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Incomplete Lineage Sorting and Phenotypic Evolution in Marsupials

Feng SH', Bai M', Rivas-Gonzalez I, Li C, Liu S, Tong Y, Yang H, Chen G, Xie D, Sears KE, Franco LM, Gai-
tan-Espitia JD, Nespolo RF, Johnson WE, Yang H, Brandies PA, Hogg CJ, Belov K, Renfree MB, Helgen KM,
Boomsma JJ, Schierup MH, Zhang GJ

Summary

Incomplete lineage sorting (ILS) makes ancestral genetic polymorphisms persist during rapid speciation events, inducing incon-
gruences between gene trees and species trees. ILS has complicated phylogenetic inference in many lineages, including homi-
nids. However, we lack empirical evidence that ILS leads to incongruent phenotypic variation. Here, we performed phylogenom-
ic analyses to show that the South American monito del monte is the sister lincage of all Australian marsupials, although over
31% of its genome is closer to the Diprotodontia than to other Australian groups due to ILS during ancient radiation. Pervasive
conflicting phylogenetic signals across the whole genome are consistent with some of the morphological variation among extant
marsupials. We detected hundreds of genes that experienced stochastic fixation during ILS, encoding the same amino acids in
non-sister species. Using functional experiments, we confirm how ILS may have directly contributed to hemiplasy in morpho-
logical traits that were established during rapid marsupial speciation ca. 60 mya.

\ Cell, 2022, 185(10): 1646-1660.¢18 —/
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African suid genomes provide insights into the local adaptation to diverse African environ-
ments

Xie HB', Yan C', Adeola AC', Wang K', Huang CP', Xu MM, Qiu Q, Yin X, Fan CY, Ma YF, Yin TT, Gao Y,
Deng JK, Okeyoyin AO, Oluwole OO, Omotosho O, Okoro VMO, Omitogun OG, Dawuda PM, Olaogun SC, Nne-
ji LM, Ayoola AO, Sanke OJ, Luka PD, Okoth E, Lekolool I, Mijele D, Bishop RP, Han L, Wang W, Peng MS’,
Zhang YP’

Abstract

African wild suids consist of several endemic species that represent ancient members of the family Suidae and have colo-
nized diverse habitats on the African continent. However, limited genomic resources for African wild suids hinder our un-
derstanding of their evolution and genetic diversity. In this study, we assembled high-quality genomes of a common warthog
(Phacochoerus africanus), a red river hog (Potamochoerus porcus), as well as an East Asian Diannan small-ear pig (Sus
scrofa). Phylogenetic analysis showed that common warthog and red river hog diverged from their common ancestor around
the Miocene/Pliocene boundary, putatively predating their entry into Africa. We detected species-specific selective signals
associated with sensory perception and interferon signaling pathways in common warthog and red river hog, respectively,
which contributed to their local adaptation to savannah and tropical rainforest environments, respectively. The structural vari-
ation and evolving signals in genes involved in T-cell immunity, viral infection, and lymphoid development were identified
in their ancestral lineage. Our results provide new insights into the evolutionary histories and divergent genetic adaptations
of African suids.

S Molecular Biology and Evolution, 2022, 39(12): msac256 -/
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Measuring Protected-area Effectiveness Using Vertebrate Distributions from Leech iDNA

Ji YQ', Baker CCM"", Popescu VD, Wang JX, Wu CY, Wang Z, Li YH, Wang L, Hua C, Yang Z, Yang CY, Xu
CCY, Diana A, Wen Q, Pierce NE', Yu DW’

Abstract

Protected areas are key to meeting biodiversity conservation goals, but direct measures of effectiveness have proven difficult to
obtain. We address this challenge by using environmental DNA from leech-ingested bloodmeals to estimate spatially-resolved
vertebrate occupancies across the 677 km2 Ailaoshan reserve in Yunnan, China. From 30,468 leeches collected by 163 park rang-
ers across 172 patrol areas, we identify 86 vertebrate species, including amphibians, mammals, birds and squamates. Multi-spe-
cies occupancy modelling shows that species richness increases with elevation and distance to reserve edge. Most large mammals
(e.g. sambar, black bear, serow, tufted deer) follow this pattern; the exceptions are the three domestic mammal species (cows,
sheep, goats) and muntjak deer, which are more common at lower elevations. Vertebrate occupancies are a direct measure of
conservation outcomes that can help guide protected-area management and improve the contributions that protected areas make
towards global biodiversity goals. Here, we show the feasibility of using invertebrate-derived DNA to estimate spatially-resolved
vertebrate occupancies across entire protected areas.

g

Nature Communications, 2022, 13(1): 1555 —/
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Potential Millennial-scale Avian Declines by Humans in Southern China

Dong F', Zhang Q, Chen YL, Lei FM, Li SH, Wu F, Yang XJ :
Abstract

Mounting observational records demonstrate human-caused faunal decline in recent decades, while accumulating archae-
ological evidence suggests an early biodiversity impact of human activities during the Holocene. A fundamental question
arises concerning whether modern wildlife population declines began during early human disturbance. Here, we performed
a population genomic analysis of six common forest birds in East Asia to address this question. For five of them, demo-
graphic history inference based on 25-33 genomes of each species revealed dramatic population declines by 4- to 48-fold
over millennia (e.g. 2000-5000 thousand years ago). Nevertheless, summary statistics detected nonsignificant correlations
between these population size trajectories and Holocene temperature variations, and ecological niche models explicitly
predicted extensive range persistence during the Holocene, implying limited demographic consequence of Holocene cli-
mate change. Further analyses suggest high negative correlations between the reconstructed population declines and human
disturbance intensities and indicate a potential driver of human activities. These findings provide a deep-time and large-
scale insight into the recently recognized avifaunal decline and support an early origin hypothesis of human effects on bio-
diversity. Overall, our study sheds light on the current biodiversity crisis in the context of long-term human-environment
interactions and offers a multi-evidential framework for quantitatively assessing the ecological consequences of human
disturbance.

\ Global Change Biology, 2022, 28(18): 5505-5513
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Species Persistence with Hybridization in Toad-headed Lizards Driven by Divergent Selec-
tion and Low Recombination

Gao W', Yu CX', Zhou WW', Zhang BL, Chambers EA, Dahn HA, Jin JQ, Murphy RW, Zhang YP', Che J*

Abstract

Speciation plays a central role in evolutionary studies, and particularly how reproductive isolation (RI) evolves. The or-
igins and persistence of RI are distinct processes that require separate evaluations. Treating them separately clarifies the
drivers of speciation and then it is possible to link the processes to understand large-scale patterns of diversity. Recent
genomic studies have focused predominantly on how species or RI originate. However, we know little about how species
persist in face of gene flow. Here, we evaluate a contact zone of two closely related toad-headed lizards (Phrynocephalus)
using a chromosome-level genome assembly and population genomics. To some extent, recent asymmetric introgression
from Phrynocephalus putjatai to P. viangalii reduces their genomic differences. However, their highly divergent regions
(HDRs) have heterogeneous distributions across the genomes. Functional gene annotation indicates that many genes with-
in HDRs are involved in reproduction and RI. Compared with allopatric populations, contact areas exhibit recent divergent
selection on the HDRs and a lower population recombination rate. Taken together, this implies that divergent selection and
low genetic recombination help maintain RI. This study provides insights into the genomic mechanisms that drive RI and
two species persistence in the face of gene flow during the late stage of speciation.

- Molecular Biology and Evolution, 2022, 39(4): msac064
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The Genetic Echo of the Tarim Mummies in Modern Central Asians

Dai SS', Sulaiman X', Isakova J', Xu WE', Abdulloevich NT, Afanasevna ME, Ibrohimovich KB, Chen X, Yang
WK, Wang MS, Shen QK, Yang XY, Yao YG, Aldashev AA, Saidov A, Chen W, Cheng LF’, Peng MS’, Zhang YP"

Abstract

The diversity of Central Asians has been shaped by multiple migrations and cultural diffusion. Although ancient DNA studies
have revealed the demographic changes of the Central Asian since the Bronze Age, the contribution of the ancient populations
to the modern Central Asian remains opaque. Herein, we performed high-coverage sequencing of 131 whole genomes of In-
do-European-speaking Tajik and Turkic-speaking Kyrgyz populations to explore their genomic diversity and admixture history.
By integrating the ancient DNA data, we revealed more details of the origins and admixture history of Central Asians. We found
that the major ancestry of present-day Tajik populations can be traced back to the admixture of the Bronze Age Bactria-Margiana
Archaeological Complex and Andronovo-related populations. Highland Tajik populations further received additional gene flow
from the Tarim mummies, an isolated ancient North Eurasian-related population. The West Eurasian ancestry of Kyrgyz is mainly
derived from Historical Era populations in Xinjiang of China. Furthermore, the recent admixture signals detected in both Tajik
and Kyrgyz are ascribed to the expansions of Eastern Steppe nomadic pastoralists during the Historical Era.

- Molecular Biology and Evolution, 2022, 39(9): msac179
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Genetic Adaptation of Skin Pigmentation in Highland Tibetans

Yang ZH", Bai C', PuY', Kong Q', Guo YB', Ouzhuluobu, Gengdeng, Liu X, Zhao Q, Qiu Z, Zheng WS, He YX,
LinY, Deng L, Zhang C, Xu S, Peng Y, Xiang K, Zhang X, Baimayangji, Cirenyangji, Cui C, Baimakangzhuo,
Gonggalanzi, Bianba, Pan Y, Xin J, Wang Y, Liu S, Wang L, Guo H, Feng Z, Wang S, Shi H, Jiang B, Wu T, Qi

XB’, Su B’

Abstract

Strong ultraviolet (UV) radiation at high altitude imposes a serious selective pressure, which may induce skin pigmentation
adaptation of indigenous populations. We conducted skin pigmentation phenotyping and genome-wide analysis of Tibetans in
order to understand the underlying mechanism of adaptation to UV radiation. We observe that Tibetans have darker baseline skin
color compared with lowland Han Chinese, as well as an improved tanning ability, suggesting a two-level adaptation to boost
their melanin production. A genome-wide search for the responsible genes identifies GNPAT showing strong signals of positive
selection in Tibetans. An enhancer mutation (rs75356281) located in GNPAT intron 2 is enriched in Tibetans (58%) but rare in
other world populations (0 to 18%). The adaptive allele of rs75356281 is associated with darker skin in Tibetans and, under UVB
treatment, it displays higher enhancer activities compared with the wild-type allele in in vitro luciferase assays. Transcriptome
analyses of gene-edited cells clearly show that with UVB treatment, the adaptive variant of GNPAT promotes melanin synthesis,
likely through the interactions of CAT and ACAAL in peroxisomes with other pigmentation genes, and they act synergistically,
leading to an improved tanning ability in Tibetans for UV protection.

\ PNAS, 2022, 119(40): 2200421119
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Functional Genomics Analysis Reveals the Evolutionary Adaptation and Demographic His-

tory of Pygmy Lorises

Li ML', Wang S', Xu P', Tian HY', Bai M, Zhang YP, Shao Y, Xiong ZJ, Qi XG, Cooper DN, Zhang GJ, Zhu
HH, Wu DD’

Abstract

Lorises are a group of globally threatened strepsirrhine primates that exhibit many unusual physiological and behavioral
features, including a low metabolic rate, slow movement, and hibernation. Here, we assembled a chromosome-level ge-
nome sequence of the pygmy loris (Xanthonycticebus pygmaeus) and resequenced whole genomes from 50 pygmy lorises
and 6 Bengal slow lorises (Nycticebus bengalensis). We found that many gene families involved in detoxification have
been specifically expanded in the pygmy loris, including the GSTA gene family, with many newly derived copies function-
ing specifically in the liver. We detected many genes displaying evolutionary convergence between pygmy loris and koala,
including PITRMI. Significant decreases in PITRM1 enzymatic activity in these two species may have contributed to
their characteristic low rate of metabolism. We also detected many evolutionarily convergent genes and positively selected
genes in the pygmy loris that are involved in muscle development. Functional assays demonstrated the decreased ability of
one positively selected gene, MYOF, to up-regulate the fast-type muscle fiber, consistent with the lower proportion of fast-
twitch muscle fibers in the pygmy loris. The protein product of another positively selected gene in the pygmy loris, PER2,
exhibited weaker binding to the key circadian core protein CRY, a finding that may be related to this species’ unusual circa-
dian rhythm. Finally, population genomics analysis revealed that these two extant loris species, which coexist in the same
habitat, have exhibited an inverse relationship in terms of their demography over the past 1 million years, implying strong
interspecies competition after speciation.

PNAS, 2022, 119(40): 2123030119
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A single-nucleus transcriptomic atlas of the dog hippocampus reveals the potential relation-
ship between specific cell types and domestication

Zhou QJ', Liu X', Zhang L', Wang R, Yin T, Li X, Li GM, He Y, Ding Z, Ma PC, Wang SZ, Mao BY", Zhang
SH', Wang GD’

Abstract

The process of domestication has led to dramatic differences in behavioral traits between domestic dogs and gray
wolves. Whole-genome research found that a class of putative positively selected genes were related to various as-
pects of learning and memory, such as long-term potentiation and long-term depression. In this study, we construct-
ed a single-nucleus transcriptomic atlas of the dog hippocampus to illustrate its cell types, cell lineage and molecular
features. Using the transcriptomes of 105 057 nuclei from the hippocampus of a Beagle dog, we identified 26 cell
clusters and a putative trajectory of oligodendrocyte development. Comparative analysis revealed a significant con-
vergence between dog differentially expressed genes (DEGs) and putative positively selected genes (PSGs). Forty
putative PSGs were DEGs in glutamatergic neurons, especially in Cluster 14, which is related to the regulation of
nervous system development. In summary, this study provides a blueprint to understand the cellular mechanism of
dog domestication.

- National Science Review, 2022, 9(11): nwac147
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ETS1 Acts as a Regulator of Human Healthy Aging via Decreasing Ribosomal Activity

Xiao FH', Yu Q', Deng ZL', Yang K, Ye Y, Ge MX, Yan D, Wang HT, Chen XQ, Yang LQ, Yang BY, Lin R,
Zhang W, Yang XL, Dong L, He Y, Zhou J, Cai WW", Li J", Kong QP’

Abstract

Adaptation to reduced energy production during aging is a fundamental issue for maintaining healthspan or prolonging
life span. Currently, however, the underlying mechanism in long-lived people remains poorly understood. Here, we an-
alyzed transcriptomes of 185 long-lived individuals (LLIs) and 86 spouses of their children from two independent Chi-
nese longevity cohorts and found that the ribosome pathway was significantly down-regulated in LLIs. We found that the
down-regulation is likely controlled by ETS1 (ETS proto-oncogene 1), a transcription factor down-regulated in LLIs and
positively coexpressed with most ribosomal protein genes (RPGs). Functional assays showed that ETS1 can bind to RPG
promoters, while ETS1 knockdown reduces RPG expression and alleviates cellular senescence in human dermal fibroblast
(HDF) and embryonic lung fibroblast (IMR-90) cells. As protein synthesis/turnover in ribosomes is an energy-intensive
cellular process, the decline in ribosomal biogenesis governed by ETS1 in certain female LLIs may serve as an alternative
mechanism to achieve energy-saving and healthy aging.
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RNF220 is an E3 Ubiquitin Ligase for AMPA Receptors to Regulate Synaptic Transmission

Ma P', Wan LP', Li Y', He CH', Song NN, Zhao S, Wang H, Ding YQ', Mao BY", Sheng NY"
Abstract

The accurate expression of postsynaptic AMPA receptors (AMPARS) is critical for information processing in the

brain, and ubiquitination is a key regulator for this biological process. However, the roles of E3 ubiquitin ligases in
the regulation of AMPARSs are poorly understood. Here, we find that RNF220 directly interacts with AMPARSs to
meditate their polyubiquitination, and RNF220 knockout specifically increases AMPAR protein levels, thereby en-
hancing basal synaptic activity while impairing synaptic plasticity. Moreover, depending on its E3 ubiquitin ligase
activity, RNF220 represses AMPAR-mediated excitatory synaptic responses and their neuronal surface expression.
Furthermore, learning and memory are altered in forebrain RNF220-deficient mice. In addition, two neuropatholo-
gy-related RNF220 variants fail to repress excitatory synaptic activity because of the incapability to regulate AM-
PAR ubiquitination due to their attenuated interaction. Together, we identify RNF220 as an E3 ubiquitin ligase for

AMPARs and establish its substantial role in excitatory synaptic transmission and brain function.

- Science Advances, 2022, 8(39): eabq4736

{Z R - I E IR P R S RIS i sy R AR E PEAE R
finDhReRTE h R B, I B3 iZ B R RNF220 28748
SEAIZ I FELPA A R b S S BRI E SRR R, H
X RNF220 {£ B 2270 i 9z 2Ly AL M 22 DhRe (7 —
TEFER, AR %S IR A 2 5 S A T K Wi 2k B D fE

B,

BEAEENFRICHRN . EARFOFCHIIC A S B T
SRR R ) & 1, #8717 RNF220 7E 2l 6 1 1k s e :
HRITHRE RIS LB, HE RNF220 2835 5 A S BLH 4 H) (] Ao [EL T
BRSO RN BB B, A% BL RNF220 J e

B LA P G 5y T- AMPA 52 (KOG SebE B3 17 2555 4, e

Noumnl Bohayior
S A AMPA 22 (KR RUEPERIZUIALIE, 25550 T & A& [T
{35 PERITAT 400k LTP B4 . RNF220 i ik i /b B J S s (
SRINAT IS A, DIENRRESD . 2 A AR AL ﬂ ffilﬁ @i} éﬁlﬁ
RNF220 4 T EE A % 58 22 M LS AMPAR 12 25 g e onsmee

ERIVEARAE 1) T Ve, TR 2L A ML 2 B PE OB ) e R ] L Ll
ETFICHI T AMPA 5 (3 [ B ML 2 2 Rl PR Rk i
B RE VRS O TR FIRLEL, A5 BT HE— S AR 2 iy T2
(1R M A 2k i A B R B e % 1 FRO LR,
ZF TR K 5T Science Advances.,

RNF220 AMPA

Science
Adyances

A,




2022 iR

ANNUAL REPORT

EER S |
] BA % RE T 20 B B A TR S SR AL I

-
Lnc956-TRIM28-HSP90B1 Complex on Replication Forks Promotes CMG Helicase Reten-
tion to Ensure Stem Cell Genomic Stability and Embryogenesis

MRAE=:

~N

Zhang W', Tang M', Wang L, Zhou H, Gao J, Chen Z, Zhao B, Zheng P

Abstract

Replication stress is a major source of endogenous DNA damage. Despite the identification of numerous proteins on rep-
lication forks to modulate fork or replication machinery activities, it remains unexplored whether noncoding RNAs can
localize on stalled forks and play critical regulatory roles. Here, we identify an uncharacterized long noncoding RNA
NONMMUT028956 (Lnc956 for short) predominantly expressed in mouse embryonic stem cells. Lnc956 is accumulated
on replication forks to prevent fork collapse and preserve genomic stability and is essential for mouse embryogenesis.
Mechanistically, it drives assembly of the Lnc956-TRIM28-HSP90B1 complex on stalled forks in an interdependent man-
ner downstream of ataxia telangiectasia and Rad3-related (ATR) signaling. Lnc956-TRIM28-HSP90B1 complex physical-
ly associates with minichromosome maintenance proteins 2 (MCM2) to minichromosome maintenance proteins 7 (MCM?7)
hexamer via TRIM28 and directly regulates the CDC45-MCM-GINS (CMG) helicase retention on chromatin. The regu-
lation of Lnc956-TRIM28-HSP90B1 on CMG retention is mediated by HSP90B1’s chaperoning function. These findings
reveal a player that actively regulates replisome retention to prevent fork collapse.

- Science Advances, 2022, doi: 0.1126/sciadv.adf6277
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Phylogenetics and Biogeography

Dr. Junxing Yang, Professor. Current agriculture endangered aquatic wildlife species
science committee, the world conservation union (IUCN/WI) freshwater fish expert group
(FFSG), chairman of China, China institute of zoology, the 18th session of board of direc-
tors, yunnan province, aquatic consultant in yunnan province, the fifth in yunnan province,
yunnan provincial nature reserve review committee members Provincial young and mid-
dle-aged academic and technical leaders, blue Granary science and technology innovation
consulting experts, etc. The research team is mainly interested in biodiversity monitoring
survey and evaluation, fauna taxonomic, phylogenetic and biogeographic; ecology and
conservation research to rare and native species; especially focuses on the restoration of
wetland ecosystem and application. So far, presided over more than 40 projects, in 2022,1
new aquatic product was obtained, 2 SCI papers were published, 4 national authorized pat-
ents, 1 foreign invention patent and 8 new patents were applied. Yunnan Province Science
and Technology Award 1 (third prize).

Email: yangjx@mail.kiz.ac.cn

1. A new aquatic product -- Neolissochilus benasi “Molong No.1”

Neolissochilus benasi, a uniquely, rarely and preciously large fish in Yuanjiang basin on the
Yunnan Province, which the maximum body weight is up to 20 kg for wild individuals. Fur-
ther, it possesses huge value for edible, ornamental and angling due to its beautiful appearance
and strong endurance. However, superior varieties are lack for breeding market. Therefore, we
has successively carried out a series of studies for introduction, artificial domestication and
propagation, seedling cultivation and disease prevention since 2007, and a technical system
were constructed for “conservation-breeding-breeding” of N. benasi. Moreover, a new variety
“Molong No.1” with accelerated growth rate (accelerated by 30.27%), weakened inter-mus-
cular bones (weakened by 16.4%) and improved resistance to disease were selected based on
four generation of artificial selection of the farmed populations, which suitable for breeding in
the south of China and Southeast Asia, where the water temperature is 8-26 °C. Variety regis-
tration number:GS-01-004-2022.
[Pan XF et al. 2022 Ministry of Agriculture and Rural Affairs of the People’s Republic of

China])

2. Muscle transcriptome analysis provides new insights into the growth gap
between fast- and slow-growing Sinocyclocheilus grahami

Sinocyclocheilus grahami, an economically valuable species known for its excellent quality ,
and possess huge breeding potential, especially in freshwater aquaculture. However, the new
breed (“S. grahami, Bayou No. 17, hereafter S.grahami) still faces some challenges, such as
slow growth and large growth differences among individuals.Therefore,To promote the selec-
tive breeding of new breeds with a faster and more stable growing, in this study, we conducted
muscle transcriptomic analysis in 14 fast and 14 slow-growth individuals to investigate the
growth gaps among individuals and the mechanism underlying growth in S.grahami.Based on
the gene expression profiles, the uptake of energy - - [ — -

substances was considered as the root cause, while
collagen synthesis was considered as the direct
reason for the growth gap between fast- and slow-
growth S.grahami. Furthermore, several genes
regulate appetite, food intake (e.g., adipog), and

collagen synthesis (e.g., collal, colla2, col5al, R T
col6a2, collOal, col26al) were identified as crucial - = : ST
genes for S.grahami growth. Our findings provide — = = - - - -~
an important theoretical basis for guiding S.grahami e
breeding. - g

[Yin YH et al. 2022 Aquaculture Reports, IF= 3.385)

3. The artificial breeding, production and releasing in the wild of endan-
gered fishes

In this year, we cultivated and produced more than 5 million fish fry of these fishes, including

Sinocyclocheilus grahami, Sinocyclocheilus tingi, Neolissochilus benasi, Schizothorax talien-
sis, Anabarilius liui chenghaiensis, Anabarilius grahami, Torgiaojiensis and Distoechodon
macrophthalmus et al. More than 0.8 million individuals were released in wild to rebuilt and
restore the wild population of these fishes.
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Li XY*, Hu WQ, Bleisch WV, Li Q,
Wang HJ, Ti B, Qin Z, Sun J, Zhang FY,
Jiang XL*. 2022. Disproportionate loss of
threatened terrestrial mammals along an-
thropogenic disturbance gradients. Science
of the Total Environment, 850: 158038.
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CK, Liu Y, Faiz A, Jiang XL¥*, Liu SY*.
2022. Multi-locus phylogeny and species
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and multiple speciation patterns. Molec-
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107619. IF5.019
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Mammal Ecology and Evolution

Prof. Xuelong Jiang, Professor, The laboratory is mainly interested in
specimen-based investigations of biodiversity inventory, taxonomy and
systematics, phylogenetics and phylogeography of small mammals with |4
a special focus in the mountain region of southwest China, and also in -
mammal diversity distribution pattern and the driving forces, behavior §'
ecology of western black crested gibbon, as well as conservation of rare
species, such as Asian elephant and other large mammals.

Email: jiangxl@mail.kiz.ac.cn
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1. Multi-locus phylogeny and species delimitations of the striped-
back shrew group (Eulipotyphla, Soricidae), Implications for cryptic
diversity, taxonomy and multiple speciation patterns

Phylogenetic analyses of the concatenated mtDNA data revealed 14 sympatric and
independently evolving lineages within the striped-back shrew group, including
Sorex bedfordiae, S. cylindricauda, S. excelsus, S. sinalis and several cryptic species.
All concatenated data (ten genes) showed a consistent genetic structure compared to
the mtDNA lineages for the group, whereas the nuclear and the Y chromosome data
showed a discordant genetic structure compared to the mtDNA lineages for the striped-
back shrew group. Species delimitation analyses and deep genetic distance clearly
support the species status of the 14 evolving lineages. The divergence time estimation
suggested that the striped-back shrew group began to diversify from the middle Pleis-
tocene (2.34 Ma), then flourished at approximately 2.14 Ma, followed by a series of
rapid diversifications through the Pleistocene. Our results also revealed multiple mech-
anisms of speciation in the Mountains of Southwestern China and Adjacent Mountains
with complex landscapes and climate. The uplifting of the Qinghai-Tibetan Plateau,
Quaternary climate oscillations, riverine barriers, ecological elevation gradients, topo-
graphical diversity, and their own low dispersal capacity may have driven the specia-
tion, genetic structure, and phylogeographic patterns of the striped-back shrew group.
[ Chen SD et al. 2022 Molecular Phylogenetics and Evolution, 1F=5.019]

2. Mitochondrial Genetic Diversity and Structure of the Langur Popu-
lation in a Complex Landscape of the Nepal Himalaya

This study assessed the population genetic structure of the Nepal Himalayan langurs
(Semnopithecus spp.) across almost their entire distribution range in the complex
landscape of the Nepal Himalaya using the mitochondrial cytochrome b (CYTB, 1140
bp), cytochrome ¢ oxidase I (COI, 676 bp), and control region (1088 bp) sequences.
Sequences were successfully retrieved from 52 samples belonging to 17 troops of wild
Himalayan langurs in Nepal. The concatenated alignment of the three loci (2904 bp)
defined 35 unique haplotypes with haplotype and nucleotide diversities of 0.961 +
0.017 and 0.0204 + 0.004, respectively. The results of a median joining haplotype net-
work and of inter-haplotypic phylogenetic analyses revealed five major clades across
the country: one from the eastern, two from the central, and two from the western re-
gion of Nepal. No haplotypes were shared among the regions. The Mantel test results
indicated that the landscape heterogeneity of the Himalaya has shaped the population
genetic structure of the Himalayan langurs due to the combined effects of isolation by
resistance and isolation by distance phenomena. The strong population genetic struc-
ture and deep mtDNA divergence warrants a detailed taxonomic assessment of the
Himalayan langurs across their entire range.
[Khanal L et al. 2022 Diversity-Basel, 1F=3.031]
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Ornithology

Prof. Yang Xiaojun, Principle Investigator, Kunming Institute of Zool-
ogy, Chinese Academy of Sciences. My research interest lies at bird tax-
onomy and fauna, phylogeny, biogeography, community ecology, as well
as behaviour ecology and conservation biology of endangered bird spe-
cies. Till now, 8 books and more than 100 papers have been published.
Email: yangxj@mail.kiz.ac.cn
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Potential millennial-scale avian declines by humans in south-
ern China

Mounting observational records demonstrate human-caused faunal decline in
recent decades, while accumulating archaeological evidence suggests an early
biodiversity impact of human activities during the Holocene. A fundamental
question arises concerning whether modern wildlife population declines began
during early human disturbance. Here, we performed a population genomic
analysis of six common forest birds in East Asia to address this question. For
five of them, demographic history inference based on 25-33 genomes of each
species revealed dramatic population declines by 4- to 48-fold over millennia
(e.g. 2000-5000 thousand years ago). Nevertheless, summary statistics de-
tected nonsignificant correlations between these population size trajectories
and Holocene temperature variations, and ecological niche models explicitly
predicted extensive range persistence during the Holocene, implying limited
demographic consequence of Holocene climate change. Further analyses sug-
gest high negative correlations between the reconstructed population declines
and human disturbance intensities and indicate a potential driver of human
activities. These findings provide a deep-time and large-cale insight into the
recently recognized avifaunal decline and support an early origin hypothesis
of human effects on biodiversity. Overall, our study sheds light on the current
biodiversity crisis in the context of longterm human—environment interactions
and offers a multi-evidential framework for quantitatively assessing the eco-
logical consequences of human disturbance.
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Species distributional changes in the potential suitable habitats from the
mid-Holocene to the present day for the six studied birds. (a) Alcippe morriso-
nia, (b) Cyanoderma ruficeps, (c) Pomatorhinus ruficollis, (d) Aegithalos con-
cinnus, (e) Leiothrix lutea and (f) Horornis fortipes. Species distribution models
during the mid-Holocene were constructed under the CCSM4 model.
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Douglas W. Yu, {6+, MF2 5, EEZSHERPPOATN, BHt=EE &m A4 5 HE
SIHEANA . EEREWAN T RNE : A2 PR PR M a RS AT, AR
Kk ZeE it 100 518 3¢ T E Br # T Nature, Science, PNAS, PLoS Biology, Ecology Letters, Ecological
; Monographs, Ecology, American Naturalist, Evolution 2 1.

Email: dougwyu@mac.com
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0998.13703

1. FUFBIZE iDNA RiF G B A FRIP A SRR

W 2 REER M T 22 B AT 2ERTE IR AY R RS2 —, s 3SR R
PR NIRRT A P 2 FEER B R . An{AT Il iX Se R X & B EIEAR
bR T U HBI R AR, BN T — A REREERTAEE, A4 T X — s,
Hh E BB R 304 FE Bt Douglas BREIZH 1 71 FH s W £ (A #E 2l M ik
F11) DNA (iDNA, invertebrate-derived DNA) #4717 —k IR 22K, Xk
#h 677 775 28 By 2B I E K B AR R IX 34T T — A2 R EHE sht 2 Hetk
AAZE, ASWFZEUERH T 26 Figis iDNA B Sl & 4 A rTLASEBR N Tk
BB, wnzs bl o BER I B A B ME S 2 RV PR IE TR . MRS R, R
EARRYX. (FEAHBLOXIR) AR SR EEHE SR AL T (R
], AW AR F L A SRR X EESL T AT iIDNA PR HEZh I 2 AR 2%, R
KA IDNA A2 o] DA X A B EeAb M/~ oy A A8 1L, TED TR B SR 0R
PR bR

2. )\ DNA EiEPiREINEEER

FE&IERD, 2HREHY: (metabarcoding, metagenomics) AJ LAY £ P44 F0
B, PrRAH AL A RIHENT . FRESD SRR o B, PRI
AR AT, UL R A PR R PR M T i A B Dk, K0, SRR
AR HR AR 2 BhRIR A w22 e PR 45 A AR k2, 24 DNA B BEEA T EE R .
Bk, A3CR T A EH “DNA AR (DNA spike-in) » 2 IE SIS RE ™26
R FE R R RPN 2 B B . ASCRFEH T — P TR ARG 5%, W]
T34 b DNA NERESINATEAR S, DA T2 R sRge Bl i T4



2022 iR

ANNUAL REPORT

Ecology, Conservation & Environment Center(ECEC)

Dr. Douglas W. Yu. Yu's research covers two fields, (1)
game-theoretical models of symbiosis, and (2) rapid biodi-
versity assessment using genomics. In the first area, we have
developed new genomics methods for biodiversity rapid assess-
ment. In the second, we have been elucidating the mechanisms
stabilizing cooperation among species, using in fig-wasp and
ant-plant mutualisms as experimental models. Yu has 100 pub-
lications, including in Nature, Science, PNAS, PLoS Biology,
Ecology Letters, Ecological Monographs, Ecology.

Email: dougwyu@mac.com

1. Measuring protected-area effectiveness using vertebrate distri-
butions from leech iDNA

Protected areas are key to meeting biodiversity conservation goals, but direct mea-
sures of effectiveness have proven difficult to obtain. We address this challenge by
using environ_x0002_mental DNA from leech-ingested bloodmeals to estimate
spatially-resolved vertebrate occupancies across the 677 km2 Ailaoshan reserve in
Yunnan, China. From 30,468 leeches collected by 163 park rangers across 172 pa-
trol areas, we identify 86 vertebrate species, including amphibians, mammals, birds
and squamates. Multi-species occupancy modelling shows that species richness

increases with elevation and distance to
& - -
III_ III-

reserve edge. Most large mammals (e.g.

168]1 e

sambar, black bear, serow, tufted deer)
follow this pattern; the excep x0002
tions are the three domestic mammal
species (cows, sheep, goats) and muntjak
deer, which are more common at lower
elevations. Vertebrate occupancies are a
direct measure of conservation outcomes
that can help guide protected-area man-
agement and improve the contributions
that protected areas make towards global
biodiversity goals. Here, we show the
feasibility of using invertebrate-derived
DNA to estimate spatially-resolved ver-
tebrate occupancies across entire pro-
tected areas.
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Figure 2. Species richness, occupancy
and detection.

2. Extracting abundance information from DNA-based data

The accurate extraction of species-abundance information from DNA-based data
(metabarcoding, metagenomics) could contribute usefully to diet analysis and food
x0002_web reconstruction, the inference of species interactions, the modelling of
popula_x0002_tion dynamics and species distributions, the biomonitoring of en-
vironmental state and change, and the inference of false positives and negatives.
However, multiple sources of bias and noise in sampling and processing combine to
inject error into DNA-based data sets. we therefore demonstrate how to use a “DNA
spike-in” to correct for pipeline noise and recover within-species abundance infor-
mation. We also introduce a model based estimator that can be used on data sets
without a physical spike-in to approximate and correct for pipeline noise.
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1. New progress in biodiversity research

In 2022, a total of 2 new species of amphibians and reptiles, 6 new record species in China have been
published. Following 18-month long field monitoring, we reported the discovery of a wild population

of CGS in a closed nature reserve in Jiangxi Province, China. [ __
Genomic assessments reveal its genetic distinctiveness and Fe ", A

do not detect genetic admixture with other species. Based on | % Al s
morphological and molecular evidences, we describe this CGS T il

as a new species Andrias jiangxiensis. This is the only known . m——
species of CGS today with a genetically pure, reproducing, in .

situ population. This discovery emphasizes the important role - E;%E
that closed nature reserves play in protecting species, and the i | ST
necessity of integrating long-term field monitoring and genetic WO P
assessments. It sets a new pathway for discovering and con- Results of field-monitoring surveys
serving endangered species, especially for those biotas that are  and genetic distinctiveness of 4.

similarly being extirpated by anthropogenic translocations and Jiangxiensis
overexploitation.

2. The highest-elevation frog provides insights into mechanisms and
evolution of defenses against high UV radiation
High-elevation species may face increased ultraviolet (UV) ex-
posure as a consequence of climate change. By comparing the
highest-elevation frog, Nanorana parkeri, with its low-elevation
relatives, we showed higher UV tolerance in N. parkeri after

a time course UV exposure. Combined a chromosome-level
reference genome of N. parkeri with large-scale transcriptomic
and microRNA (miRNA) profiling, we showed a temporal ex-
pression pattern of UV defense genes in N. parkeri. Moreover, . - n R
multiple temporal-expressed genes also exhibit positive selec- Tafpo.nT agNEtas O
tion with function-enhancing substitutions in N. parkeri, such as ﬁ = —I lﬁi i d I]
TYR. This work provides a comprehensive genetic framework
of UV defense, which will guide future study of skin cancer and
evolution of defense.

3. Species persistence with hybridization in toad-headed lizards driven
by divergent selection and low recombination
Speciation plays a central role in evolutionary studies, and
particularly how reproductive isolation evolves. However, we
know little about how species persist in face of gene flow. Here,
we evaluate a contact zone of two closely related toad-headed
lizards (Phrynocephalus) using population genomics. To some
extent, recent asymmetric introgression from P. putjatai to P.
vlangalii reduces their genomic differences. However, their

highly divergent regions (HDRs) have heterogeneous distribu- —_—
tions across the genomes. And many genes within HDRs are
involved in reproduction and reproductive isolation. Compared (] 1

to allopatric populations, contact areas exhibit recent divergent o fo
selection on the HDRs and a lower population recombination
rate. Taken together, this implies that divergent selection and
low genetic recombination help maintain reproductive isolation.

Skin structures of the unexposed
and the UV-exposed frogs.

Geographic distribution and genetic
structure of P. viangalii and P.
putjatai.
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SRFNEE TR

SFHENSERAESHFIEF R

o T, WEEEHY, hERRERE L, KR ERPAR L, BNEER L

T ERERERIGER:, SRR S E R R = AR Z A& E, Hum Mol Genet %iZs .
UTAE R H i Bl SE K F5 s B ARk (R 0 o0 160l B B R ST FP EIRILL B N4 2B ns
PR BT Q3 55 5 SRR T LA, 2022 4RBEA 2 KWFTHLE, AR ATEMS
THEDNE A SR SR IR YR, A S IEDUR B MR OB AR FIE AR 3% . FIFRE
PRI R AR A TR A T S0 . TGOS RSP F i s, B4k T Hidsk
i, fEERs SCIFI4 ERFR T30 16 B, Hh IF>10 119 7 &%, 4% Mol Biol Evol (3) ,
PANS(3), NatSci Rev (1),
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. Xie HB', Yan C', Adeola AC', Wang K',
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CY, Ma YF, Yin TT, Gao Y, Deng JK,
Okeyoyin AO, Oluwole OO, Omotosho O,
Okoro VMO, Omitogun OG, Dawuda PM,
Olaogun SC, Nneji LM, Ayoola AO, Sanke
0J, Luka PD, Okoth E, Lekolool I, Mijele
D, Bishop RP, Han JL*, Wang W*, Peng
MS*, Zhang YP*. African suid genomes
provide insights into the local adaptation
to diverse African environments. Molecu-
lar Biology and Evolution, 2022, 39(12):
msac256.

. Dai SS', Sulaiman X', Isakova J', Xu WF',

Abdulloevich NT, Afanasevna ME, Ibrohi-
movich KB, Chen X, Yang WK, Wang MS,
Shen QK, Yang XY, Yao YG, Aldashev
AA, Saidov A, Chen W, Cheng LF*, Peng
MS*, Zhang YP*. The genetic echo of the
Tarim mummies in modern Central Asians.
Molecular Biology and Evolution, 2022:
msac179.

. Peng MS'*, Han JL, Zhang YP. Missing

puzzle piece for the origins of domestic
chickens. Proceedings of the National
Academy of Sciences, 2022, 119(44):
€2210996119.

. Tao L', Wang LG', Adeola A.C., Zhang

LC, Li LW, Li QL, Cen DJ, Yan C, Ma
ZS, Wang LX*, Xie HB*, Zhang YP*.
Associations of autozygosity with economic
important traits in a cross of Eurasian pigs.
Journal of Genetics and Genomics, 2022.

. Wu YQ', Zhang YD', Liu H, Gao Y, Liu

YY, Chen L, Liu L, Iwrin DM, Hou CH,
Zhou ZY*, Zhang YP*. Genome-wide
identification of functional enhancers and
their potential roles in pig breeding. Journal
of Animal Science and Biotechnology, 2022,
13(1): 75.

. Xu MM', Gu LH', Lv WY', Duan SC,

Li LW, Du Y, Lu LZ, Zeng T, Hou ZC,
Ma ZS, Chen W, Adeola AC, Han JL, Xu
TS*, Dong Y*, Zhang YP*, Peng MS*.
Chromosome-level genome assembly of
the Muscovy duck provides insight into
fatty liver susceptibility. Genomics, 2022,
114(6): 110518.

1. IEMEFERRIRIE(EERIZHE
JEMSEIE (African Swine Fever, ASF) & HIENIEIETE (ASFV) L5 2R T
Ry —Fhatk, 200w YR, RN AR RS2 ASFV BURARTE ., iBHl
SR BT ARAL B T @ P FLL S R R, Hon T HRINFE R Sh i
RRA S, RIARMIEFHERIE S Bk ARSI S RRERE TS T 4.
R BRIk A LUR T, o, AR EHNE S 590 T 852 &1 TRBV27 &
KIEA RIS FYEh 4 s A7 7L 284 bp e, SRS T A2 Rk Z CDRI Zafilx., s2niH:
T Al 52 et s St AN TR A, ABF o035 RN B3P ity 2k B 41 556 A B T ik
KW ASFV BYLFIEURIIRBIER, SHFFEDUR T R S BRI (R I FIH A S
[Xie HB et al. 2022 Molecular Biology and Evolution, 1F=20.074]

2. B ERAF S RPIABRRS RS

HE AL TR KB RIZ AAL , — RIS R SRR 5 SO S AR R R IX.
FERE BB RN, BT HOER G NTERITEIR [ S R JR T RS fiF g, (ER TR Al it
TEARICRIPREI LA B ik Z J8 0 ol (N TR 1% s, MELLEIT ihilE AERCERYHE . 36
A1 P I A 55 S AT JR s BOBREAT T et BE RN, G5 8 A g R R A IR &
JRI B D R RN TR 2 AN TR AR R BE , AR B, MRS s ke v LB
W1 SR CRY 22 78 B T DROR Il g S L s e BLAE - /RSN SCIE AT, Besh,
B v ABEBO MBS B /MAT ABE ANE ISR, ] SR s F i MLk 5 5 sk Bt S
SR NFEORFF Tt (% _LAESME, JF HAR/R 30 OBFNEE 35 v AT 52 B0 1R b il ds RO
SRERERE . FRAVRIREZEINE T 3l D T ARERIR ., LA RR A 7 L AYINR,
[Dai SS et al. 2022 Molecular Biology and Evolution, 1F=20.074]
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[Peng MS et al. 2022 Proceedings of the National Academy of Sciences, 1F=13.451]
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of human social disorders. In 2022, Prof. Zhang organized joint team to conduct
series of evolutionary genomic research on domestic animals, including the ex-
cavation of African wild suid genetic resources, providing key theoretical basis
and technical support for domestic pig disease resistance breeding. Further, his
research team revealed the admixture history of Central Asian populations using
population genomics analysis, and reconsideration of the early domestication and
dispersal history of Chicken. Prof. Zhang’s group has published 16 SCI-indexed
papers, including Mol Biol Evol (3) , PANS(3), Nat Sci Rev (1).

1. Adaptive evolution of the immune system in African wild suids

African swine fever is caused by the African swine fever virus (ASFV), and the African
wild suids are the natural reservoirs of the ASFV. We have assembled the genomes of
the common warthog and the red river hog, and analyzed the adaptive evolution of the
African wild suids. We found that the common ancestor of the African wild suids have
experienced adaptive evolution regarding the T-cell adaptive immunity. We identified a
284-bp deletion in TRBV27 gene that results in a loss of CDR1 domain in relevant T cell
receptors (TCRs), putatively impairing the recognition of antigen-presenting cells by
the TCRs. This study is important to explore the key genes for the ASFV resistance and
offer important variants for future pig breeding.
[ Xie HB et al. 2022 Molecular Biology and Evolution, 1F=20.074 ]

2. Population genomic analysis reveals admixture episodes in Cen-
tral Asians

Central Asia, located at the crossroads of Eurasia, is a key area for studying human
evolution. During the past two decades, massive genetic studies have been conducted to
investigate the population history of Central Asian. Due to limited resolution of genet-
ic markers and lacking of source panels of ancient populations, it is difficult to dissect
the potential ancestries in the Central Asians. We conducted high-depth sequencing for
131 novel genomes from two Central Asian representative groups: Tajik and Kyrgyz.
By integrating ancient DNA, we found that the major ancestry of present-day Tajik
populations can be traced back to the admixture of the Bronze Age Bactria—Margiana
Archaeological Complex and Andronovo related populations. Tajik from Pamirs further
received additional gene flow from the Tarim mummies. The Kyrgyz showed the genetic
continuity with the Historical Era populations in Xinjiang of China. Furthermore, the re-
cent admixture signals detected in both Tajik and Kyrgyz are ascribed to the expansions
of Eastern Steppe nomadic pastoralists during the Historical Era.
[ Dai SS et al. 2022 Molecular Biology and Evolution, 1F=20.074 ]

3. Missing puzzle piece for the origins of domestic chickens

Chicken domestication is a milestone in human civilization. The most recent publication
in PNAS entitled “The biocultural origins and dispersal of domestic chickens” by Peters
presents direct evidence of the appearance of early domestic chickens in central Thai-
land, and then proposed the domestication and dispersal history for chicken was recent.
Nevertheless, the archaeological sites in southwestern China, one candidate chicken
domestication center inferred by various researches, were underrepresented. In addition,
the discussion of linguistic and ecological link between chicken/red junglefowl and
bamboo is misleading. Taken all above, we provide information of candidate sites with
chicken remains and artifacts in southwestern China to highlight the possibility of earlier
contacts humans and red junglefowls or chickens in this region than in Southeast Asia.
And we also propose the wide international collaboration is necessary to unveil the early
domestication and dispersal history for chicken.

[ Peng MS et al. 2022 Proceedings of the National Academy of Sciences, 1F=
13.451]
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Wang ST, Teng DQ, Li XY, Yang PW, Da W,
Zhang YM, Zhang YB, Liu GC, Zhang XS,
Wan WT, Dong ZW, ... Wang W & Zhang W.
2022. The evolution and diversification of oak-
leaf butterflies. Cell, 185(17): 3138-3152.

Chen CY', Yin Y', Li HR', Zhou BT, Zhou J,
Zhou XF, Li ZP, Liu GC, Pan XY, Zhang R,
Lin ZS, Chen L*, Qiu Q*, Zhang YE*, Wang
W#*.2022. Ruminant-specific genes identified
using high-quality genome data and their roles
in rumen evolution. Sci Bull, 67(8): 825-835.

Pan XY, Ma ZX, Sun XQ, Li H, Zhang TT,
Zhao C,...Wang W*, Jiang Y* & Wang Y*.
2022. CNEReg interprets ruminant-specific con-
served non-coding elements by developmental
gene regulatory network. Genomics Proteomics
Bioinformatics, in press.

1. RREFMHINERN HHLASEEREL

FHUERbER - 2R R A E ISR, HE 2R AaE L L — B R S
A — BB . BFFFERI A 8 6 APy Fhil RO F oAt 20 A8 3t 105
Gy SIMEREAS , PRI R 30t 1% 2 AR MR R 2 R T T 2o, SRR ED
P LR X A 12 SR e o (bl R FRATTE— 200 78 AN Ak el h Al
AT EA BN, HaE IR, EERIER, et BAHEIE R A
CRISPR/Cas9 /- SR A s, R T —A CHABEIATIE F cortex 2R, BAEHE
T £ At rp KA EEEVEH, ATREEE I PR — M ER T U R snake 25 @
FRULEFBU S, AMRZWHRFAIEE T TH G R RIS 208 L Y
HEEM, #—PEBETIERTFIIR T LR T AR 2R L,

B— TSR SRR KB AR T 11 R RUSEAY & R & 2 2 3 R A T %
REGREW, PIREFSE R AR (Poe il BoR RS a2 R0
AT e ) AN AER (ot EaRE ) iR X a REERHEE g Of
SPICHERIRE R R 45 A G R, DARSOS S BRI Pt Ak, mIRE Rt T RO €4 251
WIS, X LB AN T AR 6 22 A P P i DR B it e e IR € SR AR i 3
TR, AR BIEREL . AR PR T SR EAR TR,

[Wang et al., 2022, Cell; He et al., 2022, Zoological Research]
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1. Genomic basis of adaptive evolution of complex phenotypic traits in insects

Insects are the most diverse group of animals on earth, and the adaptive evolution of their phenotypic
traits is an important topic in biology. We traced the origin of the genus Kallima by sequencing the ge-
nomes of 105 butterflies from 21 nymphalid genera. The result indicate that the eastern Himalayas are
a center of Kallima diversification. To dissect the genomic basis of leaf wing polymorphism, we fo-
cused on K. inachus and performed genome-wide association studies (GWASSs) by sequencing the ge-
nomes of 78 K. inachus butterflies with polymorphic phenotypes. A combination of evidence obtained
from de novo genome assembly, gene expression, chromatin interaction analyses, and CRISPR-Cas9
genome editing led to the identification of a known wing pattern regulator, the cortex gene, that plays
a major role in controlling leaf wing polymorphism, likely by regulating a potential downstream gene,
snake, involved in butterfly pigmentation and color switching we show that leaf mimicry is maintained
by balancing selection, possibly as a type of negative frequency-dependent selection, providing a rare
and remarkable example with clear survival value supporting the role of long-term balancing selection
in adaptive evolution.

The second study on high-quality reference genomes of swallowtail butterflies provides novel insights
into the genomic basis of color diversity, especially papiliochrome origin in swallowtail butterflies.
We obtained high-quality reference genomes of 11 swallowtail butterfly species covering all tribes of
Papilioninae and Parnassiinae using long-read sequencing technology. Combine with previously pub-
lished butterfly genomes, we obtained robust phylogenetic relationships among tribes, overcoming the
challenges of incomplete lineage sorting (ILS) and gene flow. Comprehensive genomic analyses indi-
cated that the evolution of Papilionidae-specific conserved non-exonic elements (PSCNEs) and tran-
scription factor binding sites (TFBSs) of patterning and transporter/cofactor genes, together with the
rapid evolution of transporters/cofactors, likely promoted the origin and evolution of papiliochromes.
This study provide important data resources for exploring the evolution, ecology, and conservation of
butterflies.

[ Wang et al., 2022, Cell; He et al., 2022, Zoological Research )

2. Biodiversity of Yunnan's insects

Discovering how many insect species inhabit the Earth remains a fundamental quest of biology.
Background survey and species catalogue of the mountains of Southwest China is still the most im-
portant challenge to China and Yunnan’s biological protection. However, the insect species biodiversi-
ty is still overlooked in the present. A comprehensive and systematic investigation of insect diversity in
Yunnan is necessary and urgent. We conducted a continuous survey of butterfly species and collected a
large number of specimens from different habitats in Yunnan. We checked all collected butterfly spec-
imens in the Kunming Institute of Zoology (KIZ) and in the private collection of Zhou Chang (CZC).
We also retrieved and reviewed relevant literature and the Zoological Record database. In total, 356
genera and 1 300 species of butterflies were included in our Yunnan checklist, including 89 species en-
demic to Yunnan, two genera and 18 species newly recorded from China, and 36 species first recorded
from Yunnan.

[ Yuetal, 2022, Zoological Research )

3. High-resolution silkworm pan-genome analysis and mapping

Silkworm is an important economic insect and model organism as well as one of biological and ge-
netic resource that supports key industrial and scientific research. In order to reflect the entire genomic
information of silkworm, we deeply re-sequence 1,078 silkworms and assemble longread genomes
for 545 representatives. We construct a high-resolution pangenome dataset representing almost the
entire genomic content in the silkworm. We find that the silkworm population harbors a high density
of genomic variants and identify 7308 new genes, 4260 (22%) core genes, and 3,432,266 non-redun-
dant structure variations (SVs). We also provide the world’s first super pan-genome map. This popula-
ti.(l)lr(l-scale genomic resources will promote functional genomics studies and breeding improvement for
silkworm.

[ Tong et al., 2022, Nature Communacations )
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Mr. Zhiwei Dong, Lab Master
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Dr. Jinwu He, Postdoctor
HeJW2018@163.com

5% (Graduate Students)
2014-present

XUS3J& Liyuan Liu, 2014
fFiE%E Haitao Chen, 2014

& ™ Yan Zeng, 2014
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F = Bao Wang, 2015
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EEMRR~L:

1. Yang Z*, Cui C, Pu Y, Kong Q, Guo

1, & DNA Hi5&7 14 DERIZA3RER “« KEA ~ BHEERIER
2 I\ S T FI B HAT B HE S 2 Ay 2 R RSO (L B R, Tt i, T

Y, Ouzhuluobu, Gengdeng, Liu X,
Zhao Q, Qiu Z, Zheng W, He Y, Lin Y,
Deng L, Zhang C, Xu S, Baimayangji,
Cirenyangji, Bai C, Baimakangzhuo,
Bianba, Pan Y, Xin J, Wang Y, Liu S,
Wang L, Guo H, Feng Z, Wang S, Shi
H, Jiang B, Wu T, Qi X*, Su B*. Ge-
netic adaptation of skin pigmentation

BN, DA LA TR “ AN 20 AR, S TR < A A7 Rk
2h, hEFERE RIS S £ K AR < SEA N 7 PR T i DNA B %2204,
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TR ER AR, ABFIER M, MRS RT I AS (UAF 7E b [ AR5 AR (o £, 120 300 v [l
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[Zhang XM et al. 2022 Current Biology]
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3. He Y, Li J, Yue T, Zheng W, Guo Y, g
Zhang H, Chen L, Li C, Li H, Cui C,
Ouzhuluobu*, Qi X*, Su B*. Sea-
sonality and sex-biased fluctuation of
birth weight in highlanders. Phenom-
ics (2022) 2: 64-71.

in highland Tibetans. PNAS (2022)
119: €2200421119.

2. Zhang X, Ji X, Li C, Huang J, Wu Y,
Ma S, He Y*, Su B*. Ancient genome
of hominin cranium reveals diverse
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Comparative Genomics

Prof. Bing Su, Principle Investigator. Director of academic committee of T T :
Kunming Institute of Zoology, Chinese Academy of Sciences, the leader of WP o ]
Comparative Genomics Lab of CAS. Prof. Bing Su focuses on primate com- T o ham g
parative genomics and genetic mechanism of origin of human intelligence, : ;
and human population genetics. In 2022, Prof. Su’s group conducted series of : : ?.." 3
genomic researches on human evolution and adaptation, including sequenced [= , ¥ J £ L\
the genome of a Late Pleistocene hominin (MZR) (Current Biology); re- -
vealed genetic adaptation of skin pigmentation in highland Tibetans (PNAS);
and found the seasonality and sex-biased fluctuation of birth weight in Tibet-
an populations (Phenomics).

E-mail: sub@mail.kiz.ac.cn

= - o L. ot
TR e s o R e o e 1

1. A Late Pleistocene human genome from Southwest China BBARkZ= (Lab Member)

Southern East Asia is the dispersal center regarding the prehistoric settlement and mi-
grations of modern humans in Asia-Pacific regions. However, the settlement pattern | T{EASR (Staff)
and population structure of paleolithic humans in this region remain elusive, and an-
cient DNA can provide direct information. Here, we sequenced the genome of a Late | 3KBEB8 1 #53AR Dr. Xiaoming Zhang, PhD.
Pleistocene hominin (MZR), dated ~14.0 thousand years ago from Red Deer Cave | Professor

located in Southwest China, which was previously reported possessing mosaic fea- | zhangxiaoming@mail kiz.ac.cn

tures of modern and archaic hominins. MZR is the first Late Pleistocene genome from
southern East Asia. Our results indicate that MZR is a modern human who represents | FquEz & + FIFFIR Dr. Yaoxi, He, PhD.
an early diversified lineage in East Asia. The mtDNA of MZR belongs to an extinct
basal lineage of the M9 haplogroup, reflecting a rich matrilineal diversity in southern
East Asia during the Late Pleistocene. Combined with the published data, we detected
clear genetic stratification in ancient southern populations of East/Southeast Asia and
some degree of south-vs-north divergency during the Late Pleistocene, and MZR was
identified as a southern East Asian who exhibits genetic continuity to present day pop-
ulations. Markedly, MZR is linked deeply to the East Asian ancestry that contributed to | luoxin@mail kiz.ac.cn
First Americans.
(Zhang XM et al. 2022 Current Biology) 2 E F =+ TI#EIH Ms. Yan Guo,

2. Seasonality and Sex-biased Fluctuation of Birth Weight in Tibetans | Engineer
guoyan@mail.kiz.ac.cn

Associate Professor
heyaoxi@mail.kiz.ac.cn

Z # T BHRERE Dr. Xin Luo, PhD.
Associate Professor

Birth weight (BW) is a key determinant of infant mortality. Previous studies have
reported seasonal fluctuation of BW. However, the responsible environmental factors
remain disputable. High-altitude environment provides a great opportunity to test the | ffFREE (Graduate Students)
current hypotheses due to its distinctive climate conditions. We collect BW data of
~9000 Tibetan singleton borns at Lhasa during 2014 to 2018. We observe a significant EEHRE

seasonal pattern of BW in Tibetans, with a peak in winter and a trough in summer. ¥BEL Wangshan Zheng 2017
Notably, we see a marked sex-biased pattern of BW seasonality (more striking in | zZpe== Xjaoyu Meng 2018
males than in females). Sunlight exposure in the 3rd trimester and barometric pressure ZE5ki# Yongbo Guo 2018
exposure in the 2nd trimester is significantly correlated with BW, and the latter can £ X Tian Yue 2019
be explained by seasonal change of oxygen partial pressure. In particular, due to the B i@ Binzh 2019
male-biased BW seasonality, we find a more serious birth weight reduction and higher | "> 1n £hou

prevalence of low-BW in males, and a skewed sex ratio in highlanders. Infant BW of | 5= Xuerui Zeng 2020
highland Tibetans have a clear pattern of seasonality. The winter BW is larger than the 5KR.z= Fengyun Zhang 2021

summer BW, due to the longer sunlight exposure during the late-trimester. Male infants | S8 Haixu Wu 2021

are more sensitive to hypoxia than female infants during the 2nd trimester, leading to | 3K #% Yue Zhang 2022

more BW reduction and higher mortality. #X$RIE  Yinhui Zhao 2023

(He YX et al. 2022 Phenomics)
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Email: ship@mail.kiz.ac.cn Tel: 0871-68125411

BEMRR~L:

1.

Hao JJ, Hao WL, Liu Z*, Shi P*. The
Toggle Switch Model for Gene Expression
Change during the Prenatal-to-Postnatal
Transition in Mammals. Mol Biol Evol.
2022, 39(3): msac036.

Zheng ZZ', Hua R', Xu GQ, Yang H*, Shi
P*. Gene losses may contribute to subterra-
nean adaptations in naked mole-rat and blind
mole-rat. BMC Biology. 2022, 20(1): 44.

Zhang T, Lei ML, Zhou H, Chen ZZ*, Shi
P*. Phylogenetic relationships of the zokor
genus Eospalax (Mammalia, Rodentia,
Spalacidae) inferred from whole-genome
analyses, with description of a new species
endemic to Hengduan Mountains. Zool Res.
2022, 43(3): 331-342.

Liu Z', Chen P', Xu DM', Qi FY', Guo
YT, Liu Q, Bai J, Zhou X, Shi P*. Molec-
ular convergence and transgenic evidence
suggest a single origin of laryngeal echolo-
cation in bats. iScience. 2022, 25(4): 104114.

Chen P ', Hao JJ ', Li MW, Bai J, Guo
YT, Liu Z*, Shi P*. Integrative functional
transcriptomic analyses implicate shared
molecular circuits in sensorineural hearing
loss. Front Cell Neurosci. 2022, 16: 857344.

Tu Q', Liu XY', Yao XQ', Li RX', Liu
GJ', Jiang HL, LiKQ, Chen QF, Huang XY,
Chang Q, Xu GQ*, Zhu H*, Shi P*, Zhao
B*. RETSAT associates with DDX39B to
promote fork restarting and resistance to
gemcitabine based chemotherapy in pan-
creatic ductal adenocarcinoma. J Exp Clin
Cancer Res. 2022, 41(1): 274.

Hu YB', Wang XP', Xu YC', Yang H' ,
Tong ZY', Tian R', Xu SH', Yu L*, Guo Y
L*, Shi P*, Huang SQ*, Yang G*, Shi SH*,
Wei FW*. Molecular mechanisms of adap-
tive evolution in wild animals and plants. Sci
China Life Sci, 2022.

Li JM', An ZF', Wei LN', Xu B', Wang ZJ,
Gao CH, Wei L, Qi DL, Shi P*, Zhang TZ*,
Dengbang Wei*. A New Homotetramer
Hemoglobin in the Pulmonary Surfactant of
Plateau Zokors ( Myospalax Baileyi). Front
Genet. 2022, 13: 824049.

An ZF', Wei LN ', Xu B', Wang ZJ, Gao
CH, Li M, Wei L, Qi DL, Shi P*, Zhang
TZ*, Wei DB*. A homotetrameric hemo-
globin expressed in alveolar epithelial cells
increases blood oxygenation in high-altitude
plateau pika (Ochotona curzoniae). Cell
Rep. 2022, 41(1): 111446.

L. IFLEYRG - EEEPEERET(CRIFFRIRE

HH AR R AR T O A R A i R R B — A e R, AR R AR b R v A
WG 5 B R A8 S T8 By A L. BATTR A TR FGR G, 47 T HAEL
B FE & B RS _ BB SR ISR, R T R R R N R B A,
T S B DR A A T SR B BRI O 9 B TR R 8 R PR A b i BF ST R R T G AL LK
NIt - shfEad B b RSP HY S F U, IR AR FL 3l AR AT e B RIR IR A
TRisE A (b 25 T3, (Hao JJ et al., Mol Biol Evol)

s HEERIA

C TERTITTITIR AT,

§
;

A T L

Prenalal siages Fosfratsl siagss

2. (REEXREEE N SRR T B SRR Sk

(B A B VR — B AR WF 50 P BRE 4 1T 38 F LU RN 20 22 50 i R BE
AT R SRS B R IE R AT T RGMIT, KB ARl e & A T 3R
FERFM, JHEXEBER L EE TS MR ARG MA@, UL TRIMI7
FHH1, AMIRThRE SRR R IZ A R B R AR T 2 aniesz SR 0 A (R 1E .
BATIIITEIR R, AE TG0, R E LI AT fext i A S YR i b 2 R
WMok, TEM ALt bt R T RE R 3R G EEAMEM. (Zheng ZZ et al., BMC Biology)

3. DR BEBMRARE RS XS

R R BUB I K ER ARG, R
R 12 BRI AT T Z 90 4 I RAY T &
BRARENT, T iEHRENRGE L
BRFR, EEA%E, EEER Y EIEE
ZW AR R E RS T AR, HAR
18 2 A FZEE Pt e T . (HAE A,
AT 5 et B — A 2 B PR LR B i -
KEME., FFERFERE L THRAEEL
Wi E, HEAES EREE 2R,
2 B R B R R AT R TR T LU bk b X

(Zhang T et al., Zool Res)




2022 iR

ANNUAL REPORT

Evolutionary and Functional Genomics

Prof. Peng Shi, Principal Investigator, has long been engaged to the
researches on evolutionary and functional genomics. The work in Shi's
laboratory covers two fields:

(1) molecular mechanism of adaptation to various environments in
animals. We study the genotype-phenotype relationship at the genomic
level under the guidance of natural selection theory, while combining
multiple advanced techniques including NGS, bioinformatics and func-
tional assays, etc.

(2) novel disease-related gene identification and the etiopathogenesis

study. Through genomic analyses using non model organisms, we try to aid the comprehensive understanding of the
etiopathogenesis in human longevity, cardiovascular diseases and tumors from a different angle.

1. The Toggle Switch Model for Gene Expression Change during the Prena-
tal-to-Postnatal Transition in Mammals

The prenatal-to-postnatal transition is a pivotal process in the life cycle whereby an organism
shifts from responding to intrauterine cues to undergoing extrauterine stresses. We analyze the
transcriptomes of seven organs across developmental time points from five mammalian species
by constructing computational coexpression networks and report a developmental shift of gene
expression at the perinatal stage. The genes around the perinatal stage tend to form the mutually
inhibitory toggle switch gene pairs in response to the environmental changes. This study reveals
conserved molecular switching patterns during prenatal-to-postnatal transition in placental
mammals.Which provides a basis for further understanding of adaptive changes before and after
birth.

2. Gene losses may contribute to subterranean adaptations in naked mole-rat
and blind mole-rat

It has been controversial that gene losses play an

g, DsEs . e+ Replication stress
adaptive role in mammalian evolution. In this study, Jk![l,[l'".ﬁﬂl‘f'lll.["'!w N sk
we rf d t t. 1 d RADS51 EEMEZ-MUSSH

performed systematic analyses on pseudogenes | woras Y, RA ~wrerione.
in naked mole-rat and blind mole-rat, taking ad- Apoptosis
53BP1 CHK2 CHK1 D330045A20RIK

vantage of the -omics development. We identified
convergent gene loss events in these species, which
enriched in functional groups of subterranean life p21
style related pathways. Functional assay suggested a
beneficial role of TRIM17 loss in neuronal survival
under hypoxia. Our study provides new insights into
the molecular underpinnings of subterranean adaptations and highlights the importance of gene
losses in mammalian evolution.

3. Phylogeny and taxonomy of genus Eospalax

To clarify the taxonomy and phylogeny of the genus Eospalax, we performed systematic and
comprehensive sampling and whole-genome high-depth sequencing and constructed reliable and
robust phylogeny of Eospalax. Genomic, morphological, and biogeographical evidence supports
that Fospalax contains at least seven valid species and evolved to two main adaptive directions.
Notably, after a century of quiescence, we discovered a new species, Muli zokor in Eospalax.
This new species is located in the relatively basal phylogenetic position and possesses more
supposedly plesiomorphic characters, suggesting a possible origin of Eospalax in the Hengduan
Mountains.

TP53 25 DTERTDA43E  NEK11

CDC25A
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Dr. Hui Yang, Associate Professor
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Dr. Dongming Xu, Associate Professor
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Dr. Junjun Hao, Assistant Professor
T X L BEARA

Dr. Jie Luo , Assistant Professor
k% BT BERRR
Dr.Tao Zhang, Assistant Professor
IRt Bt BEfRR

Dr. Luye Shi, Assistant Professor
X FF L BERRR

Dr. Qi Liu , Assistant Professor
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Xin Zhou , Technician
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Mengwen Li , Technician

K B XBR

Qin Zhang, Technician
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Menglong Lei, Technician
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Mengchen Li, Technician
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Jun Wu, Technician

BiOs WSsEnE

Hongjuan Dai, Finance Assistant
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E-mail: wenjf@mail.kiz.ac.cn

EERRE~L:

1.

Ye Q-Q, Lyu Z-X, Guo
X-L, Xue M, Li Y-J, Deng
Q, Bai H-X, Wen J-F*. A
Multi perspective System-
atic Analysis Uncovers the
Riddle of Giardia’s Evo-
lutionary Position. 2022.
Systematic Biology. (under
review)

. Lyu Z-X, Shen J, Cheng

J-N, Wen J-F*. The deter-
minant role of the specific
feces eating behaviour of
hamsters in the speciation of
Giardia cricetidarum. (sub-
mitted)

. Li Y-J, Deng Q, Bai H-X,

Wen J-F*. Transport
mechanisms of energy
and reducing equivalent in
Chlamydomonas reinhardtii
chloroplast. (submitted)
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Evolutionary Genomics of Eu tic Cells

Prof. Jian-Fan Wen, Principal Investigator, Vice Director ofthe
State Key Laboratory of Genetic Resources and Evolution.His
group is mainly interested in the origin and evolution of theeukary-
otic cell. Taking the protists, which occupy key positions inthe eu-
karyotic cell evolution, as models, and combining with thedata of
prokaryotes and multicellular organisms, they study thebiodiversity
and origin and evolution of the structures and functions, especially
of genes, gene families, gene groups offunctional pathways and
genomes, of the eukaryotic cells. Based on these basic studies, they
also explore the new waysfor the control and treatment of some
harmful organisms (e.g. parasitic protozoa and schistosomes) and §
the applications of the effective and specifc metabolic pathways.

1. The determinant role of the specific feces eating behaviour of hamsters in
the speciation of Giardia cricetidarum

For the first time, our group found that host feces eating behaviour makes a decisive contri-
bution to the speciation of the intestinal parasite Giardia. The behaviour of certain animals
that ingest feces in order to adapt to unfavourable environmental conditions and to absorb
many essential nutrients from the feces is collectively known as coprophagy. We found that
the coprophagy of hamsters differs from other animals, and have identified some unique
characteristics of G. cricetidarum, which is exclusively parasitic on hamsters. This parasite
species has unique features in infection and prevalence, such as ‘all or none’ infection with-
in hamster populations, extremely high trophozoites load in positive individuals, self-heal-
ing and loose cyst walls. Our multi-omics analyses with the combination of genome,
transcriptome and metabolome revealed that coprophagy plays a determinant role to the
form of the specific features of G. cricetidarum. On one hand, coprophagy creates a short-
cut transmission and repeat infection, consequently makes the selection pressure relaxed
in immune evasion and cyst protection, which are exhibited by the reduction of cyst wall
proteins, looser and thinner cyst wall structure and the significant reduction in the number
of VSP responsible for immune evasion role. On the other hand, coprophagy changes the
nutrient in intestines, such as the high concentration of short-chain fatty acids and different
amino acid composition, G. cricetidarum thus retained the de novo synthesis pathways of
long-chain fatty acid from short-chain fatty acids, and some other lipid relevant metabolic
pathways. And G. cricetidarum also acquired some amino acid metabolic pathways to adapt
coprophagy through horizontal gene transfer. This study reveals that a specific behaviour of
the host plays a determinant role in the speciation of its specific parasite for the first time.

2. Transport mechanisms of energy and reducing equivalent in Chlamydomo-
nas reinhardtii chloroplast

The green single-cell alga Chlamydomonas reinhardtii cells possess a single chloroplast
that occupies ~40% of the cell volume. In addition to the well-known Calvin cycle, many
important biosynthetic reactions in C. reinhardtii (e.g., starch and fat synthesis) occurs in
the chloroplast. Therefore, ensuring the supply and balance of energy (ATP) and reducing
equivalent (NAD(P)H) in chloroplast is indispensable for the growth of C. reinhardtii.
However, the specific transport mechanism of energy and reducing equivalent in and out of
chloroplasts has not been well understood yet. Based on the high-quality genomic data of
C. reinhardtii, we found that there are two mechanisms for energy and reducing equivalent
transport (including input and output) in C. reinhardtii chloroplast through bioinformatics
analysis combined with experimental studies such as gene editing and subcellular local-
ization of proteins. One is triose phosphate transporter (TPT) — mediated transport of G3P
and 3-PGA in and out of chloroplast, thereby completing the transport of ATP and NAD(P)
H between chloroplast and cytoplasm (Figure 1); the other mechanism is that specialized
transport pathways are responsible for ATP and NAD(P)H transport respectively (Figure 2):
ATP transport is via plastidic nucleotide transporter (NTT), while NAD(P)H transport relies
on malate shuttle mediated by malate dehydrogenase that localized to chloroplast and cyto-
plasm, respectively. Thus, for the first time, the specific transport mechanisms of chloroplast
energy and reducing equivalent of C. reinhardtii was clearly revealed.
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NI (BLEARBEARNA Y 5l3E, 2011 F AL “ Zm & @ mEHEANA > 1« | 250E 2
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1000 of Biology & Medicine” J& i} (2008-2016), H4BAT: “IL J. Network Science” T4 (2015-2017),
U —S T EEETREIEY:, TREE:, HEERE, Blir, A&, Bk,

Il R B 27 S U R 2 120 RFFIRSC .

Email: ma@mail.kiz.ac.cn

ERARRH: XFIERLE (Research Highlights)
1. Ma ZS & Zhang YP (2022) Ecology of . X .
Human Medical Enterprises: From disease CDC (Cindy and David’s Conversations) Game:
ecology of zoonoses, cancer ecology through Adyvising President to Survive Pandemic
to medical ecology of human microbiomes.
Frontiers in Ecology and Evolution. 10: | Ongoing debates on anti-COVIDI19 policies have been focused on coexistence vs.
879130. zero-out strategies, which can be simplified as “always open (AO)” vs. “always closed
2. I\D/Ia Zg &CYang LX (202§)C(}:DC (iigdy and | (AC).” We postulate that, the middle ground between the two extremes, dubbed
avid’s Conversations) Game: visin . . . - .
President to Survive Pandemic. iScience ( Acg- LQHC (}owir1sk open and h1gh-r1sk closed), is likely more favorable, precluding .0b-
cepted) viously irrational HOLC (high-open-low-closed). From a meta-strategy perspective,
3. Li WD & Ma ZS (2022) The upper respira- | these four policies cover the full spectrum of anti-pandemic policies. We argue that,
tory tract microbiome network impacted by | among numerous factors influencing strategic policy-making, the competence of ad-
SARS-CoV-2. Microbial Ecology, 84: 1-10. . . L . s .. .
visory body such as CDC chief-scientist (say, Cindy) and politics in decision-making
4. Ma ZS, Li WD & Shi P (2022) Microbi- . . . . .. ...
. A body such as president (David), and their cooperation/communication can be critical.
ome-host-phylogeny relationships in animal . . . . . . .
gastrointestinal tract microbiomes. FEMS | Here we investigate anti-pandemic policy-making by harnessing the power of evo-
Microbiology Ecology, 98(2): fiac021. lutionary game theory in modeling competition/cooperation/communication (three
5. Xiao WM & Ma ZS (2022) Influences of He- | critical processes underlying biological and social evolutions). Specifically, we apply
licobacter pylori infection on diversity, het- : 1 : _ : :
erogeneity, and composition of human gastric the Sir Ph.lllP Sydnéy (SPS). game, a 4x.4 s1gna.ler res.ponder evo.lutl.o.nary game w1t.h
microbiomes across stages of gastric cancer | 10 strategic interactions, which was devised to investigate the reliability of communi-
development. Helicobacter, 27(4): €12899. cation that can modulate competition and cooperation, to capture rich idiosyncrasies
6. Ma ZS (2022) Coupling power laws offers a | surrounding today’s anti-pandemic policies. By emulating the reality of anti-pandemic
g?xiﬁsgggzgﬁgpiggfgi‘;héigZrlt;lnnt ilfj_lr:(; policies today, the study ai@s to identify P?ssible cogni.tive gaps and traps. The ex-
uncertainty. Applied Mathematics and Statis- tended SPS, dubbed CDC (Cindy and David’s Conversations) game, offers a powerful
tics, 8: 801830. cognitive model for investigating the coexistence/zero-out dichotomy and possible
7. Ma ZS & Mei JD (2022) Stochastic neutral | alternatives. The rigorous analytic solutions and extensive simulations suggest a take-
drifts seem prevalent in driving human vi- | }ome message—keep it persistently simple and rational: while apparently preferred
rome assembly: Neutral, near-neutral and . o T
non-neutral theoretic analyses. Compuiation- middle-ground LOHC seems to be small-probability (~0.053) event counter-intuitive-
al and Structural Biotechnology Journal, 20: | ly, the AO and AC policies appear to be large-probability (~0.41-0.53) events.
2029-2041. [Ma ZS & Yang LX (iScience)]
8. Chen HJ & Ma ZS (2022) Further Quan-
tifying the Niche-Neutral Continuum of
Human Digestive Tract Microbiomes with
Near Neutral Model and Stochasticity
Analysis. Evolutionary Bioinformatics,
18:11769343221128540.
9. Chen HJ & Ma ZS (2022) Niche-neutral
continuum seems to explain the global niche
differentiation and local drift of the human
digestive tract microbiome. Frontiers in Mi-
crobiology. 13: 912240.
10.Liu SL et al. ADAMI10 and y-secretase-de-
pendent cleavage of the transmembrane pro-
tein PTPRT attenuates neurodegeneration in
the mouse model of Alzheimer’s disease. The -
FASEB Journal, 37(2): €22734. e =
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Computational Biology and Medical Ecology Lab

Bio-sketch of the lab Principal Investigator (PI): Zhanshan (Sam) Ma received his
double PhDs in Computer Science, and Entomology in 2008, and 1997, respectively,
both from the University of Idaho (UI), USA. In November 2010, he was retained as [
a Professor and PI by Kunming Institute of Zoology (KIZ), the Chinese Academy of &
Sciences (CAS) through “The 100 Talents PI Program” of the CAS. Prior to joining
in KIZ, he was a Research Scientist (in Computational Biology & Computer Science) ®&
at UL. He was senior software engineer from 1998 to 2006 in the computer industry in
Silicon Valley, USA. Dr. Ma has been keeping dual track publishing in both Computer
Science and Biology with more than 120 peer-refereed papers in premier platforms
such as /[EEE Transactions on Reliability, Science Translational Medicine, The ISME
Journal, Ecological Monographs, and Advanced Science. He was a member of Lon-
don-based “Faculty 1000 of Biology and Medicine”.

HEBIPAKRERFHE

% B (% RHSR BRHREE) H B (FMi RHESR BRHRER)
&G (L. SRIARE, £YRFE, £WEEF) PRI (B4, 8% SHMESHE
MD Motiur Rahman (4, #EGHL, REFS) FE= (B4 EWEEE: EEY)

B R (Bt. ZEEHUR, HENRE, ATER

Review & Perspective: £E¥SRE. THEMFEISNEFZETFEALERMBUWLZIIEX

In nature, the interaction between pathogens and their hosts is only one of a handful of interaction relationships between species, in-

cluding parasitism, predation, competition, symbiosis, commensalism, and among others. From a non-anthropocentric view, parasit-
ism has relatively fewer essential differences from the other relationships; but from an anthropocentric view, parasitism and predation
against humans and their well-beings and belongings are frequently related to heinous diseases. Specifically, treating (managing)
diseases of humans, crops and forests, pets, livestock, and wildlife constitute the so-termed medical enterprises (sciences and technol-
ogies) humans endeavor in biomedicine and clinical medicine, veterinary, plant protection, and wildlife conservation. In recent years,
the significance of ecological science to medicines has received rising attentions, and the emergence and pandemic of COVID-19
appear accelerating the trend. The facts that diseases are simply one of the fundamental ecological relationships in nature, and the
study of the relationships between species and their environment is a core mission of ecology highlight the critical importance of eco-
logical science. Nevertheless, current studies on the ecology of medical enterprises are highly fragmented. Here, we (i) conceptually
overview the fields of disease ecology of wildlife, cancer ecology and evolution, medical ecology of human microbiome- associated
diseases and infectious diseases, and integrated pest management of crops and forests, across major medical enterprises. (ii) Explore
the necessity and feasibility for a unified medical ecology that spans biomedicine, clinical medicine, veterinary, crop (forest and wild-
life) protection, and biodiversity conservation. (iii) Suggest that a unified medical ecology of human diseases is both necessary and
feasible, but laissez-faire terminologies in other human medical enterprises may be preferred. (iv) Suggest that the evo-eco paradigm
for cancer research can play a similar role of evo-devo in evolutionary developmental biology. (v) Summarized 40 key ecological
principles/theories in current disease-, cancer-, and medical-ecology literatures. (vi) Identified key cross-disciplinary discovery fields
for medical/disease ecology in coming decade including bioinformatics and computational ecology, single cell ecology, theoretical
ecology, complexity science, and the integrated studies of ecology and evolution. Finally, deep understanding of medical ecology is
of obvious importance for the safety of human beings and perhaps for all living things on the planet.

Bl == E=Ea
t —— 1

Ma ZS & Zhang YP (2022) Ecology of Human Medical Enterprises: From Disease Ecology of Zoonoses, Cancer Ecology
Through to Medical Ecology of Human Microbiomes. Frontiers in Ecology and Evolution. 10:879130.
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' , HEIBEEBAT, Wi, %, 1247F Genome Res. Mol Biol
Evol, Sci Adv. Natil Sci Rev. Aging Cell, Aging Dis % E R EE SCI #iT) L&k %
I 100 A5, B3CHE#3E SCI Fldy R 51 5000 43k, H g% 35, £HHE

C RKEAPRRHRIET (EEBRFR) . BRESEEAERAE, BATH

KIFIH 5 2013 4 AEFHERHL Q1T 7 AR GTE N A TR 2016 48 AGE « 6]
K BIRNAFFR R " SUENA 5 2020 FF5efa AR RWTTT « BHbHE 4%
NA 7 ZEET AR« A3 o BRI H AT M5 . NI

C o BULRAEIER A TALAL

BEMRR~L:

1.

Xiao FH*, Yu Q*, Deng ZL*, Yang
K, Ye YS, Ge MX, Yan DJ, Wang
HT, Chen XQ, Yang LQ, Yang BY,
Lin R, Zhang W, Yang XL, Dong L,
He YH, Zhou JM, Cai WW¥*, Li J*,
Kong QP*. ETSI acts as a regulator
of human healthy aging via decreasing
ribosomal activity. Science Advances,
2022, 8(17): eabf2017. (IF=14.957)

. Li GH, Han FF, Xiao FH, Gu KSY,

Shen Q, Xu WH, Li WX, Wang YL,
Liang B, Huang JF*, Xiao WZ*,
Kong QP*. System-level metabolic
modeling facilitates unveiling meta-
bolic signature in exceptional longev-
ity. Aging Cell. 2022, 21(4): e13595.
(IF=11.005)

. Huang YQ’, Ge MX?, Li YH®, Li

JL, Yu Q, Xiao FH, Ao HS, Yang
LQ, Li J*, He YH*, Kong QP*.
Longevity-associated transcription
factor ATF7 promotes healthspan by
suppressing cellular senescence and
systematic inflammation. Aging and
Disease, 2022 (in press). (IF=9.968)

. Ge MX’, Yu Q*, Li GH, Yang LQ,

He YH, Li J, Kong QP*. Multiple
time-series expression trajectories
imply dynamic functional changes
during cellular senescence. Compu-
tational and Structural Biotechnol-
ogy Journal, 2022, 20: 4131-4137.
(IF=6.155)

. Ge MX?, Jiang JJ*, Yang LQ, Yang

XL, He YH, Li GH, Kong QP*. Spe-
cific gain and loss of co-expression
modules in long-lived individuals
indicate a role of circRNAs in human
longevity. Genes, 2022, 13(5): 749.
(IF=4.141)

1. {87 ETS1 iFHZR0ZARIS TN EEPRR R A KRB RITAELN G
I E N 271 BlREA (185 Bl A& N, 86 (lEEXTIR) MI4ME ML A 4iieit 47
BT, BRESWRE, KEZNSGHEEERERDEREKS; #—-Pohik
B, KFHENEWE DA LR R I i e A B 1R " fE & ETS Proto-Oncogene 1
(ETSI) . i, WFE N RFVHNE R B 440l (HDF) 1 IMR-90 %4 il 5% 41
MR R FEA T BHREITE, KB ETS1 AT BEC A gD AL Rl 2635, HIEZAMuRE .,
ZFREE, PR RS 500E A B RERT e / (2 A EEIEA,
HBFEEF ETS1 2 5iZd B i#iE  (Xiao et al. 2022, Science Advances) .
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SCTIQCRE te6 00001
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SA-beta-gal staining cell ratio

B 1. KB AR 4B 7R ETST VA2 AN A BhRe B AR N (i B2 10 i AL il
[Xiao et al.2022, Science Advances]

2. FIRFEBABNES G ERMERANEINGEHDNEER S EARHRE
CRYBERNEHSIE

AETF R AT, T AT MBI 2 GPMM, ARG I B LA
TR SN SR B R 2 (045 3977 RIS | % BRI 1L (FAO)
SR TT % R N B S R AE . FEA TS IUIHALER, eI % A i i e
NS0 P A e B B AR, TR 14 B R IR A R L B T 5 A B
B EMBIFE, SR RER K A2 A I B (LI TR, X A4
Bty IIBHATR A T HFAURLAAIRNE (Li et al. 2022, Aging Cell) .
.

o o ®
F P

1 katty acid oxidaton

FE 2.GPMM RN R Je E 2R EL
[Li et al.2022, Aging Celil

3. 487 ATF7 iR ARREME SIS RAERIHIEH A X ERRE

FIHK A N AR, RIAKFHFENRLTFRAER FRIEACETIH, mixfp
TR RIEIKE ] fe32 55 %2 R ATF7 ( activating transcription factor 7 ) Y%, FiMH
AN 3 EAR R AT B R IR IE R BL: 1 263K S P ATF7 w4y BIAE 2% s fR ik i o 25
ATF7 &R 06 NF-«B 8% . 3988056 K H3K9me2 7K>F, AT FITHI T A0 5 45
T (SASP) M4y ¥k, 1 SASP IEEIE AR RAEM T IRIE, ok, oKk ATF7
AL S AR 2RI, R & MBI R A, X —F5eoR: ATF7 fl@d iEZE 40
Mo LA ZAEN R RIEAT, MWiifRidtf g K% (Huang et al. 2022, Aging and

Disease) .
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Human Evolution and Disease Genomics

Dr. Qing-Peng Kong, Principal Investigator, Kunming Institute g
of Zoology, Chinese Academy of Sciences.

The main research interests of my laboratory are: (1) tracing the
origin and evolutionary history of modern humans and (2) dis-
closing the molecular mechanism of healthy aging by studying
longevity individuals. Our research group has already published
over 100 papers on the international peer-reviewed journals such
as Am J Hum Genet, PNAS, Genome Res, Mol Biol Evol, Natil Sci
Rev, Theranostics with total citations over 5,000 times.

Email: kongqp@mail.kiz.ac.cn

1. Reduced ribosome function regulated by ETS1 is a novel mechanism
for human healthy aging and longevity

To illustrate the longevity mechanisms, we obtained and analyzed the peripheral blood
leukocyte transcriptome data (RNA-seq) in 185 long-lived individuals (LLIs) and 86
spouses of LLI-children (F1SPs) in Lingshui (LS) Prefecture and Lingao (LG) Prefec-
ture, Hainan Province. We found a new but very significant signal in the LLIs: ribosomal
pathway genes were markedly downregulated in both LS and LG longevity cohorts. The
researchers further showed that the observed downregulation of ribosome protein-coding
genes (RPGs) is most likely regulated by a transcriptional regulator E7S/. Further func-
tional assays using different replicated senescent cells showed that knockdown of ETS/
reduced RPG expression and alleviated cellular senescence. Therefore, the study shows
that the decreased ribosome function plays an important role in human healthy aging and
longevity, and the transcriptional regulator E7S1 is involved in the regulation of this pro-
cess (Xiao et al. 2022, Science Advances).

2. Enhanced fatty acid oxidation as a key metabolic signature in cente-
narians

To better understand the metabolic mechanisms of healthy aging, we developed a method
of genome-wide precision metabolic modeling (GPMM), also systematically reconstruct-
ed and analyzed the metabolic network (including 3977 metabolic reactions) of centenari-
ans and young controls, and found that enhanced fatty acid oxidation (FAO) was the most
significant metabolic feature in centenarians. By measuring the serum metabolome data of
the same longevity and control samples, the results showed that the lipids in centenarians
were significantly lower than that of young controls, further supporting the conclusion
that centenarians had enhanced fatty acid oxidation. Given that FAO declines with normal
aging and is impaired in many age-related diseases, this study suggests that the elevated
FAO is a novel mechanism of healthy aging of humans (Li et al. 2022, Aging Cell).

3. ATF7 promotes healthspan by suppressing cellular senescence and
systematic inflammation

Based on RNA-sequencing data of a cohort of
longevous families, a transcriptional repressor
ATF7 was identified as a potential longevity-pro-
moting factor as it was upregulated in the long-
lived individuals (LLIs) but downregulated in
senescent cells. Functional experiments demon-
strated that ATF7 can suppress cellular senes-
cence and the secretion of senescence-associated
secretory phenotype (SASP) factors, delay aging
and finally extend the lifespan in model animal
(C. elegans) (Huang et al. 2022, Aging and Dis-
ease).

Human

C. elegans

Longevity/healthy aging

Schematic role of ATF7 in senescence process. [ Huang et al. 2022, Aging and Disease )
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Email: zhangguojie@mail.kiz.ac.cn

EERRRER~L: 1. 158 EH £ SR A MR MR ES
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Belov K, Renfree MB, Helgen KM, Booms-
ma JJ, Schierup MH, Zhang G". Incomplete
lineage sorting and phenotypic evolution in
marsupials. Cell, 2022, 185(10): 1646-1660.
el8.
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AL, Ding G, Texada MJ, Zhang X, Zuo D,

G , Ji W, Wen T, Pontieri L, G \
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. Nat Ecol & Evol, 2022, 6(11): 1753-

e Mar Feol & Evol, 2022, 61D ShH). DB S M B RS, A, ARG, LI
7. Zhuang Y', Xu W', Zhang G, Mai H, Li X, Sy R—LE LT o KU PN R LR A T A BT IR TR R A S A7 AL . eAh,
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soft tissues in a Cretaceous ant. BMC Ecol & AL AT R A Rk A 21, (Zhuang et al. 2022, BMC Ecol & Evol)
Evol, 2022, 22(1):146.
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Dr. Guojie Zhang, Head of Biodiversity Genomics Group, Kunming Institute of Zoology, CAS, adjunct professor in University of
Copenhagen and chair professor of the Evolutionary & Organismal Biology Research Center, Zhejiang University. Dr. Zhang has

published more than 200 articles, including Science, Nature, Cell, Sci-
ence Advances, Nature Communications, PNAS and Current Biology. In
2022,we produced a single-cell transcriptomic atlas of the full panel of |
castes in Monomorium pharaonis, identifying the brain specializations
across different castes, indicating permanent caste and extreme sex-dif-
ferentiation induced major changes in the neural circuitry of ants; we ana-
lyzed the individual developmental transcriptomic trajectories of two ant |
species, showing that caste differentiation is analogous to cell differentia- |
tion and demonstrating that caste differentiation is increasingly canalized |
from early development onwards; we reconstructed the anatomy of Zigra-
simecia ant preserved in Cretaceous amber with an almost complete inter-
nal organ systems. 20 high profile SCI papers were published, including
Cell (1), Nature Ecology & Evolution (2), Nature Communications (1),
Genome Research (1), Science Advances (1).
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1. Decoding the brain of ants: single cell transcriptomic atlas of ant super-
organism

We produced the brain single cell transcrip-
tomic atlas covering the full panel of castes
— queens, gynes (virgin queens), workers and
males of Monomorium pharaonis by obtaining
206,367 brain single-nucleus transcriptomes.
We found that the brains of different castes
are differentially specialized in directions and
degrees. The observation suggests permanent
caste differentiation and extreme sex-differ-
entiation induced major changes in the neural
circuitry of ants. The brains of different castes
in the colony are specialized for different func-
tions and complementary at superorganismal level for totipotent functions such as reproduc-
tion, nursing, foraging and defense (Li et al., 2022, Nat Ecol & Evol ).

2. Deciphering the development of ants: caste canalization

We reconstructed the individual developmental trajectories of two ant species, Monomorium
pharaonis and Acromyrmex echinatior by obtaining >1,400 individual transcriptomes, detect-
ing that caste differentiation is increasingly canalized from early development onwards and
that the juvenile hormone signaling pathway plays a key role in this process. This study also
identified a highly canalized gyne-biased ovary gene Freja, suppression of which disturbed
pupal development by induceing non-adaptive intermediate phenotypes between gynes and
workers. Our results were consistent with natural selection actively maintaining canalized
caste phenotypes while securing robustness in the life cycle ontogeny of ant colonies (Qiu et
al., 2022, Nat Ecol & Evol).

3. Reconstructing the anatomy of internal
soft tissue: Cretaceous Zigrasimecia ant

We collaborated in a research which rereported a fe-
male specimen (gyne) of the extinct ant group—Zigra-
simecia—included in a Cretaceous amber piece from
Kachin, Myanmar, with an almost complete system
formed by various internal organs. These included the
brain, the main exocrine system, part of the digestive
tract, and several muscle clusters. This research ex-
panded our knowledge of internal anatomy in stem
group ants. As the gyne bears a morphologically unique
labrum, our specimen’s internal and external features
supported the notion that the early ant may have special
ecological habits during the Cretaceous period (Zhuang
etal., 2022, BMC Ecol & Evol).
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Dr. Xuemei Lu, Professor, Principal Investigator. Our group fo- o e
cuses on the genetic and regulatory basis of adaptation, population
dynamics in natural species and cell evolution by integrating eco-
logical and evolutionary theory, population genetics, system biol-
ogy approaches and multi-omics techniques. For example, we are
asking how the life-history tradeoffs shape the evolutionary pro-
cesses and the formation of genetic diversity in different species,
and what the consequences are in terms of adaptation or resistance
in metapopulations. We are also interested in the interaction and
co-evolution of genomic variations, three-dimensional (3D) ge-
nome organization and their effects on adaptation.

Email: xuemeilu@mail.kiz.ac.cn

1. Evolution under spatially heterogeneous selection in solid tumors BIPAR%E (Lab Member)
We propose a neutral spatial (NS) model whereby the mutation accumulation increases THEAS (Staff)
toward the periphery; the genealogical relationship is spatially determined and the se- = a

lection efficacy is blunted (due to kin competition). In this model, neutral mutations are E3FIZF 4SRIRFEENER
accrued and spatially distributed in manners different from those of advantageous mu-

tations. Importantly, the distinctions could be blurred in the conventional model. To test Liduo Ymﬁ .
the NS model, we performed a three-dimensional multiple microsampling of two hepa- 5B LIl
tocellular carcinomas. Whole-genome sequencing (WGS) revealed a 2-fold increase in Yue Zhang

mutations going from the center to the periphery. The operation of natural selection can (AT BERSCIR)T
then be tested by examining the spatially determined clonal relationships and the clonal
sizes. Due to limited migration, only the expansion of highly advantageous clones can
sweep through a large part of the tumor to reveal the selective advantages. Hence, even
multiregional sampling can only reveal a fraction of fitness differences in solid tumors.

Our results suggest that the NS patterns are crucial for testing the influence of natural HRE (Graduate Students)
selection during tumorigenesis, especially for small solid tumors. g % KaiYan
ZEIYRA Yunyang Wei
gk BF Xin Zhang
EpEE  Zifeng Li
#XIME  Shilei Zhao
B Sijie Liao
ZEEE FengyiLi
{a]i%Z  Xiaoyi He
{i] £ Hao He

3 Z Lei Zhang
2. On the epicenter of COVID-19 and the origin of the pandemic strain s

Wenbin He

Fig 3. Extended sample phylogenetic relationships

Lechang Yang

We point out the error in Pekar et al.(2022) that they estimated tMRCAs of SARS- Xl %l Can Liu
CoV-2 found in humans, which means the time to the most recent common ancestor of
the viral variants. However, the authors interpret tMRCA to mean the timing of the viral
jump from animal hosts to humans. Specifically, Ruan et al. (2022) published in Nation-
al Science Review (NSR) an analysis that concludes two early centers in the spread of
COVID-19. Since the strain (referred to as DG1111) that spread globally to cause the
pandemic has never been found in Wuhan prior to its arrival from outside Asia in March
2020, Wuhan is a local center, rather than the “global epicenter”. Citing observations
from Europe , we suggest that the jump from animal hosts to humans must be earlier
than the fall of 2019 to permit the evolution from the ancestral DG0000 strain to the
global DG1111 (0 and 1 designating the ancestral and derived variant, respectively).
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Prof. Guodong Wang, researcher, Ph.D. Supervisor. The 2019
Young Scientist Award of the Chinese Academy of Sciences and
as one of the initiators to create the Dog10K Consortium. Recent-
ly years we focused on genomic evolution, adaptive evolution,
the genetic basis of complex traits and behavior. Research prog-
ress published on Nat Genet, Nat Commun, Cell Res, PNAS, Mol
Biol Evol, Nucl Acids Res and other science citation index (SCI)
journals.

Email: wanggd@mail.kiz.ac.cn

3. Putative trajectory analysis reveals the conserved oligodendrocyte de-
velopment trajectory

With the defined cell-type markers, Clusters 2 and 9 were inferred to be myelinating
oligodendrocytes and OPCs, respectively (Fig. 3A). Consistently with this classifica-
tion, CNP, a myelin-related marker gene of Cluster 2, was highly expressed in the hilus,
ML, SLM, F and A areas (Fig. 3B).

AGAP1 was a DEG in Cluster 9 * == "
and could be used as a new marker
of OPCs (Fig. 3B). Cluster 16 was
linked to Clusters 2 and 9 (Fig. 1A),
with few specifically expressed
genes to assign its identity. There-
fore, we inferred that Clusters 2, 9
and 16 might form a development
trajectory from OPCs to myelinating
oligodendrocytes, which was also
found in the mouse hippocampus.
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Figure 3. Putative trajectory analysis and cross-species tran-
scriptome comparison between dog and mouse oligoden-
drocyte.

4. Significant convergence between DEGs and putative PSGs in domestica-
tion

Glutamate neurons play an important role in domestication and may play a role in learn-
ing, memory and stress response. GRIK3 is highly expressed in glutamate neurons, plays
an important role in reducing stress

responses in domestic animals, making '
them more likely to be kept in captiv-
ity. GAD? is a marker gene of GABA
neurons, which is assoc