microbial motility and contains proteins that
are related to those that form the T3SS.

Given the location of the export apparatus
at the core of the T3SS, the use of export-
apparatus proteins to drive nanotube
formation would be incompatible with these
components also functioning as part of an
injectisome. This suggests that a regulatory
mechanism would be needed to ensure that
export-apparatus proteins are assigned to
form either an injectisome or a nanotube.
Intriguingly, in the T3SSs of most species of
bacterium, the genes that encode the export
apparatus are clustered together in a differ-
ent genetic region from that containing the
genes that encode other components of the
needle complex. This organization could aid
the differentially regulated production of the
needle complex and the export apparatus.

However, Pal et al. present some indirect

The origin and spread of

evidence that individual bacterial cells could
be simultaneously engaged in nutrient forag-
ing using nanotubes and effector injection
through the injectisome. This would suggest
a more-complex regulatory mechanism for
the system than just differential gene expres-
sion of the components. Nanotubes have been
found on the surfaces of bacterial cells that do
not seem to be engaged in the T3SS-mediated
injection of effectors”. It is therefore possible
that, before making contact with host cells, cer-
tain populations of bacterial cells are poised
either to assemble injectisomes or to form
nanotubes.

Pal and colleagues’ study raises many
questions that are worthy of further research.
How are the nanotubes assembled? Does
the transport occur in only one direc-
tion — for example, from the host cell to the
bacterium — or can it be bidirectional? Is

Sino-Tibetan languages

A robust computational approach with added finesse provides evidence to
support the view that the Sino-Tibetan languages arose in northern China and
began to split into branches about 5,900 years ago. SEE LETTER P.112

RANDY J. LAPOLLA

r I ~helocation and timing of the emergence
of the Sino-Tibetan language family
has long been debated. This family has

around 1.5 billion speakers worldwide, the
second largest number of speakers globally
after those who speak languages in the Indo-
European family. One school of thought is that
the ancestral language (Proto-Sino-Tibetan)
from which all the Sino-Tibetan languages
evolved originated in northern China around
4,000-6,000 years ago"’. An alternative view is
that it arose 9,000 years ago in southwest China
or northeast India™*.

Zhang et al.’ report a study on page 112 that
might settle this debate. The authors gathered
evidence about the Sino-Tibetan language
family and its speakers from disciplines includ-
ing genetics, computational biology, linguis-
tics, archaeology and anthropology, and also
compiled information about the development
of agriculture and its possible effects on human
migrations in the region. They then used a
method of probability testing to assess the dif-
ferent language family trees that could be made
on the basis of this evidence.

Historical linguists seek to determine the
relationships between languages, and usually
take an approach called the comparative
method. They look for cognate words in

different languages — words that have similar
meanings and that can be shown to have a
shared origin in a word from an earlier, ances-
tral language. Linguists then try to explain why
the words often don’t look exactly alike: the
changes that the sounds went through, what
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the transport selective for certain types of
compound? Stay tuned for the answers because,
undoubtedly, more surprises are yet to come. m
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additions were made to the words, and what
led to the words being used, in some cases, for
different meanings in related languages. For
example, work in Indo-European linguistics
has determined that the English word cow and
the French word boeuf are part of a family of
cognate words that have descended from a
reconstructed Proto-Indo-European root
word, *gwou- (the asterisk indicates a recon-
structed form and the hyphen that it is a root
that formed a number of different words)®.
Understanding such changes enables language
families such as the Indo-European family to
be split into branches, such as the Romance,
Germanic and Slavic languages, on the basis
of shared changes.

The use of particular words found to be
cognate, together with evidence from other
fields, can help inferences to be made about the
relationship of languages to human migrations,

Beijing
L]

Shanghai
L2

Figure 1 | Site of origin of the Sino-Tibetan languages. Zhang et al.’ present the results of a probability-
testing approach used to analyse data relating to the origins and spread of the Sino-Tibetan languages,
which are spoken today by 1.5 billion people. Their analysis indicates that, consistent with one current
model', the ancestral form of the language originated approximately 5,900 years ago in northern

China, in the basin of the Yellow River. They identify the origin and earliest spread of the languages as
being associated, respectively, with the Yangshao culture and the later Majiayao” (cultures indicated

in shaded regions).
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and the emergence of human cultures. This can
then aid efforts to determine the home of the
speakers of an ancestral proto-language, when
these people and their language dispersed and
the different branches of the language family
formed. However, the vagaries of history that
have led to criss-crossing migrations, contact
between different languages and cultures and
other sociological factors have often meant
that it is difficult to identify the family tree that
correctly represents the history of a language
family. Competing interpretations of the same
data can lead to the generation of different
trees and to different models of the origin and
dispersal of a particular language. And it has
previously been difficult to evaluate all of the
possible trees that could be made on the basis
of the available data.

Modern computers now make it possible to
handle large amounts of data and calculations
rapidly. Software developed for biosciences
research that applies a particular model
of probability testing known as Bayesian
phylogenetic modelling can also be used
in linguistics. This software can test the many
possible language trees that could be made
from a data set, and thereby determine the
most likely tree and the most probable time
frame for language diversification.

Zhang and colleagues focused on the Sino-
Tibetan family, which encompasses hundreds
of languages, including Chinese, Tibetan,
Burmese and many other, less widely spoken,
languages. The authors used data on cognate
terms that have been assembled over the past
30 years in a project called the Sino-Tibetan
Etymological Dictionary and Thesaurus (see
go.nature.com/2uombqo). This provided
a solid basis of relevant data for their
calculations, and set Zhang and colleagues’
study apart from earlier work that applied
similar computational techniques but used
random word lists from word families that had
not been evaluated for cognacy, affecting the
reliability of those studies.

The authors used these language data
together with information from other fields,
such as anthropology, and ran millions of
iterations of their computer program. They
determined the most likely location of the
homeland of the ancestors of the modern
Sino-Tibetan-speaking peoples, and the most
probable time frame for when this language
family began to diverge into subgroups as
some members of the group of early Sino-
Tibetan speakers migrated away from where
the language originated. The authors also
determined the most probable language family
tree and which type of branching structures
had the highest probability of representing the
relationships between the languages.

Zhang et al. compared the two competing
views of where the earliest Sino-Tibetan speak-
ers originated. Their results support the theory
that the homeland of the Proto-Sino-Tibetan
language was in the Yellow River basin region
(Fig. 1) of present-day northern China, and

that the dispersal and diversification of this
language family began around 5,900 years ago.
At that time, this region was associated with
the Yangshao culture and the later Majiayao
(a culture thought to have arisen after a west-
ward migration of people from the Yangshao
culture)’. These cultures were associated with
pottery and silk production, and the com-
munities kept domesticated animals and had
large, fixed settlements.

The results indicate that there was a major
initial split between the Sinitic languages and
the Tibeto-Burman languages before each of
these two groups split further into linguistic
sub-branches. This contrasts with one current
model’ suggesting that these two branches did
not form from a major initial bifurcation. That
model proposes instead that many branches
formed at the same time. It suggests that the
Sinitic languages do not form a major branch
that is split from all of the other languages,
and that what are commonly referred to as the
Tibeto-Burman languages do not group into a
single branch’.

Zhang and colleagues’ work is important in
many ways. The history of the Sino-Tibetan
languages has not been studied for as long
as has the history of the Indo-European
languages. Thus, by comparison, there has
been much less certainty about some of the key
points that provide a foundation for this area
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of research, such as the origins of the language.
The authors’ work provides more certainty on
such fundamental issues, freeing researchers
to build on this and to explore the history of
this language family more deeply. The work
should also help to identify connections
between these language studies and findings
from other related fields, such as archaeology
and history. m
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A possible prebiotic
basis for metabolism

Early life forms established a network of reactions for converting carbon dioxide
into organic compounds. A non-biological system of reactions that could have
formed the network’s core on ancient Earth has been reported. SEE LETTER P.104

ROBERT PASCAL

1l biological molecules used by living
A organisms are themselves synthesized
by living organisms. The develop-
ment of routes for making organic matter was
therefore an essential early step in the emer-
gence of life on Earth. A complex network of
reactions must have arisen to make organic
molecules from carbon dio xide, or possibly
from other inorganic sources of carbon such
as carbon monoxide or cyanides, but the
process involved remains largely unknown.
On page 104, Muchowska et al.' demon-
strate experimentally that a suitable complex
reaction network can develop from just two
simple organic constituents, namely, glyoxylate
(HCOCO,") and pyruvate (CH,COCO, "), in
the presence of ferrous iron (Fe*").
The identified network produces nine of the

© 2019 Springer Nature Limited. All rights reserved.

eleven main components of the tricarboxylic
acid (TCA) cycle — the series of reactions
by which present-day organisms metabo-
lize organic matter to convert it into energy
(Fig. 1), producing the nucleotide ATP as an
energy carrier and CO, as a by-product. The
TCA cycle can also work in reverse, in which
case it is known as the reductive tricarbox-
ylic acid (rTCA) cycle. The rTCA cycle could
have been an early route by which CO, was
converted (fixed) into the organic molecules
that are used as the basic components of living
organisms. Muchowska and colleagues’ work
suggests that the rTCA cycle, as well as other
processes that are associated with the metab-
olism of carbon, could have emerged from a
network of abiotic reactions that, at least partly,
matched the pattern of the biological reaction
network that is now catalysed by enzymes.
The authors also show that, in the presence
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