Switch’, ‘Wet’: physicist Laurie Winkless’s chapter headings 
hint at a briskly bouncy ride ahead in this primer on the science 
embedded in cities. And so it proves, as she ponders wind-confusing 
skyscraper design, water-supply technologies such as “fog-sucking 
nets” and 3D-printed bridges. Perhaps most engrossing is her 
evocation of how modern subway systems are built — by delicately 
‘threading the needle’ through dense subterranean convolutions. 
The thickets of subheadings and bolded-up key terms may irk, but 
the witty Winkless has done her homework. 

The Book
Keith Houston W. W. norton (2016)
The physical book has reigned as an agent of culture for 1,500 years. 
Keith Houston’s deft history of the object wraps entire civilizations 
into the telling, propelling us through the evolution of writing, 
printing, binding and illustration with gusto. The material innovations 
dazzle, from papyrus, vellum and paper (dating to second-century ad 
China) to the spattered path of inks. Equally gripping is the trajectory 
of production technologies, as the finical skill of scribes gives way 
to Johannes Gutenberg’s printing revolution and, ultimately, the 
streamlined wonders of modern lithography.

Patient H.M.: A Story of Memory, Madness, and Family Secrets
Luke Dittrich random HouSe (2016)
In 1953, experimental surgery left Henry Molaison with severe 
amnesia; he became ‘HM’, a star patient studied by neuroscientist 
Suzanne Corkin for almost 50 years (see D. Draaisma Nature 497, 
313–314; 2013). Luke Dittrich offers a very different perspective —
he is the grandson of William Scoville, the lobotomist who operated 
on Molaison. Dittrich fleshes out the official account with nuanced 
biographies of the troubled Scoville and profoundly damaged 
Molaison, revelatory conversations with Corkin and accounts of 
behind-the-scenes scientific scuffles. Disturbing and illuminating.

Bird Brain: An Exploration of Avian Intelligence
Nathan Emery ivy (2016)
Cognitive biologist Nathan Emery has been on the cutting edge of 
research into avian intelligence since the 1990s. In this sparkling, 
superbly illustrated summation of the cognitive science, ethology and 
hot debates, Emery encapsulates the “feathered ape”. He compares 
the avian brain to the mammalian to reveal functional similarities in 
disparate anatomies (likened to fruitcake and layer cake, respectively) 
and tours spatial memory, migratory sense, tool use and more. From 
the wattle-bopping of black grouse (Tetrao tetrix) to the dung baiting of 
burrowing owls (Athene cunicularia), a masterful explication.
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