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1. ZMEHIERZRRL (GOE) /8] i )

FIRIBE 15 F 42855 SR o 1 BEHURE R P s i IR A2 3845 (GOED [/ a) i)
AL, UEWT T GOE [/ a) BEAEAR RSSO Tt TR o0 A J A5 21 1 /N B BE R 23
ATRREL, 2 BEALAE R 56 ST B B e

The Smallest Gaps Between Eigenvalues of the Gaussian Orthogonal
Ensemble

We study the smallest gaps between eigenvalues of the Gaussian orthogonal
ensemble (GOE). The main result is that the smallest gaps, after being
normalized by n, will converge to a Poisson distribution, and we give the limiting
density of the kth normalized smallest gap. It is an important progress in the field
of random matrix.

Feng, Renjie; Tian, Gang; Wei, Dongyi, Small gaps of GOE. Geom. Funct. Anal. 29 (2019), no.
6, 1794—1827.

2. GBI M Gromov-Witten A48 &

BABENFRE Gromov-Witten (GW) AZEE AT H &L A=AV HAAE L5
(] TR T &0, HAZ O il R S AP AE A T A% I B AR B 5O P AR, IRt —
MER T HE G ANACE A R . GW A RALE 2 B T 0A Y A il TH 5 (1 4
g, WRIATHEU LA R A AR & . i A T EROR, 5 =R
B EAFUER] T L0 i X — R A ) X 2 Calabi—Yau = 4EUE 425 K BL AR R AR
T ) — RPNGRIPERE AR, WU T 1ZUR 20 25K — BRI AR ML O 17 8
Z—

Mirror Symmetry and Gromov-Witten Invariants for All Genera

The computation of the Gromov-Witten (GW) theory of compact Calabi-Yau 3-
folds is a central and yet difficult problem in
geometry and physics. The key problem is to
prove the all genus Mirror Symmetry and give
an effective way to compute the all genera GW
invariants, which are modern enumerative
invariants and are considered as the
fundamental invariants for the real world in
string theory. Shuai Guo proved a series of
structure conjectures for the quantic 3-fold
case, which is the simplest compact Calabi-
Yau 3-fold, in a series works with three teams.
And hence give a complete answer to this central problem which is open for
twenty year.
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Guo, Shuai; Ross, Dustin ,The genus-one global mirror theorem for the quintic 3-fold. Compos.

Math. 155 (2019), no. 5, 995-1024.

Guo, Shuai; Ross, Dustin,Genus-one mirror symmetry in the Landau-Ginzburg model. Algebr.
Geom. 6 (2019), no. 3, 260—301.
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Numerical solutions before and after the stabilization (F2EZ Bz EEVEUER)

Stabilized numerical methods for general convection-diffusion problems

Based on the Finite Element Exterior Calculus, we propose a family of stabilized
numerical methods for general convection-diffusion problems. These methods
are uniformly applicable to various models, including the convection-diffusion of
particle density, electric field, and magnetic field. It has great potential in research
topics such as nuclear-fusion devices for magnetic confinement of plasma.

Wu, Shuonan, Xu, Jinchao. Simplex-averaged finite element methods for H(grad), H(curl) and
H(div) convection-diffusion problems. SIAM Journal on Numerical Analysis, 58(1), 884-906,
2020.

3"3 ,_‘:_r": @ F/‘:ﬁ ﬁ % Ef 9'_‘1?; ':P ll:p ( Beijing International Center for

Mathematical Research)

1. Fano %) K- e B Ak Y i — ek

VRS AVEFER T Fano &K K- BILIE S-S0 FIOME—ME, X E&MiE
Fano #& 1) K—#5 25 (0] i — N E AP IR . K F20E FIME S B B 50K 22 W B+ F 1996 4F
13k, ZJ5 K e S8 23— 20 kR4 2UE BT Kahler WiTE, BN
AR U EL RS 2 — o R SO AR A A AU g R, CRRAEH
T CFHAT) Annals of Mathematics b
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Uniqueness of K-polystable degenerations of Fano varieties

To give a general framework for intrinsically constructing moduli spaces of Fano
varieties is a challenging question in algebraic geometry, especially if one wants
to find a compactification. In this paper, We prove that K-polystable degenerations
of Q-Fano varieties are unique. Furthermore, we show that the moduli stack of K-
stable Q-Fano varieties is separated. Together with recently proven boundedness
and openness statements, the latter result yields a separated Deligne-Mumford
stack parametrizing all uniformly K-stable Q-Fano varieties of fixed dimension
and volume. The result also implies that the automorphism group of a K-stable
Q-Fano variety is finite.

2. ZYERPI- IR R E S AR

RS AR FH i 2% ) Fh s VAR Tl = 4R L L - R ELE B IF-F Gromov—
Witten A&, HHNESEEEER ZHE X FFPRAIERH T IXAMEE, HE
ATV 2 B E B EAR G J LT B R A2 s, Hed Gromov-Witten BEL &
I A LRI TR FE N R 2 —; {EAHTS B %81 Eynard-Orantin i $hid 5 2
R E TR, EoRT LRI Ee, © XM Rg Yok, X MEH
FHE N Z JEIVF 2 EEN AT H 7RI, 454 M crepant JHMESGAE .

Gromov—Witten & AL M 5T DL fe 4=l 2 0 TR 5E - MG L E & R R Tt
FLINRE #HAT) Journal of the American Mathematical Society (JAMS) k.

On the remodeling conjecture for toric Calabi-Yau 3-orbifolds

The Remodeling Conjecture proposed by Bouchard-Klemm-Marifio-Pasquetti
(BKMP) relates the A-model open and closed topological string amplitudes (the
all genus open and closed Gromov-Witten invariants) of a semiprojective toric
Calabi-Yau 3-manifold/3-orbifold to the Eynard-Orantin invariants of its mirror
curve. It is an all genus open-closed mirror symmetry for toric Calabi-Yau 3-
manifolds/3-orbifolds. In this paper, we present a proof of the BKMP Remodeling
Conjecture for all genus open-closed orbifold Gromov-Witten invariants of an
arbitrary semiprojective toric Calabi-Yau 3-orbifold relative to an outer framed
Aganagic-Vafa Lagrangian brane. We also prove the conjecture in the closed
string sector at all genera.

3. whE H [ RL RS A

FEARAESR FNATUE, HH T 1 TR0 JVR RO B 3 R PO T R A ok 3 7 ) L 3R B o 2k
PEAR G, 5 A G Bh T 2RI B ) #0 FME A 1, IX — IR AR TE # THI A BRI
R LS A HEEEMEZEH. 2013 4, FE/RZEIIREHE C. T. McMullen X
I 645 Anosov H [RIFJIUERA T 1 ZL (A (R B2 B . Al 25 e AT A ) il i ) [
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W&, a5 e IS SR N R T2, A e e i i N 2 2 LRI — AN
FRAEAE, i T Ar R 2 4b . Jlidis X Z4EmEAE IR E B A TR, 45
H4 ) Nielsen A8 SIS, XIFSERAUEH T LIRS, MR EEL KR T
R T A 1T Journal of the American Mathematical Society (JAMS) k.

Virtual homological spectral radii for automorphisms of surfaces

In low-dimensional topology, a surface automorphism refers to any orientation-
preserving self-homeomorphism of a compact orientable surface, and a virtual
property refers to a property that holds up to lifting to some finite covering space.
It has been conjectured by C. T. McMullen that any surface automorphism of
positive mapping-class entropy possesses a virtual homological eigenvalue
which lies outside the unit circle of the complex plane. In this paper, it is shown
that any surface automorphism of positive mappingclass entropy possesses a
virtual homological eigenvalue which lies outside the unit circle of the complex
plane.

Virtual homological spectral radii for automorphisms of surfaces, Yi Liu, Journal of the

American Mathematical Society (2019 Early View) (DOI: https://doi.org/10.1090/jams/949)

P 22BE (School of Physics)

1. AR SRS R RS

THERCE & RS R B AAEIE =R — BRI R P ) A e . AR S
5 & F AL il 3 490K 22 LAV S b GIESE 1 DA FA N 801 ) —
U I BIES LRGSR TR T 4R S RAER RSV AR RE SR
(B TR IR SR AL 1T A R

The demonstration of two-dimensional anomalous metallic state in high-
temperature superconducting films
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Whether a two-dimensional anomalous metallic state can exist remains an
unresolved physical question over the past 30 years. For the first time, Jian
WANG team and collaborators demonstrate the existence of anomalous metallic
state, of which the carriers are Cooper pairs, in high-temperature
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superconducting YBCO films patterned with an array of holes. This work finishes
the academic controversy on the anomalous metallic state and paves the way for
investigating its quantum origin.

2. BRI PEA R

He2E ol v CLTERT 25 4B R A 37, MR Man R T e 595 A B4R H f &
BR R /S8R BB\ & IR SEBA HLor TAE 0 I — SRR 1 3 = 0
Bere A, LRI ATHRIE ) AR P RoR Se i T AN E S, Bl AR oA iE =
IRVETR I B = e 4000R, #% Physical Review Letters DA TH M 4miEifEdF R
RE

Surface modified microcavity boosts nonlinear optics

Silica whispering-gallery microcavities are mainstay photonic devices for their
intrinsically ultralow loss in the broadband spectra and the mature fabrication in
modern technology, but unfortunately suffer from low second- and third-order
optical nonlinearity. PKU researchers Xiao Yun-Feng and Gong Qihuang et al.
have successfully developed the surface functionalization method to bridge
microcavities with the vast library of nonlinear molecules, realizing the gigantically
enhanced third-order nonlinear optics. Experimentally, they observed that the
conversion efficiency of third harmonic generation in a functionalized microcavity
reached ~1,680%/W"2, which was approximately four orders of magnitude higher
than that in a best reported silica microcavity.
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AURAEEHE, AU —FoBr SO L], R R Ibk s 5 21 (1 e e e 4D S B
BT 1.6 fF, 3R T 580 JKHLTARAUBKES T
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Record-breaking laser-accelerated ions from nanotargets

Highly energetic heavy ions are very useful for tumor therapy and nuclear physics
research. Laser acceleration of ions are being widely studied as a cutting-edge
acceleration technique. Prof. W.J. Ma and Prof. X.Q. Yan’s teams recently rise
the energy record of laser-accelerated heavy ions by a factor of 2, up to 580 MeV
for carbon ions, by employing a new cascaded acceleration scheme with
advanced nanotargets.

Be o C (PLE-RPA) (a) Stage 1
e
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Laser Acceleration of Highly Energetic Carbon Ions Using a Double-Layer Target Composed
of Slightly Underdense Plasma and Ultrathin Foil, W. J. Ma, I. J. Kim, J. Q. Yu, I. W. Chot, P.
K. Singh, H. W. Lee, J. H. Sung, S. K. Lee, C. Lin, Q. Liao, J. G. Zhu, H. Y. Lu, B. Liu, H. Y.
Wang, R. F. Xu, X. T. He, J. E. Chen, M. Zepf, J. Schreiber, X. Q. Yan and C. H. Nam. Physical

Review Letters 122, 014803 (2019)

PR L5 RIBEYEBPFF T (Kavli Institute for Astronomy and

Astrophysics)

1. FET-MR R R R EE AR KRBT A S

TR LT R B R R 2V RS A DB A ZEAREDT
XML RIS R R B B R Gt L, B DUBET- MK B R R EE S A
TN RRER A PR R, HAE T AR B TP & i 20 1 S S AHE 2 T R
RCRFFRIL A S8, XA 2 RS UGS R M s 1 KR A2 RET R AR AN
Pl

Massive Quiescent Disk Galaxies Have a Surprisingly Large Atomic Gas
Reservoir

Local massive quiescent galaxies are commonly believed to be gas poor. A team
led by Yingjie PENG finds for the first time that, on the contrary, massive
quiescent disk galaxies in the nearby universe often have a remarkably large
amount of cold atomic hydrogen gas. Massive quiescent disk galaxies are
quenched because of their significantly reduced molecular gas content, lower
dust content, and lower star formation efficiency. These new findings clearly
demonstrate the detailed star formation quenching process in massive disk
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galaxies for the first time.
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2. HIRFEB PGB
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BARIFOE T8 K VLTI-GRAVITY, & YUK 1 G| DiEsg, il EE s
JREITRE T —AVHrigte, wl TR RIE T M RO I A AL K 18 2 2 3R

First Resolution of Microlensed Images
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Using an optical interferometer VLTI-GRAVITY, Prof. Subo DONG and his team
have resolved the two images of a microlensed source star for the first time, more
than a century after Einstein first predicted that such image splitting could be
caused by the gravity of another (lens) object along the sightline to the source.
Their detection offers a key missing ingredient that enables measuring the lens
mass, and it opens the path to identify heretofore undetected isolated black holes
lurking in the Galaxy.
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/ﬂj % _':j ﬁ} % T ﬁ'g % |§eﬁ ( College of Chemistry and Molecular

Engineering)

1. fEfEAR A E AR B IFRY

ISl :iEd RN PR I EE R //E SUREEPN: 6 S R LB € eSS sk S CidEi] ANy
PEIF AR T — Rl LIS AR EE N, B Bm AR R H AR R A B A 22 gr Bk
(CAGE-prox). HMIFIZHA, AATSLIL T 4HHE A AR5 5 8 B 0 IE S H0E 78 A
TR T R e O R B B VR R AL S s e, T IE I A R B 1 R
SEBR T 1 BT B R 8 1 BT 29 IR T SRS . IZTE NS JRIR AT B F1
BB TR IR 4 7 A IR TR, FERRIA Y S B T 2 AT
KA — R IVIURHABA) R R L T

Time-resolved protein activation in living systems

Precise perturbation of protein function is crucial to dissect various dynamic
biological processes. Prof. Peng CHEN and Chu WANG have collaborated to
develop a time-resolved protein activation strategy based on bioorthogonal
decaging and computational design with the remarkable simplicity and generality
in living system.

KRAS

(GTPase)
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Proximal decaging

LF e
(Metalloenzyme)

Wang J, Liu Y, Liu YJ, Zheng S, Wang X, Zhao J, Yang F, Zhang G, Wang C¥*, Chen P*. Time-
resolved protein activation by a universal proximal decaging strategy in living systems.

Nature, 2019, 569, 509-13.

2. ¥t Pt/a-MoC Bl CO AL MR FEIEINE

AL A R R IR T B R, 23 i MR R i A 2 d 2B 7 TR iR S g b
B A TS fE T, BRI AV AIRRA DI E R . s
GRESERE R (B A S D B (WL 2ULT ppm) 2N AL
FRPRIE . 55T FIBA @I Pt/ a -MoC AL MR rAE A i 3, BidE I
S [ P2 g A ] JER AN B 28 T P S 2 20 AU P ki ] ) P e A% S T
CO MNAEL, FRRE T RAMEA. HEESTIE CO+H20 55 2 Malif B4 T = 8uk £ 1%
IENEIAS I [
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CO-tolerant Pt catalyst for catalytic hydrogenation

Trace amount of CO in the feed will kill the activity for noble metal-catalzyed
hydrogenation reaction. By altering the electronic structure of Pt by the
substrate, Prof. Ding MA and his team designed an atomically-dispersed Pti/a-
MoC which is highly active CO-resistant catalyst for the selective hydrogenation
even under high concentration of CO. This opens a new route for the design of
CO-tolerant hydrogenation catalyst towards industrial application.
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A highly CO-tolerant atomically dispersed Pt catalyst for chemoselective hydrogenation, L.
Lin, S. Yao, R. Gao, X. Liang, Q. Yu, Y. Deng, J. Liu, M. Peng, Z. Jiang, S. Li, YW. Li, XD. Li, W.
Zhou, D. Ma, Nature Nanotechnology 14, 354 (2019)

3. FAT R HLIE 5 BB Y eI P B R A R A AL 711

R IR B R PLSERUR AN AP R TSRS R . KIS/ Sl Emt T4 &
VR I, AEHRT R, BRI o e 25 B 10 P AR B KV Tk 3 66% T2
A 200 mmol g h-1 MIPAEGER, HAEE PRI T ERICER I 6p e
AN 2p BB A EAF A

Nitrogen Electroreduction Reaction

Sustainable ammonia production can be realized via electrochemical nitrogen
reduction reaction (NRR) over the catalysts with both high activity and
selectivity. Yawen ZHANG and Chunhua YAN team and collaborators
demonstrated that the bismuth nanocrystals with potassium ions in water
generated the Faradaic efficiency of 66% and ammonia yield of 200mmol gt h!
under ambient conditions. The intrinsic high activity of bismuth element
stemmed from the strong interaction between bismuth 6p bands and nitrogen
2p orbitals.
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HER activity (mA cm?)
Promoting nitrogen electroreduction to ammonia with bismuth nanocrystals and potassium
cations in water, Y.-C. Hao1, Y. Guo1, L.-W. Chen, M. Shu, X.-Y. Wang, T.-A. Bu, W.-Y. Gao, N.
Zhang, X. Su, X. Feng, J.-W. Zhou, B. Wang, C.-W. Hu, A.-X. Yin*, R. Si*, Y.-W. Zhang*, C.-H.
Yan*, Nature Catalysis 2 448 (2019)

ﬁﬁﬂz—lﬁ 7z I‘E‘l]ﬁl’%%'%eﬁ (School of Earth and Space Sciences)

1. RBURFHERR Y B0 7 AL S 25 H 58 A s s

FHHEZ A% A Tanmoy Samanta 2 B2 s W87~ T HE
B A KRR BIHLS], R IERIRM e AL fE S A2 R
A E T ERESR . X—REHZE IS KPMKE
KA MGG B Rk, M EFREE 1 H % m#k
A 7 S B

B Fid KMmPias GST) Ao ks A5 RLE T E(SDO) M KMk AAEE
KOGHR MM ER, BEBKRT 2 EoARAARANG T, Likias. &iz
A B R4 B,

Generation of Solar Spicules and Subsequent

Atmospheric Heating

Through telescope observations, Prof. Hui Tian and Dr. Tanmoy Samanta found
that magnetic reconnection drives solar spicules. They also found that spicules
are subsequently heated to about one million Kelvin during their propagation.
Their research reveals a direct link between magnetic activities in the lower
solar atmosphere and coronal heating, which has significantly improved our
understanding of coronal heating.
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Generation of Solar Spicules and Subsequent Atmospheric Heating, T. Samanta, H. Tian, V.
Yurchyshyn, H. Peter, W. Cao, A. Sterling, R. Erdélyi, K. Ahn, S. Feng, D. Utz, D. Banerjee, Y.
Chen, Science, 366, 890 (2019)

2. ORZE WA RERER B LT IE 255 TR AL il

HEL 7 ROBE R 2 — b ROBERR NI B 700 | 2 A AE T sh 35 B TR 3R P . 53K
W g A AR T T /N P — R B8 O e ok 38 N5, #Eam 1 HT ROBE R
LA TS AN, O B g i 50 e B A F 1 ROBE OB S Y T iR

Electron scale magnetic cavities in turbulent plasmas

Electron scale magnetic cavities are extremely small coherent structures
formed in magnetized turbulent plasmas. By applying an innovative particle
sounding technique, Prof. Qiugang ZONG and his team directly depict the
boundary of an electron scale magnetic cavity and uncover its circular
geometry, which contributes to the understanding of the structure.

MMS observations of electron scale magnetic cavity embedded in proton scale magnetic
cavity, H. Liu, Q.-G. Zong, H. Zhang, C. J. Xiao, Q. Q. Shi, S. T. Yao, J. S. He, X.-Z. Zhou, C.
Pollock, W. J. Sun, G. Le, J. L. Burch, R. Rankin, Nature Communications 10 1040 (2019)

ékfﬁ'jf‘ll‘%%% (School of Life Sciences)

1. CRISPR-Cas9 [ 4a#H15 A W I & . FH

CRISPR Ji [Kl g B AR 2 Fl T g B 40 M AR B AT 2L, SR I H R P I PR L 9 7
AR Rk B A B ST 1 BT CRISPR #E N A I T2 b AT 58 A G 4 RO B AR
Ao ST 2R G4 13 T 20 A N A YR IYIRRE I I R ST L, UER T
i DR i 4 L P AE W PR | R RTAT P AT 22 2

CRISPR-Edited Stem Cells in a Clinical Trial

CRISPR-Cas9 technology has been widely applied in gene editing and is
promising for gene therapy. Prof. Hongkui DENG and his team successfully
transplanted CRISPR-edited CCR5-ablated hematopoietic stem and progenitor
cells (HSPCs) into a patient with HIV-1 infection and acute lymphoblastic
leukemia, and explored the feasibility and safety of this gene-editing approach.
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The acute lymphoblastic leukemia was in complete remission with full donor
chimerism, and donor cells carrying the ablated CCR5 persisted for more than
19 months without gene editing-related adverse events. These results show the
proof of principle that transplantation and long-term engraftment of CRISPR-
edited allogeneic HSPCs can be achieved.
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CRISPR-Edited Stem Cells in a Patient with HIV and Acute Lymphocytic Leukemia. L. Xu, J.
Wang, Y. Liu, et al. N Engl J Med 2019; 381:1240-1247 (2019)
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Figure 1 Pollen tube competition assays revealed that AtLURE1s promoted conspecific pollen precedence for fertilization.
Figure 2 Working model of AtLURE1/PRK6-mediated conspecific pollen precedence in Arabidopsis thaliana.
Professor Li-Jia QU and his research team from School of Life Sciences
discovered the seven pollen tube attractants, AtLURE1 peptides, and their
receptor PRK6, as the signal molecules and receptor, respectively that are
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involved in the control of conspecific pollen precedence, a famous phenomenon
observed over 160 ago. Meanwhile, they identified a new type of pollen tube
attractants XIUQIU peptides, and established a new working model of pollen
tube guidance-mediated control of plant fertility, which would provide a new
theoretical base for the work to overcome the distant interspecific barriers in
order to facilitate crop breeding through hybridization.

Cysteine-rich peptides promote interspecific genetic isolation in Arabidopsis, Zhong S., Liu M.,
Wang Z., Huang Q., Hou S., Xu Y.-C., Ge Z., Song Z., Huang J., Qiu X., Shi Y., Xiao J., Liu P.,
Guo Y.-L., Dong J., Dresselhaus T., Gu H., Qu L.-J., Science 364: eaau9564 (2019).

3. I BN e sk LA DNA I BEALZH [ 3% s A N\ R IR fif 2 i A2

e T A BN 45 5 AR SN RSEADL N 255 R SR T e s P B0 il 22 AL 2 P R, IR
W TANRIEREE RS, RGN 7IX— KRR FERET X RO, 4
H T 2R S i DRI 2 BT A S5 AR A A 0 20 T LR

Reconstituting the transcriptome and DNA methylome landscapes of
human implantation

By combining an in vitro culture system for the development human embryos
after implantation and single-cell multi-omics sequencing technologies,
individual cells from human peri-implantation embryos were systematically
analyzed. Female embryos showed initiation of random X chromosome
inactivation based on analysis of parental allele-specific expression of X-
chromosome-linked genes during implantation. Prof. Fuchou TANG and his
team provide insights into the complex molecular mechanisms that regulate the
implantation of human embryos, and helps to advance future efforts to
understanding early embryonic development and reproductive medicine.
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Reconstituting the transcriptome and DNA methylome landscapes of human implantation,
Zhou, F; Wang, R; Yuan, P; Ren, YX; Mao, YU; Li, R; Lian, Y; Li, JS; Wen, L; Yan, LY; Qiao,
J; Tang, FC, Nature 572 (7771) (2019)

5}% @%E}%‘E Pj]“ (Institute of Molecular Medicine)

1. BEHEER T — SR A —— NIRRT S TR IR BE 3L
AL

VAR S E MG & — AR . EAER 2 AR BN B AR T I A
R WS AL AT T NS IR LR A 2 MO RIS N IR IR L 4, iR T
—H AR EAE L .

Activation mechanism of nitric oxide receptor, human soluble guanylate
cyclase, is revealed by cryo-EM

Soluble guanylate cyclase is the primary nitric oxide (NO) sensor in human. It
plays a central role in NO sighaling and is implicated in many essential
physiological processes and disease conditions. Group lead by Lei CHEN in
Institute of Molecular Medicine have solved the cryo-EM structures of the
human sGC in different functional states, which revealed the activation
mechanism of sGC by NO molecule.

Inactive state NO-activated state

Structural insights into the mechanism of human soluble guanylate cyclase, Y. Kang, R. Liu, J.

X. Wu, L. Chen, Nature 574, 206-210(2019).

2. BEESUERIILAET/ DILE T MGS3 835 25 il 5 3% AR
Y BP0 B A FE R I = b . R R 2R 1 MGE3 4rilh, I MGH3 =4 4

5 5 H A 5 2 A5 S BUsE, i ELAR ARSI ThONT MGE3 RESE v 4 B JBR I A UK
Yoo BRGNS AAERT 2 BURE RGBT AE T Sale iy B ik .
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Glucose-Sensitive Myokine/Cardiokine MGS53 Regulates Systemic
Insulin Response and Metabolic Homeostasis

Professor Rui-ping XIAO and her colleagues find that high glucose or high
insulin could induce MG53 secretion from striated muscle. The circulating MG53
inhibits the insulin signal
sensitivity of skeletal muscle, oo o lmiﬁg:?ngs':::ii{isi'@an&\ -
liver, heart, fat and other 3 N
tissues. Neutralizing circulating
MG53 with monoclonal
antibodies improves the insulin
sensitivity of whole body and
reduces blood glucose. These
results provides a new idea of Neutralizing MG53 and
immunotherapy for metabolic R

syndrome and type 2 diabetes. Fat

y
y
Skeletal
muscle

Glucose-Sensitive Myokine/Cardiokine MG53 Regulates Systemic Insulin Response and
Metabolic Homeostasis, H. K. Wu, Y. Zhang, C. M. Cao, X. Hu, M. Fang, Y. Yao, L. Jin, G. Chen,
P. Jiang, S. Zhang, R. Song, W. Peng, F. Liu, J. Guo, L. Tang, Y. He, D. Shan, J. Huang, Z.
Zhou, D. W. Wang, F. Lv, R. P.Xiao, Circulation 139:901-914(2019).

3. R4 itChIP-seq f#iS &k & h 41 fltw iz e €

MR G IOT K T m RBUEBAA sc—itChIP-seq AR, & AT AN
R HBOR, RS I A ia thog IR WL IBAL TR LA o 2 HRH BhBA TS T IR AR
T2 MR A RETE 7N =R Z 0 AR AR BALPIE, or 7R AR O JE T 20 i i
1 PR g ARG S 2 5 O AL A 1 B AL

Developing single-cell itChIP-seq for deciphering cell fate decision
during development

For the first time, Aibin HE’s group developed a high-sensitivity single-cell
itChIP-seq, integrated with existing single-cell RNA-seq technology, to decipher
the epigenetic mechanisms controlling cell fate decision. Single-cell itChIP-seq
revealed the epigenetic trajectories for priming three germ layers and the
regulatory distinction between transcriptome and epigenome during cardiac
progenitor cell differentiation towards downstream lineages.
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Profiling chromatin states using single-cell itchip-seq, S. Ai, H. Xiong, C.C. Li, Y. Luo, Q. Shi, Y.
Liu, X. Yu, C. Li, A. He, Nature Cell Biology 21:1164-1172 (2019).

m’fﬁﬁ&%% (School of Advanced Agricultural Sciences)

1. KA B Fhad 72 28 Al I Bl B A AL Al
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Genetic basis of heterosis formation during rice breeding

By resequencing more than m;
2000 rice F1 hybrids, Prof. ponesicaion

Xingwang DENG and his team . Wild rice

identified 143 heterotic loci.
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Divergent selection and genetic

introgression shape the genome landscape of heterosis in hybrid rice, Z. Lin, P. Qin, X. Zhang,
C. Fu, H. Deng, X. Fu, Z. Huang, S. Jiang, C. Li, X. Tang, X. Wang, G. He, Y. Yang, H. He, X.W.
Deng, Proc Natl Acad Sci US A 9 4623 (2020)

2. RPRBE AT R &

FE AR R R —
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New explanation on the paradox of inverse farm-productivity

relationship

The inverse farm size-productivity relationship in developing countries is a
paradox in economic development literature. In addition to land market
distortions, Prof. Jikun HUANG and his team show that the budget constraint
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prevents larger farms from taking the capital-intensive technology and this
offers an alternative explanation for the paradox.
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Impact of technology choice on the farm size-productivity relationship

Y. Sheng, J. Ding and J. Huang (*), 2019, “The Relationship between Farm Size and
Productivity in Agriculture: Evidence from the Maize Farms in China”, American Journal of
Agricultural Economics, 101(3): 790-806.

% aﬁl‘iﬁﬂtiﬁfﬁ EE?%;?{% (Department of Electronics)

1. BRAREL T
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Carbon nanotube digital electronics

Pattern the Pd source electrode Pattem the Sc/Al drain electrode
Pd source Sc drain

-

Pattern the Pd drain electrode Pattern the Sc/Al source electrode
Pd drain Sc source

/
! )

Form the gate dielectric and gate electrode Form the gate dielectric and gate electrode
Insulator HfO, HfO,

Prof. Lianmao PENG and his team examine the development of nanotube-based
CMOS field-effect transistors and the different nanotube material systems
available to build integrated circuits. We also highlight the medium-scale
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integrated circuits created to date and consider the challenges that exist in
delivering large-scale systems.

Carbon nanotube digital electronics, Lian-Mao Peng, Zhiyong Zhang and Chenguang Qiu,

Nature Electronics 2, 499 (2019).

2. ZERIBEER RS KM%

SR 5L 4% A DAAE 78 22 K0 M S B i P G 45 B S8l 7 H At A P B 1)
BN R ESA R TS K, RS (30 km, 50 km) BETHEE T 1~2 %,
L2 (5. 77~21. 26 kbps) ®HEIHETF 100 5FLAL, 3 FH 4~ 1 8 & .

Secure metropolitan quantum networks move a step closer

Successful new field tests of a continuous-variable quantum key distribution
system over commercial fiber networks could pave the way to its use in
metropolitan areas. The research team, led by Prof. Hong Guo, carried out two
field tests of continuous-variable quantum key distribution over commercial
fiber networks in two cities of China - Xi'an and Guangzhou - achieving 6 kbps
secret-key-rate over 30.02 km and 49.85 km transmission distances,
respectively. Comparing with previous results, these field tests show a more
than twice transmission distance, and a two orders-of-magnitude higher secret
key rates, though in more lossy commercial fiber links.

49.85 km\J\ g
{H.62dB) i

s

Continuous-variable QKD over 50 km commercial fiber, Y. Zhang, Z. Li, Z. Chen, C.
Weedbrook, Y. Zhao, X. Wang, Y. Huang, C. Xu, X. Zhang, Z. Wang, M. Li, X. Zhang, Z. Zheng,
B. Chu, X. Gao, N. Meng, W. Cai, Z. Wang, G. Wang, S. Yu, H. Guo , Quantum Sci. Technol. 4
035006 (2019)
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REERAL TBrIRAE, JVBIE A S I AN E T G IR IO A

Novel topological phenomena in photonics

Topology studies the invariants under continuous deformation. We applied
topological concepts upon photonics research and found extraordinary
phenomena that broaden the horizon of novel optoelectronic devices. One
example is the light trapping through merging a set of topological charges.
Ultra-high and scattering-robust optical resonances with record high Q-factor of
half-a-million is demonstrated, which could substantially enhance the nonlinear
and quantum effects and boost ultra-low-energy lasers towards applications.
Besides, we explore a fiber-optic wave system facilitated by time-reversal-
symmetry breaking and magnetic nonreciprocity to demostrate Abelian and
non-Abelian gauge field synthesis, which could be a promising platform for
future topological quantum computation.

Topologically enabled ultrahigh-Q guided resonances robust to out-of-plane scattering, U.

Shimanovich, J. Jin, X. Yin, L. Ni, M. Soljaci¢, B. Zhen, C. Peng, Nature 574, 501—504 (2019)

Synthesis and observation of non-Abelian gauge fields in real space, Y. Yang, C. Peng, D. Zhu,

H. Buljan, J. Joannopoulos, B. Zhen, M. Soljaci¢, Science 365 (6457), 1021-1025, (2019)

5 BRHEBARZBE T EHBHEBIR R (Department of Computer

Science and Technology)

1. AVS2 FL3% 4 i by v

i S5 [T BA = 35 61 5 149 AVS2 M G it 161 5 o A 56 v i PR 30 R i HIBA
TR T AVS2 BRI RS, SCFE T RS T AVS2 iR MIE, 2019
F10 7 1 HAREE 7 BREREE 70 J# 45 P i AN [ P i e 3 i LR A 52 1

AVS2 Video Coding Standard

Prof. Wen GAO and his team led the development of video compression
standard, AVS2, which was adopted as the national standard for Ultra High
Definition TV (UHDTV) broadcasting. We also developed the AVS2 encoding and
decoding systems for CCTV (China Central TV Station) to launch UHDTV
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channel, which successfully broadcasted the National 70th Anniversary
Celebration and Military Parade on Oct. 1, 2019.
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Emoji-powered situation analytics in Internet applications
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To tackle the problem of uneven and limited distribution of situational data
labels in Internet applications such as Web and Mobile, Associate Prof. Xuanzhe
LIU’s research group proposes a novel approach based on representation
learning for emojis over interactive texts generated by end-users. This
approach can automatically generate situational data labels for users in
different languages, and significantly improves the efficiency, quality, and
universality of situation analytics in sentiment classification at scale. The paper
won the Best Paper Award of World Wide Web Conference 2019, which is the

' ZEWHABERREKEGE. FHEN (Web) ZBAA Tim Berners-Lee AT 1994 4263z
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breakthrough made by universities and institutions from China in this top
conference history.

Emoji-powered representation learning for cross-lingual sentiment classification, Zhenpeng
Chen, Sheng Shen, Ziniu Hu, Xuan Lu, Qiaozhu Mei, Xuanzhe Liu, The World Wide Web
Conference, WWW 2019.

3. Caffeine: —A3EF FPGA IR BEEMZE 25 I i B sh AL i P HESE

Caffeine $&HE 7 —NMRA—AELE U R THEE, B REMS = R BE T FPGA oI FE
2z (DNN) #ATIE . &K T 8t— 1A REAH R 7 77 AR Hi iR DNN B4 Hh )
AEHEE, FHRMAY RGP roofline BRI SRARAL INTE 28 2244 1T A JZ FPGA
RIAHZ. [, E5RMt T — 3R RS, K w2 ) DNN 25 404 B
B B 24 11) FPGA I #s A% it. v F R TAE3R453 T TEEE it
HaMbZ m2mik 1] 2019 Donald 0. Pederson FfE18HK, XJ& K& EHIX
IRIFIZ AT

Caffeine: an automation design framework for accelerating DNN on
FPGAs

Caffeine is a hardware/software co-designed library to efficiently accelerate
deep neural networks (DNNs) on FPGAs. It uses a uniformed matrix-
multiplication representation for different layers in a DNN model. Based on the
representation, it optimizes the accelerator microarchitecture and maximizes
the underlying FPGA resource utilization based on a revised roofline model.
Moreover, it provides an automation flow to directly compile high-level network
definitions to the final FPGA accelerator. Guangyu SUN’s work has received the
2019 Donald O. Pederson Best Paper Award from the IEEE Council for Design
Automation (CEDA). This is the first time for researchers from mainland of
China to win the Award.

Caffe Network definitions (feedforward)

P

Layer definitions

conv | ron R eooL Jreu

[ MKL, BLAS ][ CUDNN ]\ =
p

J

[ CPU_forward ][ GPU_forward ]

. i

Caffeine Overview

C. Zhang, G. Sun, Z. Fang, P. Zhou, P. Pan and J. Cong, "Caffeine: Toward Uniformed
Representation and Acceleration for Deep Convolutional Neural Networks," in IEEE
Transactions on Computer-Aided Design of Integrated Circuits and Systems, vol. 38, no. 11,

pp- 2072-2085, Nov. 2019.

21



JERBEFER (2019 4)
PKU Scientific Research Highlights 2019

% aﬂiﬁj‘tilﬁ%ﬁéﬂi EE.?%% (Department of Microelectronics)

1. HH e R MEMS 5k el /L s

PR IR A R ERHIE R S, HebEB, MIXER R K. AR sl ge
H1, R A T — k= SR R R R, 3 R R R R L 1 B R
W, R1E TN R . R

Novel MEMS acoustic particle velocity sensor with high sensitivity
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Acoustic particle velocities are vector signals of sound, which are very weak and
difficult to be detected conventionally. A novel approach by using
microfabricated three-hot-wire is proposed by Prof. Chengchen GAO and his
team. Attributed to the elevated temperatures of the sensing thermistors,
acoustic particle velocity sensors with both low noise and high sensitivity are
achieved.

2. FrAgk M IRt
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Novel ferroelectric-based neuromorphic devices

For brain-inspired neuromorphic computing, the artificial neurons are still mostly
CMOS-implemented and suffer from high-hardware-cost issue. Prof. Qiangian
HUANG and Ru HUANG team have proposed and experimentally demonstrated a
capacitor-less stochastic neuron based on the novel ferroelectric device with
remarkably reduced hardware cost enabling both excitatory and inhibitory input
connections, showing the great potential for highly-integrated and low-energy
neuromorphic computing system.
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Capacitor-less Stochastic Leaky-FeFET Neuron of Both Excitatory and Inhibitory Connections
for SNN with Reduced Hardware Cost, J. Luo, L. Yu, T. Liu, M. Yang, Z. Fu, Z. Liang, L. Chen,
C. Chen, S. Liu, S. Wu, Q. Huang, R. Huang, in IEDM Tech. Dig., 2019, pp 122-125.
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High performance transistor based on ultrathin indium tin oxide with
extremely low power

The previously metallic indium tin oxide can be energy-band engineered into high
performance sub-100 nm transistors with high on-off ratio, 10 times higher than
previous record. The on-state current, radio frequency performance as well as
logic inverter gains are also much higher than previous results. The unique wide
bandgap and low dielectric constant of ITO provide prospects for future scaling
below the 5-nm regime for advanced low-power electronics.
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Shengman Li, Mengchuan Tian, Qingguo Gao, Mengfei Wang, Tiaoyang Li, Qianlan Hu,

Xuefei Li & Yanqging Wu*, “Nanometre-thin indium tin oxide for advanced high-performance

electronics”, Nature Materials 18, 1091—-1097 (2019)

'fn Eﬂ»%ﬁﬂt% % ﬁBﬂ% ? (Department of Machine Intelligence)
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Gradient Descent Finds Global Minima of Deep Neural Networks

Gradient descent finds a global minimum in

training deep neural networks despite the
objective function being non-convex. The current ?
paper proves gradient descent achieves zero
training loss in polynomial time for a deep
overparameterized neural network with residual
connections (ResNet). Prof. Liwei WANG team’s
analysis relies on the particular structure of the
Gram matrix induced by the neural network
architecture. This structure allows us to show the 2
Gram matrix is stable throughout the training process and this stability implies
the global optimality of the gradient descent algorithm. We further extend our
analysis to deep residual convolutional neural networks and obtain a similar
convergence result.

Gradient Descent Finds Global Minima of Deep Neural Networks, Simon S.Du™, Jason

D.Lee*2,Haochuan Li'34,Liwei Wang™s 4, Xiyu Zhai's, International Conference on Machine

Learning(2019).

EEiﬁi«‘l‘ﬁﬂﬁf%‘E ij (Wangxuan Institute of Computer Technology)
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Hierarchical vision-language alignment for video captioning

Video captioning is to generate sentences for describing the video content, for
which the key problem is to model the semantic correspondences between
video content and language sentence. This paper, by Prof. Yuxin PENG and his
team, proposes the hierarchical vision-language alignment approach, which
learns multi-granularity latent vision-language alignment information, and
exploits dual-memory recurrent network to provide hierarchical semantic
guidance for accurate sentence generation.

Video Hierarchical vision-language alignment Text sentence
Visual object Al
: _ . en o o
Visual relation Align » skating before
i.’l = Phrase people, and
leaps on the
Salient region .
[#2y » TN, w Sentence skateboard
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J3/NZE R BRI ] T 5 1 SR R AR AR G/, R GRS S S T A TR G 5
R SCE B AR ORI, IRIE SRRSO . RGURH %L EAR N B R
BN SLEEIE, R T ADEORAMERE: 1) T AR RIS R R4
%5 2) W FRIE S RHEOR SCTE 5 XA o R 58 LS A B R AL B K,
RNV S E A E RHECHT R S LA
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http://news.sciencenet.cn/Alnews/

Xiaoke: An AI Writer of Science News

Prof. Xiaojun WAN and his team have successfully developed a cross-language
news generation system - Xiaoke, which can automatically generate scientific
news stories about the latest discoveries from the world's leading science
journals. The system was built upon natural language generation and machine
translation techniques, and it has addressed two technical challenges of low
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machine translation quality for scientific texts and inconsistent language styles
between news articles and scientific papers. The system has been deployed in
China Science Daily and it is the first cross-language Al reporter for science
news.

Visit Xiaoke here: http://news.sciencenet.cn/Alnews/
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Human Perception Streaming of Virtual Reality Video

Virtual reality videos are making our world more and more virtual, which
provide remote interactions and immersive visual experiences. Prof. Xinggong
ZHANG and his team are exploiting the human visual perception to improve the
quality of virtual reality video streaming over Internet.

Pano: optimizing 360° video streaming with a better understanding of quality perception, Y.
Guan, C. Zheng, X. G. Zhang*, Z. M. Guo, J. C. Jiang, In Proceedings of the ACM SIGCOMM,
August 2019, NY, USA, 394—407.

!l:kﬁ: Iﬁ'ﬁ @%{Iﬁm% FF' I (National Engineering Research Center

for Software Engineering)
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High precision software security analysis technology

In the field of source code analysis, we proposed an iterative refinement analysis
technology based on value dependence analysis. The analysis algorithm has
better balanced between the accuracy and efficiency according to the complexity
of the program. Leveraging our technologies, we developed the source code
analysis tool, called CoBOT, which has been applied in hundreds of enterprises,
and breaks the monopoly of foreign counterpart tools. In the field of software
components analysis, we propose a novel hierarchical and multi-feature detection
method, which significantly improves the detection accuracy. In the past few
years, we won the gold medal of Geneva International Invention Exhibition, and
first prize in Alibaba software supply chain competition.

I%I‘fﬁ (College of Engineering)
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PdMo Bimetallene Boosts Oxygen Catalysis in Fuel Cells and Zn-air
Battery
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Prof. Shaojun GUO and his team demonstrate that PdMo bimetallene, a
palladium-molybdenum alloy in the form of a highly curved and sub-nanometre-
thick metal nanosheet, can greatly boost the electrocatalysis of the oxygen
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reduction reaction and oxygen evolution reaction in alkaline electrolytes, and
shows very good catalytic performance in Zn-air batteries. We first realize that
the alloying effect, strain effect, and quantum size effect from PdMo bimetallene
can tune the electronic structure of the system for greatly enhanced catalytic
performance.

2. PR BAYEIAR
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o
Super-resolution imaging of fluorescent dipoles via polarized structured
illumination microscopy

Polarized structured illumination microscopy (pSIM), developed by Prof. Peng XI
and his team, achieves super-resolution imaging of dipoles by interpreting the
dipoles in spatio-angular hyperspace and applies directly to a large variety of
commercial and home-built SIM systems with various imaging modality. pSIM
was demonstrated on multiple biological applications and revealed “side-by-side”
assembly of actin-ring structure in neuronal axons, which has revised the
textbook “side-by-side” prediction.
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Improving the operational stability of perovskite solar cells by an ion
redox shuttle

Prof. Huanping ZHOU’s team and Prof. Chunhua YAN/Lingdong SUN's team
collaborate to show that the europium ion pair Eu3*-Eu?* acts as the “redox
shuttle” that selectively oxidized Pb® and reduced I° defects in Pb-I perovskite
materials simultaneously in a cyclical transition. It therefore significantly
improves the operational durability and stability of perovskite solar cells.
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A Eus+-Eu2* ion redox shuttle imparts operational durability to Pb-I perovskite solar cells.
Ligang Wang, Huanping Zhou*, Junnan Hu, Bolong Huang, Mingzi Sun, Bowei Dong,
Guanghaojie Zheng, Yuan Huang, Yihua Chen, Liang Li, Ziqi Xu, Nengxu Li, Zheng Liu, Qi Chen,
Ling-Dong Sun*, Chun-Hua Yan*, Science, 2019, 363, 265-270.

:L‘pﬂ_'ﬁ ‘f/A HIRLZ22BE (School of Psychological and Cognitive Sciences)
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Competing rhythmic neural representations of orientations during
concurrent attention to multiple orientation features

How the brain concurrently attends to multiple features remains unknown and
cannot be easily deduced from classical attention theories. A rhythm-based,
time-multiplexing neural machinery underlying concurrent multi-feature
attention was suggested.

Mo, C., Lu, J., Wu, B. et al. Competing rhythmic neural representations of orientations during
concurrent attention to multiple orientation features. Nature Communication, 10, 5264 (2019).

https://doi.org/10.1038/s41467-019-13282-3
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The causal role of alpha oscillations in feature binding

Integrating visual features into a coherent scene is a challenge for the visual
system known as the binding problem. Brain oscillations in the y-band have been
suggested to be a neural substrate of feature binding. Using
electroencephalogram, it is found that feature binding was closely associated with
a-oscillations. Through the entrainment of a-oscillations by transcranial
alternating current stimulation, selectively changing a-oscillations could shape
feature binding.
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Zhang, Y., Zhang, Y., Cai, P., Luo, H., & Fang, F. (2019). The causal role of alpha-oscillations in
feature binding. Proceedings of the National Academy of Sciences of the United States of

America, 116(34), 17023-17028. doi:10.1073/pnas.1904160116
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Patients with basal ganglia damage show preserved learning in an
economic game

Both basal ganglia (BG) and orbitofrontal cortex (OFC) have been widely
implicated in social and non-social decision-making. However, unlike OFC
damage, BG pathology is not typically associated with disturbances in social
functioning. The paper provides the first study reconciling these differences by
studying the causal contribution of BG to an important class of social decisions
captured by economic games. Specifically, combining neuroeconomic and
computational approaches, its results suggest that preserved social decision-
making capacity in BG pathologies reflects compensatory effects of high-order,
model-based systems which are not dependent on BG integrity.
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Zhu, L., Jiang, Y., Scabini, D. et al. Patients with basal ganglia damage show preserved learning
in an economic game. Nature Communication, 10, 802 (2019). https://doi.org/10.1038/541467-
019-08766-1

iﬁﬁﬁi‘—'ﬁ IRIEZ2BE (College of Urban and Environmental Sciences)

1. 38775 BB S | R 2R B DA R AR A A 2850 7 v il AR e Pad 72

KN Ve A AT FE 4 SRR Y, [ B 5 2 ] 75 el v B K [ HLIX ) BC i 5, JFRTTE
FEOTERUERAR . 2B EE P INER A OHX. CREA2 R FRR HE
JBCRE A, AT A R 2 Xk 75 e Ji PR M B o

KIS e AT BAIE FE 485 75 1 5% DXARAAOKE T A g A ] R 52 SR 0 X B R, 42
TE T NATXS T Rropc i AR S Ao SR IR, D et Bl i 2 S 43 1 BRI J il

R P BRI T A L, R AR A A o L AN i #R 26 T i A6 FE AR AL, (BLAE
I TRV AE P b, IR A AN (R AORE 4 25 A e o PR B8 S A AN ek [R] 25 4 v 1) 5 3t
Blg . bR RITIRN B SR AR AR 2R K T B A AR s i S it 1 B2
PEL P

Reveal the non-linear processes in the global warming caused by
pollutant emissions and the ecological response of vegetation

The research results of Junfeng LIU's group show that international trade has
exacerbated BC pollution in the glacial area of the Qinghai-Tibet Plateau and may
cause severe climate change. The
world needs to further strengthen the
control of black carbon emissions in
relevant regions (especially South
Asia), so as to reduce the climate
threat of black carbon to the Tibetan
Plateau.

Hongyan LIU's team systematically
studied the response of forest
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drought events, raised people's understanding of forests' response to extreme
climate events, and provided a theoretical basis for improving land surface
models.

Shilong PIAQ’s team analyzed changes in the elevational patterns of vegetation
greenness, spring and autumn phenology in the global vegetation growth season
over the past three decades. The study found that although the greenness and
phenology of the vegetation growth season have clear changes in altitude
gradients. No universal phenomenon of uniformity of greenness and
improvement of phenology synchronization in vegetation growth season at
different altitudes Elevational gradient of NDVI,,.5 100 m™'

along time has *™" _ -
been found. The |eon ERigE gg:.
above findings | 10.02
provide important 0
support for | T i}m
understanding the |ass —0.02
impact of climate s -0.03
change on the i
vertical distribution | ®50  mew  sow e s BE TR
of vegetation

growth.

The cascade of global trade to large climate forcing over the Tibetan Plateau glaciers. Yi, K;
Meng, J; Yang, HZ; He, CL; Henze, DK.; Liu, JF; Guan, DB; Liu, Z; Zhang, L; Zhu, X; Cheng,
YL; Tao, S, Nature Communications 10 3281(2019)

Enhanced growth after extreme wetness compensates for post-drought carbon loss in dry
forests. Peng, J; Liu, HY; Piao, SL; Ciais, P; Wu, XC; Yin, Y; Wang, HY, Nature Communications
10 195(2019)

Divergent changes in the elevational gradient of vegetation activities over the last 30 years. Gao,
MD; Piao, SL; Chen, AP ; Yang, H; Liu, Q; Fu, YSH; Janssens, IA, Nature Communications 10
2970(2019)
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Reveals global-scale environmental pollution and health effects caused
by human activities

Guofeng SHEN’s team systematically assessed the environment, health, and
climate effects caused by the

600

transformation of rural living energy, using fHL;" ;?mke
the global high-resolution air pollutant % COPD
emission inventory established by the £ 4%

Peking University team, and the latest E

survey data on the energy structure and ‘E 200

consumption of rural residents. This &

research is valuable for a comprehensive

and objective understanding of the impact 2 o P g =y

of living energy on the atmospheric environment and health.

Based on the life cycle of rice, Xuejun WANG's group quantitatively explained
how the mercury in rice interacts with human health and environmental systems
on a global scale. Studies have found that rice may also be a significant dietary
source of global human methylmercury exposure, especially in South and
Southeast Asia. The international rice trade has triggered regional shifts in human
methylmercury exposure and has significantly increased the risk of
methylmercury exposure in Africa, Central Asia and Europe. In most areas of the
world, residents - =
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will not consume i - :.—t‘f W %
more ;‘ "b_’-’f’ wile,
methylmercury fo RS
than rice due to = "o W e —
rice consumption.

However, in many
soil-contaminated
areas where rice is
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-
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rice and fish may
become an important health issue.

Impacts of air pollutants from rural Chinese households under the rapid residential energy
transition. Shen, GF ; Ru, MY; Du, W; Zhu, X; Zhong, QR ; Chen, YL ; Shen, HZ ;Yun, X ; Meng,
WJ; Liu, JF ; Cheng, HF ; Hu,JY ; Guan, DB ; Tao, S, Nature Communications 10 3405(2019)
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Academician Jingyun FANG received the
Whitaker Distinguished Ecologist Award

On April 16, 2019, Prof. Jingyun FANG, College of

Urban and Environmental Sciences / Ecology Research Center, won the
Outstanding Ecologist Award "Whitaker of 2019" for his "outstanding contribution
to promoting ecological development, serving national and international policy
formulation, and establishing an ecological community." The Whitaker
Distinguished Ecologist Award was established by the Ecological Society of
America in honor of the world-renowned distinguished ecologist Robert Whitaker,
and awarded to non-American ecologists who have made outstanding
contributions to ecology. The selection of ecologists is one of the most influential
awards in the international ecological community. Prof. Jingyun FANG was the
first Chinese to win the award.

FRIBER Y5 T %PBE (College of Environmental Sciences and

Engineering)
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Mental health impacts from environment

Environmental factors can affect human mental

depression

health through physiological and psychological
pathways. Prof. Tong ZHU and his team
explored the associations between mental
health and a few environmental factors among
a nationally representative sample of Chinese
adults. We found air pollution and temperature
variation were associated to declined mental
health. Residential greenness might be

] meaningless _ - / ,  anxiety

feeling ~ upset
difficulty N ~

hopelessness

Odds Ratio per 10 1 g/m® reduction of PM, s

associated to better mental health.

Declines in mental health associated with air pollution
and temperature variability in China. Xue T, Zhu T, Zheng Y, Zhang Q. Nature Communications

10 2165 (2019).
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Complex effects of ammonia emission control in China

Atmospheric ammonia
(NH3) plays key roles in
haze formation,

neutralization of acid rain,
and global nitrogen cycle.
Prof. Yu SONG and his team
evaluate the complex
environmental effects
caused by NH3 emissions
and propose a targeted NH3
emission control strategy in
the agricultural sector for
China.

Ammonia emission control in China would mitigate haze pollution and nitrogen deposition, but
worsen acid rain, M. Liu, X. Huang, Y. Song et al., Proceedings of the National Academy of
Sciences of the United States of America, 116 (16) 7760-7765 (2019)
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Pro-Oxidative and Proinflammatory Effects After Traveling From Los

Angeles to Beijing A Biomarker-Based Natural Experiment

Focusing on the early cardiovascular effect of air pollution exposure, Xinghua
QIU’s group cooperated with UCLA, and designed a novel natural exposure
control experiment on young healthy travelers from Los Angeles to Beijing. In
correspondence to higher exposure in Beijing, activation of lipoxygenase and
inhibition of paraoxonase were found the key mechanism of early cardiovascular
effect, therefore deepened our understanding on air pollution induced
cardiovascular diseases with pro-oxidation and pro-inflammatory mechanism. In
addition, this study proposed a series of novel biomarkers on such effect with
potential clinical application value.
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activity among the 3 phases of the study.

ﬁﬁiﬁfiﬂﬁfﬁl‘% (Academy for Advanced Interdisciplinary Studies)

1. B ORISR/ R R e 6 A s 5 7 WO 0 4 3 o e S A
SR R D AR 5 1 DA B M i 30080 1 5 U B 7 o e 2 e e o

37



JERBFE R (2019 4)%)
PKU Scientific Research Highlights 2019

B AN BRE A (8] 7 e s Ao RPN S B S AL B 0 1 20 R R B A R A S K]
RIEWE, farn THLE RN T8 &R, IFE ST I R A 2 BETERES S

Molecular architecture of lineage allocation and tissue organization in
early mouse embryo

Prof. Jingdong HAN and her team report a spatially resolved transcriptome of cell
populations at defined positions in the germ layers during development from pre-
to late-gastrulation stages. This spatiotemporal transcriptome provides high-
resolution digitized in situ gene-expression profiles, reveals the molecular
genealogy of tissue lineages and defines the continuum of pluripotency states in
time and space.
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Molecular architecture of lineage allocation and tissue organization in early mouse
embryo,Peng, G., Suo, S., Cui, G., Yu, F., Wang, R., Chen, J., Chen, S., Liu, Z., Chen, G., Qian, Y.,

et al,Nature 572, 528-532 (2019).
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DNA induced phase separation of VRN1

Vernalization 1 (VRN1) encodes a crucial transcriptional repressor involved in
plant vernalization. This study revealed that both the B3 DNA binding domains
and the charge pattern in the disordered linker are important for liquid-liquid
phase separation(LLPS). Combined with DNA Curtains and cell imaging methods,
Prof. Zhi QI team and collaborators further suggested that it may stabilize the
vernalized state by repressing gene expression through LLPS providing a new
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insight for transcription regulation.

Mechanism of DNA-Induced Phase Separation for Transcriptional Repressor VRN1, H. Zhou, Z.
Song, S. Zhong, L. Zuo, Z. Qi*, L.-J. Qu*, L. Lai*, Angew. Chem. Int. Ed. 2019, 58, 4858 —4862.

ﬁﬁ—? E‘Xﬂ%ﬁfﬁ (College of Architecture and Landscape)
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Reveal the dynamic evolution of multi-scale landscape with locality in
the process of urbanization

Landscape with locality, as a significant part of the human-nature “living unity”,
and an important embodiment of urban and rural development, is the result of
the interaction between human activities and geographical environment in urban
and rural space. Thus, the research results of Fang WANG’'s team show the
human-nature coupling relationship of multi-scale landscape (including buildings,
blocks, cities, etc.) against the backdrop of urbanization, propose a “network-
node-setting” theoretical model for city renewal and land use, and systematically
assess landscape with locality as a whole. From the perspectives of architectural
heritage renewal, land use in old cities and urban energy consumption, Beijing is
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selected as a typical case to explore the adaptive mechanism of "environmental
impact vs. spatial response"” of landscape with locality, so as to promote the
intensive land use and urban sustainable development.

Inheritance or variation? Spatial regeneration and acculturation via implantation of cultural
and creative industries in Beijing’s traditional compounds. Zeng, M.; Wang, F.*; Xiang, S.N.;
Lin, B.Y.; Gao, C.G.; Li, J.N.. Habitat International, https://doi.org/10.1016/j.habitatint.2019.
102071 (2019)

Isolated or integrated? Planning and management of urban renewal for historic areas in old
Beijing city, based on the association network system. Liu, Z.; Wang, S.Y.; Wang, F.*. Habitat
International 93 102049 (2019)

Predictions and driving factors of production-based CO2 emissions in Beijing, China. Liu, Z.;
Wang, F.*; Tang, Z.Y.*; Tang, J.T.. Sustainable Cities and Society 53 101909(2019)
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E zﬁ E (For More Information)

AR K ERBER SN E HAE,

TR HLE: 86-10-62756820
M TR 48 fsf@pku.edu.cn

Division for Overseas Projects,
Office of Scientific Research, Peking University
Tel: 86-10-62756820

Email:  fsf@pku.edu.cn
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