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microbiomes are yet to be investigated.

Considering that microbes such as fungi

can also synthesize SeNPs, it would be

interesting to determine whether there is

any interaction between these cross-

kingdom organisms that may, in the long

run, influence the biosynthesis of these

particles or bridge the signaling pathways

between bacteria and plants.

Taken together, a combination of

various techniques with microbial appli-

cations in plant science will ensure sus-

tainable agriculture and improve crop

performance. The concert of the plant

microbiome, directed by the nano-boost-

ing microbes and SeNPs, promises a

harmonious and prosperous future for

agriculture.
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In this issue ofCell Host &Microbe, Peng et al. provide theMAGIC catalog as a resource for studying bacterial
and viral diversity of the global gut microbiome in early life. By addressing gaps in geographic and age rep-
resentation, this database enhances our understanding of early microbiome dynamics.
The human gut microbiome has emerged

as a key factor of health research. Its

composition is implicated in a variety

of important physiological processes,

ranging from immunity and metabolism

to cognitive development and disease

susceptibility. Much of our understanding

of this complex microbial ecosystem is

grounded in research on adult popula-

tions. However, early life encompasses a

distinct period in the development of the

microbiome, during which microbial com-
munities are seeded, grow, and undergo

rapid transitions that are linked to host

health outcomes.1 Despite the impor-

tance of early composition, most micro-

biome data available in databases are still

derived from adults, which constrains, in

part, our abilities to accurately profile the

gut microbiota of infants and the virome

during early life. Indeed, this study by

Peng et al.2 introduces the Metage-

nome-Assembled Genome Inventory for

Children (MAGIC) as an effort to charac-
terize the bacterial and viral diversity of

the child’s microbiomes across the world.

Publicly available microbiome refer-

ence databases, including the Human

Gut Metagenome (HumGut),3 Unified Hu-

man Gastrointestinal Genome (UHGG),4

and Metagenomic Gut Virus (MGV)5 cata-

logs, represent an extraordinary resource

for investigations into the adult micro-

biome. However, their dominance by

adult samples creates an important bias

that constrains relevance for early-life
cember 11, 2024 ª 2024 Elsevier Inc. 2047
, AI training, and similar technologies.
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microbiome research. In this important

development phase, the infant micro-

biome presents unique taxa, interactions,

and evolutionary pressures that may not

be common to adults. Although a few da-

tabases, such as the Early-Life Gut Ge-

nomes (ELGG)6 and Early-Life Gut Virome

(ELGV),7 have been proposed, their sizes

and diversities are still not enough to pro-

vide comprehensive profiling of bacterial

and viral components in infants.

It has been found that the gut micro-

biome is uniquely characterized in in-

fants, seeded both by maternal transmis-

sion and environmental exposure.8 For

example, species from Bifidobacterium

are remarkably abundant during infancy,

influenced by selective pressures from

milk oligosaccharides. Infants also have

a different virome in their guts. These mi-

crobial communities are critical for im-

mune training, metabolic programming,

and the establishment of gut resilience.

Disruptions in microbiome development

during critical windows of early life have

been associated with various long-term

health outcomes, including obesity, al-

lergies, asthma, and neurodevelopmental

disorders. Thus, a strong understanding

of the early-life human microbiome is of

great interest and could also serve to

inform strategies to prevent or reduce

the severity of chronic diseases.

Another limitation with the existing da-

tabases is geographical bias. Most of

the microbiome studies were conducted

in high-income countries; their databases

are less represented from other countries

and continents such as Africa, Asia, and

South America. This focus on population

diversity is important because studies

have shown that factors such as diet, life-

style, and environmental exposure are

drivers in shaping the gut microbiome.

Indeed, feces from non-Westernized pop-

ulations, such as the Hadza hunter-gath-

erers,9 present microbial compositions

that are quite different from those coming

from industrialized populations, a sign of

possible impact of lifestyle onmicrobiome

development. Without such diversity, our

understanding of global variability in mi-

crobiome development and health impli-

cations remains incomplete.

The MAGIC database by Peng et al.2

tries to address these limitations through

the integration of samples comprising

children aged 0–7 years, including previ-

ously underrepresented regions. The
2048 Cell Host & Microbe 32, December 11, 2
resource includes both bulk and viral-like

particle-enriched metagenomes, thus al-

lowing comprehensive gut microbiome

profiling in early life. The authors lever-

aged 19,559 publicly available datasets

and added 613 newly generated metage-

nomes from their MOMMY cohort, thus

offering a database that spans 34 coun-

tries. This geographical diversity will

be important in the effort to address the

variability of the microbiome across

different demographics and socio-eco-

nomic backgrounds.

The catalog includes 3,299 prokaryotic

operational taxonomic units (pOTUs)

and 139,624 species-level viral OTUs

(vOTUs), most of which have been novel.

The authors made significant enhance-

ments in read mapping. More specifically,

there was a 6.7% increase in read map-

ping, mainly in samples coming from

low-income countries, hence indicating

the probable role in improving micro-

biome analyses from diverse populations.

The resource is also important to describe

the vast collection of viral species. Under-

standing the role of viruses in the gut mi-

crobiome, especially during early life, is

still challenging.10 However, evidence in-

dicates that they play a key role in shaping

microbial community structure, bacterial

evolution, and host health outcomes.

Bacteriophages are especially intimate

with bacterial populations and may thus

influence bacterial diversity. Such an

approach in using MAGIC allows re-

searchers to examine relations between

the viral and microbial populations in far

greater detail; it finally allows for the

assessment of how viruses affect infant

gut microbial ecology, a critical perspec-

tive considering that the developing hu-

man virome is understudied in the litera-

ture. The MAGIC virome catalog will

provide a reference for such studies that

allow the characterization of viral dy-

namics unique to early life and thus

enable the detection of potential microbial

markers of health and disease.

One important outcome is the identifi-

cation of 54 candidate keystone species

within the early-life microbiome, including

several species of Bifidobacterium, such

as Bifidobacterium longum and Bifido-

bacterium infantis. Keystone species are

defined as those organisms that have a

disproportionate impact on the structure

and function of their ecosystem. Such

keystone species could facilitate stabili-
024
zation of the microbial community within

the gut of an infant and its resilience,

thereby playing a significant role in the

establishment of a healthy microbiome.

Importantly, MAGIC has shown that the

abundance of some of these keystone

species relates to health outcomes, such

as allergies and atopic dermatitis in chil-

dren. These findings constitute a critical

foundation for further study of microbial

therapies and microbiome-targeted inter-

ventions in early life.

Population-specific characteristics of

these keystone species are also investi-

gated in this study. For instance, the

microbial profiles of African children

included a different keystone taxa and

phage community compared with those

fromEurope andNorth America, underpin-

ning the geographic and environmental in-

fluences on microbiome composition.

Such geographic or regional variation in

keystonespeciesmayalsobe related todi-

etary and other environmental exposures.

Whereas in all African samples, MAGIC-

unique taxa dominated and were signifi-

cantly more diverse and richer compared

with that of Westernized populations, thus

suggesting that early-life non-Westernized

microbiomes may harbor unique microbial

traits that could inform us about health-

promoting microbial configurations.

The most diverse species included in

MAGIC is B. longum represented by

more than 600 MAGs and newly identified

gene clusters associated with functions,

such as urea utilization. These functional

insights also provide the basis for further

elucidation of the ecological roles of

Bifidobacterium species during early life,

especially in relation to diet and meta-

bolism. For example, genes encoding

proteins of quorum sensing were found

in B. longum, suggesting the potential of

this species for enhanced colonization

and biofilm formation in the infant gut.

This kind of insight might be useful in the

design of probiotics, as strains with a

high colonization ability could maintain a

more durable presence in the gut micro-

biome and, thus, may contribute to im-

mune development.

While MAGIC enables new opportu-

nities for microbiome research in early

life, further developments may be relevant

for the research community. First, this

database is primarily focused on cata-

loging bacterial and viral genomes from

DNA. Inclusion of transcriptomic data
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would provide even more useful informa-

tion for their use for elucidating functional

changes over time. Such databases will

allow researchers to perform in-depth

investigations into microbial dynamics,

keystone species, and strain-level inter-

actions in the developing gut. This can

help in advancing our understanding of

the influences of the early-life microbiome

on long-term health. MAGIC, by capturing

microbial diversity across geographical

regions, holds potential for advancing

basic microbiome science and clinical

research for health promotion through mi-

crobiome-targeting therapies. In this re-

gard, the MAGIC database is indeed an

important example of the general principle

of context-specific microbiome research

and opens prospects toward studying

the complex interactions of microbiomes

with human health since life inception.
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