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ighlighting progress in life sciences and human health, the National Natural Science Foundation of China
(NSFC), releases the well-anticipated 2023 Annual Top 10 Science Advances of China on February 29,
2024.

This marks the 19" annual election and release of the Annual Top 10 Science Advances in China, an effort
to promote scientific advancement and increase public awareness of science. Science research published between
December 1, 2022 and November 30, 2023 are eligible for the nomination. A panel consisting of nearly 100 gurus
from different fields shortlisted 30 from the over 600 nominees, and in the subsequent ballot, more than 2,100 leading
scientists and experts of the country had their say.

At a time when the country is making efforts to foster new growth momenta or “new-quality productive forces,”
the top 10 list casts attention to some corresponding fields. The application of a big AI model to improve efficiency
and accuracy in weather forecast and a new energy-storage mechanism with the potential to inspire future design of
novel lithium-sulfur batteries are elected into the 10 items. In addition, six out of the winner advances remarkably fall
in the fields of life sciences and human health, drawing public attention to diverse topics, including the connection of
ancient “fossil” viruses and aging, biological clock, manipulation of DNA sequences and crop improvement, and how

DNA starts replication. The full list includes the following discoveries/projects:

1) Breakthrough in accurate weather forecast aided by a big Al model;

2) Aging mechanism found driven by “dark matter” in human genome;

3) “Biological clock” identified in the human brain and mechanism revealed for biological rt

4) Research in saline-alkaline tolerant mechanism in crops and its application in agricul

5) New method to finely manipulating DNA sequences from single base pairs to ultra-la

6) New mechanism unveiled triggering the DNA replication in human cells;

7) Successful observation of brightest-ever jet-flow and TeV photons from a gamma-ra

8 )Elongated qubit lifetime via Bose quantum error correction;

9) Mechanism revealed for photoreceptors regulating blood glucose metabolism; and

10) New mechanism of interfacial charge storage and aggregation reaction in lithium-sul

Among the listed advances, five are mainly accomplished by researchers with the Chinese Academy of Sciences

(CAS). Now, let’s close in to recall their studies.

/CZEﬁ]

In a study published in the journal Cell on January 6,
2023, researchers from the Institute of Zoology and the
Beijing Institute of Genomics, both under the Chinese
Academy of Sciences, reported their discovery of a
startling link between ancient viral remnants embedded
in our DNA — a kind of non-coding sequences — and our
aging.

The non-coding sequences in human genome had
once been neglected by biologists, as they generally do
not code the production of proteins. However, with more
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and more important metabolic processes found mediated/
regulated by such obscure sequences, scientists are
paying more attention to their potential role in different
physiological processes. These non-coding sequences are
hence nick-named “dark matter” in human genome, to
underscore their invisible yet substantial influence, as well
as their mysterious nature.

Endogenous retroviruses are among these mysterious
genetic codes. Comprising around 8% of the human
genome, these sequences are remnants from ancient



viral infections that became integrated into our genetic
code millions of years ago. Most of these “fossil” viruses
have been inactivated over time, but a subfamily called
HERV-K, as found by the team, could escape host
surveillance during aging and become awakened and
produce virions that accelerate cellular senescence and
tissue aging.

The research team, led by Drs. LIU Guanghui,
QU Jing and ZHANG Weiqi, discovered that during
cellular aging and senescence, epigenetic dysregulation
— which refers to the aberrant regulation of the chemical
modifications on the genomic DNA that act as switches
to turn genes on or off — can “reawaken” the dormant
HERV-K viruses. Once revived, they begin transcribing
viral genes and packaging themselves into virus-like
particles.

Remarkably, these revived viral particles can
transmit aging signals to nearby young cells, causing
them to prematurely exhibit age-related changes — a
phenomenon the researchers described as the “contagious
spread of aging.” In other words, these ancient viral
“fossils” that have been asleep for millions of years can
drive cellular aging when they wake up.

Fortunately, the team also found a way to block
this viral-driven aging process. By using neutralizing
antibodies to sequester the virus-like particles, they could
prevent cellular senescence and tissue degeneration.

Based on these findings, the researchers propose
new strategies to delay aging by specifically targeting
and eliminating these reanimated ancient viruses or
blocking their spread. They also proposed the possibility

Reference

Vol.38 No.1 2024

4 I~ CRISPRI

Reverse
(EnsCTpbONR i e i SHRNA

A
HERVK DNA T
Abacavir

HERVK RNA
| Transiation

°
..)) — 18

23-cGAMP HERVK RVLP
oo

Senescence

- shSTING

STING F—ShRNA |
- i 1 Abacavir

TEKY L

IRF3 ¥ Rel

SASP factors

In aging human cells, ancient viral remnants embedded in our DNA
get reactivated, producing virus-like particles. These particles can
signal fo neighboring young cells, causing them to prematurely
become senescent or aged. However, this aging spread can be
blocked by using antibodies that neutralize the virus-like particles.
(Image by CAS)

to identify novel molecular targets among “anti-aging”
genes that could rejuvenate stem cells, neurons and
cardiac cells to reverse aging in joints, spines and hearts.

Their findings may establish a new theoretical
framework for aging biology and geriatric medicine,
laying the foundation for scientific interventions against
aging and age-related diseases to better confront an
aging population.

Liu, X., Liu, Z., Wu, Z., Ren, J., Fan, Y., Sun, L., . . . Liu, G. H. (2023). Resurrection of endogenous retroviruses during aging reinforces

senescence. Cell, 186(2), 287-304.e226. doi:10.1016/j.cell.2022.12.017

4}@ UnlecidGEneticlsecietsHolEngineeAlkaliTolerant

In a breakthrough that could transform millions
of hectares of untapped saline lands into productive
farmlands, scientists discovered a pivotal genetic factor
governing alkaline tolerance in crops. This pioneering
work, published in the journal Science on March 24,

2023, paves the way for breeding alkali-tolerant varieties
capable of thriving in sodic soils previously deemed unfit
for agriculture.

The research, spearheaded by Dr. YU Feifei and Dr.
XIE Qi from the Institute of Genetics and Developmental
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environments of highly alkaline soils where many other crops cannot.
Here, scientists uncover how sorghum plants thrive on sodic lands.
(Artwork created using DALL-E by YAN Fusheng)

Biology (IGDB) under the Chinese Academy of Sciences,
in collaboration with Dr. OUYANG Yidan from Huazhong
Agricultural University, delved into the hardy sorghum
plant’s ability to endure highly alkaline conditions.

Reference

Sorghum has been cultivated for thousands of years
across parts of Africa where sodic soils are prevalent.
By studying natural sorghum populations from the Sahel
region, the team identified and cloned a key alkaline
tolerance gene called AT1.

Their investigation revealed that AT/ interacts with
aquaporin proteins to modulate the flow and distribution
of reactive oxygen species like hydrogen peroxide within
plant cells. This intricate mechanism enables sorghum to
mitigate oxidative stress induced by alkaline conditions.

Essentially, AT1 acts as a negative regulator of
aquaporins. It limits the efflux of hydrogen peroxide
from cells, building up intracellular levels as a protective
measure against alkaline stress.

Extending their findings, the team demonstrated that
disabling the AT/ gene in major cereal crops like rice,
maize and millet significantly boosted their tolerance
to sodic, alkaline environments. Field trials on alkali-
affected lands saw yield increase 20%~30% in these
engineered alkali-tolerant varieties compared to their
conventional counterparts.

Their findings provide a novel approach to
maximize the utilization of the world’s sodic lands for
crop production, which is crucial for ensuring future
food security amid growing climate challenges.

Zhang, H., Yu, F, Xie, P, Sun, S., Qiao, X., Tang, S., . . . Xie, Q. (2023). A Gy protein regulates alkaline sensitivity in crops. Science, 379(6638),

eade8416. doi:10.1126/science.ade8416

5@ NEW; Technology, Precise;

offlarge]DNANiniRlants

In an exciting advance in plant biotechnology,
researchers from the Institute of Genetics and
Developmental Biology (IGDB) at the Chinese Academy
of Sciences developed a powerful new genome editing
tool called PrimeRoot. This innovative technology
allows for the efficient and precise targeted insertion of
large DNA segments into plant genomes, overcoming a
major limitation of existing techniques.

The study, published in Nature Biotechnology on
April 24, 2023, described how PrimeRoot can be
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manipulated to combine an optimized prime editing
system with a highly efficient tyrosine site-specific
recombinase called Cre. This novel approach achieved
precise, one-step insertion of DNA fragments up to 11.1
kilobases long in important crops like rice and maize,
with efficiencies reaching up to 6%.

“Targeted insertion of large DNA cargo has been a
major bottleneck in plant genome editing and synthetic
biology,” explained lead author Dr. GAO Caixia in
the article. PrimeRoot opens vast new possibilities for



engineering desired agronomic traits and introducing
complex metabolic pathways into plant genomes.

Traditional techniques relying on non-homologous
end joining or Agrobacterium-mediated approaches
frequently result in random, imprecise insertions
that disrupt genes. In contrast, PrimeRoot enables
researchers to precisely integrate large DNA segments
at predetermined genomic safe harbor sites without
disruptions.

In a proof-of-concept demonstration, the team used
PrimeRoot to insert a 1.4 kb actin promoter upstream
of the endogenous OsHPPD gene in rice, precisely
introducing regulatory elements to modulate gene
expression — a valuable tool for plant breeders.

Perhaps more notably, they successfully integrated
a 4.9 kb gene expression cassette encoding the blast
resistance gene pigmR, driven by an actin promoter, into
a predicted genomic safe harbor of rice variety Kitaake.
The edited rice plants exhibited increased resistance to
the devastating blast fungal disease.

This exemplifies how PrimeRoot could rapidly breed
disease-resistant crop varieties by precisely introducing
genes from various sources into safe genomic locations.

While early demonstrations focused on rice and

Reference
Sun, C., Lei, Y., Li, B., Gao, Q., Li, Y., Cao, W., . .
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Newly developed PrimeRoot editors can precisely insert large DNA
segments info plant genome. (Image by IGDB)

maize, the team believes PrimeRoot could revolutionize
genome engineering across diverse plant species by
enabling the seamless “stacking” of multiple beneficial
traits encoded by large DNA segments.

As climate change and population growth intensify
pressures on agriculture, tools like PrimeRoot that
unlock the full potential of plant synthetic biology could
be a game-changer in efforts to enhance global food
security.

. Gao, C. (2023). Precise integration of large DNA sequences in plant genomes using

PrimeRoot editors. Nature Biotechnology. doi:10.1038/s41587-023-01769-w

7@ 'i]ﬁﬂ@ rlgh’res'r-ever-observe Ultraznarrow Jet-flow
and “E@W mIafC

With its advantageous altitude, wide field of view

and excellent sensitivity, the Large High Altitude Air
Shower Observatory (LHAASO), a ground-based
instrument for very-high energy (VHE, over 10" eV)
cosmic ray observation, successfully detected a gamma-
ray burst (GRB) broke out on October 9, 2022 (hence
labeled as 221009A), and recorded the light curve as
well as spectra of the subsequent tera-electronvolt (TeV,
or 10" eV) photons covering the early onset phase of
the afterglow, which had never been captured before.
The recorded energy of the photons extended up to 13

TeV, challenging existing theories. After analysis, the
LHAASO Collaboration, an international consortium led
by the CAS Institute of High Energy Physics (IHEP),
reported online their discoveries on June 8, 2023 in
Science and later November 15 in Science Advances.
The high-energy burst of gamma rays (photons)
fell in LHAASO?’s field of view “serendipitously” —
as described by the authors — and offered a once-in-
a-thousand-year opportunity for the researchers to
understand the early onset of the explosion, for which no
observational data were available. Within the first 3,000
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For the first time, LHAASO captured the early onset of the afterglow of a
gamma-ray burst, providing a rare opportunity to test existing theories
of GRB physics. The recorded spectra extended to 13 TeV, suggesting
possible new physics in play. This research ranks 7 in the fop 10 annual
science advances of 2023 in China.
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LHAASO detected GRB 221009A at a significance level of more than
250 standard deviations. (Image by IHEP)

seconds of the burst, the instrument recorded more than
64,000 photons with energies over 0.2 TeV. The team
found that the VHE photons emerged several seconds
after the main explosion of the GRB and soon surged
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in flux to peak within about 18 seconds, and suddenly
speeded up the decaying process at 650 seconds later.

The VHE energy photons, explained the team, could
have come as the afterglow of the GRB 221009A, rather
than the main explosion, which gave off relatively lower-
energy gamma rays. The GRB itself was triggered by
the collapse of a star located about 2.4 billion lightyears
away from the Earth. With a mass about 20 times bigger
than our Sun, the aged star, after a long time of nuclear
fusion reaction, had run out of fuels. The unsustainable
fusion created a negative pressure at the heart of
the dying star and incurred an intensive explosion
— a supernova. The outburst matter flew at a speed
approaching that of light and bumped into the adjacent
interstellar medium, forming very high-speed shocks, the
so-called relativistic shocks. Particles were accelerated
to very high energies at shocks and radiated VHE
photons to produce an extremely bright afterglow lasting
for hundreds of seconds. This model, called synchrotron
self-Compton (SSC) process of relativistic electrons, has
been proposed to explain the origin of the gamma-ray
emission in GRBs. It is among the set of “nearly perfect”
theories established to explain the afterglow, based on
the past observations of almost ten thousand GRBs.

The accurate data from LHAASO offer an
opportunity to test these theories.

“LHAASO took the lead to capture the complete
onset phase of the afterglow, and precisely measure
its whole evolution from the steep surge in flux, the
peak and to the subsequent decay of TeV gamma
rays,” introduced Prof. CAO Zhen, spokesperson of
the LHAASO Collaboration. Newly elected a CAS
Academician, CAO has long dedicated himself to the
research in cosmic rays as a researcher at IHEP, host of
LHAASO.

Analysis on the light curve of the recorded photons
found that the luminance evolved stably with energy.
In their analysis and modeling, the team found that part
of the observed flux variation, including the relatively
slow rise at the early onset, the decaying, and even
the evolution with energy can be explained well using
traditional GRB models. Particularly the fast decaying is
nicely fitted in the scenario of a relativistic jet blasting to
the Earth, possessing a very narrow beaming structure at
a half-opening angle of about 0.8" — the narrowest so far
detected. In other words, the outflow of photons traveled
almost exactly along the line of sight of the observer, and
hence displayed the very central core of the jet flow —
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Energy flux light curve and spectral index evolution of the afterglow
radiation from GRB 221009A, in the energy range of 0.3-5 TeV as
observed by WCDA, a detector array of LHAASO, along with the fitting
function. LHAASO captured the first complete afterglow observed of
a GRB above 100 GeV, revealing the sharp rise in photon flux and the
rapid decay in its evolution. (Image by IHEP)

that explains its splendid visual brightness, the brightest
so far recorded. This also is, as authors inferred, the
reason why the flux seemingly “decayed” steeply at
around 560 seconds after the onset — once the extremely
narrow jet swung off the sight of view, even at a very
small angle, the glowing core would be deviated a lot
from the field of view, leaving the peripheral part of the
jet-flow facing the observer, and showing a seemingly
much darker ejection.

However, the team reported in the Science paper
that, though the existing theories stayed valid in
predicting the spectra in the decay stage, they failed to
explain the sharp flux surge in the onset phase.

“For the first time, the instrument precisely observed
the sharp increase in flux of the TeV photons,” said
YAO Zhiguo, a researcher with IHEP and one of the
corresponding authors. The early surge in flux — a steep
increase of over 100 times in less than two seconds, went
beyond the prediction by previous models.

Nor can the existing theories explain the photons
of the highest energies. The instrument recorded spectra
with energies extending up to 13 TeV, at a high level of
statistical significance (over 250 standard deviations).
This marked the first detection of photons beyond 10
TeV from a GRB afterglow. The unexpectedly high
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energies went beyond theoretical predictions and entail
further exploration into issues like GRB’s energy
injection, photon absorption, and particle acceleration
mechanism.

To understand the involved GRB physics, the team
delved into the spectral properties of the photons of
the highest energies, combining data from two arrays
of LHAASO, the Water Cherenkov Detector Array
(WCDA) and the Kilometer Square Array (KM2A).
Taking different theories into consideration, the team
analyzed the data and reported on November 15, 2023
their findings in the journal Science Advances.

The authors found that the existing theories cannot
fully explain the gamma-ray events of the highest
energies. According to the existing models, due to
the interactions of the photons with the extragalactic
background light (EBL), the gamma-ray emissions
should lose some energy, and at the higher end of the
spectrum, the loss or absorption would go stronger due
to a phenomenon called “Klein-Nishina effect”. As a
result, the spectrum should “soften” or bend downwards
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LHAASO detected the first photons beyond 10 TeV from a GRB, and
found that existing EBL models failed to explain the spectra of the
highest energies: After corrected for EBL absorption rates as given by
different models, the spectra still resist softening at least at 10 TeV.
The red points are for the inferval from T, + 230 s fo T, + 300 s, while
the blue points are for the interval from T, + 300 s to T, + 900 s. The
solid lines indicate the fitted lines using the existing SSC emission model,
while the red and blue points are observed spectra corected for EBL
absorption rates given by different models. (A) The infrinsic spectrum of
GRB 221009A corrected for EBL absorption using the Saldana-Lopez et
al. model. (B) The infrinsic spectrum of GRB 221009A corrected for EBL
absorption using the Gilmore et al. model. (C) The infrinsic spectrum
of GRB 221009A corrected for EBL absorption using the Dominguez et
al. model. (D) The intrinsic spectrum of GRB 221009A corrected for EBL
absorption using the Finke ef al. model. (Image by IHEP)
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An acerial view of the Large High Altitude Air Shower Observatory
(LHAASO). Situated on the Mount Haizi of Daocheng County, Sichuan
Province in China, its altitude at 4,410 meters above sea level puts it in
a prime situation to intercept the high-energy particles in extensive air
showers friggered by incoming cosmic rays, before they disappear in
the atmosphere. (Image by IHEP)

at energies over 10 TeV. However, the observed spectra,
corrected for EBL absorption at rates given by different
models, would still resist softening at energies up to at
least 10 TeV. This, the authors inferred, might imply that
the interstellar medium could be more transparent than
thought, and the actual EBL absorption could be weaker
than predicted.

In other words, there could be something else in the
interstellar medium interacting with the EBL to reduce
the unless known absorption. In that case, suggested the
authors, something more “exotic” — and more exciting
— might have played some role. Possible scenarios of
such new physics might include particle physics beyond
standard model like Lorentz invariance violation, and

References

Layout of LHAASO array of detectors, including the 78,000 m? Water
Cherenkov Detector Array (WCDA), one of the four arrays of detectors
comprising LHAASO, as the central rectangle in blue and the
enlarged detailed illustration with the mark "WCDA". It is the hero of the
observation on the GRB 221009A afterglow. Covering an energy range
spanning two orders of magnitude (from around 100 GeV to few TeV)
for gamma-ray observations, this detector can pick up the superhigh-
speed particles bumped out by the incoming gamma-rays hitting on
the upper atmosphere of the Earth, to indirectly measure the properties
of the incoming photons.

potential existence of axion or axion-like particles. The
team discussed such scenarios in their Science Advances
paper, and further gave constraints for actual EBL
intensities at different wavelengths.

“For now, lots remain unknown concerning this
GRB event, and more discoveries might emerge,” said
CAO, the principal investigator, “LHAASO scientists
are still working on the data for further analyses, in the
hope of solving more mysteries.”

LHAASO Collaboration; Cao, Z., Aharonian, F., An, Q., Axikegu, Bai, L. X., Bai, Y. X., . . . Zuo, X. (2023). A tera-electron volt afterglow from a
narrow jet in an extremely bright gamma-ray burst. Science, 380(6652), 1390-1396. doi:10.1126/science.adg?328
LHAASO Collaboration. (2023). Very high-energy gamma-ray emission beyond 10 TeV from GRB 221009A. Science Advances, 9(46),

eadj2778. doi:10.1126/sciadv.adj2778

@@h ArtificiallBrightness ©ur; Metabolism

From the dawn of our existence, light has been an
inextricable part of life on Earth. But as modern societies
increasingly embrace artificial illumination, a surprising
revelation emerges: the very light that brightens our
world may be dimming our metabolic health.
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A new study, published in the journal Ce/l on January 19,
2023, unveils a previously unknown neural pathway linking
light exposure to impaired glucose tolerance, shedding
light on a potential culprit behind the rising prevalence of
metabolic disorders, such as obesity and diabetes.



The study was conducted by a research team led
by Dr. XUE Tian at the University of Science and
Technology of China (USTC).

At the heart of this discovery lies a specialized group
of light-sensitive neurons in the retina called intrinsically
photosensitive retinal ganglion cells (ipRGCs). These
cells, distinct from the more familiar rods and cones
responsible for image formation, act as the body’s light
detectors, sending signals to various brain regions to
regulate processes like circadian rhythms and pupillary
reflexes. However, the researchers uncovered an
unexpected role for these ipRGCs — they form a direct
neural circuit that modulates glucose metabolism by
altering the activity of brown adipose tissue (BAT),
a specialized fat depot crucial for regulating body
temperature and energy expenditure.

Through a series of intricate experiments in mice,
the researchers traced the neural pathway from the
ipRGCs to the hypothalamic supraoptic nucleus (SON),
then to the paraventricular nucleus (PVN), the solitary
tract nucleus (NTS) in the brainstem, and finally to the
rostral raphe pallidus (RPa), a region known to regulate
BAT activity. Remarkably, light exposure was found
to suppress adaptive thermogenesis in BAT, a process
that normally helps burn off excess glucose, leading to
decreased glucose tolerance. In other words, artificial
brightness keeps an excessive level of glucose in the
bloodstream, potentially contributing to metabolic
disorders like diabetes over time.

The researchers then extended their findings to
humans, conducting glucose tolerance tests under
varying light conditions. Strikingly, exposure to light,
particularly blue light, decreased glucose tolerance in
human participants at ambient temperatures where BAT
is active. However, this effect disappeared when the tests
were conducted at thermoneutral temperatures, where
BAT activity is suppressed, further confirming the link
between light exposure, BAT thermogenesis, and glucose
metabolism.

The researchers propose this may be an evolutionary
adaptation — blue light/sunlight exposure signaled the
availability of food, so the body conserved and store
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New study unveils a previously unknown neural pathway linking light
exposure o impaired glucose tolerance in mouse and human. (Image
by USTC)

redundant energy by reducing glucose metabolism and
calorie burning when light was detected. In our modern
context of constant artificial blue-enriched lighting,
however, this natural response may be detrimental: at
night when the body needs to clean out residual glucose
in vessels to stay healthy, the blue light in modern
artificial lighting could on the contrary depress the
glucose metabolism to accumulate extra glucose in the
bloodstream. When occurring repeatedly, this can impair
the body’s ability to regulate and clear that glucose from
the bloodstream efficiently after glucose intake, and
hence potentially contributing to metabolic disorders like
diabetes over time.

Their work suggests that the ubiquitous presence of
artificial light in modern societies could be a contributing
factor to the rising prevalence of metabolic diseases such
as obesity and diabetes. By understanding the neural
pathways involved, scientists can explore strategies to
mitigate the unintended consequences of excessive light
exposure on our metabolic health.

. Xue, T. (2023). Light modulates glucose metabolism by a retina-

hypothalamus-brown adipose tissue axis. Cell, 186(2), 398-412.e317. doi:10.1016/j.cell.2022.12.024
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