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The Chinese giant salamander exemplifies the hidden extinction of cryptic species.

Yan F', L0.J®, Znang B?, Yuan 2", Zhao H, Huang 5. Wl &5, X%, 2ou 07, Xu W3, Chen 57, Wang J%, e F¥, wu M, Xiao H'9, Liang 2", JinJ", wu ',
Ku G2, Tapley B, Turvey ST7, Pagenfuss TJ", Cunningham AAT, Murphy BW'™, Zhang Y15, Che J15.

Abstract

Owerexploitation, habitat destruction, human-driven cimate change and disease spread are resulting in the extinction of innumerable species, with
amphibians being hit harder than most other groups [1). Few species of amphibians are widespread, and those that are often represent
complexes of multiple cryptic species. This is especially true for range-restricted salamanders [2]. Here, we used the widespread and critically
endangered Chinese giant salamander (Andrias davidianus) to show how genetically uninformed management efforts can negatively affect
species conservation. We find that this salamander consists of at least five species-level lineages. However, the extensive recent translocation of
individuals between farms, where the vast majority of extant salamanders now live, has resulted in genetic homogenization. Mitochondrial DMNA
(miDNA) haplotypes from nerthem China now predominate in farms. Unfortunately, hybrid offspring are being released back into the wild under
well-intentioned, but misguided, conservation management. Our findings emphasize the necessity of genetic assessments for seemingly well-
known, widespread species in conservation inftiatives. Species serve as the primary unit for protection and management in conservation actions
[3]. so determining the taxonomic status of threatened species is a major concem, especially for amphibians. The level of threat to amphibians
may be underestimaled, and exisling conservation siralegies may be inadvertently harmful if conducted without genetic assessment.
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How much of the planet should we leave for other
forms of life? This is a question humanity must now
grapple with. The global human population is 7.6 billion
and anticipated to increase to around 10 billion by the
middle of the century. Consumption is also projected to
increase, with demands for food and water more than
doubling by 2050. Simply put, there is finite space and
energy on the planet, and we must decide how much
of it we're willing to share. This question requires deep
consideration as it will determine the fate of millions
of species and the health and well-being of future
generations.

A e e < Science. 2018, 361:1051-1051. -7
“Current levels of protection do not even come close to the required levels.”
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Pervasive introgression facilitated domestication and adaptation in the Bos species complex.
Wi DD"23, Ding XD*, Wang 5*, Wejck JN®. Zhang *, Tokarska °. Li Y5, Wang MS™®, Faruque O, Nisisen R'°, Zhang Q"2 Zhang Yp'3141%,

;
1
1
1
1
1
1
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| Abstract

! Species of the Bos genus, including taurine cattle, zebu, gayal, gaur, banteng, yak, wisent and bison, have been domesticated at least four times
1 and have been an important source of meat, milk and power for many human cultures. VWe sequence the genomes of gayal, gaur, banteng,

: wisent and bison, and provide population genomic sequencing of an additional 98 individuals. We use these data to determine the phylogeny and
: evolutionary history of these species and show that the threatened gayal is an independent species or subspecies. We show that there has been
: pronounced introgression among different members of this genus, and that it in many cases has involved genes of considerable adaptive

1 importance. For example, genes under domestication selection in cattle (for example, MITF) were introgressed from domestic cattie to yak.

: Also, genes in the response-to-hypoxia pathway (for examgple, EGLN1, EGLN2 and HIF3a) have been introgressed from yak to Tibetan cattle,

: probably facilitating their adaptation to high altitude. We also validate that there is an association between the introgressed EGLN1 allele and

1 haemoglobin and red blood cell concentration, Our results illustrate the importance of introgression as a source of adaptive variation and during

: domesticalion, and suggest that the Bos genus evolves as a complex of genetically interconnected species with shared evolutionary trajectories.
1

1

A L e ( Nature Ecology & Evolution. 2018, 2(7): 1139-1145. |-~
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Selection and environmental adaptation along a path
to speciation in the Tibetan frog Nanorana parkeri

Guo-Dong Wang""*‘ Bao-Lin Zhang™~', Wei-Wei Zhou™, ?mg—xm Li*<, Jie-Qiong Jin®, Yong Shao®, He-chuan Yang®,
Yan-Hu Liu', Fang Yan®, Hong-Man Chen®, Li Jin?, Feng Gao", Yaoguang Zhang“ Haipeng Li®", Bingyu Mao™®,
Robert W. Murph}r"' David B. Wake"*, Ya-Ping Zhang™®?, and Jing Che™>*

! Abstract

: Tibetan frogs, Nanorana parkeri, are differentiated genetically but not morphologically along geographical and
, elevational gradients in a challenging environment, presenting a unique opportunity to investigate processes leading
| to speciation. Analyses of whole genomes of 63 frogs reveal population structuring and historical demography,
E characterized by highly restricted gene flow in a narrow geographic zone lying between matrilines West (W) and
! East (E). A population found only along a single with adaptation to high eltributary of the Yalu Zangbu River has the
| mitogenome only of E, whereas nuclear genes of W comprise 89-95% of the nuclear genome. Selection accounts
, for 579 broadly scattered, highly divergent regions (HDRs) of the genome, which involve 365 genes. These genes falll
. into 51 gene ontology (GO) functional classes, 14 of which are likely to be important in driving reproductive isolation.
. GO enrichment analyses of E reveal many overrepresented functional categories associated evations, including blood
E circulation, response to hypoxia, and UV radiation. Four genes, including DNAJCS in the brain, TNNC1 and ADORA1 in
! the heart, and LAMBS3 in the lung, differ in levels of expression between low- and high-elevation populations. High-
, altitude adaptation plays an important role in maintaining and driving continuing divergence and reproductive isolation.
\ Use of total genomes enabled recognition of selection and adaptation in and between populations, as well as
: documentation of evolution along a stepped cline toward speciation.

PNAS. 2018, 115: E5056-E5065. F
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Blunted nitric oxide regulation in Tibetans under
high-altitude hypoxia

ABSTRACT

Nitric oxide (NO) is an important molecule for vasomotor tone, and elevated NO signaling was previously
hypothesized as a unique and adaptive physiological change in highland Tibetans. However, there has been
lack of NO data from Tibetans living at low altitude and lowlander immigrants living at high altitude, which
is crucial to test this hypothesis. Here, through cross-altitude (1990-5018 m) and cross-population
(Tibetans and Han Chinese) analyses of serum NO metabolites (NOx) of 2086 individuals, we

demonstrate that although Tibetans have a higher serum NOx level compared to lowlanders, Han Chinese
immigrants living at high altitude show an even higher level than Tibetans. Consequently, our data
contradict the previous proposal of increased NO signaling as the unique adaptive strategy in Tibetans.
Instead, Tibetans have a relatively lower circulating NOx level at high altitude.This observation is further
supported by data from the hypoxic experiments using human umbilical vein endothelial cells and gene
knockout mice. No difference is detected between Tibetans and Han Chinese for endothelial nitric oxide
synthase (eNOS), the key enzyme for circulating NO synthesis, suggesting that eNOS itself is unlikely to be
the cause. We show that other NO synthesis-related genes (e.g. GCH1) carry Tibetan-enriched mutations
significantly associated with the level of circulating NOx in Tibetans. Furthermore, gene network analysis
revealed that the downregulation and upregulation of NOx is possibly achieved through distinct pathways.
Collectively, our findings provide novel insights into the physiological and genetic mechanisms of the
evolutionary adaptation of Tibetans to high-altitude hypoxia.

————————————————————————————————————————— ( National Science Review. 2018, 5: 516-529.
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Darwinian Positive Selection on the Pleiotropic Effects of KITLG
Explain Skin Pigmentation and Winter Temperature
Adaptation in Eurasians

t.1.24

Zhaohui Yang, ™ Hnng Shi,"' FengchengMa * Shilei Zhao, Qnghnng K-::rng, T1anhao Bian,"
Chao Gong,"* Qi Zhao,"* "l‘uan Liu,® Xuebin Qi,* Xiaoming Zhang.’ Yinglun Han.® Jiewei Liu, angwm Li,®
Hua Chen,** and Bing Su*?

Abstract

Human skin color diversity is considered an adaptation to environmental conditions such as UV radiation, Investigations
imo the genetic bases of such adapuation have identified a group of pigmentation genes contributing to skin color
diversity in African and non-African populations. Here, we present a population analysis of the pigmentation gene KITLG
with previously reporved signal of Darwinkan positive selection in both European and East Asian populations. We
demonstrated that there had been recurrent selective events in the upstream and the downstream regions of KITLG
in Eurasian populations. More importantly, besides the expected sebection on the KITLG variants favoring light skin in
coping with the weak UV radiation at high latitude, we observed a KITLG variant showing adaptation to winter tem-
perature. n parthoular, compared with UV radiation, winter temperature showed a much stronger correlation with the
prevalence of the presumably adaptive KITLG allele in Asian populations. This observation was further supported by the
in vitro functional test at low temperature, Consequently, the pleiotropic effects of KITLG, that is, pigmentation and
thermogenesis were both targeved by natural sebection thar acved on different KITLG sequence variants, contributing to
the adaptation of Eurasians to both UV radiation and winter temperature at high latitude arcas.

A T {_ Molecular Biology and Evolution. 2018, 35: 2272-2283. |-~
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Genome wide analyses uncover allele-specific RNA
editing in human and mouse

Zhong-Yin Zhou'', Yue Hu?!, Aimin Li*!, Ying-Ju Li**1, Hui Zhao*1, Si-Qi Wang**, Newton
0. Otecko'%, Dejiu Zhang’, Jin-Huan Wang', Yajun Liu®, David M. Irwin®, Yan Qin’ and
Ya-Ping Zhang''*"

Abstract

RMA editing is one of the most common RNA level modifications that potentially generate amino acid changes
similar to those resulting from genomic nonsynonymous mutations. However, unlike DNA level allele-specific
modifications such as DNA methylation, it is currently unknown whether RNA editing displays allele-specificity
across tissues and species. Here, we analyzed allele-specific RNA editing in human tissues and from brain tissues of
heterozygous mice generated by crosses between divergent mouse strains and found a high proportion of overlap
of allele-specific RNA editing sites between different samples. We identified three allele-specific RNA editing sites
cause amino acid changes in coding regions of human and mouse genes, whereas their associated SNPs yielded
synonymous differences. In vitre cellular experiments confirmed that sequences differing at a synonymous SNP
can have differences in a linked allele-specific RNA editing site with nonsynonymous implications. Further, we
demonstrate that allele-specific RNA editing is influenced by differences in local RNA secondary structure
generated by SNPs. Our study provides new insights towards a better comprehension of the molecular mechanism
that link SMPs with human diseases and traits.
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Structural variation during dog domestication: insights
from gray wolf and dhole genomes

Guo-Dong Wang'-%1, Xiju-Juan Shao®1, Bing Bai**!, Junlong Wang®’
Xiaobo Wang®, Xue Cao®, Yan-Hu Liu®, Xuan Wang'-'?, Ting-Ting Yin'-'°,
Shao-Jie Zhang®, Yan Lu'!, Zechong Wang'!, Lu Wang®, Wenming Zhao'*

Bing Zhang'?, Jue Ruan®* and Ya-Ping Zhang'-%-*

Abstract
Several processes like phenotypic evolution, disease susceptibility and environmental adaptations, which fashion
the domestication of animals, are largely attributable to structural variations (5Vs) in the genome. Here, we
present high-quality draft genomes of the gray wolf (Conis lupus) and dhole (Cuon alpinus) with scaffold NS0 of
6.04 Mb and 3.96 Mb, respectively, Sequence alignment comprising genomes of three canid species reveals SVs
specific to the dog, particularly 16 315 insertions, 2565 deletions, 443 repeats, 16 inversions and 15 translocations.
Functional annotation of the dog 5Vs associated with genes indicates their enrichments in energy metabolisms,
neurological processes and immune systems. Interestingly, we identify and verify at population level an insertion
fully covering a copy of the AKR1B1 (Aldo-Keto Reductase Family 1 Member B) transcript. Transcriptome analysis
reveals a high level of expression of the new AKR1B81 copy in the small intestine and liver, implying an increase
in de novo fatty acid synthesis and antioxidant ability in dog compared to gray wolf, likely in response to dietary
shifts during the agricultural revolution. For the first time, we report a comprehensive analysis of the evoluticnary
dynamics of Vs during the domestication step of dogs. Our findings demonstrate that retroposition can birth new
genes to facilitate domestication, and affirm the importance of large-scale genomic variants in domestication
studies.

g (_ National Science Review. 2018, doi:10.1093/nsr/nwy076. }- *
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Transcriptome evidence reveals enhanced autophagy-lysosomal
function in centenarians

Fu-Hui Xiao, 24712 Xiao-Qiong Chen, ">*712 Qin Yu, 45712 Yynshuang Ye, 612
Yao-Wen Liu,"%**>7 Dongjing Yan,? Li-Qin Yang,"**7 Guijun Chen,® Rong Lin,?
Liping Yang,® Xiaoping Liao,® Wen Zhamgy,3 Wei Ehang,“

Nelson Leung-Sang Tang,*'® Xiao-Fan Wang,"" Jumin Zhou,® Wang-Wei Cai,?
Yong-Han He,"?*7 and Qing-Peng Kong'**’

Abstract
Centenarians (CENs) are excellent subjects to study the mechanisms of human longevity and healthy aging. Here,
we analyzed the transcriptomes of 76 centenarians, 54 centenarian-children, and 41 spouses of centenarian-
children by RNA sequencing and found that, among the significantly differentially expressed genes (SDEGs) exhibited
by CEMs, the autophagy-lysosomal pathway is significantly up-regulated. Overexpression of several genes from this
pathway, CTSB, ATPEVOC, ATG4D, and WIPI1, could promote autophagy and delay senescence in cultured IMR-90
cells, while overexpression of the Drosophilahomolog of WIPI1, Atg18a, extended the life span in transgenic flies.
Interestingly, the enhanced autophagy-lysosomal activity could be partially passed on to their offspring, as
manifested by their higher levels of both autophagy-encoding genes and serum beclin 1 (BECN1). In light of the
normal age-related decline of autophagy-lysosomal functions, these findings provide a compelling explanation for
achieving longevity in, at least, female CENs, given the gender bias in our collected samples, and suggest that the
enhanced waste-cleaning activity via autophagy may serve as a conserved mechanism to prolong the life span
from Drosephila to humans.
e ( Genome Research. 2018, 28: 1601-1610. -7
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LTP requires postsynaptic PDZ-domain interactions with
glutamate receptor/auxiliary protein complexes

Nengyin Sheng™®<", Michael A. Bemben®, Javier Diaz-Alonso®, Wucheng Tao®, Yun Stone Shi®?,
and Roger A. Nicoll~*'
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E Abstract

! Long-term potentiation (LTP) is a persistent strengthening of synaptic transmission in the brain and is

' arguably the most compelling cellular and molecular model for learning and memaory. Previous work found

! that both AMPA receptors and exogenously expressed kainate receptors are equally capable of expressing

' LTP, despite their limited homology and their association with distinct auxiliary subunits, indicating that LTP is
! far more promiscuous than previously thought. What might these two subtypes of glutamate receptor have

! in common? Using a single-cell molecular replacement strategy, we demonstrate that the AMPA receptor

! auxiliary subunit TARP y-8, via its PDZ-binding motif, is indispensable for both basal synaptic transmission and
1 LTP. Remarkably, kainate receptors and their auxiliary subunits Neto proteins share the same requirement of
: PDZ-binding domains for synaptic trafficking and LTP. Together, these results suggest that a minimal

X postsynaptic requirement for LTP is the PDZ binding of glutamate receptors/auxiliary subunits to PSD

' scaffolding proteins.
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Single-cell RNA-sequencing reveals the existence
of naive and primed pluripotency in pre-implantation
rhesus monkey embryos

Denghui Liu,**7 Xinyi Wang,'-*” Dajian He,'**7 Chunli Sun,'-**7 Xiechao He,"
Lanzhen Yan,* Yizhou Li,? Jing-Dong ). Han,? and Ping Zheng'-**¢

Abstract

Naive pluripotency exists in epiblast cells of mouse pre-implantation embryos. However, whether

the naive pluripotency is transient or nonexistent in primate embryos remains unclear. Using RNA-seq
in single blastomeres from 16-cell embryos through to hatched blastocysts of rhesusmonkey, we
constructed the lineage segregation roadmap in which the specification of trophectoderm, epiblast, and
primitive endoderm is initiated simultaneously at the early blastocyst stage. Importantly, we uncovered
the existence of distinct pluripotent states in monkey pre-implantation embryos. At the early- and
middle-blastocyst stages, the epiblast cells have the transcriptome features of naive pluripotency,
whereas they display a continuum of primed pluripotency characteristics at the late and hatched
blastocyst stages. Moreover, we identified potential regulators that might play roles in the transition
from naive to primed pluripotency. Thus, our study suggests the

transient existence of naive pluripotency in primates and proposes an ideal time window for derivation

of primate embryonic stem cells with naive pluripotency.
[ ——— { Genome Research. 2018, 28:1481-1493. )-7
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Loss of TDP43 inhibits progression of triple-negative
breast cancer in coordination with SRSF3

Hao Ke**', Limin Zhao™®' Hl:mljl:l Zhang™", Xu Feng™*, Haibo Xu™®, Junjun Hac", Shaowei Wan?“' Qin Yang®,
Li Zow®, Xiaosan Su®, Ligiong Wang', Chunlian Wu®, Yang Wang®, Jianyun Nie", and Baowei Jiao™"

Abstract

Aberrant alternative splicing has been highlighted as a potential hallmark of cancer. Here, we identify TDP43 (TAR
DNA-binding protein 43) as an important splicing regulator responsible for the unique splicing profile in triple-negative
breast cancer (TNBC). Clinical data demonstrate that TDP43 is highly expressed in TNBC with poor prognosis.
Knockdown of TDP43 inhibits tumor progression, including proliferation and metastasis, and overexpression of TDP43
promotes proliferation and malignancy of mammary epithelial cells. Deep sequencing analysis and functional
experiments indicate that TDP43 alters most splicing events with splicing factor SRSF3 (serine/farginine-rich splicing
factor 3), in the regulation of TNBC progression. The TDP43/5RSF3 complex controls specific splicing events, including
downstream genes PAR3 and NUMB. The effect of reduced metastasis and proliferation upon the knockdown of
TDP43 or SRSF3 is mediated by the splicing regulation of PAR3 and NUMB exon 12, respectively. The TDP43/SRSF3
complex and downstream PAR3 isoform are potential therapeutic targets for TNBC.
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Phylogenetics and Blogeography

Prof. Junxing Yang, Professor. The research team is mainly interested in biodiver-
sity monitoring survey and evaluation, fauna taxonomic, phylogenetic and biogeo-
graphic; ecology and conservation research to rare and native species; especially
focuses on the restoration of wetland ecosystem and application. In 2018, total
22 research programs have been implementing with 6 programs newly approved.
Certification of Sinocyclocheilus grahami breeding line has been awarded. A total
of 11 papers have been published which 10 of them are SCI papers. Two national =
invention patent licensing and one patent second prize of Yunnan Province .

Email: yangjx@mail.kiz.ac.cn

1. Genome assembly for a Yunnan-Guizhou Plateau “3E” fish, Anabarilius gra-
hami (Regan), and its evolutionary and genetic applications

Kanglang white minnow (Anabarilius grahami), is a typical “3E” (Endangered, Endemic, and
Economic) species in Yunnan-Guizhou Plateau of China. To promote the conservation and
sustainable utilization of this fish, we initiated its whole genome sequencing project using an
Illumina Hiseq2500 platform. The assembled genome size of A. grahami is 1.006 Gb, and a to-
tal of 25,520 protein-coding genes were subsequently predicted. A phylogenetic tree based on
4,580 single-copy genes from A. grahami and 18 other cyprinids revealed three well-supported
subclades within the Cyprinidae. This is the first inter-subfamily relationship of cyprinids at
genome level, providing a simple yet useful framework for understanding the traditional but
popular subfamily classification systems. A further population demography of A. grahami
uncovered a historical relationship between this fish and Fuxian Lake, suggesting that range
expansion or shrinkage of the habitat has had a remarkable impact on the population size of
endemic plateau fishes. Additionally, a total of 33,836 simple sequence repeats (SSR) markers
were identified, and 11 loci were evaluated for a preliminary genetic diversity analysis in this
study, thus providing another useful genetic resource for studying this “3E” species.
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2. The taxonomy of Kurixalus and Exostoma

In this year, we described three new species (Zuojiangia jingxiensis sp. nov., Altigena mali-
hkaia sp. nov. and Kurixalus yangi sp. nov. ) from Guangxi, Myanmar and Yunnan province.
These three new species is distinguished from their congeneric species by a combination of
morphological evidence.

3. The artificial breeding, production and releasing in the wild of endangered
fishes

Certification of Sinocyclocheilus grahami breeding line has e
been awarded. In this year, we cultivated and produced more '
than 3 million fish fry of these fishes, including Sinocyclochei- .
lus grahami, Sinocyclocheilus tingi, Percocypris retrodorslis,

Schizothorax taliensis, Anabarilius liui chenghaiensis, Zacco A

platypus, Anabarilius grahami, Tor giaojiensis and Distoecho- .~ #HFa# nEnk !-.’-',."'
don macrophthalmus More than 0.1 million individuals were e

EEEE

breeding line
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1.

Li, XY., W. V. Bleisch, XL. Jiang*. 2018.
Using large spatial scale camera trap data and
hierarchical occupancy models to evaluate
species richness and occupancy of rare and
elusive wildlife communities in southwest
China. Diversity and Distributions 24:1560-
1572.

Wan T, He K, Jin W, Liu SY, Chen ZZ,
Zhang B, Murphy RW, Jiang XL*. 2018.
Climate niche conservatism and complex
topography illuminate the cryptic diversifi-
cation of Asian shrew-like moles. Journal of
Biogeography 45:2400-2414.

Khanal, L., M. K. Chalise, K. He, B. K.
Acharya, Y. Kawamoto, XL. Jiang *. 2018.
Mitochondrial DNA analyses and ecological
niche modeling reveal post-LGM expansion
of the Assam macaque (Macaca assamensis)
in the foothills of Nepal Himalaya. American
Journal of Primatology 80:¢22748.
Khanal, L., Mukesh Kumar Chalise
,Tao Wan , XL. Jiang *. Riverine barrier
effects on population genetic structure of the
Hanuman langur (Semnopithecus entellus)
in the Nepal Himalaya. BMC Evolutionary
Biology,2018,18:159

Li, XY., W. V. Bleisch, XL. Jiang*. 2018.
Unveiling a wildlife haven: occupancy and
activity patterns of mammals at a Tibetan sa-
cred mountain. European Journal of Wild-
life Research 64:53.

Huang, C., XY. Li, L. Shi, XL. Jiang*.
2018. Patterns of human-wildlife conflict and
compensation practices around Daxueshan
Nature Reserve, China. Zoological Research
39:406-412.

He K, Chen X, Chen P, He SW, Cheng F,
Jiang XL*, Campbell K*. A new genus of
Asiatic short-tailed shrew (Soricidae, Eulipo-
typhla) based on molecular and morphologi-
cal comparisons. Zoological Research, 2018,
39(5): 321-334.

Ai HS, He K, Chen ZZ, Li JQ, Wan T, Li
Q, Nie WH, Wang JH, Su WT, Jiang XL*.
Taxonomic revision of the genus Mesechinus
(Mammalia: Erinaceidae) with description of
a new species. Zoological Research, 2018,
39(5): 335-347.

Nie WH, Wang JH, Su WT, Hu Y, He SW,
Jiang XL*, He K. Species identification of
crested gibbons (Nomascus) in captivity in
China using karyotyping- and PCR-based ap-
proaches. Zoological Research, 2018, 39(5):
356-363.
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Mammal Ecology and Evolution

Prof. Xuelong Jiang, 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.

Email: jiangxl@mail.kiz.ac.cn

1. Riverine barrier effects on population genetic structure of the Hanu-
man langur (Semnopithecus entellus) in the Nepal Himalaya

The Himalayan region, frequently referred to as the third pole of the Earth, has expe-
rienced large-scale climatic oscillations and bears geographical barriers such as rivers
but their effects in shaping the demographic history and population genetic structure
of organisms were documented. We examined the effects of late-Quaternary glacial-in-
terglacial cycles and riverine barriers on the genetic composition of Hanuman langurs
(Semnopithecus entellus), using the mitochondrial DNA control region (CR,1090
bp) and cytochrome B (CYTB,1140 bp) sequences combined with paleodistribution
modeling. mtDNA sequences (2230 bp) successfully retrieved from 67 non-invasively
collected fecal samples belonging to 18 wild Hanuman langur troops identified 37 hap-
lotypes with haplotype and nucleotide diversities of 0.958 + 0.015 and 0.0237 £ 0.0008,
respectively. The troops were clustered into six major clades corresponding to their
river-isolated spatial distribution, with the significantly high genetic variation among
these clades confirming the barrier effects of the snow-fed Himalayan rivers on genetic
structuring. Analysis of demographic history projected a decrease in population size
with the onset of the last glacial maximum (LGM); and, in accordance with the molec-
ular analyses, paleodistribution modeling revealed a range shift in its suitable habitat
downward/southward during the LGM.

2. A new genus of Asiatic short-tailed shrew (Soricidae, Eulipotyphla)
based on molecular and morphological comparisons

Blarinellini is a tribe of soricine shrews comprised of nine fossil genera and one extant
genus. Blarinelline shrews were once widely distributed throughout Eurasia and North
America, though only members of the Asiatic short-tailed shrew genus Blarinella
currently persist . Only three forms of Blarinella have been recognized as either species
or subspecies. However, recent molecular studies indicated a strikingly deep divergence
within the genus, implying the existence of a distinct genus-level lineage. We
sequenced the complete mitochondrial genomes and one nuclear gene of three Asiatic
short-tailed and two North American shrews and analyzed them morphometrically
and morphologically. Our molecular analyses revealed that specimens ascribed to B.
griselda formed two deeply diverged lineages, one a close relative to B. quadraticauda,
whereas the other—comprised of topotype specimens from southern Gansu—diverged
from other Blarinella in the middle Miocene. Although the skulls were similarly
shaped in both lineages, we observed several diagnostic characteristics, including the
shape of the upper P4. In consideration of the molecular and morphological evidence,
we recognize B. griselda as the sole species of a new genus, namely, Pantherina gen.
nov. Interestingly, some characteristics of Pantherina griselda are more similar to fossil
genera, suggesting it represents an evolutionarily more primitive form than Blarinella.
Recognition of this new genus sheds light on the systematics and evolutionary history
of the tribe Blarinellini throughout Eurasia and North America.
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Kong DJ, Wu F, Shan PF, Gao JY, Yan
D, Luo WQ, Yang XJ*. Status and distri-
bution changes of the endangered Green
Peafowl (Pavo muticus) in China over
the past three decades (1990s-2017).
Avian Res. 2018, 9:18.

. Kong DJ, Luo WQ, Liu Q, Li ZQ, Huan

GY, Zhang JJ, Yang XJ*. Habitat use,
preference, and utilization distribution
of two crane species (Genus: Grus) in
Huize National Nature Reserve, Yun-
nan-Guizhou Plateau, China . Peer].2018
6:¢5105;DOI 10.7717/peerj.5105.

. Jiang L, Wang QQ, Yu J,Vinita G, Ga-

briel J, Yang JK, Kan XZ, Yang XJ*.
miRNAome expression profiles in the
gonads of adult Melopsittacus undula-
tus. PeerJ.2018 6:¢4615;DOI 10.7717/
peerj.4615.

. Wang QQ, Lu WK, Yang JK, Jiang L,
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Ornithology

Prof. Yang Xiaojun, Principle Investigator, Kunming Institute of Zoology, Chi-
nese Academy of Sciences. My research interest lies at bird taxonomy and fauna,
phylogeny, biogeography, community ecology, as well as behaviour ecology and
conservation biology of endangered bird species. Till now, 8 books and more
than 100 papers have been published.

Email: yangxj@mail kiz.ac.cn

1. Status and distribution changesof the endangered Green Peafowl
(Pavo muticus) in China over the past three decades(1990s—2017)

The Green Peafowl once habituated in 54 counties in China. Nearly 60% of the
distribution counties were lost in the past three decades, with the left 22 counties
distributed in central, southern and western Yunnan, SW China. Population decrease
detected in all distribution areas except for Shuangbai and Xinping county where
more than 60% of the total population is located. Only about 30% of the former
bird population were recorded with the same interviewing method as 20 years ago.
Three birds, 1 carcass, 6 calls and 12 footprints were detected along the 865 km line
transects, indicating extremely low encounter rate of Green Peafowl in field. Sharp
decreases in flock sizes were also detected, from 8-20 birds per flock in the 1990s
to 3—5 birds at present. Poaching and habitat conversion are two widespread and
long-lasting threats, while poisoning caused mortality in the past and hydropower
construction affect regional population’s survival. Large flocks of 18-27 birds were
discovered in the field, which increases our confidence of population recovery of
this endangered pheasant in China.

Number of locations with presence Total counties

Time period
recorded

Counties Towns
Pre-2000 34 120 41
2001-2010 40 - 50
2011-2017 22 33 52

2011-2017 | 2001-2010 | 1991-2000 | Pre-1991

Average flock size
(birds/flock) 3.36-4.84 3.59-5.5 8.58-10.42 | 8.5-20
Range of flock size 1-27 1-20 1-30 7-30
Sample size () 25 22 12 2

2. Survey on Green Peafowl (Pavo muticus) in Yunnan, China (2018)

From march to July in 2018, a survey was conducted on Green Peafowl] (Pavo muticus) in 54
counties in Yunnan. The Green Peafowl is only found in 19 counties, and the population of
Green Peafowl in the province is just about 500.
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Kk Fe it 90 & e 3¢ T E Br 8 Tl Nature, Science, PNAS, PLoS Biology, Ecology Letters, Ecological
Monographs, Ecology, American Naturalist, Evolution % I,

Email: dougwyu@mac.com
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Communications. 2018, 9:2208.
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XL, Wang XY, Yu DW, Tang Y, Zhu
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logical Conservation. 2018, 222:113-
124.
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leeches, and conservation in southern
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Prof. Douglas W. Yu. Yu's research covers two fields, (1) game-the-
oretical models of symbiosis, and (2) rapid biodiversity assessment
using genomics. In the first area, we have developed new genomics
methods for biodiversity rapid assessment. In the second, we have
been elucidating the mechanisms stabilizing cooperation among spe-
cies, using in fig-wasp and ant-plant mutualisms as experimental mod-
els. Yu has 90 publications, including in Nature, Science, PNAS, PLoS
Biology, Ecology Letters, Ecological Monographs, Ecology.

Email: dougwyu@mac.com

1. Environmental DNA for the enumeration and management of Pacific
salmon

Pacific salmon are a keystone resource in Alaska, with an economic impact of well over ~US$500 mil-
lion/yr. Due to their anadromous life history, adult spawners distribute amongst thousands of streams,
posing a huge management challenge. Currently, spawners are enumerated at just a few streams because
of reliance on human counters and, rarely, sonar. The ability to detect organisms by shed tissue (environ-
mental DNA, eDNA) promises a more efficient counting method. However, although eDNA correlates
generally with local fish abundances, we do not know if eDNA can accurately enumerate salmon. Here
we show that daily, and near-daily, flow-corrected eDNA rate closely tracks daily numbers of immigrant
sockeye and coho spawners and emigrant sockeye smolts. eDNA promises accuracy and efficiency, but
to deliver the most robust numbers will need higher-resolution stream-flow data, at-least-daily sampling,
and to focus on species with simple life histories, since shedding rate varies amongst jacks, juveniles, and
adults.

2. Tree plantations displacing native forests: The nature and drivers of
apparent forest recovery on former croplands in Southwestern China
from 2000 to 2015

China is credited with undertaking some of the world's most ambitious policies to protect and restore
forests, which could serve as a role model for other countries. However, the actual environmental
consequences of these policies are poorly known. Here, we combine remote-sensing analysis with
household interviews to assess the nature and drivers of land-cover change in southwestern China
between 2000-2015, after China's major forest protection and reforestation policies came into effect.
We found that while the region's gross tree cover grew by 32%, this increase was entirely due to the
conversion of croplands to tree plantations, particularly monocultures. An additional driver was the
desire of many households to conform with the land-use decisions of their neighbors. We conclude that
to achieve genuine forest recovery along with the resulting environmental benefits, China's policies must
more strongly protect existing native forests and facilitate native forest restoration. More generally, for
China and other countries to succeed in recovering forests, policies must clearly distinguish between
native forests and tree plantations.
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Prof. Jing Che, Principal Investigator. Using
amphibian and reptile as model, we often ex-
plore the biodiversity issue and evolutionary
questions within a phylogenetic framework.
We are interested in how historical and ongoing
processes have shaped the patterns of biodi-
versity of amphibians and reptiles that exist
today and how the species have adapted to and

evolved. Q

Email: chej@mail.kiz.ac.cn
1. Hidden extinction of cryptic species in Chinese giant salamander

The Chinese Giant Salamander (4ndrias davidianus) is a “living fossil” among amphibians. Due to
the damage of their habitat and overhunting since the 1950s, the densities of populations have de-
creased rapidly to the extent that some wild populations may have been extirpated.

Previously, the Chinese Giant Salamander had a wide distribution covering 17 provinces, while, it
was assumed to be “one species” and, currently, its protection is based on this. Considering the suit-
able habits often isolate amphibians, we ask: did the wide distribution and the long history of evolu-
tion result in any significant distinctions among the populations from different places? Is the current
policy of protection appropriate or effective? To answer these questions and better protect the iconic
salamander, we analyzed its population genetic structure based on 70 wild samples and 1034 samples
from the farms (mostly tissues from the shed skin and mouth).

The genome-level data discovered that the Chinese Giant Salamander consists of 5 clade-species. The
distributions of these species closely associate with aquatic systems. Conservative estimations suggest
that speciation occurred about 4.71 to 10.25 million years ago; each species has a long evolutionary
history. A random sampling of the farm population found that 78.82% of the individuals originated
from Shaanxi. In another words, genetically uninformed efforts to protect the species may have ac-
celerated extinction via genetic homogenization (Yan F, et al. 2018 Current Biology; Turvey, et al.
2018 Current Biology ).

2. High-elevation adaptation and its dynamic evolutionary pattern

Although many cases of genetic adaptations to high elevations have been reported, the processes
driving these modifications and the pace of their evolution remain unclear. Many high-elevation ad-
aptations (HEAs) are thought to have arisen in situ as populations rose with growing mountains. In
contrast, most high-elevation lineages of the Qinghai-Tibetan Plateau appear to have colonized from
low-elevation areas. These lineages provide an opportunity for studying recent HEAs and comparing
them to ancestral low-elevation alternatives. We studied two distantly related groups that are distribut-
ed across a broad elevational gradient on and near the Qinghai-Tibetan Plateau and identified molecu-
lar adaptations to increasing elevations. We show that high-elevation adaptation emerged soon after a
split from low-elevation lineages, and adaptations (e.g. DNA repair and energy metabolism) continue
to evolve in species that inhabit increasingly high elevations (Sun YB, et al. 2018 PNAS).

3. Speciation and environment adap-
tations in Nanorana parkeri

Tibetan frogs, Nanorana parkeri, are differentiated
genetically but not morphologically along geo-
graphical and elevational gradients in a challeng-
ing environment, presenting a unique opportunity
to investigate processes leading to speciation. A
cohort of whole-genome sequences of 63 individu- :
als of N. parkeri from across its entire range opens o
avenues for incorporating population genomics
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of populations of the species. This study highlights
that the QTP is a natural laboratory for studying
how selection drives adaptation, how environments
influence evolutionary history, and how these fac-
tors can interact to provide insight into speciation
(Wang GD, et al. 2018 PNAS).
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Prof. Guojie Zhang, visiting professor, head of Biodiversity Genomics Group, Kunming Institute of Zoology, CAS; full professor in
University of Copenhagen and Associate Director of the China National GeneBank. He has been served as peer reviewer for Nature,

Science, Genome Research, Current Biology and several grant-giving
agencies. He has more than 100 publications, including Science, Nature,
Cell, Nature Genetics, Nature Communication, PNAS, Current Biology.
In 2018, we identified genomic regions associated with tame and ag-
gressive behaviours in red fox genome; reconstructed the ancestral brain
gene-network regulating caste differentiation in ants, and revealed the
mechanism of adaptation to specialized diets in vampire bat. We launched
The Earth BioGenome Project (EBP) and successfully held The First Asi-
aEvo Conference. In 2018, we published 9 high impact factor SCI papers,
including Nature Ecology and Evolution (3), PNAS (1), Molecular Biol-

ogy & Evolution (1). Email: zhanggjconi@gmail.com

1. Red fox genome assembly identifies genomic regions associated with tame

and aggressive behaviours
Fox domestication experiments have been remarkably successful over

the past few decades, but little is known about the genetic mechanisms N %

of the behavior changes during this process. In order to explore the e
genetic mech-anism of the rapid change of aggression behavior of red £ ut ®e

fox, we performed the population genetics study for tame, aggressive, - L A .

and conventional farm-bred populations. We identified over 100 loci that
under strong artificial selection for behavior and most of these are over-
lapping with behavioral QTL loci in red fox.In addition, we found many
neural-function genes under strong artificial selection within such short-
term domestication program, and are also associated with human brain
disorders. These results suggest that fox is not only a powerful model for
the genetic analysis of affiliative and aggressive behaviors, but also of
great significance to the research on the evolution of human behavior.

2. Towards reconstructing the ancestral brain gene-network
regulating caste differentiation in ant N

Caste system with permanent reproductive division of labour origin- ated in the last common
ancestor of ants and represents homologous characters. However, whether these homologous -

characters are reg -ulated by a core-set of ancestral genes or being lineage specific is largely un- s

known. To address this question, we sequenced and com- pared the brain transcriptome of queen 32%
and worker castes from five ant species across three lineages, and identified a core-set of genes
consistently involved in caste regulation, representing the ancestral genetic regulatory network 5.
(GRN) for caste system in ants. Further comparison with ants that lost queen caste and honeybee - 5%
that inde- pendently evolved caste system suggests that losing ancestral caste system (queenless
ants) also lost ancestral GRN, whereas conver- gent evolution (honeybee) used distinct GRN for .
caste regulation. Finally, we reported over 40 genes showing consistently caste-bias expression ZE%V‘W
across all detected species that might hold the important mechanisms for the evolution of caste

differentiation in ants.

3. Earth BioGenome Project: Sequencing life for the future of * ““ = f ““
life

The Earth BioGenome Project (EBP) has been launched on 1 November 2018 in London. It aims to sequence and anno-
tate~1.5 million known eukaryotic species in three phases over a 10-year period using a phylogenomic approach, which
will revise and reinvigorate our under-standing of biology, ecosystems, and evolution, enable the conservation, protec-
tion, and rege- neration of biodiversity and maximize returns to society and human welfare. Our group is one of the key
players in EBP project and has contributed significantly amount of works for EBP.

4. The first AsiaEvo conference, connecting Asian evolutionary biologists to
the world

Aechinatior

In April 2018, The First AsiaEvo Conference (http://asianevo.org/) was held in Shenzhen, China. Prof. Guojie Zhang
served as the chairman of this conference. The conference attracted 812 participants from 34 countries and regions,
including 126 invited experts. The conference aims to promote evolutionary biology in Asia and encourages more bio-
logical researchers to participate in research related to evolutionary biology. The 2" AsiaEvo conference will be held in
Tokyo in 2020.
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[Zhou ZY et al. 2018 Nucleic Acids Research, TF=10.235]
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Molecular Evolution and Genome Diversity

Prof. Ya-Ping Zhang, Academician & Vice-President, Chinese Academy of
Sciences. He is an associate editor of Genome Biol Evol, and the editorial board
of Hum Mol Genet. Recently year we focused on genomic evolution of artifi-
cial selection and molecular machenism of the comlex traits and high-altitude
adaptation in animals. Within 2018, They revealed evolutionary mechanisms
of high-altitude adaptation in different groups of amphibian reptiles.The genetic
basis of the diet change during domestication of dogs was elucidated. They also
demostrated the likelihood of synonymous SNPs leading to amino acid changes
through allele-specific RNA editing, which is ubiquitous in human and animals.
The above research progresses were published in 23 SCI-indexed papers, includ-
ing Science (1), PNAS (3), Mol Biol Evol (2), Nucl Acids Res (1), Nat Sci Rev
(1. Email: zhangyp@mail.kiz.ac.cn

1. Pervasive introgression facilitated domestication and adaptation
in the Bos species complex

We sequence the genomes of gayal, gaur, banteng, wisent and bison, and an additional 98
individuals.The phylogeny and evolutionary history of these species was inferred. It shows
that the threatened gayal is an inde-pendent species or subspecies. We show genes under
domestication selection in cattle (for example, MITF) were introgressed from domestic
cattle to yak and genes in the response-to-hypoxia pathway (for example, EGLNI, EGLN2
and HIF3a) were introgressed from yak to Tibetan cattle, probably facilitating their adap-
tation to high altitude. Our results illustrate the importance of introgression as a source of
adaptive variation and during domestication.

|I_"- 3 - 1= i

Fig.2 Phylogeny of Species of the Bos genus Fig.3 EGLN1 was introgressed from yak to Tibetan cattle.

2. Genomic basis of diet change of domestic dogs

Here, we present high-quality genomes of the gray wolf (Canis lupus) and dhole (Cuon
alpinus), respectively. We identify and verify at population level an insertion fully covering
a copy of the AKRIB1 transcript. High level of expression of the new AKR1B1 copy in the
small intestine and liver, implying an increase in de novo fatty acid synthesis and antiox-
idant ability in dog compared to gray wolf, likely in response to dietary shifts during the
agricultural revolution. Our findings demonstrate that retroposition can birth new genes to
facilitate domestication.

3. Allele-specific RNA editing

RNA editing has important implications on the organism’s genetic diversity. A large class
of genes displayed allele-specific expression and modification at the DNA level. However,
whether allele-specific modifications occurring at the RNA level is unknown. Here, we
documented 315 and 184 allele-specific RNA editing sites in human and mouse. These
findings indicate that allele-specific RNA editing is ubiquitous. Interestingly, cellular and
SHAPE experiments highlighted the likelihood of synonymous SNPs leading to amino
acid changes through allele-specific RNA editing. The study provides a new understanding
about connection between synonymous mutations and both diseases and complex traits.
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cepted). Manuscript DOI:10.1080/23802359.2
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scriptome Characterization of Rhodomyrtus
tomentosa Leaves and Identification of Genes
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Biosynthesis. Frontiers in Plant Science.
2018, 9: 1231.
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Evolutionary Genomics and Origin of New Genes

Prof. Wen Wang, Professor, Head of Evolutionary Genomics and Origin of New (&
Genes Research Group, KIZ, CAS. Prof. Wang has been focusing on evolutionary
genomics. So far, he published more than 150 papers in such scientific journals
as Science, Nature Biotechnology, Nature Communications etc, which are totally
cited more than 10868 times with a H-index of 48. He is Chief Scientist of both
973 project (Scientific and technology Ministry) and Strategic Priority Research
Program B (CAS), and also the leader of Innovative research group (NSFC). He
received one second prize in China’s National Natural Science Award in 2012
and two second prize in Yunnan Natural Science Award in 2017.

Email: wwang@mail.kiz.ac.cn

1. The evolutionary road from wild moth to domestic silkworm

The Silk Road, which derives its name from the trade of silk produced by the domestic silkworm
Bombyx mori, was an important episode in the development and interaction of human civiliza-
tions. However, the detailed history behind silkworm domestication remains ambiguous, and lit-
tle is known about the underlying genetics with respect to important aspects of its domestication.
Here, we reconstruct the domestication processes and identify selective sweeps by sequencing
137 representative silkworm strains. The results present an evolutionary scenario in which silk-
worms may have been initially domesticated in China as trimoulting lines, then subjected to inde-
pendent spreads along the Silk Road that gave rise to the development of most local strains, and
further improved for modern silk production in Japan and China, having descended from diverse
ancestral sources. We find that genes with key roles in nitrogen and amino acid metabolism may
have contributed to the promotion of silk production, and that circadian-related genes are gener-
ally selected for their adaptation. We additionally identify associations between several candidate
genes and important breeding traits, thereby advancing the applicable value of our resources.

2. Unravelling miRNA regulation in yield of rice (Oryza sativa) based on differen-
tial network model

Rice (Oryza sativa L.) is one of the essential staple food crops and tillering, panicle branching
and grain filling are three important traits determining the grain yields. We here present a nov-
el algorithm, Gene Co-expression Network differential edge-like transformation (GRN-DET),
which can identify key regulatory miRNAs in plant development. Based on the small RNA and
RNA-seq data, miRNA-gene-TF co-regulation networks were constructed for yield of rice. Using
GRN-DET, the key regulatory miRNAs for rice yield were characterized by the differential ex-
pression variances of miRNAs and co-variances of miRNA-mRNA, including osa-miR171 and
osa-miR1432. Phytohormone cross-talks (auxin and brassinosteroid) were also revealed by these
co-expression networks for the yield of rice. This efficient algorithm provides an example for
systematically identifying the key regulatory microRNAs for plant important agronomic traits,
and also provides a molecular basis for further understanding the rice yield regulation network.

3. HMOD: An Omics Database for Herbal Medicine

We have established the Herbal Medicine Omics Database (HMOD, http://www.herbal-genome.
cn/) to provide all published herbal omics data and key enzymes involved in active component
synthesis, collected 23 publicly available herbal medicine genomic data and 171 transcriptome
data (48 de novo sequenced and assembled in this project, 124 public data), 18 plant KEGG
pathway information and metabolome data for 55 species. Tools of generic genome browser
(Gbrowse), Blast and Download are provided for all these data. The HMOD collects and pro-
vides comprehensive new data from omics data and pathway information, and will be a valuable
resource for scientists studying comparative genomics, transcriptomes, and synthesis biology.

4. The mitochondrial genome of the first luminous click-beetle (Coleoptera: Elate-
ridae)

The cosmopolitan family Elateridae (click beetle) contains almost 10,000 species, but its lumi-
nous taxa including about 200 species previously found exclusively in Neotropical region and
Oceania. Surprisingly, a luminous click beetle, Sinopyrophorus schimmeli Bi et Li., was recently
recorded from Dian Xi, China (Asia). We assembled its nearly complete mitochondrial genome.
The phylogenetic analyses of 13 PCGs confirm the position of S. schimmeli in Elateridae. The
discovery of this luminous click beetle is important for exploring the origin and evolution of bio-
luminescence.
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Comparative Genomics

Prof.Bing Su, principal investigator, The enlarged brain and highly developed
cognitive skills are the most significant characteristics that set us apart from our
relatives, the non-human primates. This evolutionary expansion is believed to be | 4
crucial to the highly developed cognitive abilities in humans, yet its genetic basis
remains unsolved. our laboratory 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.

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

1. Blunted Nitric Oxide Regulation in Tibetans under High Altitude
Hypoxia

Nitric oxide (NO) is an important molecule for vasomotor tone, and an elevated NO
signaling was previously hypothesized as a unique and adaptive physiological change
in highland Tibetans. However, there has been lack of NO data from Tibetans living at
low altitude and lowlander immigrants living at high altitude, which are crucial to test
this hypothesis. Here through cross-altitude (1,990m-5,018m) and cross-population (Ti-
betans and Han Chinese) analyses of serum NO metabolites (NOx) of 2,086 individuals,
we demonstrate that although Tibetans have a higher serum NOx level compared to
lowlanders, Han Chinese immigrants living at high altitude show an even higher level
than Tibetans. Consequently, our data contradict the previous proposal of an increased
NO signaling as the unique adaptive strategy in Tibetans. Instead, Tibetans have a rela-
tively lower circulating NOx level at high altitude. This observation is further supported
by data from the hypoxic experiments using human umbilical vein endothelial cells
and gene knockout mice. No difference is detected between Tibetans and Han Chinese
for eNOS, the key enzyme for circulating NO synthesis, suggesting that eNOS itself is
unlikely the cause. We show that other NO-synthesis-related genes (e.g. GCH1) carry
Tibetan-enriched mutations significantly associated with the level of circulating NOx
in Tibetans. Furthermore, gene network analysis reveal that the downregulation and the
upregulation of NOx are possibly through distinct pathways. Collectively, our findings
provide novel insights into the physiological and genetic mechanisms of the evolution-
ary adaptation of Tibetans to high altitude hypoxia. He et al. National Science Review 5,
516-529 (2018)

2. Darwinian Positive Selection on the Pleiotropic Effects of KITLG
Explain Skin Pigmentation and Winter Temperature Adaptation in
Eurasians

Human skin color diversity is considered an adaptation to environmental conditions
such as UV radiation. Investigations into the genetic bases of such adaptation have iden-
tified a group of pigmentation genes contributing to skin color diversity in African and
non-African populations. Here, we present a population analysis of the pigmentation
gene KITLG with previously reported signal of Darwinian positive selection in both
European and East Asian populations. We demonstrated that there had been recurrent
selective events in the upstream and the downstream regions of KITLG in Eurasian
populations. More importantly, besides the expected selection on the KITLG variants
favoring light skin in coping with the weak UV radiation at high latitude, we observed a
KITLG variant showing adaptation to winter temperature. In particular, compared with
UV radiation, winter temperature showed a much stronger correlation with the preva-
lence of the presumably adaptive KITLG allele in Asian populations. This observation
was further supported by the in vitro functional test at low temperature. Consequently,
the pleiotropic effects of KITLG, that is, pigmentation and thermogenesis were both
targeted by natural selection that acted on different KITLG sequence variants, contrib-
uting to the adaptation of Eurasians to both UV radiation and winter temperature at high
latitude areas. Yang et al. Molecular Biology and Evolution, 35, 2272-2283 (2018).
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1. Zhen Liu'” and Jianzhi Zhang .
Human C-to-U Coding RNA
Editing Is Largely Nonadaptive.
Molecular Biology and Evolu-
tion. 2018, 35(4), 963-969.

. Zhen Liu"", Fei-Yan Qi"*",
Dong-Ming Xu'", Xin Zhou',
Peng Shi'**". Genomic and
functional evidence reveals mo-
lecular insights into the origin of

echolocation in whales. Science
Advances. 2018, 4(10):eaat8821.
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Evolutionary and Functional Genomics

Prof. Peng Shi, Principal Investigator, has long been engaged to the researches on
evolutionary and functional genomics. The work in Shi's laboratory covers two fields:
(1) molecular mechanism of adaptation to various environments in animals. We study
the genotype-phenotype relationship at the genomic level under the guidance of natural
selection theory, while combining multiple advanced techniques including NGS,
bioinformatics and functional assays, etc. (2) novel disease-related gene identification
and the etiopathogenesis study. Through genomic analyses using non model organisms,
we try to aid the comprehensive understanding of the etiopathogenesis in human
longevity, cardiovascular diseases and tumors from a different angle.

Email: ship@mail kiz.ac.cn ~ Tel: 0871-68125411

1. Human C-to-U Coding RNA Editing Is Largely Nonadaptive

Hundreds to thousands of coding sites were recently found to be C-to-U edited or editable in
humans, but the biological significance of this phenomenon is elusive. Adaptive hypothesis that
nonsynonymous editing is beneficial predicts that the fraction of sites edited and the median
proportion of RNA molecules edited are both higher for nonsynonymous than synonymous ed-
iting. However, our empirical observations are opposite to these predictions. Furthermore, the
frequency of nonsynonymous editing, relative to that of synonymous editing, declines as genes
become functionally more important or evolutionarily more constrained. Together, these findings
refute the adaptive hypothesis; they instead indicate that the reported C-to-U coding RNA editing
is mostly slightly deleterious or neutral, probably resulting from off-target activities of editing
enzymes. Along with similar conclusions on the more prevalent A-to-I editing and m6A modifi-
cation of coding RNAs, our study suggests that, at least in humans, most events of each type of
posttranscriptional coding RNA modification likely manifest cellular errors rather than adapta-
tions, demanding a paradigm shift in the research of posttranscriptional modification.

2. Genomic and functional evidence reveals molecular insights into the origin
of echolocation in whales

Echolocation allows toothed whales to adapt to underwater habitats where vision is ineffective.
Because echolocation requires the ability to detect exceptional high-frequency sounds, fossils re-
lated to the auditory system can help to pinpoint the origin of echolocation in whales. However,
because of conflicting interpretations of archaeocete fossils, when and how whales evolved the
high-frequency hearing correlated with echolocation remain unclear. We address these questions
at the molecular level by systematically investigating the convergent evolution of 7206 ortho-
logs across 16 mammals and find that convergent genes between the last common ancestor of
all whales (LCAW) and echolocating bats are not significantly enriched in functional categories
related to hearing, and that convergence in hearing-related proteins between them is not stronger
than that between nonecholocating mammalian lineages and echolocating bats. However, these
results contrast with those of parallel analyses between the LCA of toothed whales (LCATW)
and echolocating bats. Furthermore, we reconstruct the ancestral genes for the hearing protein
prestin for the LCAW and LCATW; we show that the LCAW prestin exhibits the same function
as that of nonecholocating mammals, but the LCATW prestin shows functional convergence with
that of extant echolocating mammals. Mutagenesis shows that functional convergence of prestin
is driven by convergent changes in the prestins S392A and L497M in the LCATW and echolocat-
ing bats. Our results provide genomic and functional evidence supporting the origin of high-fre-
quency hearing in the LCATW, not the LCAW, and reveal molecular insights into the origin and
evolutionary trajectories of echolocation in whales.
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1

. Xue, M, Chen, B, Ye, QQ,

Shao, JR, Lyu, ZX, and
Wen, JF*.Sense-antisense
gene overlap is probably a
cause for retaining the few
introns in Giardia genome
and the implications. Biolo-
gy Direct. 2018,13: 23.

. Lyu, ZX, Shao, JR, Xue,

M, Ye, QQ, Chen, B, Qin,
Y., and Wen, JF*. A new
species of Giardia Kunstler,
1882 (Sarcomastigophora:
Hexamitidae) in hamsters.
Parasites & Vectors. 2018,
11(1): 202.

. Zhang YJ, Zhu CX, Ding

YR, Yan ZW, Li GH, Lan Y,
Wen JF*, Chen B*. Sub-
cellular stoichiogenomics
reveal cell evolution and
electrostatic interaction
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1. OB S & R HEE EREHEE M EINMZEN B E L

WIRFE R, PIEEM, FURPTK CAG R o W WA 25 A T M S B A6 AAE N %5
AU AR A SOV R TR X PR R TR RIBEL R, MR RERIE, (B
MDA TS RRINE (EMAETE) H, o4 TR ERSE X — RIS, X
POFha A S R AR LA R R A T BT R ML LA B B AT THO3E R PSR AT B B SRR R
HIERZ2 R, XIS AR S QL RE A X LA A B A BRI T SRt 262 PRI B e
WiE B b (RMILRIRIEER, ShRESHI T, OIS |, BfIEAY T 00 Fhiks i 25 A
HORERRULAR CHERER, —XRMRIAIR, SAILMPMEESs) HbT T REMLLES BT, SR ERENHE
RES AU 2% 05 T 2B T B NARILRSE s 1) ARES T ™A ATP [ =R RIEI AL
Wk, [l K R L — S F B BRI A A ATP [ AR R R s DA BRI ATP FOYHEE, 8 R,
BT A ERIRAIRE LA T 4, 2) BRI T —FhRe B0 LA T S PR P B s ok
3 PP S R I B AR AL A A R 4, AT THEER A (R RE) 1M
R A A A B SR SRR P TR0 3) BARRASTR, BB AR 2 — iR B AR Rl Ak
TR R R T AN B SRR, X LW IUEE RABR T X POk 2r AL SR s PR AEAR O S T A PR, R
NSO REOE, AERER RN &L T ol RIE R ATEL R,

v

Pl i e —_—

— .

.
oo gl s [EE] smeeene @1 DRRESERRGERE—FOARRRMZE
=] el R RS Y SR A A A

2. ISR EE NS 1EAE F/SBPase || By EERFIERFHK

FEICE R, JEUh AR B R AR R IR, 1 HiE 25 T Ko Z R EE R EEE
MNIEE S, T BB S 1 TP A5 il AR R A AR TR AR [RIRT BEA TN DT S BN BB IR R A . R4 —1,6—
Rl (FBPase) MUmKPEMifs —1,7— —B4RMG (SBPase) RH I ALY R/RIEH 2t
THRIPE S SC B NG, FBPase BAAIEAFE T L& BUEMEZAY T, H—RIUCH G a B EYR
-2 (A% FBPase A ZEDEHEGNT . B0 A FUEAYII a2 NIk, A4,
SRR R B R, 5 5 R/RSCIBIANY FBPase (5524 F/SBPase 11 Tl ) A ¢ 5% S A G e 2
FATE 1% R EE AT RTH a HTANLLES, R 2 5 RRCEIA F/SBPase 11
BA 5 EEEAE Y kT FBPase LRI ELE =A-PILEBRIRAR R FF, X Sefrap 7o ER
-2 fk R FBPase Z B GHIR AT RIS e al, BE—PRISCIERY], RS RARXFRTFFIIN T/
SBPase I, HAGMEBISHREZEDLHMIGH; ARG KR FFINIEE F/SBPase 11, JEMxT G
PR, HE—BRAA LI, fF7E R OREF)FFIR) F/SBPase 11 E A RTIA A B 5 S HTHEBELL T
S-S R BRI IR, FE, RMMOBIEEY, A EY bS5 RIRCIERR FBPase
ZEDCHIERINLEIEIE Bk AL, ARSI NILAE Z G R IR IR, T IE s =22t
{6 F/SBPase 11, ififtAEZ ALy FBPase 1, Wik, SBARE EHB A G4 IR T I
BN, (B 2fh 1Y FBPase S22 CHIR R AR N ILAE 2 J5 55 S BT R SR H RN

39



State Key Laboratory of Genetic Resources and Evolution
A aaaraaaxaaad 2018 ANNUAL REPORT

Evolutionary Genomics of
Eukaryotic Cells

Prof. Jian-Fan Wen, Principal Investigator, Vice Director ofthe State
Key Laboratory of Genetic Resources and Evolution.His group is mainly
interested in the origin and evolution of theeukaryotic cell. Taking the =
protists, which occupy key positions inthe eukaryotic cell evolution, as
models, and combining with thedata of prokaryotes and multicellular
organisms, they study thebiodiversity and origin and evolution of the
structures and functions, especially of genes, gene families, gene groups

offunctional pathways and genomes, of the eukaryotic cells. Based on these basic studies, they also explore the new waysfor the

w—

control and treatment of some harmful organisms (e.g. parasitic protozoa and schistosomes) and the applicationsof the effective and

specifc metabolic pathways

Email: wenjf@mail .kiz.ac.cn

1. The convergent adaptation of energy metabolism to microaerobic environments in four lu-
men-dwelling protozoan parasites

Giardia lamblia, Entamoeba histolytica, Trichomonas vaginalis and Cryptosporidium parvum are sever-
al parasitic protozoa of vertebrates including human, bringing about serious public health and economic
burden. Despite being evolutionarily distantly related (belonging to different eukaryotic supergroups),
they all live successfully in a similar oxygen-poor lumen environment (intestinal tract and urogenital
tract). To adapt to the similar microaerobic conditions in lumina, what adaptive evolution has occurred
in their energy metabolic pathways and what are the similarities and differences among their adaptive
strategies are interesting biological questions and are worth studying for more efficient treatment of these
parasites. Here, based on the genome data and using bioinformatics methods (such as homology search,
domain analysis, localization prediction and so on), we reconstructed the energy metabolic pathways of
the four protozoa (including glycolysis, TCA, ETC and so on) and a comparative genome analysis was
carried out. The results showed that these four parasites have undergone surprisingly similar adaptive
changes in energy metabolic networks: 1) they all lost TCA cycle and ETC which can produce ATP
efficiently in aerobic eukaryotes. Meanwhile, they all have developed enzymes that can utilize pyrophos-
phate rather than ATP as substrates to minimise the consumption of the limited ATP, accordingly, the en-
zymes which are responsible for the generation of pyrophosphate were amplified in all the four protozoa;
2) they all developed flexible pathway of pyruvate metabolism to response to the dynamitic oxygen con-
centrations in the lumen, and to achieve the oxygen detoxification and redox balance; 3) quite a number
of metabolic enzymes in these protozoa were all secondarily obtained from bacteria through lateral gene
transfer. Thus, our study revealed an interesting phenomenon of remarkable convergent evolution of en-
ergy metabolism in four evolutionarily distantly-related lumen protozoa due to the similar oxygen-poor
parasitic environment

2. Evolution of the light-activated property of F/SBPase Il in cyanobacteria

In photosynthetic organisms, sunlight provides the energy source for the assimilation of carbon dioxide
by photosynthesis, but it also involved in the activation of multiple enzyme, thereby avoiding the occur-
rence of a futile cycle caused by two metabolic pathways run simultaneously in opposite directions under
dark conditions. In eukaryotic photosynthetic organisms, there are two key Calvin cycle enzymes that
are activated by light, the fructose-1,6-bisphosphatase (FBPase) and sedoheptulose-1,7-bisphosphatase
(SBPase). Although FBPase is ubiquitous in prokaryotic and eukaryotic photosynthetic organisms, it is
generally supposed that only the chloroplastic FBPase of photosynthetic eukaryotes is light-activated. In
the light of the fact that chloroplasts are considered to have originated from cyanobacteria through endo-
symbiosis, wthether the FBPase (to be exactly, biofunctional F/SBPase 1I) in cyanobacteria, the precur-
sor of the chloroplast, is light-activated is an interesting question. By systematically analyzing and com-
paring the sequenced cyanobacteria, we found that F/SBPase Il in some cyanobacteria has a conserved
sequence containing three cysteine residues, which similar to photosynthetic eukaryotic chloroplastic
FBPase. In eukaryotic chloroplastic FBPase, these conserved cysteine residues-contained sequences
are the structural basis for the light-activation of chloroplastic FBPase, implying that the F/SBPase II in
cyanobacteria is also light-activated. Further experiments showed that F/SBPase 11 with this conserved
sequence in cyanobacteria is indeed activated by light, but the enzyme without this conserved sequence
not. Further investigations have found that the F/SBPase II with the conserved sequence exists in lin-
eages that is currently considered to be the earliest branching and most closely related to the chloroplast.
Therefore, our research indicates that the mechanism of FBPase’s light activation is already present in
cyanobacteria, but not developed after the endosymbiosis of chloroplast. Since F/SBPase 11 is light-ac-
tivated in cyanobacteria and FBPase I in photosynthetic eukaryotes, it is obvious that the mechanism of
light-activation of chloroplatic FBPase in photosynthetic eukaryotes is redeveloped independently after
the origin of chloroplast, but not derived from cyanobacteria.
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EEREN~H: Dominance network analysis provides a new framework
I, Ma ZS* & Ellison AM (2018) Dominance for studying the diversity-stability relationship
twork analysi id fi k . . .. . .. . .
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10.1002/ece3.4425 (i) a cross-scale measure of dominance with a simple mathematical form that can
4. Ma ZS (2018) Sketching the Human Mi- | be applied simultaneously to individual species and entire communities, and can be
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Computational Biology and Medical Ecology Lab

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 bt
the University of Idaho (UI), USA. In November 2010, he was retained as a Professor and
Principal Investigator by Kunming Institute of Zoology (KIZ), the Chinese Academy of |
Sciences (CAS) through “The Elite 100 Scientists Program” of the CAS. Prior to joining in
KIZ, he was a Research Scientist (in Computational Biology & Computer Science) at 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 §8
Science and Biology with more than 80 peer-refereed papers in premier platforms such a8
as [EEE Transactions on Reliability, Science Translational Medicine, The ISME Journal,
Ecological Monographs. He was a member of London-based “Faculty 1000 of Biology and
Medicine”.
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DAR/DTR/DTAR: Extending Classic SAR/STR/STAR
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F&[a—MiE, EH Simpson T 1949 4E7F Nature % % T B i AR Simpson #5455, 1950-1990 4R B4R, Bt S Tk £ SRR R4, (Hixth
AR AR FKALETCHEN . T H gk SAR/STR/STAR BERFISEET &, £ MR ATIE 505 i SUR it I 1A #4 A SAR/STR/STAR &y E 178
ERSavaiN

SRR AP T« A4 2 REPEREIT 2 ROBEZAS L > (02 IRy, MRS LR TUA LE2 SRy, 20 SAR/STR/STAR BRIV A7 FER G 5
T MBLIR N BA TR (BT ) (ORe(]. AIERIBE S MER, &4 « Fg — AR R "(SAR) ¥ T — ALy « ZF:ME — HFE % ~ (DAR, Diversity-
Area Relationship); SR HLA Renyi fi A2 RE T HHRAY « F /RE (Hill Numbers) 1EA5B T « Z RS " TR SAR BRI « il 7 X —3E) MARA L
fiRUe T 48 SAR FERYRF . Renyi HE#K Renyi (1961) 4E42H, Hy HTEEAER T IZ (Glanrs TG RER. SFPhMEsh%), FRHEH%
A& Renyi RG], BLAl, 1ZRFIFFFELHEE T DAR Profile, PDO (pair-wise diversity overlap) profile, MAD (maximal accrual diversity) profile, LRD profile (local
to regional diversity ratio), LRG profile (local to global diversity ratio) I 4x#Tit&, H4f S T HE M I BA AT R %, (M3 [3-7], [10])

=REENFAEZEFARTHHEXGEEZHRE
Hybrid Assembly of Ultra-long Nanopore Reads Augmented with 10x-Genomics Contigs:
Demonstrated with a Human Genome

Zhanshan (Sam) Ma*  Lianwei Li ~ Chengxi Ye Minsheng Peng  Ya-Ping Zhang*

The 3rd generation of sequencing (3GS) technologies generate ultra-long reads (up to 1Mb), which makes it possible to eliminate gaps and effective-
ly resolve repeats in genome assembly. However, the 3GS technologies suffer from the high base-level error rates (15%-40%) and high sequencing
costs. To address these issues, the hybrid assembly strategy, which utilizes both 3GS reads and inexpensive NGS (next generation sequencing) short
reads, was invented. Here, we use 10x-Genomics® technology, which integrates a novel bar-coding strategy with Illumina® NGS with an advantage
of revealing long-range sequence information, to replace common NGS short reads for hybrid assembly of long erroneous 3GS reads. We demonstrate
the feasibility of integrating the 3GS with 10x-Genomics technologies for a new strategy of hybrid de novo genome assembly by utilizing DBG20OLC
and Sparc software packages, previously developed by the authors for regular hybrid assembly. Using a human genome as an example, we show that
with only 7" coverage of ultra-long Nanopore® reads, augmented with 10x reads, our approach achieved nearly the same level of quality, compared
with non-hybrid assembly with 35" coverage of Nanopore reads. Compared with the assembly with 10x-Genomics reads alone, our assembly is
gapless with slightly high cost. These results suggest that our new hybrid assembly with ultra-long 3GS reads augmented with 10x-Genomics reads
offers a low-cost (less than % the cost of the non-hybrid assembly) and computationally light-weighted (only took 109 calendar hours with peak
memory-usage=61GB on a dual-CPU office workstation) solution for extending the wide applications of the 3GS technologies. (Patent Receipt No:
201810927933.3)
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LKW, HREERASI, MR, 1§55, E41E Am J Hum Genet,
Genome Res, Mol Biol Evol, PNAS. Theranostics . Hum Mol Genet %5 [E|Pr 8 3%
SCIHTI B R FRIEIC 90 sk, WA SCI Tl E 1+ 51 3000 43k, H ¥
28, A ERESZERMERATE, BRIV UHRIR S HEESETH,
2013 A NI RHEFRHL G037 F S ENA TR, 2016 42 AEEK <5 AT
S NA s BUE SCLHAT Scientific Reports a7, WFFELH B i T ZEWFF 5 1
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EERR L

1. Xiao FH', Chen XQ', Yu Q', Ye Y',
Liu YW, Yan D, Yang LQ, Chen
G, Lin R, Yang L, Liao X, Zhang W,
Zhang W, Tang N, Wang XF, Zhou J*,
Cai WW*, He YH*, Kong QP*. Tran-
scriptome evidence reveals enhanced

autophagy-lysosomal function in cen-
tenarians. Genome Research, 2018,
28:1601-1610 (Cover Story). (IF5-Y :
13.796)

2. Xiao FH, Chen XQ, He YH, Kong
QP*. Accelerated DNA methylation
changes in middle-aged men define
sexual dimorphism in human lifespans.
Clinical Epigenetics, 2018, 10:133.
(IF5-Y: 5.799)

3. Tian JY, Li YC, Kong QP*, Zhang
YP. The origin and evolution history
of East Asian populations from genetic
perspectives. Hereditas, 2018, 40:814-
824.

1. BRAIEERTEE - B ESERINEEEEASZEARFER
R R R TP AL

TEN AR ERITEN K EEAN (RHE2ESE
N) o, FEFEREAE LR B B LR — e AR M RIR I
PR R LR, AL E R, SEEE AR
PR HLET AT RS . AT RBER RN 171 BiFE
& (BHEN, B FLENRKFEREE) H5ME 0
SRHEE, KRB A WE - IR RS SRR R RIS LIRAE
YENEARENES, HZESFREFETESZANFI]
Jaft. W, %4 A B - EEEARGG S @R (CTSB,
ATP6VOC, WIPI1 F ATG4D) 7 A\l BL£T 2 41 I IMR-
90 Hi 4y BIFEATid FR I, KUK 4 M EHEFREY A
B SR AN E WEThREH B EE AR s fE R R AT
Atgl8a (WIPII FE S AP EIRERN) Md KA, th
RO TR R Gy, Bk, |RAOTETA%S
MR diiE. RURETHRESES, $Eom FWE - AR5 5 R DhREIY 8 T REA B T AN R B Ay
#E-K ( Xiao, Chen, Yu, and Ye et al. 2018 Genome Research) .

2. B EREIFEREX DNA REUNETHU EELFGERNEZRE

KHF AR SR T Aotk SR, —f AR 5 M Ao AR T
o, MO MR R R WA B AR E R 2 —, S TFERHEMN DNA
BB SRYE, BEREKENEERR, RSP T B LHitkE DNA HFEE(L A
AR, G55 L B Bt rp AR DNA FU (L PR A5 5 K 2B 5, X AlRE &
T O AR R R FECE ) B ar i B R, Do iR, PR AR
0 A R AR e AT 5 ) 200t AR U A O AR B AL A P st LA TR VR . B AR IR AR e F
TR BRI (L B 5 AR A 2 AR B DIAR DG, R AR ARG R T (Xiao
et al. 2018 Clinical Epigenetics; Unpublished data) ,
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Human Evolution and Disease
Genomics

Prof.Qing-Peng Kong, Principle Investigator, Kunming Institute of Zoology,
Chinese Academy of Sciences.

The main research interests of my laboratory are: (1) tracing the origin and evolu-
tionary history of modern humans and (2) disclosing the molecular mechanism of
healthy aging by studying longevity individuals. Our research group has already
published over 80 papers on the international peer-reviewed journals such as Am J
Hum Genet, PNAS, Genome Res, Mol Biol Evol, Theranostics with total citations
over 2,900 times.

Email: konggp@mail.kiz.ac.cn

1. Transcriptome evidence reveals enhanced autophagy-lysosomal func-
tion in centenarians

Centenarians (CENs) exhibit unique characteristics of delaying or even escaping many serious
age-related diseases afflicting the normal population (e.g., cardiovascular disease, Alzheimer's
disease, type-2 diabetes, and cancer). Therefore, CENs serve to as excellent subjects to study
the mechanisms of human longevity and healthy aging. In the present study, we obtained and
analyzed the transcriptomes of a cohort of 171 subjects from centenarian families, consisting of
76 CENSs, 54 F1, and 41 F1SP. We identified a large number of differentially expressed genes
(DEGs) in CENs, among which the autophagy-lysosomal pathway is significantly up-regulat-
ed. Overexpression of several genes from this pathway, CTSB, ATP6V0C, ATG4D, and WIPII,
could promote autophagy and delay senescence in cultured IMR-90 cells, while overexpres-
sion of the Drosophilahomolog of WIPI1, Atgl8a, extended the life span in transgenic flies.
Interestingly, the enhanced autophagy-lysosomal activity could be partially passed on to their
offspring, as manifested by their higher levels of both autophagy-encoding genes and serum
beclin 1 (BECN1). In light of the normal age-related decline of autophagy-lysosomal functions,
these findings provide a compelling explanation for achieving longevity in CENs, and suggest
that the enhanced waste-cleaning activity via autophagy may serve as a conserved mechanism
to prolong the life span from Drosophila to humans. ( Xiao, Chen, Yu, and Ye et al. 2018 Ge-
nome Research).

2. Accelerated DNA methylation changes in middle-aged men define sexual di-
morphism in human lifespans

In longevity population, the number of male centenarians is about 1/2-1/7 lesser than that of
males. In addition, for general population, men often live shorter than women, which is partly
explained by their higher mortality and earlier onset of some age-related diseases, especially
cardiovascular disease (CVD). Since the close associations between dynamic DNA methylation
and lifespan and age-related diseases including CVD, we analyzed the sexual differences of
methylation profiles (Illumina HumanMethylation450 BeadChip) during aging in two indepen-
dent cohorts containing 708 and 2711 samples. Our results revealed that the sex-biased methyl-
ation changes occurred in middle-aged men in an acceleration manner, which likely contribute
to the sexual dimorphism observed in human lifespan by promoting the occurrence of CVD. As
drinking and smoking were also found to be associated with this accelerated methylation change
in men, it is possible that male lifespan may be prolonged by improving unhealthy lifestyles at
or before middle age. Currently, the DNA methylation age has been considered a “prophet” of
age-related outcomes (Xiao et al. 2018, Clinical Epigenetics; Xiao et al. 2018; Unpublished
data).
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EERRRH:

1. SunJ', Wang X', Shi Y, Li J, Li
C, Shi Z, Chen Y, Mao B*. EphA7
regulates claudin6 and pronephros
development in Xenopus. Biochem
Biophys Res Commun. 2018,
495:1580-1587.

2. Xu HB', Li YX', Li Y, Otecko
NO, Zhang YP, Mao BY*, Wu DD¥*.
Origin of new genes after zygotic ge-
nome activation in vertebrate. J Mol
Cell Biol. 2018, 10:139-146.

3. Yang ZH', Shi H', Ma PC', Zhao SL,
Kong QH,Bian TH, Gong C, Zhao Q,
Liu Y, Qi XB, Zhang XM,Han YL,
Liu JW, Li QW, Chen H*, Su B*,
Darwinian positive selection on the
pleiotropic effects of KITLG explain
skin pigmentation and winter tempera-
ture adaptation in Eurasians. Molec-
ular Biology and Evolution. 2018,
35:2272-2283

EphA7 ZE3EiN TR B & B BRI ThEE S 1EAHLE

Ephrin-Eph {5 5@ i fE L PR R B R TR HAEEEH, RIMLHA
EphA7 TEAEDNNEE IR G R & /NE B R iRk, FHERBLT EphA7 155
—/~ RNA A[ 25 85 4]) | Zmh—Fh sy i T EphA7 (EphA7-S) . FENEHEh it
J% X morpholino Il EphA7 B2k & S8R B /NE 4o (L 5 &0 7%
FATIEH T —FE 7 morpholino (EphA7-sp-MO) , ¢ 53 BRIk & K T X
EphA7 U263k, i AR2NA EphA7-S Bk, 4 EphA7-sp-MO [R]FE £ #1 l
JRE AR o1, T 9k EphA7-FL mRNA R, {5 S /NVE {5 T0H:
JER, W] EphA7-S WIREfEIR S/ NEMES R A BAE —EEM,

A% B, il Eph7 128 & WSl 4% 82405 & 9 Claudiné fEZ0 i
PR R A, A mRNA (93Rik, AEBMZE, 7€ EphAT7-sp-MO
matiE ke T, RS i T Y ClaudinG & 14 4> 45 F %, 22 W14> 3% EphA7-S
A RETE AT Clauding et B S1EM. EXFAMEF, EphA7 fi
EphA7-S ¥J 7[5 Claudin6é 454, EphA7 A& HE Claudiné FIBEER (L., FF
FAI% Claudin6 7ERE 4> 4, T EphA7-S " #1] EphA7 % Claudin6 (Y fE
e S5taE A . EphA7 i Fh IR Uk INK AUBEER (L, 1fii EphA7-S Al LA
EphA7 X INK Ui . EiREE R R T EphAT TR IEL & 8 1E A 5L,

A & conbrol side siche
— :w -
- ATG  mis
S
-flag

1. EphA7 EEMBESMELE. (A) EphA7-ATG-MO T & Z I 5ME
EphA7 BIRIE. (B) 5t EphA7-ATG-MO &R ARRILBEX KM, 1R B4 B HRiE.
(C) it i F R A FEBRYERER, B~ EphA7-ATG-MO S5 IER RS NEEMRE.

Fig. 1. EphA7 is required for pronephros development in Xenopus. (A)
Injection of the EphA7-ATG-MO reduced exogenous EphA7 level from stage11
embryos as revealed by Western blot. (B) Embryos injected bilaterally with the
EphA7-ATG-MO developed pericardial edema (arrowhead) at stage 43. (C)
Fluorescent dextran excretion assay showing the tubule defects in EphA7-ATG-MO
injected embryos.
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Mechanisms of Neural
Patterning and Evolution

Prof. Bingyu Mao, Principal Investigator, Ph. D.
(1998, Shandong University, China). The molecu-
lar mechanisms 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

EphA?7 regulates claudin6 and pronephros development in Xenopus

Eph/ephrin molecules are widely expressed during embryonic development, and function
in a variety of developmental processes. Here we studied the roles of the Eph receptor
EphA7 and its soluble form in Xenopus pronephros development. EphA7 is specifically ex-
pressed in pronephric tubules at tadpole stages and knockdown of EphA7 by a translation
blocking morpholino led to defects in tubule cell differentiation and morphogenesis. A sol-
uble form of EphA7 (sEphA7) was also identified. Interestingly, the protein level of clau-
din6 (CLDNG®), a tetraspan transmembrane tight junction protein, was dramatically reduced
in the translation blocking morpholino injected embryos, but not when a splicing mor-
pholino was used, which blocks only the full length EphA7. In cultured cells, EphA7 binds
and phosphorylates CLDNG6, and reduces its distribution at the cell surface. sEphA7 also
binds CLDN6 and coexpression of sEphA7 reversed the effect of EphA7 on CLDN6. We
showed evidence that the role of EphA7 in tubule cell differentiation is mediated by Eph/
JNKT1 signaling. sEphA7 overexpression also blocks Eph/JNK1 signaling and tubule cell
differentiation, likely through dimerization with EphA7. We propose that sEphA7 works
as a buffering system to balance endogenous EphA7/INK1 signaling and block its effect to
destabilize CLDNG6, allowing proper pronephros differentiation and morphogenesis.

EphA7-mis-MQ  EphA7-ATG-MO EphA7-UTR-MO

CLDNE

CLDN&/GFP/DAPI

& 2. EphA7 RIZEZEEER claudiné ERENEMIBIE LAYISER. /£ EphAT-ATG-
MO 2 EphA7-UTR-MO {4+ X3, J5UE/NE IR /Y clauding 77 B FA, it #E4y
A7 Y EphA7-mis-MO A4,

Fig.2. EphA7 regulates membrane claudin6 level. The membrane level of CLDN6 was
strongly reduced in EphA7-ATG-MO or a non-overlapping EphA7-UTR-MO injected tubular
cells (outlined) in stage 35 embryos, but not the control EphA7-mis-MO.
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1.

Liu D, Wang X*, He D", Sun
C*, He X, Yan L, Li Y, Han JJ*,
Zheng P*. Single-cell RNA-se-
quencing reveals the existence of
naive and primed pluripotency in
pre-implantation rhesus monkey
embryos. Genome Research, 2018,
28:1481-1493. (FH L3, HiT
5 FFEFZ K F 13.796).

. Zhao B*, Zhang WD*, Cun YX, Li

JZ,LiuY, Gao J, Zhu HW, Zhou H,
Zhang RG, Zheng P*. Mouse em-
bryonic stem cells have increased
capacity for replication fork restart
driven by the specific Filia-Floped
protein complex. Cell Research,
2018, 28(1):69-89. ( # 1 5 4 5
mi X7 15.973).

. Fan Y*, Luo RY, Su L-Y, Xiang Q,

Yu D, Xu L, Chen J-Q, Bi R, Wu
D-D, Zheng P*, Yao Y-G*. Does
the genetic feature of the Chinese
tree shrew (Tupaia belangeri chin-
ensis) support its potential as a vi-
able model for Alzheimer’s disease
research? Journal of Alzheimers
Disease, 2018; 61(3):1015-1028.

. He DJ*, Wang L*, Zhang ZB’, Guo

K, LiJZ, He XC, Cui QH*, Zheng
P*. Maternal gene Ooep may par-
ticipate in homologous recombina-
tion-mediated DNA double-strand
break repair in mouse oocytes.
Zool Res, 2018, 39(6):387-395.

1. XM AN KHDC3L EEE ST RmME NEREBREETTHNEEIER

IR G AR e AR e e TIRIBRER A &2 & . AT &
FIRFFEFR W, /N Filia X 4R RIRIG 2 se iyt G fa e e 2 5 E 2, Filia
e AT S BRI NG & B 5, (R A 2K RIS R KHDC3L HIIhRE M 59
SR R MATESE, AR . KHDC3L 3 RE ANRIE T Ania s S ia e 4k
FrpREZEM, AMAERREEAN SBGEE, Ji#iE PARP] BiiE L,
Lﬁ%ﬁ%&ﬁﬁﬁ%ﬁ@ﬁﬁ@w&ﬁﬁ{tiﬁ& P E KRR, A0
WEENZE NP B 2248 (4 liEhsk 11 AVF0 23 MEERR) . FIAA
RIE T 4iutk &, M]%;&T@ﬁbﬁw&% FHTERTHF—NEENHER
R ILAL A (T156) , Mmi™EMkIR T KHDC3L & EBhRE, SECIHIENE 40
Jid DNA #5if5™ 8|, HiEFMERET, ik ERBSEERE i (83X
FfE) .

2. BRRKERREE SEEERNTHER

/NER ARG £ RE 4N FE 5 PR AT 2 naive pluripotency IRE (JRIALHES,
HEBF2MEMN) . E£FKIGEIES primed pluripotency HR&E (FA &k LHER, A
JRBRERRES) o B2, RKEFBEBIYELE LRetEB IR EHAHERE,
i B AIE RNA-seq, 108 THIEE KR 7 4% B W BRIG 404 4.
[ 0fE 16 ZMiEH, RN, BRSHENRE . RIZE0R (EB). FPHAZFENR (MB).
W HIZERR (LB) FIE (L3R (HB)], & IUBRE R BINRNG & B 1 £ Be kB LA S
/NREZE AN : naive pluripotency R (U E T & R Bl

2R 1A 5181 (EB) A e ) (MB), 7E IR 5 #1 (LB) Bl %% 25 24 primed
pluripotency R (B 1) , X —&IRR, EERMAFIHEIR, BT 6E
BB 43 B AN ST B naive pluripotency FRTEMY R KM T MM R (Genome
Research, 2018, 28:1481-1493, =) ,
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Mammalian Embryonic
Development

Prof. Ping Zheng, Principal Investigator, joined in Kunming
Institute of Zoology, Chinese Academy of Sciences in 2009. The
laboratory studies how stem cells safeguard their genomic stability,
and the biology of germ-line stem cells in male and female. We use
mouse, monkey and tree shrew as animal models.

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

7 = i

1. KHDC3L ensures genome stability of human early embryonic cells and its | ZIPAEEZ (Lab Member)
dysfunction is associated with recurrent pregnancy loss (RPL) .

Mouse Filia plays critial roles in maintaining genomic stability of early embryonic THEAR (Staff)

cells and ensuring embryo development. However, the roles of its human ortholog B 18 (Dr. Zhoo, B) - EIRATRE
KHDC3L remain unknown. By utilizing human embryonic stem cells (ESCs) com- | F # (Dr. Wang, 1) EPIEFRZER
bined with screening the genomic DNA samples from female patients with recurrent | 38 I (Dr. Guo, K)  EPEZFA5EA
pregnancy loss (RPL), we show that human KHDC3L is critical for genomic integ- | %% (Dr. Ma, HX ) BIEFARR
rity of early embryonic cells and its dysfunction is associated with RPL. KHDC3L | #0#8 (Dr. He, XC)  S4RSLIGNT
f.unctions through two indepenc.ient path.ways: .ensuring the h(.)mo.logous recombina- 54 ( Graduate Students )
tion (HR)-mediated DNA repair and stimulating PARP1 activation. Of note, regu-
lations on both pathways require the ATM-dependent phosphorylation of T145 and
T156, which synergistically control KHDC3L’s functions. By screening the KHD-
C3L gene in genomic DNA samples of female patients with primary infertility, we

5K{HiE Zhang, Weidao 2013
Z=FZS  Li, Jingzheng 2014
FREER Chen, Zhongliang 2015

found two deletion mutations of KHDC3L (A1l and A23) in two patients with RPL. | &8 Sun, Chunli 2015
Importantly, these two deletion mutations bear a common loss of the critical phos- | # #& Li, Cong 2016
phorylation site T156. Taken together, our study identified KHDC3L as a novel po- | ZF3HUE Li, Xiufeng 2016
tential factor associated with RPL and discovered two phosphorylation sites which | =75i% Jiang, Fangjie 2017
are critical for KHDC3L’s functions and therefore implicated in the etiology of RPL | 5=Fgi# Ning, Yugi 2017
(manuscript in preparation). [EE8 Zhou, Manman 2017
2. Pluripotency dynamics in rhesus monkey early embryos $#E% Gong Dachua 2018

B # Tang, Min 2018

Naive pluripotency exists in epiblast cells of the mouse pre-implantation embryos.
However, whether the naive pluripotency is transient or non-existent in primate em-
bryos remains unclear. Using RNA-seq in single blastomeres from 16-cell embryos
through to hatched blastocysts of rhesus monkey, we constructed the lineage segre-
gation roadmap in which the specification of trophectoderm, epiblast and primitive
endoderm is initiated simultaneously at the early blastocyst stage. Importantly, we
uncovered the existence of distinct pluripotent states in monkey pre-implantation
embryos. At the early- and middle-blastocyst stages, the epiblast cells have the
transcriptome features of naive pluripotency, whereas they display a continuum of
primed pluripotency characteristics at the late- and hatched-blastocyst stages. More-
over, we identified some potential regulators that might play roles in the transition
from naive to primed pluripotency. Thus, our study suggests the transient existence
of naive pluripotency in primates and proposes an ideal time-window for derivation
of primate embryonic stem cells with naive pluripotency.

(Genome Research, 2018, 28:1481-1493, cover story).

B I8 Xie, Heng 2018
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HPE S, RSNk KB =P FLIRE (TNBC) 770y 575K,
Ff S ] B B R R T TDP-43 195y TVEHIBLEL, [ERHE 2 T TNBC Hi bk
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1

. Wang S', Ke H', Zhang H, Ma

Y, Ao L, Zou L, Yang Q, Zhu
H, Nie J, Wu C, Jiao B".LncRNA
MIR100HG promotes cell prolifer-
ation in triple-negative breast can-
cer through triplex formation with
p27 loci. Cell Death Dis. 2018 Jul
24;9(8):805.

. Chen W', Wang H', Cheng M,

Ni L, Zou L, Yang Q, Cai X, Jiao
B’. Isoharringtonine inhibits breast
cancer stem-like properties and
STAT3 Signaling. Biomed Phar-
macother. 2018 Apr 18;103:435-
442.

. Ke Hl, Zhao Ll, Zhang H', Feng

X, Xu H, Hao J, Wang S, Yang
Q, Zou L, Su X, Wang L, Wu C,
Wang Y, Nie J, Jiao B’, Loss of
TDP43 inhibits progression of
triple-negative breast cancer in
coordination with SRSF3. Proc
Natl Acad Sci U S A. 2018 Apr
10;115(15):E3426-E3435.

. Zhang H', Yang X', Feng X, Xu

H, Yang Q, Zou L, Yan M, Liu D,
Su X, Jiao B". Chromosome-wide
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1. AT E F TDP43 454 SRSF3 #[EiE#E TNBC i#iz

Al AR BT LR S A IR 5 — BRI RS . AR L= FA MR AR
(TNBC) FEBI UK EI — A5k A, i TDP43 & — A EEM B )R H 1,
I R B4 (.o~ TDP43 Wi 26k IEA SR A TG 2. i fIC TDP43 il g ity it 2,
(okelliok ‘ﬁ? it #ik TDP43 fR sk gulB kK, B NF 58t sis
2B TDP43 45 4 SRSF3 3t [6] 1435 TNBC #EfE, TDP43/SRSF3 & & s Sk o
Pk, H A T PAR3 fil NUMB, PAR3 fil NUMB 43145 TDP43 5 SRSF3
SN AT 5 5 1 g (4%, TDP43/SRSF3 H A4-45 T il PAR3 /L) TNBC HE

JTHEM ., [KeHetal 2018 Proc Natl Acad Sci U S A, TF=10.359]
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WFFE A TCGA B3 % R G55 W 1 16 R Rl e e, Tk %
TR iR 7E et (A K AR E RSP IS (R AL, B X e R TE 4k 22 B2 B v
FOHE TR, RS R The e B o B FnARNE 2 S Kk B i R A R T R R, i 24
AL IZad R R 0% S S A i & St IR S AR s IR I S 2 R SR RN TP e
IBTT 23R Bt TH9ML A,  [Zhang H et al. 2018 Mol Genet Genomics. 1F=2.716]
3.MIR100HG 5 p27 # s RNA-DNA triplex Z5#41E#= 4 Aa15 58

PR R TR e, R FRS 2R EERE, Rk, Kk
il RNA 7EMRE & A & it f v Al B e, BFT4l % Bl MIR100HG 11
Tl 4nassss , A0l RMIEHTE G1 #l]; 3% MIR100HG B fE ik Zni s, it—
PRI & B MIR100HG it 5 p27 F RNA-DNA triplex % 4 143 411 i J& 33k i
M = P LRI PR, 1ZBF ST w] BEA = P FUISSBE R T SR HET e S . [Wang
Setal. 2018 Cell Death Dis. IF=6.187]

4. IHT IMHIZLARTE T AR5 IE K STAT3 EBiRE

FLWRsE T 400 (Breast cancer stem cells , BCSCs) x5 M FLIE I iid S o gt 2 |
fihgeg i &2 e UL B a T i AR i 2t bo it . i = BRI U A FLBR s VR TT Hh TR A L
B YRR —FOE RS, B ek FLAR By T an it = B PR LA I R BRYRYTT A 24 2 5%
HEE X, WRHAKER T iso-harringtonine(THT) Xt = BA 1A L N3 T 2 M o4l /.

[Chen W et al. 2018 Biomed Pharmacother. IF=3.224]
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Epigenetic and Developmental Regulatlon

Dr. Baowei Jiao, Principal Investigator, doctoral supervisor. The research
team is mainly interested in regulation of mammary gland stem cells, mech-
anism and evolutionary significance of X chromosome inactivation, im-
printed genes and long non-coding RNA in development and evolution. The
unique splicing pattern of tri-negative breast cancer (TNBC) was found for
the first time in breast cancer research, and the molecular mechanism of its |
main regulatory factor TDP43 was elucidated in detail. Meanwhile, IncRNA
MIR100HG which specifically expressed in TNBC was identified to regulate
tumor progression by forming LncRNA-DNA triple helix structure.Currently,
over 20 papers have been published in international journals,such as Cell.
PNAS. Cell Death & Disease.

Email: jiaobaowei@mail .kiz.ac.cn

1. Loss of TDP43 inhibits progression of triple-negative breast cancer in coor-
dination with SRSF3

Aberrant alternative splicing has been highlighted as a potential hallmark of cancer. Here, we identify
TDP43 as an important splicing regulator responsible for the unique splicing profile in TNBC. Mech-
anistically, TDP43 regulates extensive alternative splicing events, including downstream gene PAR3,
by forming a complex with SRSF3 to regulate alternative splicing events coordinately.

2. Chromosome-wide gene dosage rebalance may benefit tumor progression

We assess the relative expression ratios of X chromosome and autosomes (expression
ratios of X:AA) between tumor samples and adjacent normal samples across 16 tumor types using
expression datasets from The Cancer Genome Atlas (TCGA) project. Our results demonstrate that the
prevalent chromosome-wide gene dosage rebalance (CDR) across tumor types serve as an important
mechanism in promoting tumor progression, which partially explains the high risk of tumor in pa-
tients with Turner syndrome (TS) and also provides a new cancer therapy from the CDR perspective.

3. LncRNA MIR100HG promotes cell proliferation in triple-negative breast can-
cer through triplex formation with p27 loci

We identified MIR100HG as pro-oncogene on TNBC progression.Knockdown of MIR100HG
decreased cell proliferation and induced cell arrest in G1 phase. Moreover, overexpression of
MIR100HG significantly increased cell proliferation. Further results suggested MIR100HG participat-
ed in the formation of RNA-DNA triplex structures to control the cell cycle and subsequently impact-
ed the progression of TNBC, which may be a potential therapeutic target in such cancers.

4. Isoharringtonine inhibits breast cancer stem-like properties and STAT3 Sig-
naling

Breast cancer stem cells (BCSCs) AP
contribute to breast cancer pro-
gression,relapse and treatment
resistance. Triple negative breast
cancer (TNBC) is a kind of chal-

lenging subtype of breast cancer.

Identification of inhibitory natural

compents of BCSCs is therefore

critical for the clinical treatment
development. Here, we investi-

HCCiE3T

gated whether Iso-harringtonine
(IHT) had inhibitory effects on
BCSCs in TNBC cell lines.

£
2
g 2
2

Fig.4 IHT impairs the proportion of the BCSC population.

50

BPARER (Lab Member)

TEAR (Staff)

* E BhEMRA

Wang Hui, Assistant Professor
skittE BNIERASR

Zhang Honglei, Assistant Professor
1 & BIEMRER

Ke Hao, Assistant Professor

BEEX BB

Liao Aiwen, Scientific research secretary
46 BE KA

Zou Li, Experimentalist

SEE ARIIR

Ma Yujie, Resarch Assistant

54 ( Graduate Students )
#XFEWF  Zhao Lina 2014 {1
S XuHaibo 2015 {8+
XAE8Y  Zhao Limin 2016 {&+
¥ £2 YangXing2017 {&+

2 % GuoLu 2018 f#+%

# B Yang Xu 2017 fRt

Bt 2 ChenMei2017 it
28R4  Diao Xianhong 2018 fiit
BRE1EF

1 LiLingling 2016 it




BERBSHUERESTIEE
2018 £F B iR & AV A e =y s AP 1 NS o S I (513 1

EUELZFHERAF

SR, T, WRSERY, PL RWISMHE AT AR RO Mg K. 2011

A1 AT BB RSN AR L, RS T A RIER 51, 2013
SRR A I T A%, 2016 FaRA LA SINEME ., 2012 F3RE 4 E BB
HREEFE LRI, 2013 F5RF AFEE B AREREEE (PAHRES)

2014 FERE PRI S BB AR, 2015 FREE K A R/FER Sk (4
ANHERE =)
SMEWH., LIS —1EESdtE@ R E#1E Nat Genet, Nat Ecol Evol, Cell Res,
Mol Biol Evol, PloS Genet, J Mol Cell Biol, Hum Mol Genet 52475 R T X308,

2017 SEEERR P RHEH I IR F5 2 61, 2018 4R4RIE K A APk

BEEMRR~L:

1

. Dong-Dong Wu *,Xiang-Dong Ding,

Sheng Wang, Jan M. Wojcik,Yi Zhang,
Matgorzata Tokarska,Yan Li, Ming-Shan
Wang,Omar Faruque, Rasmus Nielsen
*,Qin Zhang * and Ya-Ping Zhang*.Per-
vasive introgression facilitated domesti-
cation and adaptation in the Bos species
complex. Nature Ecology & Evolution.
2018,2(7):1139-1145

. Hai-Bo Xu#, Yong-Xin Li# ,Yan Li ,

Newton O Otecko , Ya-Ping Zhang,
Bingyu Mao*, Dong-Dong Wu*.Origin
of new genes after zygotic genome acti-
vation in vertebrate. Journal of Molecu-
lar Cell Biology. 2018, 10(2), 139-146.

. Zeng L Ming C, LiY, Su LY,Su YH, N

0. Otecko, Liu HQ,Wang MS, Yao YG,-
Li HP, Wu DD,*and Zhang YP*.Rapid
Evolution of Genes Involved in Learning
and Energy Metabolism for Domestica-
tion of the Laboratory Rat. Molecular
Biology and Evolution. 2018, 35(1):149-
158.

. Guo X, Li YQ, Wang MS, Wang ZB,

Zhang Q, Shao Y, Jiang RS, Wang S,
Ma CD, Murphy RW, Wang GQ, Dong
J, Zhang L, Wu DD*, Du BW*, Peng
MS*, Zhang YP*. A parallel mechanism
underlying frizzle in domestic chickens
. Journal of Molecular Cell Biology.
2018 doi: 10.1093/jmcb/mjy037.

. Wu DD, Irwin DM. Evolution of Tricho-

cyte Keratin Associated Proteins. Adv
Exp Med Biol. 2018, 1054:47-56.

1. BRI REF BRI RINEE N PR ER

it % b JE S AT T Rk AL B LA RS A, o drdfie T4 8
ZIHMRGZRBRZR, HHKBUEE A BOLR ST RIS, oW RBE Bz
RS Z AR, st 5 e E sy OReER2RYIeR) |, Bk 5RE4 %k
BHRWI IR, K2 S RGIER . s R G0 A 5 E EE A LA R KA
Herr, MG R 5 i AE AR 2E Sh 4 il B Th I £ P ot A ok 81 2 B2 0 1 R S B A A 6 e s
JE_EREE S A Z AR BB AR AT, (ER A2 R ERE I 5B AR
MITF 3 K58 i 5 R s e A B T A e R AL P, 3000 3R 35 2 2 A R I IR S8
BEHETR EGLNT, EGLN2, HIF3a MEA-pgikAr, Xthfdon, i@t « sok3 507 M
2R H P R A B e SRR SRR SR 57 e

e

" -
I = &
£ 45

l
|

|=
1
i

E 1. £ BRI ENRREEXR 2. EGLN1 £ F MEF m PR AR EB A

2. B EFERATLEHERER

WAk R B AT TR (LA RS ) AERIR R, B RIS TN TRy
R AR A S SRR & B PRI, (R AR R —/MRUL. fEskHeat |,
FETAEARR & BRI B i RS, WO, EhHIEdE (MBT) 25, 4
YR A ghGAE N B E KR, JEE MBT ZRHREM BE B m T — /AW TR
Heo ATHFTR—RI, BB T —F &4 “Fog2” RIAERINIIL R, Bk, ¥
HIE R FTEAME MBT Z a4, HZEIRMGEE, Milioh 5 4F el i H i, 2t
ERPhRESR LA

' L]

NV o

E 3. ERXBEH, iF5 Fog2-MO
E RS SE AR &

LE R

& 4. Fog2 &5 £ MLE T T8

51




State Key Laboratory of Genetic Resources and Evolution
A aaaraaaxaaad 2018 ANNUAL REPORT

Evolutionary and Developmental Transcriptomics

Dr. Dong-Dong Wu, Principal Investigator.
Dong-Dong Wu obtained his B.S at the Fudan University g
in 2006, and received his Ph.D from Kunming institute of 1
Zoology, Chinese Academy of Sciences in 2011. He per-
formed studies of artificial selection on domestic animals,
particularly high altitude adaptation of domestic animals in
Tibet. He has published more than 30 research papers in Nat
Genet, Cell Res, Mol Biol Evol, PloS Genet, J Mol Cell Biol,
Hum Mol Genet, etc, as first author or co-corresponding au-
thor.

Email: wudongdong@mail.kiz.ac.cn

1. Pervasive introgression facilitated domestication and adaptation in the Bos
species complex

Species of the Bos genus, including taurine cattle, zebu, gayal, gaur, banteng, yak, wisent and bison, have been domes-
ticated at least four times and have been an important source of meat, milk and power for many human cultures. We
sequence the genomes of gayal, gaur, banteng, wisent and bison, and provide population genomic sequencing of an
additional 98 individuals. We use these data to determine the phylogeny and evolutionary history of these species and
show that the threatened gayal is an inde-pendent species or subspecies. We show that there has been pronounced intro-
gression among different members of this genus,and that it in many cases has involved genes of considerable adaptive
importance. For example, genes under domestication selection in cattle (for example, MITF) were introgressed from
domestic cattle to yak. Also, genes in the response-to-hypoxia pathway (for example, EGLN1, EGLN2 and HIF3a) have
been introgressed from yak to Tibetan cattle, probably facilitating their adaptation to high altitude. We also validate that
there is an association between the introgressed EGLN1 allele and haemoglo-bin and red blood cell concentration. Our
results illustrate the importance of introgression as a source of adaptive variation and during domestication, and suggest
that the Bos genus evolves as a complex of genetically interconnected species with shared evolutionary trajectories.
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Fig 5. Distribution of regions in the genome where introgression occurred between
Tibetan cattle and yak

2. Origin of new genes after zygotic genome activation in vertebrate

New genes are drivers of evolutionary innovation and phenotypic evolution. Expression of new genes in early develop-
ment raises the possibility that new genes could originate and be recruited for functions in embryonic development, but
this remains undocu-mented. Here, based on temporal gene expression at different developmental stages in , we found
that young protein-coding genes were significantly enriched for expression in developmental stages occurring after the
midblastula trans-ition (MBT), and displayed a decreasing trend in abundance in the subsequent stages after MBT. To
complement the finding, we demonstrate essential functional attributes of a young orphan gene, named as Fog.2, in mor-
phological development. Our data indicate that new genes could originate after MBT and be recruited for functions in
embryonic development, and thus provide insights for better understanding of the origin, evolution, and function of new
genes.

Hithi
HI i n H
Fig 6. Expression Ievel of young protein—coding

genes at different developmental stages
in X. tropicalis.

Fig 7. Expression patterns of Fog1 and Fog2 in
X. laevis embryos.
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Synaptic Function and Mechanism

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, shrew and rhesus
monkey as model systems: (1) The regulatory mechanisms un-
derlying synaptic physiological conditions; (2) The genetic bas-
es 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. A novel function of glutamate receptor signal peptide for synaptic transmis-
sion

Glutamate is the major excitatory neurotransmitter in the brain, and the postsynaptic expression level
of glutamate receptors is a critical basis for the physiological functions of our brain circuit. Using mice
and rat brain slices as model systems and combining the techniques including electrophysiology, neuro-
pharmacology, molecular and cellular biology, we systematically studied the regulatory mechanisms for
KARs, a subfamily of glutamate receptors, synaptic trafficking and physiological properties modulation.
Our previous studies have found that synaptic targeting of the two subunits GluK1 and GluK2 is relied
on distinct molecular machinery. Synaptic expression of GluK1 receptor is depended on its auxiliary
subunits Neto proteins (Sheng N et al. 2015 Elife). In contrast, GluK2 itself harbors synaptic trafficking
ability, which is independent on Neto proteins, and it is the excellular amino-terminal regions of GluK1
and GluK2 determining their distinct trafficking performance (Sheng N et al. 2017 PNAS). On the basis
of these work, we continued to study the underlying regulatory element(s) and functional mechanism(s).
We found that in the matured GluK1 and GIuK2 receptors, both signal peptides are efficiently cleaved.
However, the released GluK1 signal peptide could interact with the receptor’s amino-terminal domain
(ATD) directly, and then forming an inhibitory complex to synergistically regulate GluK1 surface traf-
ficking and synaptic targeting. The repressive function of GluK1 signal peptide will be reversed by dis-
rupting the inhibitory complex, through replacing the GluK1 signal peptide or ATD with the correspond-
ing sequences of GluK2 respectively. Taken together, this study has uncovered a non-canonical function
of glutamate receptor’s signal peptide. A working model is proposed that in a trans manner and behaving
as ligand of GluK1, the cleaved signal peptide binds to the ATD of glutamate receptor and forms an
inhibitory complex to regulate its forward trafficking and then the synaptic activity. The results of this
study has been published as Duan GF et al. 2018 Nature Communications.

2. The postsynaptic mechanism for LTP

One of the most important traits of brain is the storage of massive information, the ability and process
of learning and memory. And the underlying material basis is the change of the transmission strength of
synapses, named synaptic plasticity. Long-term potentiation (LTP) is a critical form of synaptic plasticity
and is also regarded as an important cellular and molecular model to study learning and memory. Cur-
rently, most of the studies on LTP are focused on the trafficking mechanisms of extrasynaptic excitatory
AMPARs, while the postsynaptic molecular basis is still unclear. To study this question, we applied con-
ditional knock-out mice of AMPA receptors as the model system and used the technique of single-cell
genetic manipulation to replace the endogenous AMPA receptors of hippocampal pyramidal neuron with
the tethered GluA1-y-8 receptor or related mutants. With the analysis of electrophysiological recording,
we found that the PDZ-binding motif-mediated interaction, between AMPAR receptor/auxiliary subunit
complex and postsynaptic scaffolding proteins, is necessary for the synaptic basal transmission and LTP
expression of this receptor complex. This study suggested that the postysynaptic mechanism under-
lying LTP is conserved and regulated by a general mechanism, regardless of the subtype of glutamate
receptors. And a working model is proposed that the PDZ domain-contained scaffolding proteins are the
targets for modification during LTP, whereas the glutamate receptor/auxiliary subunit complexes play
passive roles. The results of this study has been published as Sheng N* et al. 2018 PNAS.

3. The brain evolution and neuropsychiatric disorders

Compared to the widely-used animal models such as rodent, the human brain is more complex of cellu-
lar types, neuronal morphology and inter-connections, and has been evolved critical brain regions and
neural circuitry for higher cognitive functions. We are trying to use mice, shrew and rhesus monkey as
model systems and combine techniques, including evolutionary genotype-phenotype system biology
(eGPS), developmental biology, electrophysiology, high-resolution microimaging, optogenetics, to un-
cover the secrets of brain evolution and function. Our long-term goals are to study the genetic bases for
the evolution and development of the neural cells in specific and critical brain regions, and reveal the
internal relationship and mechanism between the evolution of neural circuits and higher cognitive func-
tion, as well as related neuropsychiatric disorders.
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Kunming Wild Animal Cell Bank

In order to conserve genetic resource and genetic diversity of
animals, Kunming wild animal cell bank was established in Kunming
Institute of Zoology, Chinese Academy of Science in 1986. Up to now
2186 cell lines from 343 species have been preserved in our cell bank.
Most cell lines are derived from mammals. Among the species, 60 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 lines

In 2018, 78 cell lines from various wild and domestic animals had been established and frozen.
Among these cell lines, 33 cell lines were derived from 8 species of wild animals such as
Stryker's Snub-nosed Monkey, Shrew-hedgehog, Shanxi hedgehog, Complex-toothed flying
squirrel etc; 16 cell lines were established from domestic animals such as domestic pigs, dogs,
sheeps and goats; 11 cell lines were obtained by EBV-transferred human lymphocytes; and 18
cell lines were normal cell lines and tumor cell lines from human and experimental animals.
Six hundred and ninety-two of frozen-stored cell lines were also resuscitated and subcultured.

2. Cell lines service and technical service

In this year, 692 cell lines, 71 times of karyotype analysis and 35 STR test had been provided
for the researchers not only at State key laboratory of genetic resources and evolution, but
also at other 72 scientific research institutions, 98 enterprises, and 228 Chinese universities.
In addition, we also had provided a lot of cell culture technical advisory services by using the
telephone and the email.

3. The establishment of cell lines from Stryker's Snub—nosed Monkey
Stryker's Snub-nosed Monkey, a new primate species discovered in 2010, is the world's fifth
species of golden monkeys. Using the tissue materials from a golden monkey individual that
died of diseases, 10 somatic cell lines from different tissue materials (the heart, lung, kidney,
liver, spleen, muscle, bone, skin, marrow and blood) were established and frozen successfully.
The preservation of these cell lines will provide cell materials for the follow-up research.

4.The karyotype analyse of gayals

By means of peripheral blood culture, chromosome preparation and G-banding, we carried
out karyotype analysis of gayals for Yunnan Academy of Grassland Animal Science. The
chromosomes of thirty-five gayal individuals have been analyzed. Among these individuals,
some hybrids between gayals and cattles have been found. This work provides clear genetic
information for Yunnan Academy of Grassland Animal Science to carry out artificial
reproduction of gayals.
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South China DNA Barcoding Center

Established in 2011, the Center is the first and only facility focus on
DNA barcoding in China. The initialization of SCDBC commercial
using DNA barcoding technology and high-throughput barcoding
laboratory construction and operation. In the year of 2018, the SCDBC
collected more than 3K specimens in wild field, got almost 10K
standard DNA barcodes. This year we using DNA Barcoding data
to understand the diversity of dragonflies in China, get know Urban
butterfly species diversity. And make great progress.

Email: scdbc@mai.kiz.ac.cn

1. Dragonflies and Damselflies of China

China is home to over 900 species of dragonflies and damselflies, more than any other nation on earth.
This splendid, lavishly produced book for the first time provides us with a very thorough identification
guide to these gorgeous insects. Multiple high quality photographs of living specimens illustrate almost
90% of known species. Where necessary, these live portraits are augmented by close-up photographs
of microscopic diagnostic structures, all clearly and logically presented. With this book the reader can
identify most Chinese dragonflies normally encountered. Identification is a vital first step to appreciation,
but this book is far more than a mere field guide or photo gallery. It is also a handbook to the biology
of Chinese dragonflies. The fascinating life stories of dragonflies, with their many variations, are
clearly explained and richly illustrated. Topics covered include detailed information on adult and larval
morphology, ecology and behaviour. A well researched and fascinating account of the long history of
the study of Chinese dragonflies rounds out the general text. This book will be the standard work on
Chinese Odonata for many years to come and will certainly earn its place as a classic among books on
the Order.Author: Haomiao Zhang,South China DNA Barcoding Center, Kunming Institute of Zoology,
Chinese Academy of Sciences.Publishing House: Publishing House of Chongqing University. Language:
Chinese & English. Pages: 1488.The book contains two main parts: “Introduction” and “Dragonflies and
Damselflies of China”. The content covers the morphology, biology and taxonomy of dragonflies. A total
of 820 species or subspecies, representing three suborders, 23 families and 175 genera are described and
illustrated, 83.42 % of the known species-group taxa from China. Of these the Zygoptera includes 293
species in 65 genera and 13 families, Anisozygoptera includes three species (in general introduction),
and the Anisoptera includes 524 species in 106 genera and 8 families. More than 3500 color photos are
selected to show the charming and gorgeous morphology of dragonflies from the best view, being the
largest collection of dragonfly species and the most complete Chinese dragonfly book among the world's
dragonfly books. A latest “checklist of Odonata from China” is also attached.
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Core Facility

The Core Facility of the State Key Laboratory of
Genetic Resources and Evolution is established in November
2008. Currently, the center contains three major technology
platforms: Genomic Analysis Platform, Proteomic
Analysis Platform, and High Performance Computing
Platform. Each platform is supported by professional technicians,
from the experimental design, instrument 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 ( Ion Proton and
Ion PGM ) are genome sequencing, Whole transcriptome sequencing,
Exome sequencing, Gene sequencing, ChIP sequencing, Mitochondrial
sequencing, Methylation analysis, and so on.

LL] ISE b ITEhp Y
Ky g o prois
A P p——

BT Losnbing —

S Flepsiay |
2. Miseq Sequencer
The MiSeq desktop S
sequencer allows you - ——— l .
to access more focused —_—n . ey

applications such as

targeted gene sequencing,

metagenomics, small

genome sequencing,

targeted gene expression, ol

amplicon sequencing, and HLA typing. New MiSeq reagents enable up to
15 Gb of output with 25 M sequencing reads and 2x300 bp read lengths.

3. C1 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
pneumatically 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 functions and monitors the performance of the instrument. The
system has a touchscreen display. All required user-specific instructions
and functions can be controlled through the touch-enabled user interface.
C1 uses a thermal stack to
provide rapid, accurate, uniform
heating and cooling.
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4. Biomark HD Real-time PCR System

The BioMark HD System sets a new standard in high-throughput
genotyping—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.

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.

6.Flow Cytometers

The BD LSRFortessa brand provides power, performance and
consistency for your research. Designed to be affordable and

expandable, BD
LSRFortessa cell L i
analyzers have the : ‘#- Bl L o
flexibility to support - = 2.
the growing needs

of multicolor flow Il
cytometry assays. e

II. Proteomic Analysis Platform

2-D electrophoresis is a powerful and widely used method for the
analysis of complex protein mixtures extracted from cells, tissues,

or other biological samples. The analysis involves the systematic
separation, identification, and quantification of many proteins
simultaneously from a single sample. The technique is also unique in
its ability to detect post- and co-translational modifications.

[ll. 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,
nanomaterials 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 1 M pixel §
cameras are selectable
depending on user’s
purposes.
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