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Herpetological Phylogeographic Analyses Support a Miocene Focal Point of Himalayan Up-
lift and Biological Diversification

Xu W, Dong WJ, Fu TT, Gao W, Lu CQ, Yan F, Wu YH, Jiang K, Jin JQ, Chen HM, Zhang YP, David M Hil-
lis*, Che J*

Abstract

The Himalaya are among the youngest and highest mountains in the world, but the exact timing of their uplift and
origins of their biodiversity are still in debate. The Himalayan region is a relatively small area but with exceptional
diversity and endemism. One common hypothesis to explain the rich montane diversity is uplift-driven diversifica-
tion—that orogeny creates conditions favoring rapid in situ speciation of resident lineages. We test this hypothesis in
the Himalayan region using amphibians and reptiles, two environmentally sensitive vertebrate groups. In addition,
analysis of diversification of the herpetofauna provides an independent source of information to test competing geo-
logical hypotheses of Himalayan orogenesis. We conclude that the origins of the Himalayan herpetofauna date to the
early Paleocene, but that diversification of most groups was concentrated in the Miocene. There was an increase in
both rates and modes of diversification during the early to middle Miocene, together with regional interchange (dis-
persal) between the Himalaya and adjacent regions. Our analyses support a recently proposed stepwise geological
model of Himalayan uplift beginning in the Paleocene, with a subsequent rapid increase of uplifting during the Mio-
cene, finally giving rise to the intensification of the modern South Asian Monsoon.
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Giant salamanders: Farmed yet endangered
Lu CQ, Chai J, Murphy RW, Che J*

Science, 2020, 367(6481):989
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863 genomes reveal the origin and domestication of chicken

Wang MS', Thakur M, Peng MS', Jiang Y', Frantz LAF', Li M', Zhang JJ, Wang S, Peters J, Otecko NO, ...... s
Jin JQ, Li ML, Liu YH, Chen HM, Ma C, Dai SS, Bhuiyan AFH, Khan MS, Silva G, Le TT, Mwai OA, Ibrahim
MNM, Supple M, Shapiro B, Hanotte O, Zhang GJ, Larson G, Han JL*, Wu DD*, Zhang YP*

Abstract

Despite the substantial role that chickens have played in human societies across the world, both the geographic and
temporal origins of their domestication remain controversial. To address this issue, we analyzed 863 genomes from
a worldwide sampling of chickens and representatives of all four species of wild jungle fowl and each of the five
subspecies of red jungle fowl (RJF). Our study suggests that domestic chickens were initially derived from the RJF
subspecies Gallus gallus spadiceus whose present-day distribution is predominantly in southwestern China, north-
ern Thailand and Myanmar. Following their domestication, chickens were translocated across Southeast and South
Asia where they interbred locally with both RJF subspecies and other jungle fowl species. In addition, our results
show that the White Leghorn chicken breed possesses a mosaic of divergent ancestries inherited from other subspe-
cies of RJF. Despite the strong episodic gene flow from geographically divergent lineages of jungle fowls, our anal-
yses show that domestic chickens undergo genetic adaptations that underlie their unique behavioral, morphological
and reproductive traits. Our study provides novel insights into the evolutionary history of domestic chickens and a
valuable resource to facilitate ongoing genetic and functional investigations of the world’s most numerous domestic
animal.
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SeMeT

KNG (Gallus gallus domesticus) YL FHI K2 —, HHBEARRIFER, ARCEEFEEFAE B G,
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Genomic regions under selection in the feralization of the dingoes

Zhang SJ', Wang GD', Ma PC', Zhang LL, Yin TT, Liu YH, Otecko NO, Wang M, Ma YP, Wang L, Mao BY*,

Savolainen P*, Zhang YP*

Abstract

Dingoes are wild canids living in Australia, originating from domestic dogs. They have lived isolated from both the
wild and the domestic ancestor, making them a unique model for studying feralization. Here, we sequence the ge-
nomes of 10 dingoes and 2 New Guinea Singing Dogs. Phylogenetic and demographic analyses show that dingoes
originate from dogs in southern East Asia, which migrated via Island Southeast Asia to reach Australia around 8300
years ago, and subsequently diverged into a genetically distinct population. Selection analysis identifies 50 posi-
tively selected genes enriched in digestion and metabolism, indicating a diet change during feralization of dingoes.
Thirteen of these genes have shifted allele frequencies compared to dogs but not compared to wolves. Functional
assays show that an A-to-G mutation in ARHGEF7 decreases the endogenous expression, suggesting behavioral
adaptations related to the transitions in environment. Our results indicate that the feralization of the dingo induced
positive selection on genomic regions correlated to neurodevelopment, metabolism and reproduction, in adaptation

to a wild environment.
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Ancient Hybridization with an Unknown Population Facilitated High-Altitude Adaptation
of Canids

Wang MS', Wang S', Li Y', Jhala Y', Thakur M', Otecko NO, Si JF, Chen HM, Shapiro B*, Nielsen R*, Zhang
YP*, Wu DD*

Abstract

Genetic introgression not only provides material for adaptive evolution but also confounds our understanding of
evolutionary history. This is particularly true for canids, a species complex in which genome sequencing and analy-
sis has revealed a complex history of admixture and introgression. Here, we sequence 19 new whole genomes from
high-altitude Tibetan and Himalayan wolves and dogs and combine these into a larger data set of 166 whole canid
genomes. Using these data, we explore the evolutionary history and adaptation of these and other canid lineages. We
find that Tibetan and Himalayan wolves are closely related to each other, and that ~39% of their nuclear genome
is derived from an as-yet-unrecognized wolf-like lineage that is deeply diverged from living Holarctic wolves and
dogs. The EPASI haplotype, which is present at high frequencies in Tibetan dog breeds and wolves and confers an
adaptive advantage to animals living at high altitudes, was probably derived from this ancient lineage. Our study
underscores the complexity of canid evolution and demonstrates how admixture and introgression can shape the evo-
lutionary trajectories of species.
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Chromatin accessibility landscape and regulatory network of high-altitude hypoxia adapta-
tion

Xin JX', Zhang H', He YX', Duren Z', Bai CJ', Chen L, Luo X, Yan DS, Zhang CY, Zhu X, Yuan QY, Feng ZY,
Cui CY, Qi XB, Ouzhuluobu, Wong WH*, Wang Y*, Su B*

Abstract

High-altitude adaptation of Tibetans represents a remarkable case of natural selection during recent human evolution.
Previous genome-wide scans found many non-coding variants under selection, suggesting a pressing need to under-
stand the functional role of non-coding regulatory elements (REs). Here, we generate time courses of paired ATAC-
seq and RNA-seq data on cultured HUVECs under hypoxic and normoxic conditions. We further develop a variant
interpretation methodology (VPECA) to identify active selected REs (ASREs) and associated regulatory network.
We discover three causal SNPs of EPAS1, the key adaptive gene for Tibetans. These SNPs decrease the accessibility
of ASREs with weakened binding strength of relevant TFs, and cooperatively down-regulate EPAS! expression. We
further construct the downstream network of EP4S1, elucidating its roles in hypoxic response and angiogenesis. Col-
lectively, we provide a systematic approach to interpret phenotype-associated noncoding variants in proper cell types
and relevant dynamic conditions, to model their impact on gene regulation.
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(Ancient genomes reveal tropical bovid species in the Tibetan Plateau contributed to the )
prevalence of hunting game until the late Neolithic

Chen NB', Ren LL', Du LY, Hou JW', Mullin VE, Wu D, Zhao XY, Li CM, Huang JH, Qi XB, Capodiferro
MR, Achilli A, Lei CZ, Chen FH, Su B*, Dong GH*, Zhang XM?*.

Abstract

Local wild bovids have been determined to be important prey on the northeastern Tibetan Plateau (NETP), where
hunting game was a major subsistence strategy until the late Neolithic, when farming lifestyles dominated in the
neighboring Loess Plateau. However, the species affiliation and population ecology of these prehistoric wild bovids
in the prehistoric NETP remain unknown. Ancient DNA (aDNA) analysis is highly informative in decoding this
puzzle. Here, we applied aDNA analysis to fragmented bovid and rhinoceros specimens dating ~5,200 y B.P. from
the Neolithic site of Shannashuzha located in the marginal area of the NETP. Utilizing both whole genomes and
mitochondrial DNA, our results demonstrate that the range of the present-day tropical gaur (Bos gaurus) extended
as far north as the margins of the NETP during the late Neolithic from ~29°N to ~34°N. Furthermore, compara-
tive analysis with zooarchaeological and paleoclimatic evidence indicated that a high summer temperature in the
late Neolithic might have facilitated the northward expansion of tropical animals (at least gaur and Sumatran-like
rhinoceros) to the NETP. This enriched the diversity of wildlife, thus providing abundant hunting resources for
humans and facilitating the exploration of the Tibetan Plateau as one of the last habitats for hunting game in East

Asia.
PNAS, 2020, 117:28150-28159
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Tracing the Genetic Legacy of the Tibetan Empire in the Balti

Yang XY', Rakha A', Chen W, Hou J, Qi XB, Shen QK, Dai SS, Sulaiman X, Abdulloevich NT, Afanasevna ME,
Ibrohimovich KB, Chen X, Yang WK, Adnan A, Zhao RH, Yao YG, Su B, Peng MS*, Zhang YP*

Abstract
The rise and expansion of Tibetan Empire in the 7th to 9th centuries AD affected the course of history across East
Eurasia, but the genetic impact of Tibetans on surrounding populations remains undefined. We sequenced 60 ge-
nomes for four populations from Pakistan and Tajikistan to explore their demographic history. We showed that
the genomes of Balti people from Baltistan comprised 22.6-26% Tibetan ancestry. We inferred a single admixture
event and dated it to about 39-21 generations ago, a period that postdated the conquest of Baltistan by the ancient
Tibetan Empire. The analyses of mitochondrial DNA, Y, and X chromosome data indicated that both ancient Ti-
betan males and females were involved in the male-biased dispersal. Given the fact that the Balti people adopted
Tibetan language and culture in history, our study suggested the impact of Tibetan Empire on Baltistan involved
dominant cultural and minor demic diffusion.
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Population Genomics Reveals Incipient Speciation, Introgression, and Adaptation in the Af-
rican Mona Monkey (Cercopithecus mona)

Ayoola AO', Zhang BL'*, Meisel RP, Nneji LM, Shao Y, Morenikeji OB, Adeola AC, Ng’ang’a SI, Ogunjemite
BG, Okeyoyin AO, Roos C, Wu DD*

Abstract

Guenons (tribe Cercopithecini) are the most widely distributed nonhuman primate in the tropical forest belt of Africa
and show considerable phenotypic, taxonomic, and ecological diversity. However, genomic information for most
species within this group is still lacking. Here, we present a high-quality de novo genome (total 2.90 Gb, contig
N50 equal to 22.7Mb) of the mona monkey (Cercopithecus mona), together with genome resequencing data of 13
individuals sampled across Nigeria. Our results showed differentiation between populations from East and West of
the Niger River ~84 ka and potential ancient introgression in the East population from other mona group species.
The PTPRK, FRAS1, BNC2, and EDN3 genes related to pigmentation displayed signals of introgression in the East
population. Genomic scans suggest that immunity genes such as AK73 and IL13 (possibly involved in simian immu-
nodeficiency virus defense), and G6PD, a gene involved in malaria resistance, are under positive natural selection.
Our study gives insights into differentiation, natural selection, and introgression in guenons.
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Genome and single-cell RNA-sequencing of the earthworm Eisenia andrei identifies
cellular mechanisms underlying regeneration

Shao Y', Wang XB', Zhang JJ', Li ML', Wu SS, Ma XY, Wang X, Zhao HF, Li Y, Zhu HH, Irwin DM, Wang
DP, Zhang GJ*, Ruan J*, Wu DD*

Abstract

The earthworm is particularly fascinating to biologists because of its strong regenerative capacity. However,
many aspects of its regeneration in nature remain elusive. Here we report chromosome-level genome, large-
scale transcriptome and single-cell RNA-sequencing data during earthworm (Eisenia andrei) regeneration. We
observe expansion of LINE2 transposable elements and gene families functionally related to regeneration (for
example, EGFR, epidermal growth factor receptor) particularly for genes exhibiting differential expression during
earthworm regeneration. Temporal gene expression trajectories identify transcriptional regulatory factors that are
potentially crucial for initiating cell proliferation and differentiation during regeneration. Furthermore, early growth
response genes related to regeneration are transcriptionally activated in both the earthworm and planarian. Mean-
while, single-cell RNA-sequencing provides insight into the regenerative process at a cellular level and finds that
the largest proportion of cells present during regeneration are stem cells.
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Genome integrity and neurogenesis of postnatal hippocampal neural stem/progenitor cells
require a unique regulator Filia

Li JZ, Shang YF, Wang L, Zhao B, Sun CL, Li JL, Liu SL, Li C, Tang M, Meng FL*, Zheng P*.

Abstract

Endogenous DNA double-strand breaks (DSBs) formation and repair in neural stem/progenitor cells (NSPCs) play
fundamental roles in neurogenesis and neurodevelopmental disorders. NSPCs exhibit heterogeneity in terms of lin-
eage fates and neurogenesis activity. Whether NSPCs also have heterogeneous regulations on DSB formation and
repair to accommodate region-specific neurogenesis has not been explored. Here, we identified a regional regulator
Filia, which is predominantly expressed in mouse hippocampal NSPCs after birth and regulates DNA DSB forma-
tion and repair. On one hand, Filia protects stalling replication forks and prevents the replication stress-associated
DNA DSB formation. On the other hand, Filia facilitates the homologous recombination—mediated DNA DSB repair.
Consequently, Filia '~ mice had impaired hippocampal NSPC proliferation and neurogenesis and were deficient in
learning, memory, and mood regulations. Thus, our study provided the first proof of concept demonstrating the re-
gion-specific regulations of DSB formation and repair in subtypes of NSPCs.
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Variation in the life history strategy underlies functional diversity of tumors

Li T', Liu JL', Feng J', Liu ZZ, Liu SX, Zhang MJ, Zhang YZ, Hou YL, Wu DF, Li CY, Chen YB, Chen H, Lu
XM*

Abstract

Classical r- vs. K-selection theory describes the trade-offs between high reproductive output and competitiveness
and guides research in evolutionary ecology. While its impact has waned in the recent past, cancer evolution may
rekindle it. Herein, we impose r- or K-selection on cancer cell lines to obtain strongly proliferative r cells and
highly competitive K cells to test ideas on life-history strategy evolution. RNA-seq indicates that the trade-offs are
associated with distinct expression of genes involved in the cell cycle, adhesion, apoptosis, and contact inhibition.
Both empirical observations and simulations based on an ecological competition model show that the trade-off be-
tween cell proliferation and competitiveness can evolve adaptively. When the r and K cells are mixed, they exhibit
strikingly different spatial and temporal distributions. Due to this niche separation, the fitness of the entire tumor
increases. The contrasting selective pressure may operate in a realistic ecological setting of actual tumors.
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TDP-43 facilitates milk lipid secretion by post-transcriptional regulation of Btnlal and

Xdh

Zhao LM', Ke H', Xu HB, Wang GD, Zhang HL, Zou L, Xiang S, Li MY, Peng L, Zhou MF, Li LL, Ao L, Yang Q,
Shen CK1J, Yi P*, Wang L*, Jiao BW*

Abstract

Milk lipid secretion is a critical process for the delivery of nutrition and energy from parent to offspring. However,
the underlying molecular mechanism is less clear. Here we report that TDP-43, a RNA-binding protein, underwent
positive selection in the mammalian lineage. Furthermore, TDP-43 gene (7ardbp) loss induces accumulation of
large lipid droplets and severe lipid secretion deficiency in mammary epithelial cells to outside alveolar lumens,
eventually resulting in lactation failure and pup starvation within three weeks postpartum. In human milk samples
from lactating women, the expression levels of TDP-43 is positively correlated with higher milk output. Mecha-
nistically, TDP-43 exerts post-transcriptional regulation of Btnlal and Xdh mRNA stability, which are required for
the secretion of lipid droplets from epithelial cells to the lumen. Taken together, our results highlights the critical
role of TDP-43 in milk lipid secretion, providing a potential strategy for the screening and intervention of clinical
lactation insufficiency.

- Nature Communications, 2020, 11(15): 341
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SGCE Promotes Breast Cancer Stem Cells by Stabilizing EGFR
Zhao LN', Qiu T', Jiang DW', Xu HB, Zou L, Yang Q, Chen CS*, Jiao BW*

Abstract

Breast cancer stem cells (BCSCs) are responsible for resistance to chemotherapy, high degree of metastasis, and poor
prognosis, especially in triple-negative breast cancer (TNBC). The CD24"°*CD44"®" and high aldehyde dehydroge-
nase 1 (ALDHI) cell subpopulation (CD24°*CD44"*" ALDH1") exhibit very high tumor initiating capacity. In the
current study, the upregulated genes are analyzed in both CD24"°*CD44"" and ALDHI1" cell populations at single-
cell resolution, and a highly expressed membrane protein, SGCE, is identified in both BCSC populations. Further
results show that SGCE depletion reduces BCSC self-renewal, chemoresistance, and metastasis both in vitro and
in vivo, partially through affecting the accumulation of extracellular matrix (ECM). For the underlying mechanism,
SGCE functions as a sponge molecule for the interaction between epidermal growth factor receptor (EGFR) and its
E3 ubiquitination ligase (c-Cbl), and thus inhibits EGFR lysosomal degradation to stabilize the EGFR protein. SGCE
knockdown promotes sensitivity to EGFR tyrosine kinase inhibitors (TKIs), providing new clues for deciphering the
current failure of targeting EGFR in clinical trials and highlighting a novel candidate for BCSC stemness regulation.
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Dr. Junxing Yang, Professor. The research team is mainly interested in
biodiversity monitoring survey and evaluation, fauna taxonomic, phy-
logenetic and biogeographic; ecology and conservation research to rare
and native species; especially focuses on the restoration of wetland eco-
system and application. Till now, presided over more than 40 projects,
total of 200 papers have been published which more than 100 of them
are SCI papers, and 6 books and 20 national invention patent have been
published.

1. Whole genome of three species of Sinocyclocheilus

Added the whole genome sequencing of Sinocyclocheilus maitianheensis and Sinocyclocheilus
anophthalmus , and compared the published data of Sinocyclocheilus grahami, Sinocyclochei-
lus anshuiensis, and Sinocerous rhinocerous. Further confirmed the progressive evolution-
ary relationship of the five species of Sinocyclocheilus. The results of transcriptome analysis
showed that gene mutation might be the cause of the difference of pigment between the surface
species and cave species. Meanwhile, the gene set of functional annotation was used to screen
out the melatonin related genes of Sinocyclocheilus melatonin synthase. In addition, we con-
structed chromosome-level genome based on previously constructed high-density genetic link-
age map (unpublished) and assembled genome. Based on the previously constructed high-den-
sity genetic linkage map and genome, 48 pseudo-chromosomes were assembled. The final
chromosome-level assembly covered 1.49 Gb, with 36,924 genes. By using QTL-seq strategy
and BFR parameter, 2 QTL intervals were partially overlapped in full-sib family and mixed
family. Meanwhile, some growth-related candidate genes, such as map2k$5, statl, phf21a, cd-
knlc, sox6, smad6, were screened from the two major identified QTLs. These genes are closely
related to cell proliferation, nerve development, skeletal muscle development, chondrogenesis
and immunity.

2.Growth performance and ploidy differences in reciprocal hybrids of Dian-
chi golden-line barbel (Sinocyclocheilus grahami) and barbless carp (Cypri-
nus pellegrini)

Distant hybridization, which refers to crosses between two different species, genera or high-
er-ranking taxa, is an effective way to combine the genomes of different species and achieve
heterosis in offspring. Distant hybridization across subfamilies is rare in freshwater fish. Both
Sinocyclocheilus grahami and Cyprinus pellegrini are among the “four famous fish” in Yun-
nan. Among them, Sinocyclocheilus grahami have high content of delicious amino acids (DAA),
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA),However, its relatively small
body size and slow growth rate; Cyprinus pellegrini have large body size and fast growth. But,
its flavor is poor. A hybrid variety was obtained by far crossing. The growth rate of the hybrid
was faster than that of Sinocyclocheilus grahami, and the muscle quality was better than Cy-
prinus pellegrini and demonstrated that when the number of maternal chromosomes is fewer
but approach than that of paternal chromosomes, their hybridized offspring are able to survive.
We also provided evidence suggesting that chromosome loss could occur via chromosomal
rearrangements during fish hybridization. In aquaculture, the hybrid could be extended to more
aquacultural areas, with huge market potential.

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

In this year, we cultivated and produced more than 3 million fish fry of these fishes, including
Sinocyclocheilus grahami, Sinocyclocheilus tingi, Neolissochilus benasi, Percocypris retro-
dorslis, Schizothorax taliensis, Anabarilius liui chenghaiensis, Zacco platypus, Anabarilius
grahami, Torgiaojiensis and Distoechodon macrophthalmus. More than 0.36 million individu-
als were released in wild to rebuilt and restore the wild population of these fishes.
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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
a special focus in the Henduanshan Region, and also in spatial ecology
of rare and cryptic mammal faunas, behavior and conservation of black
crested gibbon, as well as conservation biology of Asian elephant and
other large mammals.

1. Camera-trap surveys reveal high diversity of mammals and pheas-
ants in Medog, Tibet

Medog County lies within the Eastern Himalaya biodiversity hotspot, but biodiversity
in the region remains largely unexplored as there was no permanent road access until
2014. Here we present data from camera-trap surveys in five areas of Medog County,
to ascertain the occurrence and occupancy of threatened wildlife species. With a total
survey effort of 4570 trap days we detected 23 medium and large terrestrial mammal
species and six pheasant species,13 of which are categorized as Endangered, Vulnerable
or Near Threatened in the [UCN Red List and 19 of which are categorized as regionally
threatened on the China Species Red List. Carnivora was the most diverse order, with
15 species recorded. Our study produced the first camera-trap photographic evidence
of the Bengal tiger Panthera tigris tigris in China. In addition, we detected the dhole
Cuon alpinus,golden cat Catopuma temminckii,marbled cat Pardofelismarmorata and-
mainland clouded leopard Neofelis nebulosa, highlighting the conservation value of the
region. The occupancy of muntjac Muntiacus spp. was high (52.7%), indicating prey for
large carnivores was abundant. People, livestock and domestic dogs were also recorded
frequently, suggesting the fauna are potentially threatened by human disturbance. In the
light of recent development in the region, conservation efforts are urgently required, to
prevent prey depletion and habitat degradation in this priority region for conservation.

2. Small mammal species richness and turnover along elevational gra-
dient in Yulong Mountain, Yunnan, Southwest China

Understanding the species diversity patterns along elevational gradients is critical for
biodiversity conservation in mountainous regions. We examined the elevational patterns
of species richness and turnover, and evaluated the effects of spatial and environmental
factors on nonvolant small mammals (hereafter “small mammal”) predicted a priori by
alternative hypotheses (mid-domain effect [MDE], species—area relationship[SAR], en-
ergy, environmental stability, and habitat complexity]) proposed to explain the variation
of diversity. We designed a standardized sampling scheme to trap small mammals at ten
elevational bands across the entire elevational gradient on Yulong Mountain, southwest
China. A total of 1808 small mammals representing 23 species were trapped. We ob-
served the hump-shaped distribution pattern of the overall species richness along eleva-
tional gradient. Insectivores, rodents, largeranged species, and endemic species richness
showed the general hump-shaped pattern but peaked at different elevations, whereas the
small-ranged species and endemic species favored the decreasing richness pattern. The
MDE and the energy hypothesis were supported, whereas little support was found for
the SAR, the environmental stability hypothesis, and the habitat complexity. However,
the primary driver(s) for richness patterns differed among the partitioning groups, with
NDVI (the normalized difference vegetation index) and MDE being the most important
variables for the total richness pattern. Species turnover for all small mammal groups
increased with elevation, and it supported a decrease in community similarity with ele-
vational distance. Our results emphasized for increased conservation efforts in the higher
elevation regions of the Yulong Mountain.
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avian speciation and high species diversity
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Molecular Phylogenetics and Evolution. 143,
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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.

1. Vigilance strategy differentiation between sympatric threatened and common
crane species

Studies have indicated that threatened species may show reduced or elevated antipredator behavior
compared with their close common relatives, but remarkably few studies revealed such differences
in behavior among populations. Exploring factors affecting behavior between phylogenetically
related common and threatened species could help understand such discrepancy. We tested for ef-
fects of external and internal variables including month, time of day, habitat type, distribution area,
group composition status and group size on vigilance behavior (including group scan frequency
and level) of two sympatric common Grus grus and threatened G. nigricollis cranes with general-
ized linear models. We detected significant species effect on group scan level, and grus was more
vigilant than nigricollis. Model tests also indicated that group size had common effect on group
scan frequency for both species, and distribution area significantly correlated with the vigilance
of nigricollis, while grus was more affected by time of day and group composition status in areas
of sympatry with nigricollis. But when nigricollis was absent, time had no effects on behavior by
individuals belonging to grus, implying existence of inter-specific competition. We also found
that grus decreased individual vigilance efforts by foraging with other species (e.g., Bar-headed
Goose Anser indicus) to share large group alertness benefits (collective vigilance). As our results
demonstrated, we argued that, with diverse antipredation tactics e.g., foraging with other species,
alternating time rhythm or partitioning spatial utilization to mitigate inter-specific competition,
reducing time allocation to preening while maintaining foraging efforts, common grus could main-
tain high level of vigilance, which may benefit their survival and population increase. Whereas less
time spent vigilant antipredation strategy adopted by threatened nigricollis, this may have negative
effects on their populations.

2. Strict allopatric speciation of sky island Pyrrhula erythaca species complex

Increasing evidence of post-divergence gene flow between taxa is shifting our understanding on
the mode of speciation. A fundamental question arises concerning the circumstances under which
strict allopatric speciation still holds true. Sky island populations might undergo reduced gene
flow by niche conservatism to highland habitats and follow divergence in an allopatric manner. In
this study, we tested this hypothesis in the sky island Grey-headed Bullfinch (Pyrrhula erythaca)
species complex via statistical analyses of
both genetic and ecological data. Results of
coalescent-based analysis of multiple nu-
clear loci suggested that P. e. owstoni likely
colonized Taiwan island during the severe
mid-Pleistocene glacial climate followed
by strictly allopatric divergence from P. e.
erythaca distributed in Himalayas-Heng-
duan mountains and central North China.
Results of ecological niche modeling
suggested that their speciation may be at-

tributed to the niche conservatism of these % : o
birds and the lack of a suitable ecological =% . =Tk -3
corridor during subsequent milder glacial s ; = Noe e
episodes. In addition, we delimited the tra- E g . -

ditionally defined P. erythaca into two full
species, P. erythaca in the Asian mainland
and P. owstoni on the island of Taiwan,
based on both genetic and behavioural ev-
idences. These results suggest that ecology
can have a dynamic role in allowing high-
land populations to expand their ranges
and isolated by habitat barriers to diversify
in a strictly allopatric manner.

Fig. Sampling and molecular phylogenetics in the present study.
(a) Sampling locations of Pyrrhula erythaca and P. erythro-
cephala are labeled with circles of a different color for each
location. (b) Mitochondrial gene tree obtained from Bayes-
ian analysis of the CYTB dataset. (c) Multilocus network
based on combined mitochondrial and nuclear dataset. A
scale was shown as relative indicator of distance because
the matrices were standardized. Colors indicate individuals’
sampling localities as marked in (a).
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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 90 pub-
lications, including in Nature, Science, PNAS, PLoS Biology,
Ecology Letters, Ecological Monographs, Ecology.

Email: dougwyu@mac.com
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1. Horizon Scan of the Belt and Road Initiative

The Belt and Road Initiative (BRI) represents the largest infrastructure and dev-
el x0002_opment project in human history, and presents risks and opportunities
for ecosystems, economies, and communities. Some risks (habitat fragmenta-
tion, roadkill) are obvious, however, many of the BRI’s largest challenges for
develop x0002_ment and conservation are not obvious and require extensive
consideration to identify. In this first BRI Horizon Scan, we identify 11 frontier
issues that may have large environmental and social impacts but are not yet
recognised. More generally, the BRI will increase China’s participation in inter-
national environmen x0002_tal governance. Thus, new cooperative modes of
governance are needed to balance geopolitical, societal, and environmental in-
terests. Upgrading and standardising global environmental standards is essential
to safeguard ecologi x0002_cal systems and human societies.

2. The life history of human foraging: Cross-cultural and individual
variation

Human adaptation depends on the integration of slow life history, complex
production skills, and extensive sociality. Refining and testing models of the
evolution of human life history and cultural learning benefit from increasingly
accurate measurement of knowledge, skills, and rates of production with age.
We pursue this goal by inferring hunters’ increases and declines of skill from
approximately 23,000 hunting records generated by more than 1800 individuals
at 40 locations. The data reveal an average age of peak productivity between
30 and 35 years of age, although high skill is maintained throughout much of
adulthood. In addition, there is substantial variation both among individuals
and sites. Within study sites, variation among individuals depends more on het-
erogeneity in rates of

decline than in rates of /ﬁ;‘ﬂt\ P
f a7l .r'/ - gl g :‘\ H‘-H

increase. This angly- f,f L \ B
sis sharpens questions T ' e o B y,
about the coevolution P | * Jlﬁé'.*‘i |

of human life history
and cultural adaptation.

Figure 2. Distribution of study sites.
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1. Herpetological phylogeographic analyses support a Miocene focal
point of Himalayan uplift and biological diversification

Through reconstructing spatial-temporal history
of most herpetofauna across the Himalaya, we
examined two hypotheses about the uplift of the
Himalaya and discussed the influence on biotic
diversification. Our analyses support a recently
proposed stepwise geological model of Hima-
layan uplift beginning in the Paleocene, with a
subsequent rapid increase of uplifting during the
Miocene, finally giving rise to the intensification
of the modern South Asian Monsoon.

These series of geological and climatic events
have left significant signal on the evolution of herpetofauna, boosting the in situ diversi-
fication and frequent interchange between the Himalaya and Southeast Asia. Our study is
important for the conservation of the Himalayan biota, which is a world-class species trea-
sure-house.

2. The book "the Tibetan Amphibians and Reptiles” has published

This book documents the diversity of amphibians and reptiles in Tibet, and further discuss-
es the evolutionary processes and mechanisms for the Tibetan herpetofauna. It is based
mainly on research conducted during the past nine years (2010-2018) . Compared with the
first Scientific Expedition to the Qinghai-Tibetan plateau and its achievements made on the
Tibetan herpetofauna (Hu, 1987), the book documents 23 additional species of amphibians
and 26 more reptiles . This book is composed mainly of two sections: overview and mono-
graph. A total of 60 amphibians (2 orders, 8 families, 22 genera), and 79 reptiles (1 order,
2 suborders, 9 families, 43 genera) species are reviewed herein. Supplemental files are pre-
sented in the form of electric QR code scans, with a total of ~200 pages and 60,812 words

3. Giant salamanders: Farmed yet endangered

Chinese giant salamanders (CGS) fall into
a paradox of being extremely endangered
in nature, but overstocked in farms. Profit
speculation led to overstocking of millions
of individuals for farm breed-stock and
illegal poaching. The absence of genetic
identification, habitat suitability, and disease
quarantining has led to hybridization, low
field survival of CGS, and ecological securi-
ty issues.

Hence, considering the urgent need for
adjustments, we offer suggestions for conservation, including unfailing supervision of the
commercial market stringent law enforcement to stop commercial breeding farms in or near
the reserves and illegal poaching, scientific evaluating of the current status of each species,
ceasing of all releases until pure, native lines are propagated, and establishing ecotourism
to develop local pride in resources.
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1. 863 genomes reveal the origin and domestication of chicken

We analyzed 863 genomes from a worldwide sampling of chickens and representatives
of all four species of wild jungle fowl and each of the five subspecies of red jungle fowl
(RJF). Our study suggests that domestic chickens were initially derived from the RJF
subspecies Gallus gallus spadiceus whose present-day distribution is predominantly in
southwestern China, northern Thailand and Myanmar. Following their domestication,
chickens were translocated across Southeast and South Asia where they interbred lo-
cally with both RJF subspecies and other jungle fowl species. In addition, our results
show that the White Leghorn chicken breed possesses a mosaic of divergent ancestries
inherited from other subspecies of RJF. Despite the strong episodic gene flow from geo-
graphically divergent lineages of jungle fowls, our analyses show that domestic chick-
ens undergo genetic adaptations that underlie their unique behavioral, morphological
and reproductive traits.
[Wang MS et al. 2020 Cell Research, 1F=20.507]

2. Tracing the genetic legacy of the Tibetan Empire in the Balti

We sequenced 60 genomes for —

four populations from Pakistan 1" frerl = Hashmn

and Tajikistan to explore their Do R G

demographic history. We showed e -
. ETROTTER 1 e | |

that the genomes of Balti people . AT f

from Baltistan were comprised of 1 e T -

22.6% ~ 26% Tibetan ancestry. = | S H 7| g =

We inferred a single admixture
event and dated it to about 39
to 21 generations ago, a period that postdated the conquest of Baltistan by the ancient
Tibetan Empire. The analyses of mitochondrial DNA, Y, and X chromosome data in-
dicated that both ancient Tibetan males and females were involved in the male-biased
dispersal. Given the fact that the Balti people adopted Tibetan language and culture in
history, our study suggested the impact of Tibetan Empire on Baltistan involved domi-
nant cultural and minor demic diffusion.
[Yang XY et al. 2020 Molecular Biology and Evolution, 1F=11.062]
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1. Large-scale exploration on genome resources in such crops as alfalfa and rice

Alfalfa (Medicago sativa L.), one of the most important crops, is challenging due to the lack of a ref-
erence genome and an efficient genome editing protocol, which mainly result from its autotetraploidy
and self-incompatibility. We generate an allele-aware chromosome-level genome assembly for the
cultivated alfalfa consisting of 32 allelic chromosomes by integrating high-fidelity single-molecule
sequencing and Hi-C data. We further establish an efficient CRISPR/Cas9-based genome editing
protocol on the basis of this genome assembly and precisely introduce tetra-allelic mutations into null
mutants that display obvious phenotype changes. The mutated alleles and phenotypes of null mutants
can be stably inherited in generations in a transgene-free manner by cross pollination. Our result will
provide key foundations for accelerating research and molecular breeding of this important forage
crop. The rice orthologue of maize domestication gene Teosinte branched 1 (Tbl) affects tillering.
But, unlike maize Th/ gene, it was not selected during domestication. Here, we report that an OsTh!
duplicate gene (OsTh2) has been artificially selected during upland rice adaptation and that natural
variation in OsTh2 is associated with tiller number. Transgenic rice overexpressing Os7b2 shows in-
creased rather than decreased tillering. Functional analyses suggest that the Os7h2 protein positively
regulates tillering by interacting with the homologous OsTbhI protein and counteracts the inhibitory
effect of OsTh! on tillering. These results not only present an example of neo functionalization that
generates an opposite function following duplication but also suggest that the 7h/ homologue has
been selected in upland rice.

2. Genomic basis of adaptive evolution of important 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. Due to their enigmatic phenotypic traits such as morphologi-
cal diversity and bioluminescence, butterflies and luminous beetles have been one of the important
groups for studying the adaptive evolution of species since the Darwin era. Using butterflies as case,
we firstly investigated the evolution of genome size in a comprehensive phylogenetic context. Then,
we assembled the chromosomal-level reference genome of dead butterfly Kallima inachus. This is
the first butterfly genomes with all chromosomes including both candidate Z and W chromosomes
assembled. The wings of adults with the pigmentary gene ebony knocked out using CRISPR/Cas9
showed mutated phenotypes in which the orange dorsal region and entire ventral surface darkened.
Our results provide important genome resources for investigating the genetic mechanism underlying
protective resemblance in dead-leaf butterflies and insights into the molecular basis of protective col-
oration. Fireflies are among the most charismatic insects for their spectacular bioluminescence, but
the origin and evolution of bioluminescence remain elusive. Especially, the genic basis of luciferin
(d-luciferin) biosynthesis and light patterns is largely unknown. Here, we present the high-quality
reference genomes of two fireflies Lamprigera yunnana and Abscondita terminalis with great differ-
ences in both morphology and luminous behavior. We created the CRISPR/Cas9-induced mutants of
Abdominal B gene without luminous organs in the larvae of 4. terminalis. Combining gene expres-
sion analyses with comparative genomics, we propose a more complete luciferin synthesis pathway.
Using experiments, the function of the firefly acyl-CoA thioesterase (ACOT]1) to convert l-luciferin
to d-luciferin was validated for the first time. Altogether, our results provide important resources for
further exploring bioluminescence in insects.

3. Genetic basis of body plan transitions in echinoderms

Echinoderms are an exceptional group of bilaterians that develop pentameral adult symmetry from
a bilaterally symmetric larva. Here we reported the green sea urchin (L. variegatus), a sea cucumber
(A. japonicus) genome, and with particular emphasis on a sister group of the earliest-diverged echi-
noderms, the feather star (4. japonica). We learned that the last common ancestor of echinoderms
retained a well-organized Hox cluster reminiscent of the hemichordate, and had gene sets involved in
endoskeleton development. Further, unlike in other animal groups, the most conserved developmen-
tal stages were not at the body plan establishing phase, and genes normally involved in bilaterality
appear to function in pentameric axis development. These results enhance our understanding of the
divergence of protostomes and deuterostomes almost 500 Mya.
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expansion is believed to be crucial to the highly developed cognitive
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ratory focuses on (1) the genetic mechanism underlying the dramatic
enlargement of human brain and its highly developed cognitive skills
during human evolution; (2) Origins and migration of modern human
populations in East Asia and its adaptation to environmental stress.
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1. Chromatin accessibility landscape and regulatory network of high-alti-
tude hypoxia adaptation

Tibetans’ adaptation to high-altitude environment at the Qin- . EemsrEy
ghai-Tibetan plateau by a distinct suite of physiologic traits Ty o -
represents a remarkable case of natural selection during recent
human evolution. Previous genome-wide scan found many ge-
netic variants with the strongest selection signals lying within . - .
non-coding regions. This indicates the pressing need to recon- T :
struct the process of regulatory element (RE) regulating gene ‘
expression with challenges in unknown cell type of action,
relevant pathway, target gene, causality, and mechanism. We
generated time series of paired ATAC-seq and RNA-seq data . .
with WGS data in Tibetan and Han Chinese’s umbilical endo-
thelial cells from normoxia to hypoxia condition and presented
the chromatin accessibility landscape and multi-stage dynamics
under hypoxia. We further developed a variants interpretation
model by Paired Expression and Chromatin Accessibility data
(VPECA) to identify active REs (AREs) and active selected REs
(ASREs) and their associated gene regulatory network. vVPECA M

revealed the regulatory mechanism of EPAS1, the major-effect

gene for high altitude adaptation, that three causal SNPs de-

crease the ASRE’s accessibility, weaken the TF binding strength,

and down-regulate EPAS1’s expression. EPAS1’s functional AREs and ASREs, validated by lucif-
erase reporter assay and Hi-C experiments, cooperatively achieve delicate down-regulation pattern
for high-altitude adaptation and causally interpret the positively selected SNPs. Furthermore, the
reconstructed genome-wide network elucidates how EPASI drives down-stream TFs and genes
via AREs for hypoxia response, angiogenesis, broad functional processes and pathways, and far
reaching GWAS traits/phenotypes. Taken together, we have provided genome-wide hypoxia regu-
latory network with AREs and ASRE:s as a resource to characterize the effect of genetic variants in
high-altitude adaptation, and suggested a systematic approach to understand the large-scale maps
of noncoding variants by modeling omics data in proper cell types and dynamic condition for its
act on gene regulation. (Figure 1). Xin et al. Nature Communications 11, 4928 (2020).

2. Ancient genomes reveal tropical bovid species in the Tibetan Plateau
contributed to the prevalence of hunting game until the late Neolithic

Local wild bovids have been determined to be im-
portant prey on the northeastern Tibetan Plateau
(NETP), where hunting game was a major subsis-
tence strategy until the late Neolithic, when farming
lifestyles dominated in the neighboring Loess Pla-
teau. However, the species affiliation and popula-
tion ecology of these prehistoric wild bovids in the
prehistoric NETP remain unknown. Ancient DNA
(aDNA) analysis is highly informative in decoding
this puzzle. Here, we applied aDNA analysis to
fragmented bovid and rhinoceros specimens dating
~5,200 y B.P. from the Neolithic site of Shannashu-
zha located in the marginal area of the NETP. Uti-
lizing both whole genomes and mitochondrial DNA, our results demonstrate that the range of the
present-day tropical gaur (Bos gaurus) extended as far north as the margins of the NETP during the
late Neolithic from ~29°N to ~34°N. Furthermore, comparative analysis with zooarchaeological
and paleoclimatic evidence indicated that a high summer temperature in the late Neolithic might
have facilitated the northward expansion of tropical animals (at least gaur and Sumatran-like rhi-
noceros) to the NETP. This enriched the diversity of wildlife, thus providing abundant hunting re-
sources for humans and facilitating the exploration of the Tibetan Plateau as one of the last habitats
for hunting game in East Asia (Figure 2). Chen et al. PNAS 117, 28150-28159 (2020).
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Xin JX', Hao JJ', Chen L, Zhang T, Li L, Chen LN, Zhao WM, Lu XM, Shi P* and Wang Y*(2020). ZokorDB: tissue specific reg-
ulatory network annotation for non-coding elements of plateau Zokor. Quant Biol , 8(1): 43-50.
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comprehensive understanding of the etiopathogenesis in human longevity,
cardiovascular diseases and tumors from a different angle.
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1.The setup of the breeding platform for clownfish

In order to further study the phenotypic differentiation and stripe formation mechanism of clownfish,
we built a new clownfish breeding platform. The system connects each breeding tank in parallel, and
there is a unified water treatment center to maintain the system healthy. The water treatment center
completes the main part of nutrient removal work through mangrove and algae, and assists the protein
skimmer to ensure the optimal water quality. Till now, eight species of clownfish from the Western
Pacific and the eastern Indian Ocean have been successfully bred, including 25 pairs and several un-
paired individuals. Before winter comes, the fish species Amphiprion frenatus have begun to lay eggs,
and the rest species have exhibited nest protection and nest cleaning behaviors. The establishment of
the breeding platform would benefit our future studies on the mechanism of phenotype formation in
clownfish. Once the various species of clownfish bred in the laboratory can lay eggs stably, the fertil-
ized eggs can be used to carry out gene editing experiments. Meanwhile, combining the Astyanax spp.
raised in the laboratory as a functional verification platform and the offspring of clownfish, we can per-
form genetic classification and screening of phenotypes, and use GWAS and Al phenotype recognition
technology to conduct the association studies of stripe-related genotypes and phenotypes.

2.The molecular mechanism underlying hypoxia adaptation of endemic species
on Qinghai-Tibet Plateau

There are harsh environmental conditions such as extreme cold, hypoxia and high radiation on Qin-
ghai-Tibetan plateau (QTP) whilst the indigenous species living on it adapted well to such extreme
conditions. In order to dissect the molecular mechanism underlying their adaptation, we used plateau
zokor and plateau pika as subjects and analyzed the role and regulatory relationship of different genetic
components in plateau adaptation by means of comparative genomics, population genomics, transcrip-
tomics, metagenomics and genetic operation. Collecting physiological data from groups of plateau
zokor living at different altitudes, we found that zokor populations inhabit at 3700m or higher have
significant elevation of the ratio of heart mass to body mass, while populations inhabit at extreme-high
altitude (4300m) have phenotypic alteration related to red blood cells. We further identified the genetic
components which possibly result in those phenotypic alterations.

By de novo assembling the draft genomes of plateau zokor and plateau pika and comparing with pub-
lished yak and Tibetan antelope genomes, we identified that All-Trans-Retinol 13,14-Reductase (RET-
SAT) were convergently evolved in these four QTP endemic mammals. The knock-in mouse model
with the modification of the single convergent nucleotide in RETSAT was constructed and it exhibited
larger ratio of heart mass to body mass, lower pulmonary pressure and longer survival time under
acute hypoxia. These results suggest that the convergent alteration possibly plays an important role in
hypoxia adaptation on plateau.

3.Construction of an integrated database for zokor regulatory network annota-
tion

Based on a high-quality draft genome of a plateau zokor at 3,300 m and its transcriptional profiles in
brain, heart, liver, kidney and lung, we provided an integrated resource, ZokorDB, for tissue specific
regulatory network annotation for zokor. The conserved non-coding elements of zokor were annotated
by their nearest genes and upstream transcriptional factor motif binding sites. ZokorDB provides a
general draft gene regulatory network, i.e., potential transcription factor binds to non-coding regulato-
ry elements and regulates the expression of target genes. Furthermore, we refined the gene regulatory
network by incorporating matched RNA-seq and DNase-seq data from mouse ENCODE project and
reconstructed five tissue-specific regulatory networks. The pipeline of non-coding region annotation
for zokor will be useful for other non-model species. As a web-based, open-access database for easily
searching, visualizing, and downloading the annotation and data, ZokorDB is freely available at the
website (bigd.big.ac.cn/zokordb/).
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Prof. Jian-Fan Wen, Principal Investigator, Vice Director of
the State Key Laboratory of Genetic Resources and Evolution.
His group is mainly interested in the origin and evolution of the
eukaryotic cell. Taking the protists, which occupy key positions in
the eukaryotic cell evolution, as models, and combining with the
data of prokaryotes and multicellular organisms, they study the
biodiversity and origin and evolution of the structures and
functions, especially of genes, gene families, gene groups of
functional pathways and genomes, of the eukaryotic cells. !
Based on these basic studies, they also explore the new ways
for the control and treatment of some harmful organisms (e.g. par-
asitic protozoa and schistosomes) and the applications of the effec- ==
tive and specifc metabolic pathways.

1. Comparative genomic researches of three Giardia species with nesting
host range

Our lab found a new species, G. cricetidarum. We sequenced the genome of G. cricetidarum
using single-cell sequencing technique. Systematic comparative genomic analysis of the
genomes of three Giardia species revealed that some of their genes showed diversification
which were associated with parasitic adaptations of Giardia, including VSPs, CPs, NEKs,
ARPs, HCMPs, HCPs, ventral disc proteins and cyst wall proteins; there is no diversification
of the three Giardia species in giardins, microtubulins and flagellar transport proteins. We
systematically predicted and compared the metabolic pathways of the three Giardia species,
and found that the gene numbers of majority of core pathways were same in all three Giardia
species. However, only G. cricetidarum has an intact metabolic pathway for de novo synthe-
sis of fatty acids. We confirmed this metabolic pathway in G. cricetidarum are function phys-
iologically by many experiments, and the phylogenetic analysis indicated that these genes
are conserved during mitochondrial degradation during its evolution. Above all the works,
we summarize diversifications about parasitic strategies of Giardia in the genomes during the
evolution.

2. Distinguishment and comparison of mixotrophy and amphitrophy in
green algae

Microalgae can carry out a variety of trophic modes, which are mainly divided into three
types: autotrophy, heterotrophy and mixotrophy. It has long been held that algae cells grow
mixotrophically when an organic carbon source is provided under light condition, that is, au-
totrophic and heterotrophic growth proceed simultaneously. The green algae Auxenochlorella
protothecoides is an important oleaginous microalga. Most studies suggest that it can grow
mixotrophically. However, some studies have shown that this alga cannot utilize light in the
presence of exogenous glucose, a trophic mode which is called amphitrophy. It’s still unclear
whether this amphitrophy exists, and how it differs from mixotrophy. We conducted com-
parative experiments on A. protothecoides under three culture conditions with the two most
commonly used organic carbon sources—glucose and acetate. By comparing the growth of
algae cells under different carbon sources and light conditions, we found that when acetate
was added under light conditions, the growth rate and cell dry weight were significantly
higher than that of heterotrophic growth on acetate, even greater than the sum of those under
photoautotrophic and heterotrophic conditions. When glucose was added under light condi-
tions, the growth rate and dry cell weight were not significantly different from that of het-
erotrophic growth on glucose. These results show that an alga can perform different trophic
modes when using different carbon sources under light condition: A. protothecoides performs
mixotrophic growth with acetate as the organic carbon source, while when the organic car-
bon source is glucose, only amphitrophy in which heterotrophy plays the dominant role can
be carried out. Therefore, the trophic mode of microalgae is not only depended on the species
of algae, but also related to the type of organic carbon source. It cannot be considered simply
that an alga has the ability of mixotrophy or amphitrophy.
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Bio-sketch of the Lab Principal Investigator: 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 Professor and
Principal Investigator 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 the UL He
was a senior network and 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 over 100 peer-refereed papers in premier journals such as /JEEE
Transactions on Reliability, Science Translational Medicine, The ISME Journal, Ecological
Monographs, and Advanced Science. He was a member of London-based “Faculty 1000 of
Biology and Medicine”. He is a recipient of the 2020 Bullard Fellowship Award from Har- [~
vard University in the USA.
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Dr. Qing-Peng Kong, Principal Investigator, Kunming Institute
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 4,000 times.

Email: kongqp@mail.kiz.ac.cn
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1. Comparative analysis of long noncoding RNAs in long-lived mam-
mals provides insights into natural cancer-resistance

To better understand the underlying anti-cancer mechanisms in long-lived mammals,
we genome widely identified long noncoding RNA (IncRNA) transcripts of two
longevous mammals, bowhead whale (BW, Balaena mysticetus) and Brandt’s bat
(BB, Myotis brandtii) and featured their sequence traits, expression patterns, and their
correlations with cancer-resistance. By utilizing k-mers clustering, 75-136 of BW,
BB and NMR IncRNAs were found in close relation (Pearson’s » >0.9, p < 0.01) with
human ageing diseases related IncRNAs (HAR-Lncs). In addition, we observed thou-
sands of BB and BW IncRNAs strongly co-expressed (» > 0.8 or » <-0.8, p < 0.01)
with potential tumour suppressors, indicating that IncRNAs are potentially involved
in anti-cancer regulation in long-lived mammals. Our study provides the basis for In-
cRNA researches in perspectives of evolution and anti-cancer studies. (Jiang JJ et al.
2020 RNA Biol)

2. p6mA: Identification of DNA N6-methyladenine sites by integra-
tion of sequence features

An increasing number of nucleic acid modifications have been profiled with the
development of sequencing technologies. DNA N°-methyladenine (6mA). In this
study, we constructed a multi-species 6mA predictor, pomA, created from a series
of sequence-based features, including physicochemical properties, position-specific
triple-nucleotide propensity (PSTNP), and electron-ion interaction pseudopotential
(EIIP).We showed that p6mA is a more robust and competitive 6mA predictor than
other existing predictors, as determined using different benchmark datasets and inde-
pendent validation. (Wang HT et al. 2020 Epigenet. Chromatin)
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Results of independent validation by A. thaliana dataset.(A) The performance
of the 4 predictors. (B) ROC curves of p6mA and MM-6mAPred.
[Wang HT et al. 2020 Epigenet. Chromatin]
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, PEBER RS T R RO 5L, BRI RS AE R A& SR, hEE
REREE) FAT . KWIHEAT Nature, Science, Genome Research, Current Biology %5 T 4| 5 7
MEERESTEHZE R . HRCLE Science, Nature, Cell, Science Advances, Nature Communication,
PNAS, Current Biology %3 b 5ol 12478 % £ 140 4355, 2020 4F, IREAHE T A
ZRILRA R (BI0K ) SEFrBe (BH ) BIBFSTEESR, KR T 363 M2t M4 4dE, @#ar
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s RGN ER,; @A RSN, W8T SR Y K P Ik B R R 2 FigE
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1. Nagel M', Qiu B', Brandenborg LE, Larsen RS, 2015 4E AR S %40 T 5 I FEA
Ning D, Boomsma JJ, Zhang G*. The gene

gt i . o Aion : e
expression network regulating queen brain nature lit:g (BIOK)l’_I = E{R*EHE f+}§ﬁmi}§§|3“ Eéj‘
remodeling after insemination and its parallel By Bext A BLAE B b TR AR AR, A %
use in ants with reproductive workers, Science e WILE S, LR LI NAE S T30 T ety
Advance]s, 2020, 6(38)], eaaz5772, IFIl4.O94 1 Fha Wit B sy WL, 2020 48, BIOK JiH

2. Shao Y', Wang X-B', Zhang J-J', Li M-L', e R T bR TR . Sy T AR S
Wu S-S, Ma X-Y, Wang X, Zhao H-F, Li Y, SEMCRH TR > M i = I
Zhu HH, Irwin DM, Wang D-P, Zhang G*, Z 7T 23 NALEL AR5, SEBL T IREL
Ruan J¥, Wu D-D¥. Genome and single-cell PRl o L T SRR A RS A
RNA-sequencing of the earthworm Eisenia an- A > ; 25 H TR 2 2 FE S 4% 3.
drei identifies cellular mechanisms underlying meﬂﬂs IH T ._ ' %%Egi%*ﬁ%ntth%,ﬂ%ﬁaéﬁ *}io 1275{22
regeneration, Nature Communications, 2020, . 1 st KREFE TP BeR, Wb THT55
11:2656, IF13.61 Yy it 1% BE B8 22 5 5 DR LL i i F 51 B 5

3. Feng S', Stiller J", Deng Y', Armstrong JI_’ Fang (Armstrong et al., 2020, Nature) ,

BC. Petesen B, Wan 7, Zhow Q. Diekhans PSSR T S s
M, ,Chen W, An,dreu-Sanc,hez S, Ma,rgaryan A, IR PR A ’ WIFR T —EEE RIS
Howard JT, Parent C, Pacheco G, Sinding MS, TR R E LA E:, i s2 82 S 2Rl 255 R sh AL B

------ . Paten B¥, Zhang G*, Dense sampling | e ffF 5 5 3o ) 450 (1 O S R P R A7 £ — 53 S0 SR R S T

of bird diversity increases power of compar- 2 sk ) N
ative genomics, Nature, 2020, 587, 252-257, IR SRR SRR RIS AT 6 (Feng etal., 2020, Nature ) .
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Novak AM, Deran A, Fang Q, Xie D, Feng S, AR UL B (Monomorium pharaonis) AR, 7R T80 5 A2 58

Stiller J, Genereux D, Johnson J, Marinescu VD, 26, L T
Alfoldi J, Harris RS, Lindblad-Toh K, Haussler | 22 HEZ (AL AR VA i T ) JE [ 2% (Gene Regulatory Network, GRN)

D, Karlsson E, Jarvis ED, Zhang G*, Paten B*. fﬁii thiﬁ%éﬂ%ﬁ*ﬁﬁms ﬁ*ﬂ%u&*%%iml)ﬁ%éﬂﬁqm@(%ﬁpqu?ﬁﬁa
Progressive Cactus is a multiple-genome aligner H T i sebph TR JE I RE M BB IG . WFoE 5 R A~ e s i 22 ik

for the thousand-genome exa, Nature, 2020, 387, | J& 1K corazonin 1l neuroparsin A, “ENEE:5y UMD , i HLAE 4 4
-251, IF46. . o s e - ..
5. Gao QH', Xiong ZJ', Larsen RS, Zhou L, ﬂl)UjchiFﬂPﬁP, ERIRIREITE AT hRE B PRI A R Rk B FHE (Nagel et al., 2020,
Zhao J, Ding G, Zhao RP, Liu CY, Ran H, Science Advances ) ,
Zhang GJ*. High-quality chromosome-level
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analysis of the pharaoh ant Monomorium phara-
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onis, GigaScience, 2020, 9, 1-14, IF7.715 . %ﬁﬁfﬂl‘ﬁiﬁjﬂ i TCB;"" I‘Humma\ = Hiinr

6. Zhang P', Chen JS', Li QY', Sheng LX', Gao Hi-C M7, MRA%E T mREr g G ikk R =
YX1, Lu BZ, Zhu WB, Zhan XY, Li Y, Yuan S W (Monomorium pharaonis) F et s

ZB, Xu G, Qiu BT, Yan M, Guo CX, Wang YQ, 9. KT 1SO-seq, A TES !

Huang YJ, Zhang JX, Liu FY, Tang ZW, Lin SZ, 3 N NN T
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Cooper DN, Yang HM, Wang J, Gao YQ¥, Yin | =ML BB &SRB AL, few Tkl
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Dr. Guojie Zhang, Adjunct professor, head of Biodiversity Genomics Group, Kunming Institute of Zoology, CAS, full professor in Uni-
versity of Copenhagen and Associate Director of the China National GeneBank. Dr. Zhang has published more than 140 articles, mcludmg

Science, Nature, Cell, Science Advances, Nature Communications, PNAS and
Current Biology. In 2020, we reported the advances for phase II of the Bird
10,000 Genomes (B10K) Project. We analyzed 363 genomes from 92.4%
of bird families—including 267 newly sequenced genomes and performed
reference-free whole-genome alignment. We identified a far greater number
of orthologous regions, revealed shared and lineage specific variations and
improved the research on selection patterns. Besides, we revealed brain gene
regulatory network changes accompanying queen reproductive role differenti-
ation in pharaoh ants. We assembled and annotated a high quality pharaoh ant
genome at chromosome level, a series of caste differentiation related transcript
isoforms and non-coding RNAs were identified. 13 high profile SCI papers
were published, including Nature (2), Science Advances (1), Nature Com-

munications (1), GigaScience (2). -
Email: zhangguojie@mail.kiz.ac.cn

1. Bird 10,000 Genomes (B10K) phase Il advances

We analyzed 363 genomes from 92.4% of bird families,
including 267 newly sequenced genomes produced for
phase II of the Bird 10,000 Genomes (B10K) Project.
We used this comparative genome dataset in combination
with a pipeline that leverages a reference-free whole-ge-
nome alignment to identify orthologous regions in greater
numbers than has previously been possible, to recognize
genomic novelties in particular bird lineages and to reveal
selection patterns of genomic characteristics (Feng et al.,
2020, Nature).

In another article, we created Progressive Cactus, which
enables the reference-free alignment of tens to thousands of large vertebrate genomes while
maintaining high alignment quality. We described results from an alignment of more than 600
amniote genomes, which is the largest multiple vertebrate genome alignment created so far
(Armstrong et al., 2020, Nature).

2. Gene regulatory network of ants queen brain remodeling after insemi-
nation

By comparative genomics analysis, we ...
revealed a specific gene regulatory net-
work (GRN) mediating both brain anatomy

changes and behavioral modifications oy \:\%!__
during queen reproductive role differentia- *
tion in pharaoh ants. This GRN appears to ,l; T

be also used by distantly related ants where
workers became germline individuals after
the queen caste was entirely or partially lost (Nagel et al., 2020, Science Advances).

- u”‘a.l"-...

3. Genome assembly and transcriptome analysis of Monomorium pharao-
nis

By combining Illumina, PacBio, and Hi-C sequencing technologies, we de novo assembled
a high-quality chromosome-level genome for Monomorium pharaonis. By high-depth ISO-
seq, we improved gene annotation quality and detected an unprecedented number of tran-
script isoforms and conserved long non-coding RNAs (IncRNAs) that were evolved specifi-
cally in ant lineages or conserved across insects (Gao et al., 2020, GigaScience).
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1.

Li T', Liu JL', Feng J',Liu ZZ, Liu SX, Zhang
MJ, Zhang YZ, Hou YL, Wu DF, Li CY, Chen
YB, Chen H, Lu XM*, Variation in the life his-
tory strategy underlies functional diversity of tu-
mors. National Science Review, 2020, Accepted.
1F15.209

Ruan YS', Luo ZD, Tang XL, Li GH, Wen HJ, He
XL, Lu XM*, Lu J *, Wu C-I*. On the founder
effect in COVID-19 outbreaks — How many
infected travelers may have started them all? Na-
tional Science Review, 2020, Accepted. IF15.209

Luo J', Chai J', Wen YL', Tao M', Lin GL', Liu
XC, Li R, Chen ZY, Wu SG, Li SN, Wang YD,
Qin QB, Wang S, Gao Y, Huang F, Wang L,
Ai C, Wang XB, Li LW, Ye CX, Yang HM, Luo
M, Chen J, Hu H, Yuan LJ, Zhong L, Wang J,
Xu J, Du ZL, Ma ZS (Sam), Robert W. Murphy,
Axel Meyer, Gui JF, Xu P*, Ruan J*, Chen Z.
Jeffrey*, Liu SJ*,Lu XM*, Zhang YP*. From
asymmetrical to balanced genomic diversification
during rediploidization: subgen-omic evolution
in allotetraploid fish. Science Advances, 2020,
6(22):eaaz7677, IF12.477

Liu QY', Wei JH', Li YW', Wang M, Su J, Lu
YH, Mariana G. Lépez, Qian XQ, Zhu ZQ, Wang
HY, Gan MY, Jiang Q, Fu Y-X, Howard E.Takiff,
Inaki Comas, Li Feng*, Lu XM *, Sarah M.
Fortune*, Gao Q *. Mycobacterium tuberculo-
sis clinical isolates carry mutational signatures of
host immune environments. Science Advances,
2020,6(22): eaba4901.1F12.477

Ma FQ', Lu G-A', Chen QJ, Ruan YS, Li X,
Lu XM*, Li CY*. Dynamic global analysis of
transcription reveals the role of miRNAs in syn-
ergistic stabilization of gene expression. Science
Bulletin, 2020, in press. IF5.143

Yin LD', Sharmi Banerjee', Fan JY , He JL, Lu
XM*, Xie HH*. Epigenetic regulation of neu-

1. {SREEEAPHRREEM EHEMESTFTEMIES T
&SR

A vs. K- EFEEIS AR, FIW %
R Ur B, R r 8 KRR, 2015 T HAPUAHIERE DAY r ZHMRR A
A DI K il (1) o UESE THEANRRE A b A AER DR L, JER
GUHAB R T AR 2 [ AE B PR o I L RNA-seq 2 W, iX A i 5 Al 9]
*EFH P AR HIR SR R A RIS A K. sesh, BHEHAEES TRA

23 AV R 20 B e B M 2 T 5 4 S, 24 v AR K MM A, el
HWTR AR 22 50 A . BN B TR 22 S iE AHAE AN R 22 eI 2 A1 A= A 5
B, TR ARG B, A RERE ARG R N, SRS TR
BTEARTI A R W], FEARR I O rh A7 (R 7T & A A S B ) A M g
FHsE 4 J) 2 Al A B PEA A (18 2) o
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Li T et al., 2020, National Science Review, IF15.209

2. BB RES G T EEAERmEHE

e g o ond Sttt B S AL R £ e 2 0, Tty 8060 1 6 S
: F13.8~15.1 [ AE R b IR L IR, LA RIS R, 6T,

technology Journal, 2020, 18(942-52). IF4.962
Hou YL', Qi FR', Bai X', Ren T, Shen X, Chu Q,
Zhang XQ* and Lu XM*. Genome-wide analysis
reveals molecular convergence underlying domes-
tication in 7 bird and mammals, BMC Genomics,
2020. 21(1): p. 204. IF3.684

Li T, Tang XL, Wu CC, Yao XM, Wang YR, Lu
XM* and Lu J*. The use of SARS-CoV-2-related
coronaviruses from bats and pangolins to polarize
mutations in SARS-Cov-2, 2020, Science China_
Life Sciences, 2020, 63(10):1608-1611.1F3.271

K F I R AL DNA FUELILLR o e R W, 20005 S8 2 5 i s FR
WAL PRI A A R AL R B AR E 1) Z08IRY A2 bl 2 S IR A T AL [
HIGEA BER B AR R R Wi, WA TRERAEEA
LR — H 2 DR AR IEThRE R 2 s 2) AR AR BRI AH Y [ AL )
Sk R B RE, ARIAE, PR R DBENR G K 7 I i) p et kA ik
PeFA e, 3) RIVRZEEHE P35 S DNA B2 (b & fidEse, HEF L
FEARE MR R R i B X TERR G & & 3R AP R R R A DX, X B R VT REARTE
AT Z PRI HIL P e [ R 28

[Luo J et al., 2020, Science Advances, IF12.477]



Dr. Xuemei Lu, Professor, Principal Investigator, The recent
studies of our group are about the fundamental paradigms of eco-
logical and evolutionary biological processes such as speciation,
adaptive evolution, adaptive phenotypic change of cells, etc. There
are three scenes used for sparkling the research: 1) species level, 2)
population level, and 3) cell population level. Basing on ecologi-
cal and evolutionary theory and population genetics, together with
system biology approaches and multi-omics methods, we have
developed a somatic cell-based experimental evolutionary system
to investigate the issues, which are hard to record and analyze in
natural populations.

Email: xuemeilu@mail.kiz.ac.cn

1. Variation in the life history strategy underlies functional diversity
of tumors

Classical r- vs. K-selection theory describes the trade-offs between high reproduc-
tive output and competitiveness and guides research in evolutionary ecology. While
its impact has waned in the recent past, cancer evolution may rekindle it. Herein, we
impose r- or K- selection on cancer cell lines to obtain strongly proliferative r cells
and highly competitive K cells to test ideas on life-history strategy evolution. RNA-
seq indicates that the trade-offs are associated with distinct expression of genes in-
volved in the cell cycle, adhesion, apoptosis, and contact inhibition. Both empirical
observations and simulations based on an ecological competition model show that
the trade-off between cell proliferation and competitiveness can evolve adaptive-
ly. When the r and K cells are mixed, they exhibit strikingly different spatial and
temporal distributions. Due to this niche separation, the fitness of the entire tumor
increases. The contrasting selective pressure may operate in a realistic ecological
setting of actual tumors.

2. From asymmetrical to balanced genomic diversification during
rediploidization: Subgenomic evolution in allotetraploid fish

L] v

A persistent enigma is the rarity of polyploi- oo i M-” A
dy in animals, compared to its prevalence in { ; ————
plants. Although animal polyploids are thought \,l !-'-:’i" =

to experience deleterious genomic chaos during e S
initial polyploidization and subsequent redip-
loidization processes, this hypothesis has not
been tested. We provide an improved refer-
ence-quality de novo genome for allotetraploid
goldfish whose origin dates to ~15 million years
ago. Comprehensive analyses identify changes
in subgenomic evolution from asymmetrical
oscillation in goldfish and common carp to
diverse stabilization and balanced gene expres-
sion during continuous rediploidization. The homoeologs are coexpressed in most
pathways, and their expression dominance shifts temporally during embryogenesis.
Homoeolog expression correlates negatively with alternation of DNA methylation.
The results show that allotetraploid cyprinids have a unique strategy for balancing
subgenomic stabilization and diversification. Rediploidization process in these fish-
es provides intriguing insights into genome evolution and function in allopolyploid
vertebrates.
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Ming Zhang, Guo-Ping Sun, Le-Le Ren, Hai-
Bing Yuan, Guang-Hui Dong, Li-Zhao Zhang,
Feng Liu, Peng Cao, AlbertMin- ShanKo,
MelindaA. Yang, Songmei Hu*, Guo-Dong
Wang*, Qiao-Mei Fu*. 2020. Ancient DNA
evidence from China reveals the expansion of
Pacific dogs. Mol. Biol. Evol. 37(5).

Shao-jie Zhang', Guo-Dong Wang', Peng-
Cheng Ma', Liang-Liang Zhang, Ting-Ting
Yin, Yan-Hu Liu, Newton O. Otecko, Meng
Wang, Ya-Ping Ma, Lu Wang, Bing-Yu Mao*,
Peter Savolainen*& Ya-Ping Zhang*. 2020.
Genomic regions under selection in the feral-
ization of the dingoes. Nat. Commun. (2020)
11:671 .

. Zeinab Amiri Ghanatsaman', Guo-Dong

Wang', Hojjat Asadollahpour Nanaei, Masood
Asadi Fozi, Min-Sheng Peng, Ali Esmail-
izadeh* and Ya-Ping Zhang*. 2020. Whole
genome resequencing of the Iranian native
dogs and wolves to unravel variome during dog
domesticatio. BMC Genomics (2020) 21:207 .
Li-Min Zhao', Hao Ke', Hai-Bo Xu, Guo-
Dong Wang, Hong-Lei Zhang, Li Zou, Shu
Xiang, Meng-Yuan Li, Li Peng, Ming-Fang
Zhou, Ling-Ling Li, Lei Ao, Qin Yang, Che-
Kun James Shen, Ping Yi*, Lu Wang* and
Bao-Wei Jiao*. 2020. TDP-43 Facilitates Milk
Lipid Secretion by Post-Transcriptional Regu-
lation of Btnlal and Xdh. Nat Commun 341
(2020).

. Xue Cao', Wei-Peng Liu', Luguang Cheng,

Hui-Juan Li, Hong Wu, Yanhu Liu,Chao Chen,
Xiao Xiao, Ming Li*, Guo-Dong Wang*,
Ya-Ping Zhang*. 2020. Whole genome anal-
yses reveal significant convergence in obses-
sive-compulsive disorder between humans and
dogs. Science Bulletin,
https://doi.org/10.1016/j.s¢ib.2020.09.021.
Xinchao Wang , Hu Feng , Yuxiao Chang,
Chunlei Ma, Liyuan Wang, Xinyuan Hao ,A’lun
Li, Hao Cheng , Lu Wang , Peng Cui , Jigiang
Jin , Xiaobo Wang , Kang Wei ,Cheng Ai,
Sheng Zhao , Zhichao Wu , Youyong Li, Beny-
ing Liu , Guo-Dong Wang*,Liang Chen *,
Jue Ruan * & Yajun Yang*. 2020. Population
sequencing enhances understanding of tea plant
evolution. Nat. Commun. (2020) 11:4447.
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o LISS—VEHBAEITVEE (&53F45) £ Nat Genet. Nat Commun. Cell Res. PNAS.
Mol Biol Evol Fl Nucl Acids Res %5 SCI 2%7E % 183 28 5. 3k Sanofi-Cell Research {1t 3% it 3¢
ML=l P ERHMEE RIS S, 745 R Nature. The New York Times. The Guardian .
National Geographic.. Scientific American Z51E pRZE3RiE .

1. SEHEATIBTIRATARBEZ AR ERIS(EER

ARWFFEEE X BT X — K R IREER
FeMEFRA, ERABSI A (EERI T 2%
BT RFNELEAR) T8 T R AL Fnde ik R Ml
FFIAE, i B L RN A 36 R S 47 i
R 1AM IR SR, HX e
N2 4 B TR A SRR TF ST 48 /s R 5 i S e A [
FEEES (P<0.0001) , HFSE T ARFIZKK
SRIBAERY B AR . 3P RS
Sy A FOT RS TIE 2% W P/ Do o1 f a4 TR A TR
PPP2R2B #1 ADAMTSL3 W i 2 B2t 2 i
RE. BEFEE, OAWMRHAE 5Tk
BHAES 5 T AR KA Z A REAE K L.
TATIBFFEIBR T A5 R SR S 758 5 2
A4 R R, SRR R KRR
FEORIBAETE N 2 N BRI SN A B A o,
(B, D et al. 2020 Science Bulletin IF=9.511)
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o T LA R RS R 2R T b I
- KK, FERZ) 9900 4F-Hif A H [ B 75 H
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FATDEFI TN EF Rox — BRI % B3
TTHIE, RELTIRZH BB LR,
REHEFKRZ SMERT, RIE, 4H
FVHARIE %, XEEThEEET S K K& R AN U, B a T 1o4r Tl
DHEF R AVEPALAES, KRBT IRDNER KA — Lo (R XS LU AR R KR AR IR, 1X
Al e BT RINEF Kok B TR A2 YMLRI R IR K, BATIA DX LEH K X i
FIREXTEFALFAYIME R UL AR AR 2, PRk AT VR XN BT K — Al 2 4H S A 2k 1]
ARHGEF7 ERZE4E, Wil T —/ANBhReliiE, KB A-MINET KRR 5 AR50
Wil ARHGEF7 Ak PRI 235 o I AR T DN R A A DR A 0 e T R R T 3
i B4R 7R T — IR AT RERY AR ZERE, ORI IR IN ST R B9SPfbor br, ST
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(Zhang, Wang et al. 2020 Nature Communications 1F=12.121)
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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 year we focused on genomic evolution, adaptive evolution, the
genetic basis of complex traits and behavior. Research progress §
published on Nat Genet, Nat Commun, Cell Res, PNAS, Mol Biol
Evol, Nucl Acids Res and other science citation index (SCI) jour-

nals.
Email: wanggd@mail.kiz.ac.cn
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1. Ancient DNA evidence from China reveals the expansion of Pacific dogs

The ancestral homeland of Australian dingoes and
Pacific dogs is proposed to be in South China. How-
ever, the location and timing of their dispersal and
relationship to dog domestication is unclear. Here,
we sequenced 7,000 to 2,000-year-old complete mi-
tochondrial DNA (mtDNA) genomes of 27 ancient
canids (one gray wolf and 26 domestic dogs) from
the Yellow River and Yangtze River basins (YYRB).
These are the first complete ancient mtDNA of Chi-
nese dogs from the cradle of early Chinese civiliza-
tion. We found that most ancient dogs (18/26) belong
to the haplogroup A1b lineage that is found in high
frequency in present-day Australian dingoes and
pre-colonial Pacific Island dogs, but low frequency
in present-day China. Particularly, a 7,000-year-old
dog from the Tianluoshan site in Zhejiang province
possesses a haplotype basal to the entire haplogroup
Alb lineage. We propose that Alb lineage dogs were
once widely distributed in the YYRB area. Following

their dispersal to South China, and then into Southeast Asia, New Guinea and remote Ocea-
nia, they were largely replaced by dogs belonging to other lineages in the last 2,000 years in

present-day China, especially North China.

(Zhang, Sun et al. 2020 Molecular Biology and Evolution IF=11.062)

2. Population sequencing enhances understanding of tea plant evolution

Tea is an economically important plant characterized
by a large genome, high heterozygosity, and high
species diversity. In this study, we assemble a 3.26-
Gb high-quality chromosomescale genome for the
‘Longjing 43’ cultivar of Camellia sinensis var. sinen-
sis. Genomic resequencing of 139 tea accessions from
around the world is used to investigate the evolution
and phylogenetic relationships of tea accessions. We
find that hybridization has increased the heterozygosi-
ty and wide-ranging gene flow among tea populations
with the spread of tea cultivation. Population genetic
and transcriptomic analyses reveal that during domes-
tication, selection for disease resistance and flavor in
C. sinensis var. sinensis populations has been stronger

£

than that in C. sinensis var. assamica populations. This study provides resources for mark-
er-assisted breeding of tea and sets the foundation for further research on tea genetics and

evolution.

(Wang, Feng et al. 2020 Nature Communications 1IF=12.121)
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1.

Guo X# ,Ma P# ,LiY, Yang Y , Wang
C, Xu T, Wang H, Li C, Mao B*, Qi X* .
(2020). Rnf220 mediates K63-linked poly-
ubiquitination of Statl and promotes host
defense. Cell Death Diff. DOI: 10.1038/
$41418-020-00609-7.

Song NN#, Ma P#, Zhang Q, Zhang L,
Wang H, Zhang L, Zhu L, He CH, Mao B¥,
DingYQ#*. (2020) Rnf220/Zc4h2-mediated
monoubiquitylation of Phox2 is required for
noradrenergic neuron development. Devel-
opment, 147: dev185199.

Ma P#, An T#, Zhu L, Zhang L, Wang
H, Ren B, Sun B, Zhou X, Li Y*, Mao B*.
(2020) RNF220 is required for cerebellum
development and regulates medulloblastoma
progression through epigenetic modula-
tion of Shh signaling. Development 147:
dev188078.

Zhang L#, Ye M#, Zhu L, Cha J, Li C, Yao
YG, Mao B*. (2020). Loss of ZC4H2 and
RNF220 inhibits neural stem cell prolifera-
tion and promotes neuronal differentiation.
Cells, 9:1600

Wang X, Sun J, Wang Z, Li C, Mao B*.
(2020) EphA7 is required for otic epithelial
homeostasis by modulating Claudin6 in
Xenopus. Biochem Biophys Res Commun.
526:375-380

Zhang SJ#, Wang GD#, Ma P#, Zhang LL,
Yin TT, Liu YH, Otecko NO, Wang M, Ma
YP, Wang L, Mao B*, Savolainen P*, Zhang
YP*. (2020). Genomic regions under selec-
tion in the feralization of the dingoes. Nature
Commun. 11:671.

1. 8% RNF220/ZC4H2 iFiERiRER S LR =sEME T o s
FiH

fify 2 S IR FERE AT RSy
TR B, EREERE
B R IT A TIRIE A B E10.5 K
I —EmT, FETIRRAEREHTH
2 i #5, %43 K+ Phox2a F1 Phox2b %}
ZHE EREREML T LR g
KHEH, AP AEL, RNF220/ZC4H2
ZEEEMARRZRERNERYE L
MRFREMZ T Frr ik 78 RNF220
F1 ZCAH2 BRI /N, IEBEAZ I 2
B FIRERREM AT AN REIE R o L. £
TESEBER W, RNF220/ZCAH2 {Z 54 EIE A IR HE 4457 T Phox2a/2b Y BAIZ Zb.(2
Wi, WESREEE IR, XOR AL ST AE A PRIIE W] T RNF220/ZC4H2 12 ik R A A
Jr5:1 Phox2a/2b FY BTz R ALME M4 8 T H ¥ il ) TH #i DBH (L isdif, A
WFoti R TIBE 2 H S IR EREMA IR BRI —FBi o THLEl, ieBg TR
P27 AL RS Phox2a FiI Phox2b K 19 #43e iR LA 2 F WL,

2. $57 RNF220 iz Shh (S5 5/ SRYFNH

A marge BHEZIG Het c

Control  ZC4HZ KO Coetral RNF23 KO

DEH

Perif

?

ZCAHZ KD

[

Conirol

M/ R B RIE TR R N, B/ R E LR, e
AR5y WA Shh 155 R T+ S A F SNBURL AN 2 (0 Uk e 22 T i (R A B3, gt/
MR, AR, 125 HM RNF220 76/NEURRA /ol 4n i v i 25 5
FE RNF220 & /N RUIRHG f, /i Bkl an i s s =z 4, /b ik & 5%, Shh{E%
AL R T AR (b HE R, RNF220 RILASS 46 B T Gli A4, @it
PRC2 & H & A B 5} BED W& Afae YTz, E 2NN Shh/Gli 1558 15 805 K1Y
FA LB ik, 1EVAYS Shh 5 S8, Mifi (el el 20 e 35s , s
BB AR T B HES Y IR AA & & 2 Shh {55l MRS AR B ILA], R T
RNF220 7£/Migi % & DhReFnie FHL



Dr. Bingyu Mao, Principal Investigator, Ph. D. (1998,
Shandong University, China). The molecular mecha-
nisms of neural patterning and how these mechanisms
evolved during vertebrate origin are the focuses of
our lab. We use mouse, the amphibian Xenopus and
the cephalochordate amphioxus as our model animals.
Email: mao@mail.kiz.ac.cn

1. RNF220/ZC4H2-mediated monoubiquitylation of Phox2 is re-
quired for noradrenergic neuron development

Noradrenaline belongs to the monoamine system and is involved in cognition and
emotional behaviors. Phox2a and Phox2b play essential but non-redundant roles
during development of the locus coeruleus (LC), the main noradrenergic (NA) neu-
ron center in the mammalian brain. The ubiquitin E3 ligase RNF220 and its cofactor
ZC4H2 participate in ventral neural tube patterning by modulating Shh/ Gli signaling,
and ZC4H2 mutation is associated with intellectual disability, although the mecha-
nisms for this remain poorly understood. Here, we report that ZC4H2 and RNF220 are
required for the development of central NA neurons in the mouse brain. Both ZC4H2
and RNF220 are expressed in developing LC-NA neurons. Although properly initiated
at E10.5, the expression of genes associated with LC-NA neurons is not maintained
at the later embryonic stages in mice with a deficiency of either Rnf220 or ZC4H2.
In addition, we show that the RNF220/ZC4H2 complex monoubiquitylates Phox2a/
Phox2b, a process required for the full transcriptional activity of Phox2a/Phox2b. Our
work reveals a role for RNF220/ZC4H2 in regulating LC-NA neuron development,
and this finding may be helpful for understanding the pathogenesis of ZC4H2 muta-
tion-associated intellectual disability.

2. RNF220 is required for cerebellum development and regulates
medulloblastoma progression through epigenetic modulation of Shh
signaling

Sonic hedgehog (Shh) signaling is essential for proliferation of cerebellar granule
neuron progenitors (CGNPs) and its mis-regulation is linked to various disorders, in-
cluding cerebellar cancer medulloblastoma (MB). We recently identified RNF220, a
ubiquitin E3 ligase promoting K63-linked polyubiquitylation and nuclear exportation
of Gli transcription factors, as an Shh/Gli regulator involved in ventral neural pattern-
ing. Here, we report that RNF220 is required for the proliferation of CGNPs and Daoy
cells (an Shh-grouped MB cell line), working as a positive regulator of Shh signal-
ing. Mechanistic investigation demonstrated that RNF220 promotes Shh target gene
expression by targeting the PRC2 component EED, and alters levels of epigenetic
modification marks on Shh target promoters. We provided evidence that RNF220" ~
; Ptch1" ~ mice showed lower spontaneous MB occurrence compared with Ptchl" ~
mice. Furthermore, in human clinical MB samples, RNF220 expression correlated
well with that of GABI, an Shh-group MB marker. Our findings provide new insights
into the epigenetic regulation of Shh signaling and identify RNF220 as a potential new
diagnostic marker and therapeutic target for Shh-group MB.

ANNUAL
2020RerorT

BPARER (Lab Member)
T{EAR (Staff)

TR

L e

Chaocui Li, Senior Technician

e

BIfRR

Pengcheng Ma, Associate Prof.

AR (Graduate Students)

1.9
Fal
* R
g%
PR
5E
FRSRIS

Longlong Zhang {&+
Huishan Wang Bt

Liang Zhu Bt
Yuwei Li it
Jingmei Cha il
Chencheng Yang it
Yuzhu Ma mt
Jinfang Chen it




BEEMRR~L:

Li JZ, Shang YF, Wang L, Zhao B, Sun CL, Li
JL, Liu SL, Li C, Tang M, Meng FL*, Zheng P*.
Genome integrity and neurogenesis of postnatal
hippocampal neural stem/progenitor cells require
a unique regulator Filia. Science Advances, 2020,
6(44):eaba0682. 5 yr IF 14.09
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[ Science Advances, 2020, 6(44) :eaba06821]
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Dr. Ping Zheng, Principal Investigator, joined in Kunming In-
stitute of Zoology, Chinese Academy of Sciences in 2009. The
laboratory studies 1) how stem cells safeguard their genomic sta-
bility, 2) the biology of germ-line stem cells in male and female
gonads, and 3) the early embryogenesis of non-human primates.
We use mouse, monkey and tree shrew as animal models.

1. Genome integrity and neurogenesis of postnatal hippo-
campal neural stem/progenitor cells require a unique regu-
lator Filia

Endogenous DNA double strand breaks (DSBs) formation and repair in neu-
ral stem/progenitor cells (NSPCs) play fundamental roles in neurogenesis
and neurodevelopmental disorders. NSPCs exhibit heterogeneity in terms
of lineage fates and neurogenesis activity. Whether NSPCs also possess
heterogeneous regulations on DSB formation and repair to accommodate
region-specific neurogenesis has not been explored. Here we identified a
regional regulator Filia, which is predominantly expressed in mouse hippo-
campal NSPCs after birth, and regulates DNA DSB formation and repair.
On one hand, Filia protects stalling replication forks and prevents the rep-
lication-associated DSB formation. On the other hand, Filia facilitates the
homologous recombination (HR)-mediated DNA DSB repair. Consequently,
Filia-/- mice had impaired hippocampal NSPCs proliferation and neurogen-
esis, were deficient in learning, memory, and mood regulations. Thus, our
study provided the first proof of concept demonstrating the region-specific
regulations of DSB formation and repair in subtypes of NSPCs. (Science
Advances, 2020, 6(44) :eaba0682 )

2. A novel IncRNA DISCN safeguards genomic stability by
sustaining RPA availability

Stem cells (SCs) possess superior stable genome compared to their differ-
entiated progenies. The underlying mechanisms remain poorly defined.
Here we identified an un-annotated IncRNA DISCN which is predominantly
expressed in embryonic stem cells (ESCs) and tissue stem cells (e.g. neu-
ral stem/progenigor cells, NSPCs). Loss of DISCN led to massive genome
instability in cultured mouse ESCs and NSPCs. Notably, knock out DISCN
in mice resulted in newborn death as well as brain dysfunctions in survived
adults due to the DNA double strand break accumulation and associated in-
flammatory reactions. Mechanistically, DISCN localizes in nucleolus where
it binds to Ncl and sequesters Ncl at nucleolus. This prevents Ncl from trans-
locating into nucleoplasm and avoids excessive Ncl-RPA association. Thus,
DISCN sustains the RPA availability central to replication stress response.
These findings have implications for understanding cancer cell biology and
the evolution of genomic stability regulation. (Submitted)
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Zhao L', Qiu T', Jiang D', Xu H, Zou
L, Yang Q, Chen C*, Jiao B*. SGCE
promotes breast cancer stem cells by
stabilizing EGFR. Advanced Science.
2020. June 08; 7(14):1903700.

. Zhao L', Ke H', Xu H, Wang G,

Zhang H, Zou L, Xiang S, Li M, Peng
L, Zhou M, Li L, Ao L, Yang Q, Shen
C J, Yi P*, Wang L*, Jiao B*. TDP-
43 facilitates milk lipid secretion by
post-transcriptional regulation of Xdh
and Btnlal. Nature Communica-
tions. 2020. Jan 17;11(1):341.

. Xu H', Yang X', Huang W', Ma Y,

Ke H, Zou L, Yang Q, Jiao B*.
Single-cell profiling of long noncoding
RNAs and their cell lineage commit-
ment roles via RNA-DNA-DNA triplex
formation in mammary epithelium.
Stem Cells. 2020. Sep 15.

. Xu H', Zhao L', Feng X, Ma Y, Chen W,

Zou L, Yang Q, Sun J, Yu H, Jiao B*.
Landscape of genomic imprinting and
its functions in the mouse mammary
gland. J Mol Cell Biol. 2020 May 5:
mjaa020.
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Dr. Baowei Jiao, Principal Investigator, doctoral supervisor. The
research team is mainly interested in mammary gland development,
breast cancer, normal and breast cancer stem cell. Research team
a novel mechanism of SGCE in breast cancer stem cell chemore-
sistance and the role of TDP-43 in milk lipid secretion. Current- :
ly, over 30 papers have been published in international journals, F&8
such as Cell, PNAS, Nature Communications, Advanced Science.
Email: jiaobaowei@mail.kiz.ac.cn

1. SGCE Promotes Breast Cancer Stem Cells by Stabilizing EGFR

Breast cancer stem cells (BCSCs) are responsible for resistance to chemotherapy, high
degree of metastasis, and poor prognosis, especially in triple-negative breast cancer
(TNBC). The CD24"°"CD44"¢" and high aldehyde dehydrogenase 1 (ALDHI) cell
subpopulation (CD24"°*CD44"®" ALDH1") exhibit very high tumor initiating capacity.
In the current study, the upregulated genes are analyzed in both CD24°*CD44"¢" and
ALDHI1" cell populations at single-cell resolution, and a highly expressed membrane
protein, SGCE, is identified in both BCSC populations. Further results show that
SGCE depletion reduces BCSC self-renewal, chemoresistance, and metastasis both in
vitro and in vivo, partially through affecting the accumulation of extracellular matrix
(ECM). For the underlying mechanism, SGCE functions as a sponge molecule for the
interaction between epidermal growth factor receptor (EGFR) and its E3 ubiquitination
ligase (c-Cbl), and thus inhibits EGFR lysosomal degradation to stabilize the EGFR
protein. SGCE knockdown promotes sensitivity to EGFR tyrosine kinase inhibitors
(TKIs), providing new clues for deciphering the current failure of targeting EGFR in
clinical trials and highlighting a novel candidate for BCSC stemness regulation.

2. TDP-43 facilitates milk lipid secretion by post-transcriptional reg-
ulation of Btn1a1 and Xdh

Milk lipid secretion is a critical process for the delivery of nutrition and energy from
parent to offspring. However, the underlying molecular mechanism is less clear. Here
we report that TDP-43, a RNA-binding protein, underwent positive selection in the
mammalian lineage. Furthermore, TDP-43 gene (Tardbp) loss induces accumulation of
large lipid droplets and severe lipid secretion deficiency in mammary epithelial cells
to outside alveolar lumens, eventually resulting in lactation failure and pup starvation
within three weeks postpartum. In human milk samples from lactating women, the ex-
pression levels of TDP-43 is positively correlated with higher milk output. Mechanis-
tically, TDP-43 exerts post-transcriptional regulation of Btnlal and Xdh mRNA sta-
bility, which are required for the secretion of lipid droplets from epithelial cells to the
lumen. Taken together, our results highlights the critical role of TDP-43 in milk lipid
secretion, providing a potential strategy for the screening and intervention of clinical
lactation insufficiency.
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Molecular Biology and Evolution,2020,doi.
org/10.1093/molbev/msaa248.
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ana HGTN, Senasige TM, Feng SH, Si JF, Zhang
H, Jin JQ, Li ML, Liu YH, Chen HM, Ma C, Dai
SS, Bhuiyan AFH, Khan MS, Silva GLLP, Le TT,
Mwai OA, Ibrahim MNM, Supple M, Shapiro
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DD*, Zhang YP*, 863 genomes reveal the origin
and domestication of chicken. Cell Research,
2020, 0:1-9.2019, 20:258.
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Li Li, Shou-Song Wu, Xi-Yao Ma, Xue Wang,
Hui-Fang Zhao, Yuan Li, Helen He Zhu, David M.
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regeneration. Nature Communications. (2020)
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dradev Jhala, Mukesh Thakur, Newton O Otecko,
Jing-Fang Si, Hong-Man Chen, Beth Shapiro,
Rasmus Nielsen, Ya-Ping Zhang*, Dong-Dong
Wu*.Ancient hybridization with an unknown
population facilitated high altitude adaptation of
canids. Molecular biology and evolution, doi.
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Changjun Peng#,Jin-Long Ren,Cao Deng,De-
chun Jiang ,Jichao Wang,Jiangyong Qu,Jiang
Chang,Chaochao Yan, Ke Jiang,Robert W.Mur-
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Genome of Shaw’s Sea Snake (Hydrophis curtus)
Reveals Secondary Adaptation to Its Marine
Environment. Molecular biology and evolution.
2020,37(6):1744-1760.
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Dr. Dong-Dong Wu, Principal Investigator. |
Dong-Dong Wu obtained his B.S at the Fudan University in
2006, and received his Ph.D from Kunming institute of Zo-
ology, Chinese Academy of Sciences in 2011. He performed
studies of artificial selection on domestic animals, particularly
high altitude adaptation of domestic animals in Tibet. He has
published more than 40 research papers in Nat Genet, Cell Res, 3
Genome Biol, Mol Biol Evol etc, as first author or co-corre-
sponding author.

Email: wudongdong@mail.kiz.ac.cn
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1. Origin and domestication of domestic chicken

Despite the substantial role that chickens have played in human societies across the world, both the
geographic and temporal origins of their domestication remain controversial. To address this issue, we
analyzed 863 genomes from a worldwide sampling of chickens and representatives of all four species
of wild jungle fowl and each of the five subspecies of red jungle fowl (RJF). Our study suggests that
domestic chickens were initially derived from the RJF subspecies Gallus gallus spadiceus whose pres-
ent-day distribution is predominantly in southwestern China, northern Thailand and Myanmar. Following
their domestication, chickens were translocated across Southeast and South Asia where they interbred
locally with both RJF subspecies and other jungle fowl species. In addition, our results show that the
White Leghorn chicken breed possesses a mosaic of divergent ancestries inherited from other subspecies
of RJF. Despite the strong episodic gene flow from geographically divergent lineages of jungle fowls, our
analyses show that domestic chickens undergo genetic adaptations that underlie their unique behavioral,
morphological and reproductive traits. Our study provides novel insights into the evolutionary history of
domestic chickens and a valuable resource to facilitate ongoing genetic and functional investigations of
the world’s most numerous domestic animal.
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Fig 5. Sample distribution and phylogeny of
Gallus taxa.

Fig 6. Science publishes an editorial titled “The
chicken first crossed the road in Southeast
Asia, ‘landmark’gene study finds”.

2.Ancient Hybridization with an Unknown Population Facilitated High-Altitude Ad-
aptation of Canids

Genetic introgression provides material for adaptive evolution, but
also confounds our understanding of evolutionary history. This is
particularly true for canids, a species complex in which genome
sequencing and analysis has revealed a complex history of admix-
ture and introgression. Here, we sequence 19 new whole genomes
from high-altitude Tibetan and Himalayan wolves and dogs and
combine these into a larger data set of 166 whole canid genomes.
Using these data, we explore the evolutionary history and adap-
tation of these and other canid lineages. We find that Tibetan and
Himalayan wolves are closely related to each other, and that ap-
proximately 39% of their nuclear genome is derived from an as-yet
unrecognized wolf-like lineage that is deeply diverged from living
Holarctic wolves and dogs. The EPAS1 haplotype, which is present
at high frequencies in Tibetan dog breeds and wolves and confers
an adaptive advantage to animals living at high altitudes, was prob-
ably derived from this ancient lineage. Our study underscores the
complexity of canid evolution and demonstrates how admixture
and introgression can shape the evolutionary trajectories of species.
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Email: shengnengyin@mail.kiz.ac.cn Tel: 0871-65198969
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Prof. Nengyin Sheng, Principal Investigator, joined in Kunming
Institute of Zoology, Chinese Academy of Sciences in 2017. The
research of Sheng’s lab focuses on central nervous system (CNS)
and will study the following topics using mice, ferret, shrew and
rhesus monkey as model systems: (1) The regulatory mechanisms
underlying synaptic physiological conditions; (2) The genetic bases
underlying evolution and development of primate synapse; (3) The
internal relationship between the evolution of human neural circuit
and neuropsychiatric disorders.

Email: shengnengyin@mail.kiz.ac.cn

1.The molecular mechanism of brain evolution and development regulation EIBARkZ= (Lab Member)

In the evolution of mammals, the most significant change is the acquirement of high-level cognitive
abilities determined by the brain. The complexity of brain structure and function regulation is considered T{EAR (Staff)
to be an important reason the most significant character to distinguish homo sapiens from other species.

Our research group focuses on the genetic mechanisms underlying the evolution and development of g E Bt BERRR
gyrification structure of cerebral cortex and corpus callosum, an important structure of the contralateral . . .

connection of the cerebral hemisphere, as well as the role and mechanism of primate-specific genes in Dr. Xing Cai, Assistant Prof
the evolution and development of the cortical structure and synaptic circuit. X+ SCIRE

The cortical folding is an important feature of the human brain, and its abnormal development is closely !

related to many neurological diseases. We first take the three branches of Afrotheria, Laurasiatheria and Zhao Shiping Experimentalist

Primate as the research objects. According to the gyrification index, we selected species with and without

brain gyrus, and used convergent evolution analysis to identify the genes subjected to common positive

selection. The results found that many molecules are indeed related to neurodevelopment and function.

Since ferret is currently the main animal model for studying the development of gyrification, we plan ﬁﬁ;ﬁi (Graduate Students)
to combine brain stereotactic injection and CRISPR technologies to knock out the above genes during .

brain folding development of ferret cerebral cortex and investigated the impact on the development of MR Ye Yaxin 2018 f&+

brain gyrification. Secondly, we separated the sulcus and gyrus tissues of adult ferret brains. Through : .

RNA-ge):’q, ChIP-seq, and D}i\IAase-Seq analysis, we investiiﬁted the differences in gene expression argld XUMBY Liu Yamin - 2019 8+

chromatin regulation regions between sulcus and gyrus. The relevant data is being analyzed. At the NEFETK Bu Yufei 2018 f&E+

same time, we plan to collect the ferret sulcus and gyrus tissues of critical developmental stages and use .

similar omics analysis to further study the regulation mechanism of evolution and development of brain 7 H Wan Li 2018 &+
rification. . :

%}(])rpus callosum is firstly evolved from placental mammals, and its absence or abnormal development in BIE i Yaxing 2018 #+

the human brain would cause cognitive dysfunction and neuropsychiatric diseases. Studies have shown SWRMY Yi Linyun 2019 i+

that, compared with monotremes and marsupials, around 600 novel and conserved enhancers have been

evolved in the placental mammalian genome. We crossed the Cux2-Cre and Ai9 mouse strains to specif- RHZ& WuYuechun 2019 il

ically label the corpus callosum projection neurons, and used FACS to collect these neurons at different

critig’al developmer:gt stages. Dif?eregm omics analyses including ATAC-seq are applied to examine the B A ZhaoYang 2019 it

activities of these placental specific enhancers during corpus callosum development. We will further the ¥ $i YangRui 2020 it

role and mechanisms of these enhancers using CRISPR technology to enhance or inhibit their activities.

In addition, we will also use the above-mentioned omics analysis techniques to identify the differential Z ELiX 2020 fE

expressing genes and regulatory elements in cerebral cortical 2-3 layers neurons of mice, tree shrews,
and macaques, and further study the molecular mechanisms of corpus callosum evolutionary develop-
ment.

During evolution, many de novo genes have been evolved in the primate genome, but their roles in brain
development and physiological function remain elusive. In our previous work, we identified BTN3A2, a
primate-specific gene, as a new susceptibility gene for schizophrenia (Wu Y et al. 2019 EBioMedicine).
In order to further study its role in synapse evolution and functional regulation, We constructed condi-
tional gene knock-in mice and crossed them with Nestin-Cre mice to ectopically express BTN3A2 in the
mouse brain. Through neurobehavioral analyses, we found that it would affect the anxiety behavior and
work memory. We also used this mouse model to study the effect of this primate-specific gene on syn-
apse development and transmission, and the underlying molecular mechanism.

2. Neural synaptic transmission regulation and brain function

Glutamate receptors are critical for excitatory synaptic transmission in the brain. In our previous work,
we systematically studied the regulatory mechanism of synaptic trafficking and physiological activity of
kainate receptors, and revealed that the homomeric GluK1 and GIluK2 receptors are relied on different
molecular basis (Sheng N et al. 2015 Elife, Sheng N et al. 2017 PNAS, Duan GF et al. 2018 Nature
Communications). We further found that the synaptic trafficking of GluK2/GluK4 and GluK2/GluKS
heteromeric receptors are regulated by different molecular mechanisms and are determined by the extra-
cellular ATD domains of GluK4 and GluKS5 subunits. We combined biochemical and cellular screening
systems to identify its transsynaptic complex wit the C1q complement molecules. On this basis, we will
combine optogenetic, CRIPSR and electrophysiological techniques to deeply study the function of this
molecular complex in synaptic transmission, and use hippocampal epilepsy model to study its role in
brain function.
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1. Guangshuai Liu', Chao Zhao', Dongming Xu', Huanxin Zhang, Vladimir Monakhov, Shuai Shang, Xiaodong Gao, Weilai Sha, Jianzhang Ma,
Wei Zhang, Xuexi Tang, Bo Li, Yan Hua, Xiaofang Cao*, Zhen Liu*, and Honghai Zhang*. First Draft Genome of the Sable, Martes zibellina.
Genome Biology and Evolution. 12(3):59-65 (2020).




biology and developmental biology for understanding the ge-
netic basis of phenotypic changes macroevolutionarily. Using my
bats as a research model, we focus on the following major
questions: (1) what are the roles of molecular variations on the
developmental mechanisms for the origin and elaboration of
adaptive phenotypes in evolutionary process? (2) what are the ¥
relative roles of chance and necessity in evolution for the de- :
velopmental mechanisms of adaptive phenotypes?

Email: zhenliu@mail.kiz.ac.cn

1. Bats are a unique model for researching the evolutionary develop-
mental mechanisms of adaptive phenotypes in nonmodel mammals

To date, ~1300 bat species are discovered in the world, making them become the second
biggest order in mammals except for rodents. It is because bats have evolved many
adaptive complex traits that they represent one of most successful mammalian groups
in evolution. For instance, bats own the extremely extended forelimbs and unique wing
membranes and are the only mammals that can truly fly. Insectivorous bats have evolved
laryngeal echolocation to prey insects at night. The current studies have been focusing
on the evolutionary and functional analyses of protein-coding genes without comprehen-
sively researching for the noncoding regions, gene expression regulatory networks, and
developmental mechanisms at the genomic scale. Consequently, we cannot understand
the molecular basis on how the adaptive complex traits of bats origin and elaborate
during evolution.

We have collected embryonic samples
across nearly all developmental time
points of three bat species recent years,
and measured the phenotypic data re-
lated to adaptive complex traits of bats,
such as length of limbs and areas of
wing membranes. Using multiple se-
quencing technologies, we are planning
to investigate the evolutionary devel-
opmental mechanisms underlying the
adaptive complex traits of bats.

2. First Draft Genome of the Sable, Martes zibellina

As one of the most widespread members in Martes, the sable shows distinct population
differentiation and morphological variations across different distributions. To support
further studies on the evolutionary developmental mechanisms of its adaptive traits, we
present the first sable genome. The assembled genome is 2.42 Gb with a scaffold N50 of
5.20Mb and 95.15% of the curated single-copy orthologs were assembled as complete.
A total of 19,413 protein-coding genes were predicted. Overall, our study provided the
first reference genome for research in a broad range of areas including local adaptations,
population evolution, conservation, and management for sable.
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In order to conserve genetic resource and genetic diversity of
animals, Kunming wild animal cell bank was established in Kun-
ming Institute of Zoology, Chinese Academy of Science in 1986. "
Up to now 2298 cell lines from 357 species have been preserved JULI Stag e
in our cell bank. Most cell lines are derived from mammals. Real-Time Gell History Recordar
Among the species, 60 species are national protected wildlife in
China. Now it is one branch of National Platform of Experimental
Cell Resources for Sci-Tech, Biological Genetic Resource Bank
of CAS, China Germplasm Bank of Wild Species, and State Key
Laboratory of Genetic Resources and Evolution.

1. The collection and preservation of cell line BIBARER (Lab Member)

In 2020, 62 cell lines from various wild animals, domestic animals and humans had TEAS (Staff)
been established and frozen. Among these cell lines, 30 cell lines were derived from n

8 species of wild animals such as Dragon Lizard, Spotted Flying Lizard, Great blind B ESRIRED
Snake, Spotted Doveetc; 32 cell lines were established from domestic animals, | Wenhui Nie
experimental animals and humans. Four hundred and fifty-one of frozen-stored cell | Senior Engineer

lines were also resuscitated and subcultured. whnie@mail kiz.ac.cn

Fe SHRERIP
Jinhuan Wang
Senior Experimentalist

wangjing315@]163.com

DB LI
Weiting Su,

Experimentalist

2. Cell lines service and technical service weitingsu@126.com

In this year, 520 cell lines and culture medium, 52 times of karyotype analysis and
STR test had been provided for the researchers not only at State key laboratory of | 45 & AR
genetic resources and evolution, but also at other 155 Chinese universities, 155 enter-

Yu Hu

prises, and 92 scientific research institutions. In addition, we also had provided Technici

a lot of cell culture technical advisory services by using the telephone and the email. echmictan
524140624@qq.com

3. Advances have been made in reptile cell culture

Reptiles are really adapted to terrestrial life of the variable temperature vertebrates.
There are few established reptile cell lines due to the lack of matured cell culture
methods. In 2020, we explored the conditions for cell culture of reptiles by using the
four kinds of reptile materials obtained, and successfully established 16 cell lines,
laying a foundation for the collection and preservation of cell resources of this group
of animals in the future.

4.The establishment of cell lines from Northern Pig-tailed Macaque

Pig-tailed macaque the only primate that has been reported to be infected with HI'V-
1 and has AIDS-like symptoms. Using the tissue materials of a dead Northern pig-
tailed macaque, we successfully established 8 cell lines of different tissue sources of
this monkey, and carried out karyotype analysis, so as to reserve materials for future
in vitro experiments on AIDS.
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China is a core member of the international Barcode of (IBOL). Kunming Insti-
tute of zoology, Chinese Academy of Sciences established the South China DNA
Barcoding Center (SCDBC) in 2011, which is responsible for the production and
management of DNA barcoding data of wild animals in China and Southeast
Asia, and has full access to the international life barcoding database--BOLD
SYSTEMS. SCDBC focus on establishing experimental platform which is
high-throughput, standardized and informationalized. SCDBC also use DNA
barcoding technology for biodiversity evaluation and protection, species identi-
fication of endangered wildlife. It is the first comprehensive platform for DNA
barcoding research and utilization in China

Email: scdbc@mail.kiz.ac.cn

1. Rapid identification interaction mechanism with key department based
on DNA barcoding

Yunnan province, is located in Southwest China and Southeast Asia. It is a hot spot in biodi-
versity in the world. With the in-depth implementation of the strategy of “one belt and one
road” and frequent international trade, many invasive species will not be limited to the ‘list’.
The classification of Yunnan’s species is not well identified by our taxonomists. Species
identification is the basis of biodiversity cognition, an important support to explore the law
of biological distribution and migration, and the key to pest control. The accurate identifica-
tion of species can not be separated from the support of named specimens, taxonomists and
key taxonomic techniques. Therefore, the key to accurate identification, risk assessment and
effective prevention and control of animal species intercepted at ports lies in the effective
identification technology of related species and the database information platform available
for port to consult and browse at any time. Generally, it is difficult to identify invasive pest
species in the following three situations: 1) small size, difficult to observe morphology; 2)
many species with similar appearance; 3) lack of adult specimens. DNA barcoding avoids
these three situations and is not limited by body size, external morphology, development pe-
riod, specimen gender and specimen integrity. The technology has been proved to be a more
general, efficient and fine molecular identification technology. The experimental cycle of 1-3
working days can meet the needs of frontier inspection and quarantine workers. From 2019
to 2020, the SCDBC cooperated with Kunming Animal Museum and Yunnan Agricultural
University to establish a physical library and standard DNA barcoding sequence library for
the existing list of important harmful species in inspection and quarantine. It has built a rapid
species identification platform based on DNA barcoding technology and established an inter-
active mechanism for rapid identification with key ports in Southwest China.

fd.-‘lﬁ]‘m il

2. Taxonomy, Phylogeny and Database of the order Odonata

i

Two new species of the genus Coeliccia Kirby, 1890 are found from Tongbiguan National
Nature Reserve, Yingjiang County, Yunnan, named: Coeliccia tongbiguan Dow & Zhang,
2020 and Coeliccia yunnanensis Dow & Zhang, 2020. A new species of the genus Caliphaea
Hagen in Selys, 1859 is found in Yunnan Province, Lufeng County, Chuxiong City, named:
Caliphaea hermannkunzi Zhang & Hémadldinen, 2020. A website called“Odonata of China”
is under establishing, which will be open around February 2021. The website contains about
850 species of dragonflies from China, being the largest database of the Chinese dragonfly
worldwide. The database is divided into plates of Introduction, Ecology and Behavior, Phy-
logeny and Species Identification, also our ongoing study of phylogeny and genome will be
shared.
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The Core Facility of the State Key Laboratory of Genet-
ic Resources and Evolution is established in November
2008. Currently, the center contains three major tech-
nology platforms: Genomic Analysis Platform, Mi-
cro-imaging Analysis Platform , and High Performance
Computing Platform. Each platform is supported by pro-
fessional technicians, from the experimental design, in-
strument operation, to data analysis.
http://www.Kiz.cas.cn/gre/gre6/gre61/

The Three Technical Platforms

I. Genomic Analysis Platform

1. Ion Torrent Sequencers

The Key applications of the Ion Torrent Sequencers ( lon Proton and Ion
PGM ) are genome sequencing, Whole transcriptome sequencing, Exome
sequencing, Gene sequencing, ChIP sequencing, Mitochondrial sequenc-
ing, Methylation analysis, and so on.

A 6 L (LTS T 1™

it Pwmiy il
: i 1 el
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2. Miseq Sequencer

The MiSeq desktop sequencer allows ===
you to access more focused applica-
tions such as targeted gene sequencing,
metagenomics, small genome sequenc-
ing, targeted gene expression, amplicon
sequencing, and HLA typing.

3. Single-Cell Preparation System

The C1 system enables cell capture, lysis, and preparation of individual
cells for genomic applications. The system is an electrically and pneumat-
ically operated desktop instrument. It has a built-in vacuum pump to hold
the IFC in position. The embedded PC
inside the system regulates all the func-
tions and monitors the performance of
the instrument. C1 uses a thermal stack
to provide rapid, accurate, uniform heat-
ing and cooling.

4. Biomark HD Real-time PCR System

The BioMark HD System sets a new standard in high-throughput geno-
typing—it is the only multi-purpose real-time PCR system that performs
genotyping, gene signature profiling, quantitative real-time digital PCR
(qdPCR), and single-cell analysis. Its integrated fast-capable thermal
cycler and four color detection provides even faster time to results and
enough throughput for routine genomic testing applications.

ANNUAL
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5. QuantStudio 12K Flex Real-Time PCR System

QuantStudio 12K Flex Real-Time PCR System is new level for qPCR,
designed for maximum throughput, flexibility, and scalability. You
can choose not only OpenArray®, 384-well, 96-well blocks for your
experiments, but also digital PCR for high accuracy and sensitivity.

e

6.Miseq Sequencer

The BD LSRFortessa brand provides power, performance and con-
sistency for your research. Designed to be affordable and expandable,
BD LSRFortessa cell analyzers have the flexibility to support the
growing needs of multicolor flow cytometry assays.

]

II. Micro-imaging Analysis Platform

The JEM-1400Plus is a transmission electron microscope (TEM)
developed for application in a wide range of disciplines, from biology
to materials researches, such as biological sections, polymers, nano-
materials and so on.  With the JEM-1400Plus, images from the ultra
LOWMAG mode (min. mag. x10) to the MAG mode (max. mag.
x1.2 M) can be acquired with only one camera, resulting seamless
observation with no switching of cameras or shifting one’s gaze to
a fluorescent screen. Using the auto montage function (provided as
standard) makes it easy to acquire high-precision images of a wide
field of view. 8M pixel camera (high-resolution camera) and a | M
pixel cameras are selectable depending on user’s purposes.

I1l. High Performance Computing Platform

It is a scalable linux platform with convergence of HPC and big data.
The peak performance of the new Linux cluster is 157Tflops. One su-
perfome flex from HPE with 16 way cpus and 12TB RAM serves as
the fat node. The cluster consists of 50 inspur two-way servers with
384GB RAM as computing node and 3 four-way servers with 3TB
RAM each as thick node. It is connected with 100Gbps infiniband
communications link as computing network and Gbps LAN as admin-
istration network. DDN Inc supplies the 4PB file system storage vol-
ume with read/write aggregate throughput as high as 20GB/sec and
over 4GB/sec single client throughput. We also have GPU platform
with Nvidia Tesla v100 GPU for GPGPU computing applications.
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