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Canine transmissible venereal tumor genome reveals ancient introgression from coyotes to

pre-contact dogs in North America

Xuan Wang, Bo-Wen Zhou, Melinda A. Yang, Ting-Ting Yin, Fang-Liang Chen, Sheila C. Ommeh, Ali Esmailiza-
deh, Melissa M. Turner, Andrei D. Poyarkov, Peter Savolainen, Guo-Dong Wang, Qiaomei Fu & Ya-Ping Zhang

Canine transmissible venereal tumor (CTVT), the oldest known somatic cell line, is a living fossil of the original
founder, transmitted from host’s cancer cells to other canids during the mating process.* Since it was shown ten years
ago that living cells from an ancient host could be transmitted among canids, the origin of CTVT has been studied
continuously.” Recent comparison of the CTVT genetic data with a more comprehensive canine reference panel
including pre-contact dogs (PCDs) from North America argued that the CTVT founder (the original canid infected
with CTVT) is the closest detectable lineage to PCDs, and that this clade underwent introgression from wild canids
in North America.®

- Cell Research, 2019, 29(7):592-595 _/
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Neolithic millet farmers contributed to the permanent settlement of the Tibetan Plateau by
adopting barley agriculture

Yu-Chun Li, Jiao-Yang Tian, Feng-Wen Liu, Bin-Yu Yang, Kang-Shu-Yun Gu, Zia Ur Rahman, Li-Qin Yang, Fa-Hu
Chen, Guang-Hui Dong, Qing-Peng Kong

Abstract

The permanent human settlement of the Tibetan Plateau (TP) has been suggested to have been facilitated by the
introduction of barley agriculture ~3.6 kilo-years ago (ka). However, how barley agriculture spread onto the TP re-
mains unknown. Given that the lower altitudes in the northeastern TP were occupied by millet cultivators from 5.2
ka, who also adopted barley farming ~4 ka, it is highly possible that it was millet farmers who brought barley agri-
culture onto the TP ~3.6 ka. To test this hypothesis, we analyzed mitochondrial DNA (mtDNA) from 8277 Tibetans
and 58 514 individuals from surrounding populations, including 682 newly sequenced whole mitogenomes. Multiple
lines of evidence, together with radiocarbon dating of cereal remains at different elevations, supports the scenario
that two haplogroups (M9alalclbla and Allala), which are common in contemporary Tibetans (20.9%) and were
probably even more common (40-50%) in early Tibetans prior to historical immigrations to the TP, represent the ge-
netic legacy of the Neolithic millet farmers. Both haplogroups originated in northern China between 10.0-6.0 ka and
differentiated in the ancestors of modern Tibetans ~5.2—4.0 ka, matching the dispersal history of millet farming. By
showing that substantial genetic components in contemporary Tibetans can trace their ancestry back to the Neolithic
millet farmers, our study reveals that millet farmers adopted and brought barley agriculture to the TP ~3.6-3.3 ka,
and made an important contribution to the Tibetan gene pool.
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River Valleys Shaped the Maternal Genetic Landscape of Han Chinese
Yu-Chun Li, Wei-Jian Ye, Chuan-Gui Jiang, Zhen Zeng, Jiao-Yang Tian, Li-Qin Yang, Kai-Jun Liu, Qing-Peng
Kong

Abstract

A general south-north genetic divergence has been observed among Han Chinese in previous studies. However,
these studies, especially those on mitochondrial DNA (mtDNA), are based either on partial mtDNA sequences or
on limited samples. Given that Han Chinese comprise the world’s largest population and reside around the whole
China, whether the north-south divergence can be observed after all regional populations are considered remains
unknown. Moreover, factors involved in shaping the genetic landscape of Han Chinese need further investigation.
In this study, we dissected the matrilineal landscape of Han Chinese by studying 4,004 mtDNA haplogroup-defining
variants in 21,668 Han samples from virtually all provinces in China. Our results confirmed the genetic divergence
between southern and northern Han populations. However, we found a significant genetic divergence among pop-
ulations from the three main river systems, that is, the Yangtze, the Yellow, and the Zhujiang (Pearl) rivers, which
largely attributed to the prevalent distribution of haplogroups D4, B4, and M7 in these river valleys. Further anal-
yses based on 4,986 mitogenomes, including 218 newly generated sequences, indicated that this divergence was
already established during the early Holocene and may have resulted from population expansion facilitated by an-
cient agricultures along these rivers. These results imply that the maternal gene pools of the contemporary Han pop-
ulations have retained the genetic imprint of early Neolithic farmers from different river basins, or that river valleys
represented relative migration barriers that facilitated genetic differentiation, thus highlighting the importance of the
three ancient agricultures in shaping the genetic landscape of the Han Chinese.
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FIG. 1. Regional distributions of mtDNA haplogroups in China
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Dominance network analysis provides a new framework for studying the diversity—stability

relationship
Zhanshan (Sam) Ma Aaron M. Ellison

Abstract

The diversity—stability relationship is a long-standing, central focus of community ecology. Two major challenges
have impeded studies of the diversity—stability relationship (DSR): the difficulty in obtaining high-quality longitudi-
nal data sets; and the lack of a general theoretical framework that can encompass the enormous complexity inherent
in “diversity,” “stability,” and their many interactions. Metagenomic “Big Data” now provide high quality longitudi-
nal data sets, and the human microbiome project (HMP) offers an unprecedented opportunity to reinvigorate investi-
gations of DSRs. We introduce a new framework for exploring DSRs that has three parts: (1) a cross-scale measure
of dominance with a simple mathematical form that can be applied simultaneously to individual species and entire
communities and can be used to construct species dominance networks (SDNs); (2) analysis of SDNs based on spe-
cial trio motifs, core-periphery, rich-club, and nested structures, and high salience skeletons; and (3) a synthesis of
coarse-scale core/periphery/community-level stability modeling with fine-scale analysis of SDNs that further reveals
the stability properties of the community structures. We apply this new approach to data from the human vaginal mi-
crobiome of the HMP, simultaneously illustrating its utility in developing and testing theories of diversity and stabili-
ty while providing new insights into the underlying ecology and etiology of a human microbiome-associated disease.

=, YW w om om hem Ea A s o
New synhesis of BY etiology based on diversity-stability-disease relationships
amd I silice biomarkees for personalized BV diagrosis (Ma and Ellison 2018)

FIG. 1. The SDN (species dominance network) for
subject number 424 [
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Convergent genomic signatures of high altitude adaptation among domestic mammals
Dong-Dong Wu, Cui-Ping Yang, Ming-Shan Wang, Kun-Zhe Dong, Da-Wei Yan, Zi-Qian Hao, Song-Qing Fan,
Shu-Zhou Chu, Qiu-Shuo Shen, Li-Ping Jiang, Yan Li, Lin Zeng, He-Qun Liu, Hai-Bing Xie, Yun-Fei Ma, Xiao-
Yan Kong, Shu-Li Yang, Xin-Xing Dong, Ali Esmailizadeh Koshkoiyeh, David M Irwin, Xiao Xiao, Ming Li, Yang
Dong, Wen Wang, Peng Shi, Hai-Peng Li, Yue-Hui Ma, Xiao Gou, Yong-Bin Chen, Ya-Ping Zhang

ABSTRACT

Abundant and diverse domestic mammals living on the Tibetan Plateau provide useful materials for investigating
adaptive evolution and genetic convergence. Here, we utilized 327 genomes from horses, sheep, goats, cattle, pigs
and dogs living at both high and low altitudes, including 73 genomes generated for this study, to disentangle the
genetic mechanisms underlying local adaptation of domestic mammals. Although molecular convergence is compar-
atively rare at the DNA sequence level, we found convergent signature of positive selection at the gene level, partic-
ularly EPASI gene in these Tibetan domestic mammals. We also reported a potential function in response to hypoxia
for the gene C100rf67, which underwent positive selection in three of the domestic mammals. Our data provides in-
sight into adaptive evolution of high-altitude domestic mammals, and should facilitate the search for additional novel

genes involved in the hypoxia response pathway.

P 0 5 AR AT 2 DR AR PR R A B DRI 2 2 bl , 1T 4% R o
PR 2205 B R T e R K SR 3 (Ansise. ixs. ik 000 | 000 | xP.EHH
WS ) (7 BUE MM L (Mol Biol Evol 20145 Mol Biol _GGSG?_BGSL;;_ [ e
Evol 2015; Nature Genetics 201635 Cell Res 2017; Nat Ecol Evol 222 Fézna
2018), %ot —HHELL HIF k580175 Sl B 2 105 19 1 J5U0E 7 ik o
F, R T BRI R I5 sl v & N R R, 200 a0
JRK S PR R R T EEE A, 1560 | S0t
BEEN Rk — BB Lo T 2 AR oty (RLiGmsE. 000 000
Roih. HRLE. BRUCE. D, REEES) B R UL 5 Lo
BRI A PERIERRE, R B LER S e 4 K & 2 510 X
R, AR EPAST R, BR AR ZN K IFEHYE ggg 023
R R RS R, BN, BFFEN RO GX Se sl b (LA R v -log (P-value)
S M — M H LB E IR C100rf67. Figure 1: Rapid evolution of hypoxia response genes in six Tibetan
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Long-read assembly of the Chinese rhesus macaque genome and identification of ape-spe-
cific structural variants

Yaoxi He, Xin Luo, Bin Zhou, Ting Hu, Xiaoyu Meng, Peter A. Audano, Zev N. Kronenberg, Evan E. Eichler, Jie
Jin, Yongbo Guo, Yanan Yang, Xuebin Qi & Bing Su

Abstract

We present a high-quality de novo genome assembly (rheMacS) of the Chinese rhesus macaque (Macaca mulatta)
using long-read sequencing and multiplatform scaffolding approaches. Compared to the current Indian rhesus ma-
caque reference genome (rheMac8), rheMacS increases sequence contiguity 75-fold, closing 21,940 of the remaining
assembly gaps (60.8 Mbp). We improve gene annotation by generating more than two million full-length transcripts
from ten different tissues by long-read RNA sequencing. We sequence resolve 53,916 structural variants (96% nov-
el) and identify 17,000 ape-specific structural variants (ASSVs) based on comparison to ape genomes. Many ASSVs
map within ChIP-seq predicted enhancer regions where apes and macaque show diverged enhancer activity and gene
expression. We further characterize a subset that may contribute to ape- or great-ape-specific phenotypic traits, in-
cluding taillessness, brain volume expansion, improved manual dexterity, and large body size. The rheMacS genome
assembly serves as an ideal reference for future biomedical and evolutionary studies.

TEifE (Macaca mulatta) &= RHEWIIEFIH 290K )12 b F em——r Detacting ape-specihcstructural varants using ThaMacs
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5# (ape-shared structural variants, ASSVs) , iXbZEK)7As Felbid il in nabacs] Mwhh‘mm
BRI E SRR T 546, BISCHRE T — RS TRE SR E S ﬂ
BEAERR SR ASSVs, 1F5% % A0 0 b 16 I 16 TR 4L 5 0 ke 0 A :
WEE T TR LT B IE RIS, FE U RN AR A AN R K%

RUEL A0S SRR i B
ST R & 24 Nature Communications |-,

II;iLL 1re \
‘?“UJF’WUNIi TIONS




BERRSHECERESLEE

ARMEMR

State Key Laboratory of Genetic Resources and Evolution

FRAGVEWCR —
ZI CRISPR-Cas9 EEFRERAERKEFLEE
AR 2 A Bt $B R b

Cas9-edited rhesus monkeys
Weizhi Ji, Xudong Zhao, Ping Zheng, Shuhua Xu & Bing Su

Abstract

tural variants in the target region.

CRISPR-Cas9 2 [K gt ¢ w2 W H T A B 9T

i, HAE I R AR % 2 P A b 2 H B PE (. B8R (Macaca
mulatta) TEA 5 N5 2 focllt 1 wT R4 73 R R MR AE A R K
%, ERMR B AR NEE ) L5 NS EA i B RIARIE . BRIk,
FERRGE IR AY 1 4R 5% Cas9 Hk [N Gt (1 it #0350 oz et A SR o e A oz
FZEREE,

AT R PEfl CRISPR-Cas9 7F R A 2K PR it (1) AT 2008

SEFBFERF T A 5 2 A BN & 1E, FIH CRISPR-Cas9 R 5iH)
%T/J\%J“EI -MCPHI G BRABRBRCRY i ik o 22 HUk Rl R B
Tk B FL B A= RO AC BEAEA TR BE AR P oy A, KB Cas9 FER K
SIE R A A S ORI A 2848 . eah, FIAR R BT
H (PacBio) , X} MCPHI & IRl P FT $8 X 3t 47 T 3 B il Fn
SR, KRBTSR A EER R B S A S, IO k%
] CRISPR-Cas9 4 [K Zit = GE(E R A JEA 233t B B A i
v, BA PR s Ak
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Trio deep-sequencing does not reveal unexpected off-target and on-target mutations in

Xin Luo, Yaoxi He, Chao Zhang, Xiechao He, Lanzhen Yan, Min Li, Ting Hu, Yan Hu, Jin Jiang, Xiaoyu Meng,

CRISPR-Cas9 is a widely-used genome editing tool, but its off-target effect and on-target complex mutations re-
main a concern, especially in view of future clinical applications. Non-human primates (NHPs) share close genetic
and physiological similarities with humans, making them an ideal preclinical model for developing Cas9-based
therapies. However, to our knowledge no comprehensive in vivo off-target and on-target assessment has been con-
ducted in NHPs. Here, we perform whole genome trio sequencing of Cas9-treated rhesus monkeys. We only find a
small number of de novo mutations that can be explained by expected spontaneous mutations, and no unexpected
off-target mutations (OTMs) were detected. Furthermore, the long-read sequencing data does not detect large struc-

~

Nature Communications, 2019, 10, 5525
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(DogIOK: an international sequencing effort to advance studies of canine domestication,
phenotypes and health
Elaine A Ostrander, Guo-Dong Wang, Greger Larson, Bridgett M vonHoldt, Brian W Davis, Vidhya Jagannathan,
Christophe Hitte, Robert K Wayne, Ya-Ping Zhang, Dog10K Consortium

Abstract

Dogs are the most phenotypically diverse mammalian species, and they possess more known heritable disorders
than any other non-human mammal. Efforts to catalog and characterize genetic variation across well-chosen popu-
lations of canines are necessary to advance our understanding of their evolutionary history and genetic architecture.
To date, no organized effort has been undertaken to sequence the world’s canid populations. The Dog10K Consor-
tium (http://www.dog10kgenomes.org) is an international collaboration of researchers from across the globe who
will generate 20% whole genomes from 10 000 canids in 5 years. This effort will capture the genetic diversity that
underlies the phenotypic and geographical variability of modern canids worldwide. Breeds, village dogs, niche
populations and extended pedigrees are currently being sequenced, and de novo assemblies of multiple canids are
being constructed. This unprecedented dataset will address the genetic underpinnings of domestication, breed for-
mation, aging, behavior and morphological variation. More generally, this effort will advance our understanding of
human and canine health.

- National Science Review, 2019, 6(4):810-824
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Genomic Approaches Reveal an Endemic Subpopulation of Gray Wolves in Southern China
Guo-Dong Wang,1,2,9 Ming Zhang,3.,4,5,9 Xuan Wang,1,2,5 Melinda A. Yang,3,4 Peng Cao,3 Feng Liu,3 Heng
Lu,6Xiaotian Feng,3 Pontus Skoglund,7 Lu Wang,8 Qiaomei Fu,3,4,5,* and Ya-Ping Zhang1,2,10,*

SUMMARY

Although gray wolves (Canis lupus) are one of the most widely distributed terrestrial mammals, their origins in Chi-
na are not well understood. We sequenced six specimens from wolf skins, showing that gray wolves from Southern
China (SC) derive from a single lineage, distinct from gray wolves from the Tibetan Plateau and Northern China,
suggesting that SC gray wolves may form a distinct subpopulation. Of SC gray wolves, one wolf from Zhejiang
carries a genetic component from a canid and had gene flow from a population related to or further diverged from
wolves than the dhole. This may indicate that interspecific gene flow likely played an important role in shaping the
speciation patterns and population structure in the genus Canis. Our study is the first to survey museum gray wolves’
genomes from Southern China, highlighting how sequencing the paleogenome from museum specimens can help us
to study extinct species.

- iScience, 2019, 10.1016/j.i5¢1.2019.09.008
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In vitro culture of cynomolgus monkey embryos beyond early gastrulation

Huaixiao Mal,2,3,*, Jinglei Zhail,3,4,*, Haifeng Wanl,3,*, Xiangxiang Jiangl,3,*, Xiaoxiao
Wangl,3.4, Lin Wang2, Yunlong Xiangl, Xiechao He5, Zhen-Ao Zhaol, Bo Zhao2, Ping Zheng?2,5,6,7,
Lei Lil,3,4,T, Hongmei Wang1,3,4,+

Abstract

Gastrulation is a key event in embryonic development when the germ layers are specified and the basic
animal body plan is established. The complexities of primate gastrulation remain a mystery because

of the difficulties in accessing primate embryos at this stage. Here, we report the establishment of

an in vitro culture (IVC) system that supports the continuous development of cynomolgus monkey
blastocysts beyond early gastrulation up to 20 days after fertilization. The IVC embryos highly
recapitulated the key events of in vivo early postimplantation development, including segregation of the
epiblast and hypoblast, formation of the amniotic and yolk sac cavities, appearance of the primordial
germ cells, and establishment of the anterior-posterior axis. Single-cell RNA-sequencing analyses of

the IVC embryos provide information about lineage specification during primate early postimplantation
development. This system provides a platform with which to explore the characteristics and mechanisms
of early postimplantation embryogenesis in primates with possible conservation of cell movements

and lineages in human embryogenesis.

SZIRTEBARI R A, RKEFIIRNER BRI AEE AR, Rl BERERHEE . BAr, Ao RKIMEIBN .
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B EIRNG & E IR NIENG R BB E e EN 2 EE SR, RIS Nt 53 UB A Hal i 1
AR, WG T ANRIRNGESFE 14 KAV IRRREI, & KUk R ZESIRNG *T AR A BER SRR L R R INR B 2R
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Fig. 1 Establishment of the IVC system for monkey embryos. Fig. 2 Recapitulation of monkey early postimplantation

development in IVC embryos.
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KHDC3L mutation causes recurrent pregnancy loss by inducing genomic instability of hu-
man early embryonic cells

Weidao Zhang1,2,3, Zhongliang Chenl,2,3, Dengfeng Zhang4, Bo Zhaol, Lu Liu5,Zhengyuan Xie6, Yonggang Yao3.,4,7,
Ping ZhengID1,2,7,8*

Abstract

Recurrent pregnancy loss (RPL) is an important complication in reproductive health. About 50% of RPL cases are un-
explained, and understanding the genetic basis is essential for its diagnosis and prognosis. Herein, we report causal KH
domain containing 3 like (KHDC3L) mutations in RPL. KHDC3L is expressed in human epiblast cells and ensures their
genome stability and viability. Mechanistically, KHDC3L binds to poly(ADP-ribose) polymerase 1 (PARP1) to stimulate
its activity. In response to DNA damage, KHDC3L also localizes to DNA damage sites and facilitates homologous recom-
bination (HR)-mediated DNA repair. KHDC3L dysfunction causes PARP1 inhibition and HR repair deficiency, which
is synthetically lethal. Notably, we identified two critical residues, Thr145 and Thr156, whose phosphorylation by Atax-
ia-telangiectasia mutated (ATM) is essential for KHDC3L’s functions. Importantly, two deletions of KHDC3L (p.E150
V160del and p.E150 _V172del) were detected in female RPL patients, both of which harbor a common loss of Thr156 and
are impaired in PARP1 activation and HR repair. In summary, our study reveals both KHDC3L as a new RPL risk gene
and its critical function in DNA damage repair pathways.
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Fig. 2. KHDC3L is mutated in patients with recurrent pregnancy loss (RPL).
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Transgenic rhesus monkeys carrying the human MCPH1 gene copies show human-like neo-
teny of brain development

Lei Shi, Xin Luo, Jin Jiang, Yongchang Chen, Cirong Liu, Ting Hu, Min Li, Qiang Lin, Yanjiao Li, Jun Huang,
Hong Wang, Yuyu Niu, Yundi Shi, Martin Styner, Jianhong Wang, Yi Lu, Xuejin Sun, Hualin Yu, Weizhi Ji, Bing Su

Abstract

Brain size and cognitive skills are the most dramatically changed traits in humans during evolution and yet the
genetic mechanisms underlying these human-specific changes remain elusive. Here, we successfully generated 11
transgenic rhesus monkeys (8 first-generation and 3 second-generation) carrying human copies of MCPHI, an im-
portant gene for brain development and brain evolution. Brain-image and tissue-section analyses indicated an altered
pattern of neural-cell differentiation, resulting in a delayed neuronal maturation and neural-fiber myelination of the
transgenic monkeys, similar to the known evolutionary change of developmental delay (neoteny) in humans. Further
brain-transcriptome and tissue-section analyses of major developmental stages showed a marked human-like expres-
sion delay of neuron differentiation and synaptic-signaling genes, providing a molecular explanation for the observed
brain-developmental delay of the transgenic monkeys. More importantly, the transgenic monkeys exhibited better
short-term memory and shorter reaction time compared with the wild-type controls in the delayed-matching-to-sam-
ple task. The presented data represent the first attempt to experimentally interrogate the genetic basis of human brain
origin using a transgenic monkey model and it values the use of non-human primates in understanding unique hu-
man traits.
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547 transcriptomes from 44 brain areas reveal features of the aging brain in non-human
primates

Ming-Li Li, Shi-Hao Wu, Jin-Jin Zhang, Hang-Yu Tian, Yong Shao, Zheng-Bo Wang, David M. Irwin, Jia-Li Li,
Xin-Tian Hu & Dong-Dong Wu

Abstract

Background

Brain aging is a complex process that depends on the precise regulation of multiple brain regions; however, the un-
derlying molecular mechanisms behind this process remain to be clarified in non-human primates.

Results

Here, we explore non-human primate brain aging using 547 transcriptomes originating from 44 brain areas in rhesus
macaques (Macaca mulatta). We show that expression connectivity between pairs of cerebral cortex areas as well as
expression symmetry between the left and right hemispheres both decrease after aging. Although the aging mecha-
nisms across different brain areas are largely convergent, changes in gene expression and alternative splicing vary at
diverse genes, reinforcing the complex multifactorial basis of aging. Through gene co-expression network analysis,
we identify nine modules that exhibit gain of connectivity in the aged brain and uncovered a hub gene, PGLS, under-
lying brain aging. We further confirm the functional significance of PGLS in mice at the gene transcription, molecu-
lar, and behavioral levels.

Conclusions

Taken together, our study provides comprehensive transcriptomes on multiple brain regions in non-human primates
and provides novel insights into the molecular mechanism of healthy brain aging.
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Genomic and transcriptomic investigations of the evolutionary transition from oviparity to
viviparity

Wei Gao, Yan-Bo Sun, Wei-Wei Zhou, Zi-Jun Xiong, Luonan Chen, View ORCID ProfileHong Li, Ting-Ting Fu,
Kai Xu, Wei Xu, Li Ma, Yi-Jing Chen, Xue-Yan Xiang, Long Zhou, Tao Zeng, Si Zhang, Jie-Qiong Jin, Hong-Man
Chen, Guojie Zhang, David M. Hillis, Xiang Ji, Ya-Ping Zhang, and Jing Che

Abstract

Viviparous (live-bearing) vertebrates have evolved repeatedly within otherwise oviparous (egg-laying) clades. Over
two-thirds of these changes in vertebrate reproductive parity mode happened in squamate reptiles, where the transi-
tion has happened between 98 and 129 times. The transition from oviparity to viviparity requires numerous physio-
logical, morphological, and immunological changes to the female reproductive tract, including eggshell reduction,
delayed oviposition, placental development for supply of water and nutrition to the embryo by the mother, enhanced
gas exchange, and suppression of maternal immune rejection of the embryo. We performed genomic and transcrip-
tomic analyses of a closely related oviparous—viviparous pair of lizards (Phrynocephalus przewalskii and Phryno-
cephalus vlangalii) to examine these transitions. Expression patterns of maternal oviduct through reproductive de-
velopment of the egg and embryo differ markedly between the two species. We found changes in expression patterns
of appropriate genes that account for each of the major aspects of the oviparity to viviparity transition. In addition,
we compared the gene sequences in transcriptomes of four oviparous—viviparous pairs of lizards in different genera
(Phrynocephalus, Eremias, Scincella, and Sphenomorphus) to look for possible gene convergence at the sequence
level. We discovered low levels of convergence in both amino acid replacement and evolutionary rate shift. This
suggests that most of the changes that produce the oviparity—viviparity transition are changes in gene expression, so
occasional reversals to oviparity from viviparity may not be as difficult to achieve as has been previously suggested.
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Dr. Junxing Yang, Professor. The research team is mainly interested in
biodiversity monitoring survey and evaluation, fauna taxonomic, phylo-
genetic and biogeographic; ecology and conservation research to rare and
native species; especially focuses on the restoration of wetland ecosystem
and application. Till now, total of 160 papers have been published which
more than 100 of them are SCI papers, and 6 books and 20 national in-
vention patent have been published.

1. Evolution of the intermuscular bones in the Cyprinidae (Pisces) from a phylo-
genetic perspective

Intermuscular bones (IBs) are widely present in morphologically generalized teleost fishes and are
commonly found in the Cyprinidae. Intermuscular bones are small, hard spicules of bone that are
formed by ossification in the myosepta between neighboring myomeres. Why fish have IBs, and
whether there is any evolutionary pattern to their occurrence, has been poorly understood. However,
the presence of IBs does substantially affect the meat quality and commercial values of many cyprin-
id fishes in aquaculture. In this study, we sampled 592 individuals of cyprinid fishes to systematical-
ly investigate the evolution of IBs from a phylogenetic point of view. We found that the total number
of IBs in the Cyprinidae ranged from 73 to 169, and we clarified that only two categories of IBs
(epineural and epipleural) were present in all examined cyprinids. Most of the IBs were distributed
in the posterior region of the fish, which might be an optimal target for selecting fewer IB strains in
aquaculture. There was a positive correlation between IBs and the number of vertebrae, thus making
it possible to predict the approximate number of IBs by counting the number of vertebrae. Although
the IBs displayed some correlation with phylogenetic relationships in some lineages and to ecolog-
ical factors such as diet (especially carnivore), in an overall view the variations of IBs in cyprinids
were extremely diverse. The number and patterns of IBs in these fishes may reflect their phylogenet-
ic history, but have been shaped by multiple environment factors.

2. Insights into Body Size Evolution: A Comparative Transcriptome Study on
Three Species of Asian Sisoridae Catfish

Body size is one of the most important attributes of a species, but the basic question of why and how
each species reaches a different “right size” is still largely unknown. Herein, three phylogenetically
closely related catfishes from Sisoridae, including one extraordinarily large-sized Bagarius yarrelli
and two average-sized Glyptothorax macromaculatus and Oreoglanis setiger, were comparatively
studied using RNA-Seq. Approximately 17,000 protein-coding genes were annotated for each of the
three fishes, and 9509 genes were identified as high-confidence orthologous gene pairs. Compara-
tive expressions uncovered a similar functional cluster about ribosome biogenesis was enriched in
different tissues of the upregulated genes of Bagarius yarrelli. Moreover, differentially expressed
genes and positively selected genes revealed that the glycolysis/pyruvate metabolism and cell cycle
pathways have also greatly enhanced in this large-sized species. In total, 20 size-related candidate
genes (including two growth modulators: the serine/threonine-protein kinases 3 (AKT3) and adaptor
protein 1 (SH2B1), and a crucial pyruvate kinase (PKM2A)) were identified by multiplying compar-
ative analyses along with gene functional screening, which would play major roles in enabling the
large body size associated with Bagarius yarrelli and provide new insights into body size evolution.
In conjunction with field observations and morphological comparisons, we hypothesize that habitat
preferences promote size divergence of sisorids.

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

In this year, we cultivated and produced more than 3 million fish fry of these fishes, including Sino-
cyclocheilus grahami, Sinocyclocheilus tingi, Percocypris retrodorslis, Schizothorax taliensis, Ana-
barilius liui chenghaiensis, Zacco platypus, Anabarilius grahami, Tor qiaojiensis and Distoechodon
macrophthalmus. More than 0.2 million individuals were released in wild to rebuilt and restore the
wild population of these fishes.
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in China. PeerJ 7:¢6791 DOI 10.7717/
peerj.6791
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Distribution of the threatened assamese
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Nepal. Journal of Threatened Taxa,11(1):
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Prof. Xuelong Jiang, Professor, The laboratory is mainly interested in
specimen-based investigations of biodiversity inventory, taxonomy and
systematics, phylogenetics and phylogeography of small mammals with
a special focus in the Henduanshan Region, and also in spatial ecology
of rare and cryptic mammal faunas, behavior and conservation of black
crested gibbon, as well as conservation biology of Asian elephant and
other large mammals.

1. Diversity and distribution patterns of non-volant small mammals
along different elevation gradients on Mt. Kenya, Kenya

The distribution of small mammals in mountainous environments across different
elevations can provide important information on the effects of climate change on the
dispersal of species. However, few studies conducted on Afromontane ecosystems
have compared the altitudinal patterns of small mammal diversity. We investigated the
species diversity and abundance of non-volant small mammals (hereafter ‘small mam-
mals’) on Mt. Kenya, the second tallest mountain in Africa, using a standard sampling
scheme. Nine sampling transects were established at intervals of 200 m on the eastern
(Chogoria) and western (Sirimon) slopes. A total of 1905 individuals representing 25
species of small mammals were trapped after 12240 trap-nights. Abundance was high-
est at mid-elevations on both slopes. However, species richness and their distribution
patterns differed between the two slopes. There were more species were recorded on
Chogoria (24) than on Sirimon (17). On Chogoria, species richness was higher at mid-
high elevations, with a peak at mid-elevation (2800 m a.s.l.), whereas species richness
showed little variationon the Sirimon slope. These results indicate that patterns of
species diversity can differ between slopes on the samemountain. In addition, we ex-
tensively reviewed literature on Mt. Kenya’s mammals and compiled a comprehensive
checklist of 76 mammalian species. However, additional research is required to im-
prove our understanding of small mammal diversity in mountain habitats in Africa.

2. Habitat suitability and connectivity inform a co-management poli-
cy of protected area network for Asian elephants in China

Enlarging protected area networks (PANs) is critical to ensure the long-term population
viability of Asian elephants (Elephas maximus), which are threatened by habitat loss
and fragmentation. Strict policies of PAN enlargement that focus on wildlife conser-
vation have failed largely due to difficulties in encouraging stakeholder participation
and meeting the elephant habitat requirement. A co-management policy that promotes
sustainable resource use, wildlife conservation, and stakeholder participation may have
greater feasibility than the strict policies in a developing world. Here, we identified the
suitable habitat of elephants using maximum entropy models and examined whether
habitat suitability is indirectly associated with local economic development in hu-
man-dominated landscapes. We found that (1) the suitable habitat was mainly in areas
of forest matrix (50% natural forest cover) with multiple land-use practices rather than
relatively intact forest and near communities (mean distance two km) and (2) habitat
suitability was negatively associated with local economic development (P % -0.37, P
Y4 0.04). From the standpoint of elephant habitat and its socio-economic background,
our results indicate that co-management will be more effective than the currently strict
approaches of enlarging PAN. Additionally, our results provide on-ground information
for elephant corridor design in southern China.
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Prof. Yang Xiaojun, Principle Investigator, Kunming Institute of Zool-
ogy, Chinese Academy of Sciences. My research interest lies at bird tax-
onomy and fauna, phylogeny, biogeography, community ecology, as well
as behaviour ecology and conservation biology of endangered bird spe-
cies. Till now, 8 books and more than 100 papers have been published.

Email: yangxj@mail.kiz.ac.cn

1. Ongoing green peafowl protection in China

As the main green peafowl research team in China (Ornithology Group of the Kunming Institute of Zo-
ology, Chinese Academy of Sciences), we have conducted several green peafowl surveys, including two
comprehensive surveys in the 1990s (Wen et al., 1995) and 2014-2018 (Kong et al., 2018), to clarify the
status and trends of this species in China.

In addition to infrastructure projects, habitat conversion, poisoning, and poaching are also major threats
affecting the survival of the green peafowl in China (Kong et al., 2018). Our surveys in 2018 showed
that over 65% of the green peafowl population occurs outside protected reserves in China, making this
species even more vulnerable to the aforementioned threats.

However, China’s ambitious Ecological Civilization Plan (UNEP, 2016; Xiao & Zhao, 2017) brings
new hope for the conservation of the green peafowl and the other threatened species and ecosystems in
the country. Since late 2012, environmental protection has become the core element in Chinese govern-
mental work.To achieve an ecological civilization, the Chinese government has adopted an Ecological
Redline (ERL) strategy. The ERL refers to the strictly controlled and legally drawn boundaries for key
areas of ecological functions or ecological sensitivity (UNEP, 2016). These ERL areas are now formally
protected by provisions within China’s newly revised Environmental Protection Law of 2015 (Bai et al.,
2016). Fortunately, the ERL zones in Yunnan Province, demarcated and formally announced on 29 June
2018 (The People’s Government of Yunnan Province, 2018), cover the entire distribution range of the
green peafow] population in China. Most green peafowl habitats inside and outside protected reserves,
including those within the RRUD, are now incorporated into the ERL of Yunnan.

2. Secondary contact after allopatric divergence explains avian speciation and high
species diversity in the Himalayan-Hengduan Mountains

The geographical context of speciation is important for understanding speciation and community assem-
bly. However, the predominant mode of speciation in the Hima-
layan-Hengduan Mountains (HHMs), a global biodiversity hotspot,
remains unknown. Here, we examined the role of geography in
speciation using four pairs of sister or closely related avian species
that currently co-occur in the HHMs. While multilocus network
analyses based on nine to eleven genes revealed deep splits be-
tween these species, several allelic networks based on individual
loci suggested phylogenetic paraphyly implying a recent history of
divergence. Following extensive sampling in the contact zones of
these species pairs, the coalescence-based approximate Bayesian
computation approach supported no gene flow during their diver-
gence and was consistent with an allopatric speciation model. We
further estimated the divergence times of the four species pairs
during the middle and late Pleistocene, which were characterized
by increased amplitudes of glacial variability. We found a positive
relationship between their divergence times and current sympatry
levels, supporting a scenario of secondary contact following allo-
patric speciation. The Pleistocene glacial-interglacial cycles may
have led to the initial geographic population isolation; ecological .. .":'-._ : P
divergence or mate choice might further accelerate their differen- = _ . N ’.t,.
tiation during secondary contact, facilitating their speciation and ) b
species accumulation in the mountainous landscape. Our findings
reveal the critical role of geographic isolation in speciation in the
HHMs and shed light on how this biodiversity hotspot aggregates
numerous species.
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Fig. Multilocus networks based on
standardized matrices of nuclear
genetic distances between closely
related species.
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Douglas W. Yu, {6+, MF2 5, EEZSHERPPOATN, BHt=EE &m A4 5 HE
SIBENA . EERERA KNG : A2 PP P 5 5 BRI A . Bard
K ZFe a1t 90 & it 3 F E b M T Nature, Science, PNAS, PLoS Biology, Ecology Letters, Ecological
Monographs, Ecology, American Naturalist, Evolution 5 |,

Email: dougwyu@mac.com
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Dr. Douglas W. Yu. Yu’s research covers two fields, (1)
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1. The biodiversity benefit of native forests and mixed-species planta-
tions over monoculture plantations

We sampled arthropod communities using pan traps in the land cover types concerned
under the GFGP. These land use types include croplands, native forests and the domi-
nant GFGP reforest- ation outcomes: monoculture and mixed-species plantations. We
used COI-amplicon sequencing (“metabarcoding”) of the arthropod samples to quantify
and assess the arthropod community profiles associated with each land cover type. We
found that native forests support the highest overall levels of arthropod species diversity,
followed by mixed-species plantations, followed by bamboo and other monocultures.
Also, the arthropod community in na-
tive forests shares more species with
mixed-species plantations than it does
with any of the monocultures. Togeth- ¢
er, these results broadly corroborate our

previous conclusions on birds and bees I
but show a higher arthropod biodiver-
sity value of mixed-species plantations
than previously indicated by bees alone.

Phylogenste dversy

Spocis dersiy

Figure 3. Species richness estimates across land-cover type.

2. SPIKEPIPE: A metagenomic pipeline for the accurate quantification
of eukaryotic species occurrences an intraspecific abundance change
using DNA barcodes or mitogenomes

The accurate quantification of eukaryotic species abundances from bulk samples remains
a key challenge for community ecology and environmental biomonitoring. We resolve
this challenge by combining shotgun sequencing, mapping to reference DNA barcodes
or to mitogenomes, and three correction factors: (a) a percent-coverage threshold to fil-
ter out false positives, (b) an internal-standard DNA spike-in to correct for stochasticity
during sequencing, and (c) technical replicates to correct for stochasticity across se-
quencing runs. The SPIKEPIPE pipeline achieves a strikingly high accuracy of intraspe-
cific abundance estimates (in terms of DNA mass) from samples of known composition
(mapping to barcodes R2 = .93, mitogenomes R2 = .95) and a high repeatability across
environmental-sample replicates (barcodes R2 = .94, mitogenomes R2 = .93). As proof
of concept, we sequence arthropod samples from the High Arctic, systematically collect-
ed over 17 years, detecting changes in species richness, species-specific abundances, and
phenology. SPIKEPIPE provides cost-efficient and reliable quantification of eukaryotic
communities.

BIBARES= (Lab Member)

if5RAR (Researchers)
KiEE BIARR
Dr. Zhu Jianguo
Associate Researcher
ZFMBHK  BPIEHRR
Dr. Ji Yingiu
Assistant Researcher
wmER BEHRSR
Dr. Yang Chunyan
Assistant Researcher
EEMR ARIIR
Ms.Wang Jiaxing,
Research Assistant
REE ZRID
Ms. Wu Chunying,

Assistant Experimentalist

54 (Graduate Students)
FBPH Wang Xiaoyang

£ B Cai Wang

Z==2H  Li Zongxu
ZBEE  Luo Mingjie




Vg ESHHERESTRE

State Key Laboratory of Genetic Resources and Evolution

FREANFET/FHE

BEEMRR~L:

1.

Gao Wei', Sun YB', Zhou WW', Xiong

ZJ', Chen LN, Li H, Fu TT, Xu K, Xu
W, Ma L, Chen YJ, Xiang XY, Zhou
L, Zeng T, Zhang S, Jin JQ, Chen
HM, Zhang GJ, Hillis DM*, Ji X*,
Zhang YP*, Che J*. 2019. Genomic
and transcriptomic investigations of the
evolutionary transition from oviparity
to viviparity. Proc Natl Acad Sci USA.
116(9): 3646-3655.

. Yuan Zhiyong', Zhang BL', Raxworthy

CJ, Weisrock DW, Hime PM, Jin JQ,
Lemmon EM, Lemmon AR, Holland
SD, Kortyna ML, Zhou WW, Peng MS,
. Che J*, Prendini E. 2019. Natatanuran
frogs used the Indian Plate to step-stone
disperse and radiate across the Indian
Ocean. National Science Review. 6(1):
240-252.

. Wang Kai', Che J*, Lin SM, Deepak

V, Aniruddha DR, Jiang K, Jin JQ,
Chen HM, Siler CD. 2019. Multilocus
phylogeny and revised classification for
mountain dragons of the genus Japalura
s.l. (Reptilia: Agamidae: Draconinae)
from Asia. Zoological Journal of the
Linnean Society. 185(1): 246-267.

. Wu YH', Suwannapoom C', Poyarkov,

Jr. NA, Paawangkhanant P, Xu K, Jin
JQ, Murphy RW, Che J*. 2019. A
new species of the genus Xenophrys
(Anura:Megophryidae) from northern
Thailand. Zoological Research. 40 (6):
564-574.

. Wu YH', Suwannapoom C', Xu K,

Chen JM, Jin JQ, Chen HM, Murphy
RW, Che J*. 2019. A new species of
the genus Raorchestes (Anura: Rhaco-
phoridae) from Yunnan Province, China
Zoological Research. 40 (6): 558-563.

BEE, L, BRER, ©FEFEE  EERGNTHA., TEIWES
CoySrEER, BXESZMFEELSRME . AL 2017 £ EFH
HERH A ENA s 2015 £ E AL « fEREREECFIRES BT S
R ANATE ;5 2014 SEZEER AR < ARZE A B HINE 5 2011 E53RP R
B« FEBEFEANARE ., ZEAFHEERIEARTLNGEAL . RiFE
HULFHG AT Eh 8 ATt 5, BOh T2 ek, |k, $Fng R &
BRI ITAE, BEIEALE Syst Biol ., PNAS. Curr Biol . Mol Ecol %— Z5|[E bx
Tl %k 4 60 £ SCTE .

1. Me1TEN45PEFNBa A ETEIEN AL ROE(EHN T

# (viviparity) . A #2847 35)

aiw] Tl Yy (CHLIEMG . RS 24

20% R A= dh, ATFIEIE A %

VE WX R BETHRA AT B 20 THLE . A 1E T 988 s SR b (X 5 g VD8 (Phrynocephalus

viangalii) BELH T ARG A BTN, TARERI R EIM (P przewalskii) 20|
A G0 A: SR,

FSEBIDI A A BARA AR b, AE T WA oR MR A SR IR / T AR R %

R, SR R Bk b, S T el anop e R ik, RIS R

FIPER IS B SE R /B8, b, it 5 e rh e e A R LR ZE, TR

o ] W S %
m:li

SEE IR A T — A E 2

TEGE ST B AP VD U 55 N ZTH 7 2 S B B b AN [a] A I B R v LR B Al =, FRATTBR

iR AYE RS 2 G AR LR i (& WL S AR BTk AT T 941, (Gao, et al. 2019

I lgim?* oW R B8R (oviparity) FIA
B &
' - T MO, RS T 70 MR A B
Th 5P B T 2% S U R B T e ARSI . TE BRI T R
PNAS)

2. EERHEIRR iR

A i bt R4y A 5 R T S K AR
Koo DRELE I i AR O A e F 1 45 K i 2z il
HO T AT oA A A E RS R/, Anfel TR
I3 A R R ERATHL LSy A A% R, MR BT
FMEYFFRACERI BRI, NE %
R =0, BN iR — R
KA — 35 LR LR et A= A 1 1K) BL 44 B
57 Mo i A A 28 e 21 T SR s PR, (B
SEIX AR MR A B R AR TR,
SR T HRT I CEEAT AR

PAATE 2 A BEAT A P B B A7 RF 50 Y B A
Fo BATIAS K HAR R T ARF 2 FD
TG AR T 2L R SR B R,
T T IR AE 2R R R 2 I 55
KB EERHRIR T, @ BRI R T, BEfE (205 T — R IESH @ T
EDEE M b 32 it ATy e i, AL T BLA- Tk i in S SER AT TS . Rk,
rh A AR B BN BE M e I XV B o B 50 8905, (ESEON, RN D ik mion z Al 7E 244
BRI, DREE T & KR ] AR B S 2 IR, AT IR SCHERE T (R e RUA AT
EN EE AL T AL B rh R — NI “F5 47 MERIEREL. (Yuan, et al. 2019

National Science Review)




Dr. Jing Che, Principal Investigator. Using am-
phibian and reptile as model, we often explore
the biodiversity issue and evolutionary questions
within a phylogenetic framework. We are interest-
ed in how historical and ongoing processes have
shaped the patterns of biodiversity of amphibians
and reptiles that exist today and how the species
have adapted to and evolved.

Email: chej@mail.kiz.ac.cn

1. Molecular Mechanism of Evolutionary Transition from Egg-laying to Live Birth
in Reptiles

Vertebrates have two reproductive strategies: viviparity and oviparity. Viviparous species provide an
environment for embryonic development and protect the embryo from environmental threats. It is an
important basic biological question of how oviparity evolved to viviparity.

We sequenced the genomes of viviparous Phrynocephalus viangalii and oviparous P. przewalskii, and
compared the transcriptomes of maternal oviducts through the development of eggs and embryos of
both species. We also compared the transcriptomes of three other pairs of closely related oviparous
and viviparous species of the genera Eremias, Scincella, and Sphenomorphus, to examine potential
sequence convergence associated with viviparity across independent origins of this transition.

The comparative analysis of stage-specific highly expressed genes (HEGs) in Stage 1  (S1), when an
eggshell gland is expressed in egg-laying species, suggested a clear mechanism for eggshell degener-
ation in viviparous species. Most of S1-specific HEGs in P. przewalskii (oviparous), which involved
in uterine cell differentiation, proliferation and morphogenesis, gland development, were not highly
expressed at S1 in viviparous P. vlangalii. And genes in estrogen receptor (ESR) pathway which were
reported related to shell gland formation highly expressed at S1 in P. przewalskii, but reverse in vivip-
arous species.These specific expression pattern changes appeared to be among the changes associated
with the loss of eggshell formation in the viviparous species. Differential expression pattern were
also found between two species at S3, which is soon before egg-laying in oviparous P. przewalskii.
Estrogen receptor (ESR1) and other growth factor receptor (GHR and IGF1R) may play an important
role in placenta development in viviparous species. Besides, the down-regulation of PTGS2 at S4 and
sustained highly expression of ADRB2 may promote the egg retention in viviparous P. viangalii.

At last, four genes (C7, NKTR, NBEAL2, PTX2) were detected that experienced amino acid re-
placements at same position across four viviparous lizards. And they are all related to immune reg-
ulation. But this level was not significantly higher than by chance, which suggests that most of the
changes that produce the oviparity—viviparity transition are changes in gene expression. (Gao, et al.
2019 PNAS)

2. Natatanuran frogs used the Indian Plate to step-stone disperse and radiate
across the Indian Ocean

The Late Mesozoic breakup of Gondwana triggered major biotic exchanges between Laurasia and
Gondwanan landmasses that continue to influence modern distributions of many taxa. Concerning
tectonic drifting of the Indian Plate, the traditional view was that this landmass acted as an isolated
biotic ferry in the Indian Ocean, carrying Gondwanan biodiversity to Asia in the Early Tertiary; many
biogeographic studies have relied on this assumption.

Our study comprehensively rejects this traditional view. Using the near-cosmopolitan distributed
Natatanuran frogs, we integrated phylogenomic data, biogeographic reconstruction, and molecular
dating methods to resolve the spatiotemporal diversification of ranoid frogs between Laurasia and
Gondwana, and examine support for alternative biogeographic hypotheses. Unexpectedly, no biotic
exchanges dated between 88 and 55 Ma when the Indian Plate broke away from other Gondwanan
landmasses, and ultimately collided with Asia. In contrast, results found two major stepping-stone
dispersals via the Indian Plate: 1) from Africa into Asia, and 2) from Asia into Madagascar. This is
the first demonstrated case of extant taxa having using the Indian Plate as a stepping stone to disperse
between Africa, Asia and Madagascar; the results point to a close biogeographic association between
Africa and the Indian Plate. Further, no evidence supported Natatanuran exchanges between Antarc-
tica-Australia-New Guinea and either India or Madagascar before the Eocene, arguing against hypo-
thetical landbridges. In contrast, two lineages appeared to have dispersed independently from Asia to
Australia-New Guineaduring the Neogene. This study not only identifies clear routes for these frogs’
dispersals around the Indian Ocean, but also provides novel insights into the Earth’s geological histo-
ry. (Yuan, et al. 2019 National Science Review).
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of Hum Mol Genet. Recently year we focused on genomic evolution of artificial
selection and molecular machenism of the comlex traits and high-altitude adapta-
tion in animals. Within 2019, as one of the sponsors of the Dog10K Consortium,
we reviewed the current research status and the plan, purpose, and significance
of consortium. Then jointly developed iDog. Using the methods of ancient DNA
revealed that an Endemic Subpopulation of Gray Wolves in Southern China, and
CTVT originated from North American dogs. We also revealed the evolutionary
transition from oviparity to viviparity. The above research progresses were pub-
lished in 21 SCI-indexed papers, including PNAS (1), Nucl Acids Res (1), Nat
Sci Rev (3), Mol Biol Evol (1), Cell Res (1).

Email: zhangyp@mail.kiz.ac.cn

1.Dog10K advance studies of canine domestication, phenotypes and
health

As one of the sponsors of the Dogl 0K Consortium, we reviewed the current research status
and the plan, purpose, and significance of consortium. The consortium plans to sequence
the genome ~10,000 canines in five years. The diversity of worldwide canine phenotypes
and geography will be obtained. At present, a large number of modern breeds, native dogs,
and outgroups have been subjected to whole-genome sequencing, and a de novo assembly
of some canines completed. These unprecedented datasets will help solve some genetic
problems such as domestication, breed formation, and behavior and morphological changes
in canines. In addition, the consortium will establish a resource platform comparable to the
human genome project. Integrated, valuable data will be publicly accessible by all research
teams. In this regard, cooperation will be welcome in an open forum. This work will im-
prove our understanding of human and canine health.

Domestication
> 11000 years ago)

[ Ostrander EA et al. 2019 National Science Review, 1F=13.222;
Tang BX et al. 2019 Nucleic Acids Research, 1F =10.727,
Wang GD et al. 2019 National Science Review, 1F=13.222 ]

2.CTVT revealed the ancient introgression from coyote to North Ameri-
can indigenous dogs (PCDs)

We developed a transmissible tumor genotyper (ttgeno),
Combining 102 worldwide canis SNPs, we found that CTVT
founders were more closely related to PCDs than to any other
population. This confirms that CTVT originated from North
American dogs. Furthermore, gene flows and introgression
regions between CTVT founder/ PCDs and North American
coyotes and grey wolves were detected. This research not only o
developed a method for detecting genotypes of CTVT, but it
also used CTVT founders to do a population genetics study
that provides a new insight into migration and admixture of
dogs.
[ Wang X et al. 2019 Cell Research, 1F=17.848 ]
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REA B, [ T R 2 3h e fA b 1 A e
PUBRE D (B ml, & OUE TPl F 485 T
REJFRIEN, RN, E AP KR 51 ps3 &
9 5 PR 2 B R ZU IR P, X — R BV E IR AE
53 TR ERRE ff s P A 5 R (e e A BRI Rt ok
Sof A FO R 5 2 A T B R R s R A I i 7
AR A SRR B LA, 18R T IR E R e k.
e D eSO UL, A REAREE A5 A0
BRI ERIDIAIR T #5.  [Chen et al, 2019 Science; Lin et al, 2019 Science ]

2. BERRBEYFHAR

WIS R B A 2 A, B R RSCEHR R E  F Se s Bz (LR B 2R 2 —,
WEJUVAEE N RIS e, bRk & B AR . ZE SR TR S S ) i AL (R 41 -7
AR gERE& F, 31T 2017 4550 T 2L RA TR, BERAGE EHER TR —
o B SR AT AR R WA, it PR R 5 T AL
il Sk, FATMET 6 B 67 PRy C (A THERAILFA, 44 Camygenidit
TR B0 BRI TR /N BAE, 7E 264 FRIIERY 245 % B HEZE TR T 106 Flbiust Ay 2E R4
KNk, R BRI A S () AR /NS b 6.4 %5, BT I AL 2k (L 4L R AE 0.5pg
LA, AR RA M PR T AN EN 2%, fEikEah B, LLB R (Papilio bianor) 15l
, IR T EAFUH =AU Hi-C HoR MM e R KBS %3 R, SHRFoe 28 Rk
FETR A Wy R PR R T (R R0 T-HLI B T 2R, th A JRUISE T 28 3 AN W W5 R S A A= %
PR T HEAEER,  [Liu et al, 2019 Systematic Entomology; Lu et al, 2019 GigaSciencel

3. HKRFHRREARRHFE

H 2002 4 FF- 4R LA K M ZE R G ONTR R 5, Rl —HIEEWMHS %K. REKRE.
RAFER TR N5 TR RIETF THSRBIIFE, BATRILT MG FIRCIIH, HieTHk
R AL, LA 5 FRUERBEESLIZA E A PR — S B0E R R RTR, S A4y
PN £ SRR IR B T B AYIENE s A Skt 5k D A Bt A L I dRid, 33T TN 15
JE& 23 ME KRN ARR L EERZR, Hb 118 22 Bk ki i 2ok ik 5L [ 41 Fni b i DNA 35
HERARE, BT X K BB RS KRBT R, B T w K R LR A e B A B A
FI, MR BRRTEE T W K R ARG R AR, HAE—PER etk iR %
RERFRRME T BEBITIR, A T DR R ARt TALE], B T R E sy
A ) —L555 K R 5 e e R I Bt T B HRAE [He et al., 2019, Mitochondrial DNA-B;
Bi et al., 2019, Zookeys; Chen et al., 2019, Molecular phylogenetics and evolution; Liu et al.,
2019, Photochem Photobiol]
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Prof. Wen Wang, Professor, Head of Evolutionary Genomics and Origin of New
Genes Research Group, KIZ, CAS. Prof. Wang has been focusing on evolution-
ary genomics. So far, he published more than 170 papers in such scientific jour-
nals as Science, Nature Biotechnology, Nature Communications etc, 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 Sci-
ence Award in 2012, two second prize in Yunnan Natural Science Award in 2017
and one first prize in Yunnan Natural Science Award in 2019

1. Systematic genomics of ruminants

The ruminants are one of the most successful mammalian lineages, exhibiting morphological
and habitat diversity. However, the phylogenetic relationship of ruminants is controversial and
its unique evolutionary characteristics have not been further analyzed. To better understand their
evolution, we conducted a system study of ruminant genomes. We constructed a time-calibrated
phylogenetic tree of the group, analyzed species population histories, and investigated the genom-
ic evolution of these species. We reveal the genetic basis of rapid regeneration of antler and low
cancer rate of deer. The rapid regenerative properties of antler tissue involve exploitation of onco-
genetic pathways, and at the same time some tumor suppressor genes are under strong selection in
deer. This discovery has important implications for regeneration and oncology in future. We also
elucidates the mechanisms of how reindeer adapt to the extreme environment in Arctic, including
the molecular mechanisms of the circadian rhythm loss the highly effective metabolism of vitamin
D and calcium, which provided prospects for the prevention and treatment of sleep disorders and
osteoporosis of human.

2. Systems biology study of butterflies

Due to its rich morphological diversity, butterflies have been one of the important groups for study-
ing the adaptive evolution of species since the Darwin era. Butterflies have been considered as an
ideal model for studying morphological diversity evolution and development recently. Our butterfly
genome project aims to obtain high-quality genomes of some representative species with important
phenotypic characteristics and then further explore the genetic mechanism of these phenotypes. As
the first step of this project, we measured the C value of 67 butterflies in 6 families and assembled
their mitochondrial genomes. Combining known mitochondrial genomic data and genome size
data, we constructed a phylogenetic tree with 264 species. Our results show that butterflies have a
6.4-fold variation of genome size, and their ancestral genomes were about 0.5pg. This research pro-
vides a valuable reference for the sequencing butterfly genomes. Then, a chromosomal-level refer-
ence genome was obtained for Papilio bianor using Pacbio and Hi-C. This study provide important
data resource for studying the genetic and molecular mechanisms of butterfly diversity.

3. Systems biology study of luminous beetles and their bioluminescence

Since 2002, we have been researching luminous beetles including their and phylogeny, luciferase,
and bioluminescence origin and evolution. We discovered the first case of luminescent beetle in
Asia and assembled its mitochondrial genome. Our data indicate this species should be placed in a
new subfamily of Elateridae. This new species provides important evidence for the multiple origins
of beetle bioluminescence. With mitochondrial genomic data and nuclear gene markers, we ex-
plored the phylogenetic relationship of 23 fireflies in 15 genera from Asia. Among them, the mito-
chondrial genomes and ribosomal DNA of 22 fireflies in 11 genera were reported for the first time.
Our data suggest that the common ancestor of Lampyridae possessed adult bioluminescence, with
a higher loss rate than gain rate of bioluminescence during its lineage evolution. Our results pro-
vide insight into Asian firefly phylogeny, and also enrich mitogenome and rDNA data resources for
further study. In order to explore the molecular mechanism of the fluorescence of the organism, we
cloned the luciferase genes of some firefly species distributed in China and analyzed the enzymatic
characteristics.
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W%, WA B, RS, o ERPER ARG TREERAN,
EREETRNFEESREE, < HHLa THAA LR BERENE, N
HR AR MEA AR L ZVURICA R BARNIGRIR, E1E 518 M E LRyt %
H#WEFY, CAE (Science ) . {Nature) . {Nat Rev Genet) . {PNAS) . {Am
J Hum Genet) . {Genome Res ) . (Mol Biol Evol) . {Hum Mol Genet)
FEPRAZO T R FRIFTTIRIC 160 R,
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SERRER~L:

1

. Shi, L.#, Luo, X.#, Jiang, J.#, Chen,

Y.C#, Liu, C.R, (13 authors), Ji, W.Z.*
& Su, B.* Transgenic rhesus monkeys
carrying the human MCPHI1 gene cop-
ies show human-like neoteny of brain
development. National Science Review
6, 480-493 (2019).

. He, Y.#, Luo, X.#, Zhou, B.#, Hu, T.#,

Meng, X.#, Audano, P.A., Kronen-
berg, Z.N., Eichler, E.E., Jin, J., Guo,
Y., Yang, Y., Qi, X. & Su, B.* Long-
read assembly of the Chinese rhesus
macaque genome and identification of
ape-specific structural variants. Nature
Communications 10, 4233 (2019).

. Luo, X .#, He, Y.#, Zhang, C#, He, X #,

Yan, L.#, Li, M., Hu, T., Hu, Y., Jiang, J.,
Meng, X., Ji, W.Z., Zhao, X., Zheng, P.*,
Xu, S.* & Su, B.* Trio deep-sequencing
does not reveal unexpected off-target
and on-target mutations in Cas9-edited
rhesus monkeys. Nature Communica-
tions, 10:5525 (2019)

. Yang, L.#, Yang, Y.#, Yuan, J.#, Sun,

Y., Dai, J. & Su, B.* Transcriptomic
Landscape of von Economo Neurons
in Human Anterior Cingulate Cortex
Revealed by Microdissected-Cell RNA
Sequencing. Cereb Cortex 29, 838-851
(2019).

. Ouzhuluobu#, He, Y.#, Lou, H.#, Cui,

C.#, Deng, L#., (15 authors), Xu, S.*,
Qi, X.* & Su, B.* De novo assembly of
a Tibetan genome and identification of
novel structural variants associated with
high altitude adaptation. National Sci-
ence Review, Doi: 10.1093/nsr/nwz160
(2019).

. Qi, X.#, Zhang, Q.#, He, Y.#, Yang, L.#,

Zhang, X., Shi, P,, Yang, L., Liu, Z.,
Zhang, F., Liu, F,, Liu, S., Wu, T., Cui,
C., Ouzhuluobu, Bai, C., Baimakang-
zhuo, Han, J., Zhao, S., Liang, C. & Su,
B.* The Transcriptomic Landscape of
Yaks Reveals Molecular Pathways for
High Altitude Adaptation. Genome Biol
Evol 11, 72-85 (2019).

1. EVX TR B EM T A XK IEPSISEMSR

HEFEEE (neoteny) A& NJHE(LH R AEMMEFI S, SIRATVILEAEA RKIALL , ARIIEEHE
AR, RESBES ., AR EFEEI LA E e T Rk T e 2 R 45 i mT SRR A T
TR N, 2 ANREDIERRIEEE R, 2R, AT AL BRI A A, H s
BB — BN R K IR IS REGE I B L RO T,  RA1E 2004 ARl % AR iz ek B o ik
S MCPHI 945 T-#EALIFZE 8 v & BLIZE B 2 BT FIE N SSRIR Fp R AR T 2 /M0 S N 2SR A 28
(Wang and Su,2004) , i 4INEE)RE ST —2PIE 98Ik 4 AN FRE St 73148 S 4525038 MCPHI 3 il 2k
IR, R4S T MCPHI A e S oe s G DAY (Shi 4%, 2013) . fEskIEmt L,
WA T HEE NUE MCPH (Rl DU 2 (R A B, B ThaRAE T 8 A~ FO AUFN 3 A~ F1 AR R A%,
W A T R I 2 A 5 A et K I . 75 A T i 52 AR s 2 B R AT T BRBR AT, RIS IE IR AR (E
U] 58 A 22 AN 5 22 IR 2% A IE SR B 5 . 3 — 2536 i Sk 35 7 [ T e ) i 2 21 4 S5 e 2 2 5
BEVEROHFY, IR K b £ 51000 5 BRI R 2 3 T4, HFRIEE
WIRAESG, X T REAR S EEE LR KN R B Lo 5, BN, MR FRATIN RS it
T TARI, % B B A T f WR G AR EL A 2 DR IO T AR ICALRE H W B AR, UE RN & 5 M SR 0 i 3 R
Wi AR T T RER A 25, KOT ARMR F R 4 ARSI R, 1270 R A & R A
N RAK et A TR B AU RTE 50 N A S 138 1 28 St A28 D IR 1 Tk B e o FHLMI, B T A IR e
RURHIFZE N SHRIRELL B NI e (B AEmR ) MEENE, MR A RERRMATIY (H
KFHEIEE) National Science Review 6:480-493, 2019,

2. FA=AKIEKNFREA BRI ER RN RESEER AL RIS
FHNEIIER

B b N RS PR E R, TENRIER ARG R Balt WS HAR ARl — Al R B A
S B R AR R IR E A A B A2 RN TR AR O BTF 7S, xR B Fh B SRR AL SR R AR . ARBTFFETR
TRA =K IR OMFEAE , 854 2 BiEHAA 3T B, Mkd%e T —/h BRI &3 R ——
rheMacS, rheMacS &1 2.95 Gbp, cotig N50 F01 scaffold N50 4y %Ili5%] T 8.19 Mbp F1 13.64 Mbp, #HELT
B W BME S R R AR AT = T 75 (5007 FIES R 15 fFF5seset, b, 1 21,940 2%
FEF TR gap BEFA TR BRIZAE A RRAIEAD , BEORD G EIR F 60.81Mbp, [RIR, FRATTRIAHHK %
KFFIEL AT SRR B T 53,916 4~ theMacS FRAFFERIEEHAE 5 (SV, structural variants) , Hirr e k¥
5y (98%) 119 SV #BEAEZATHIA TR FIARMUTH SV IRBI# & B, #E—B i, T HE i
PR R RO TRIZH,, TRBIF] T 17,000 Mgt A &5 #9725 5 (ape-shared structural variants, ASSVs) iX
SeEbA A R i R R E IR ., FERHh, 111 4> ASSVs K& A TESE R 22 i A\ A I X /9
3438+ (ape-monkey differential enhancers, ADE) k., Z4h, IS T —ZR 510 6E 5 R0 E ZRHEAH
K ASSVs,  LhaniR it R EL Gk SR SE A1 948 RGN, LABCROR S S i a0 S8 R S PO 4K AR A 5%
i) ASSVs, ZBCRE MR RE T — i BUR R BRBEAE R, FRIH 2 ARSI T — R 5
FHEAISRRIE S S, 2 B R IE B BRI AL, D RE LRI FE 4R it TR EAR R IR, F
78 B % F/E Nature Communications 10, 4233 (2019),

3. R} CRISPR-Cas9 BEEREFRRERIKKNA 2SR RAIBRITAR

CRISPR-Cas9 & [ 4 2 45 L0k )32 7 F T AR A AR 2050, SR, A I AR Al AR 2 4 P S B /D
LTMPEG . h T RGPEM CRISPR-Cas9 £ R 24 K g b (0 S0 , B A1 F CRISPR-Cas9 &
Gik e T /hSki 5 (R -MCPHI @i BRI BRI AR R, i ek % 20 FUHE IRl ok B JE 7 b A0 AL BRAS B A7 18
AR B, KPR Cas9 7E R FHE R A A S ORI HT AR 2828, WP S0 45 R R % (E Nature
Communications 10, 4233 (2019), %51 1k # W] CRISPR-Cas9 3 [F 4348 Z i 7E R K rh AR L 5
BB, B R e de



Dr. Bing Su, principal investigator, The enlarged brain and highly de-
veloped 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 crucial to the highly developed cognitive |
abilities in humans, yet its genetic basis remains unsolved. our labo- |
ratory focuses on (1) the genetic mechanism underlying the dramatic
enlargement of human brain and its highly developed cognitive skills
during human evolution; (2) Origins and migration of modern human
populations in East Asia and its adaptation to environmental stress.

1. Transgenic rhesus monkeys carrying the human MCPH1 gene copies
show human-like neoteny of brain development

Brain size and cognitive skills are the most dramatically changed traits in humans during
evolution and yet the genetic mechanisms underlying these human-specific changes remain
elusive. Here, we successfully generated 11 transgenic rhesus monkeys (8 first-generation
and 3 second-generation) carrying human copies of MCPHI, an important gene for brain de-
velopment and brain evolution. Brain-image and tissue-section analyses indicated an altered
pattern of neural-cell differentiation, resulting in a delayed neuronal maturation and neu-
ral-fiber myelination of the transgenic monkeys, similar to the known evolutionary change
of developmental delay (neoteny) in humans. Further brain-transcriptome and tissue-section
analyses of major developmental stages showed a marked human-like expression delay of
neuron differentiation and synaptic-signaling genes, providing a molecular explanation for
the observed brain-developmental delay of the transgenic monkeys. More importantly, the
transgenic monkeys exhibited better short-term memory and shorter reaction time compared
with the wild-type controls in the delayed-matching-to-sample task. The presented data rep-
resent the first attempt to experimentally interrogate the genetic basis of human brain origin
using a transgenic monkey model and it values the use of non-human primates in understand-
ing unique human traits. Shi et al. National Science Review 6, 480-493 (2019)

2. Long-read assembly of the Chinese rhesus macaque genome and iden-
tification of ape-specific structural variants

We present a high-quality de novo genome assembly (rheMacS) of the Chinese rhesus ma-
caque (Macaca mulatta) using long-read sequencing and multiplatform scaffolding approach-
es. Compared to the current Indian rhesus macaque reference genome (rheMac8), rheMacS
increases sequence contiguity 75-fold, closing 21,940 of the remaining assembly gaps (60.8
Mbp). We improve gene annotation by generating more than two million full length tran-
scripts from ten different tissues by long-read RNA sequencing. We sequence resolve 53,916
structural variants (96% novel) and identify 17,000 ape-specific structural variants (ASSVs)
based on comparison to ape genomes. Many ASSVs map within ChIP-seq predicted enhancer
regions where apes and macaque show diverged enhancer activity and gene expression. We
further characterize a subset that may contribute to ape- or great-ape specific phenotypic
traits, including taillessness, brain volume expansion, improved manual dexterity, and large
body size. The rheMacS genome assembly serves as an ideal reference for future biomedical
and evolutionary studies. He et al. Nature Communications, 10, 4233 (2019).

3. Trio deep-sequencing does not reveal unexpected off-target and
on-target mutations in Cas9-edited rhesus monkeys

CRISPR-Cas9 is a widely-used genome editing tool, but its off-target effect and on-target
complex mutations remain a concern, especially in view of future clinical applications. Non-
human primates (NHPs) share close genetic and physiological similarities with humans, mak-
ing them an ideal preclinical model for developing Cas9-based therapies. However, to our
knowledge no comprehensive in vivo off-target and on-target assessment has been conducted
in NHPs. Here, we perform whole genome trio sequencing of Cas9-treated rhesus monkeys.
We only find a small number of de novo mutations that can be explained by expected spon-
taneous mutations, and no unexpected off-target mutations (OTMs) were detected. Further-
more, the long-read sequencing data does not detect large structural variants in the target
region.. Luo et al. Nature Communications, 10, 5525 (2019).
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L. FEHEYESEAE EEEEGH RN

N ik o E IR B R 1 AR B, AT A G A B
TEA, (HERETENE ERE A IEARIE R, X225 e ¥
AR A= v B BE B il e e AT R B, FEAR AR (UQs), &
fi. (MQs) F17= Bl (0Qs) = FhA [ A= 7 Az BEIR 25 T il A= 41
KRR EEARR, HAENRETEA LM H
B, HAfEARZ A (UQs) FIj= Uik (OQs) HINAIE B TER A AH
fBh, FEBEMEE A Gilliamella, Snodgrassella F1 Lactobacillus,
{8 Bifidobacterium W RAEF= B £ (OQs) H & EANK AL =, WAE
L (MQs) IR H D35 )& W4 Bacillus, Lactococcus Fil
Pseudomonas, 1ZWFFEANN 1 1k %] BH AE# ¥ T 10 38 T A v [y B
Wit T S AR S (L S AT R R, R BR T
REWE R BRIR 2 SN NG B B M 5 AR FE AT A e 2 R AR AR

R B 1 AEsERY A
[Wang L et al., 2019, mSystems, IF 6.519]

2. RS RS RIEREEERNNGE

AT A6 R A A e R 2.2 05 6 DU B 2 AW Rb R B — PR SRRy B A5 B An2REHs 2 b
T KR 1% 2 BF KRR ARES & AT 0T, 158 By Fibrifl (RHRIES M) 7 At
R b SRR R AT BAHLE], R SALRERA &R, BXIFR TR 244
AT P R 20 B R J5 7% HDMKPRF . %75 75 LATEAABE HLIZ K AU FT McDonald-Kreitman 4545 AHESE,
MBI 2 AW R I A S O A AT BB A I (i (R 2R, AR A T b S 2k et f s R
REEFESR @ 1 B AR FE AR ARSI ot 2 AP iR R AL LU BT, RS A ZBAE B 2%
e R AR I AL TR 2 RN BE LA B SE AN B (43 32) b IR IRB R L T3 & AR i iR
AN, PRy EIRICL K B SRR B B S S B R I W 5 7

[Zhao S et al., 2019, Molecular Biology and Evolution, IF 14.797]
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ing 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 compre-
hensive understanding of the etiopathogenesis in human longevity, cardiovascular
diseases and tumors from a different angle.
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1.The impact of gut microbiome dynamics to the development of the host

Bumble bees are important pollinators of agricultural crops and wild plants in natural and agricultural ecosystems.
Like other animals, bumble bees harbor a characteristic microbial community that plays an important role for their
health. However, there is limited information about the composition of the gut microbial community associated with
bumble bee queens, which are the sole founding reproductive female of a colony. In the present study, we investi-
gated the diversity of gut bacteria in bumble bee queens, (Bombus lantschouensis), of different physiological states,
including Unmated Queens, Mated Queens, and Ovipositing Queens. Our results revealed that there were significant
shifts in the composition and copy numbers of microbiome members as queens underwent transitioned through
these states. Unmated and ovipositing queens showed the greatest similarity in community composition, with mated
queens being distinct. Gilliamella, Snodgrassella, Lactobacillus were the relatively dominant bacterial genera in
both unmated and ovipositing queens, with Bifidobacterium additionally dominant in ovipositing queens. Bacillus,
Lactococcus and Pseudomonas increased following queen mating. However, further analysis of unmated queens
covering the ages of the mated queen group showed the differences seen in mated queens occurred independent of
the occurrence of mating. Our results suggest a relationship between bumble bee queen gut bacteria and their devel-
opment stage and physiological status. Our study is the first to explore the gut microbiome of bumble bee queens
and provides useful information for future studies of the function of gut bacteria in queen development and colony’s
performance.

2.New methods for identifying lineage-specific targets of natural selection

Previous methods that detect the signals of natural selection in comparative genomics only include divergence sites
of several species. With the increasing availability of next-generation and long-reads sequencing, reference genomes
of many species had been de novo assembled, as well as the intra-species polymorphisms. By combining intra-spe-
cies polymorphic sites and inter-species divergence sites, the genetic mechanisms of adaptive evolution and pheno-
typic specificity in many species will be well investigated. For this purpose, we developed a new method (HDMK-
PRF) that can analyze population genomics of several species to identify lineage-specific targets of natural selection.
This method is based on the Poisson random field framework and McDonald-Kreitman test. The population genetic
model of this method effectively integrates the processes of microevolution and macroevolution by applying the
joint allele frequency spectrum of several species. Compared to previous methods, this method boosts the power for
detecting selection and can pinpoint the occurrence time of selection to a specific lineage of the species phylogeny.
This method also provides posterior distributions of the fitness effects of each gene along with parameters associated
with the evolutionary history, including the species divergence time and effective population size of external species.

3.Genetic and evolutionary mechanisms of convergent phenotypes in animals

It is not uncommon that similar phenotypes independently evolved in species of evolutionarily distant lineages,
known as convergent evolution. The occurrence of convergent phenotypes is widely believed to promote adaptations
to the same or similar environments of evolutionarily distant species by increasing their fitness. More and more
studies show that similar or same genetic variations play key roles in the origination and evolution of convergent
phenotypes. We set up a research model of the mammalian echolocation to systematically explore the relationships
between convergent phenotypes and convergent genetic variations on a genome-wide scale by combining with
functional experiments. We revealed molecular bases in genetics and evolution of the convergent phenotype of
echolocation and identified many genes undergoing convergent evolution that are closely related to convergent phe-
notypes. Nevertheless, it is difficult to verify strictly whether convergent variations at the molecular level are under
Darwinian natural selection. Except for convergent variations satisfying functional convergence of the related genes,
we further proposed that it is more important to demonstrate molecular convergences leading to the occurrence of
convergent phenotypes and significantly increasing the fitness of the species undergoing convergent evolution.

4.Genome sequence of the Chinese white wax scale insect

The Chinese white wax scale insect, Ericerus pela, is best known for producing wax, which has been widely used
in candle production, casting, Chinese medicine, and wax printing products for thousands of years. The secretion
of wax, and other unusual features of scale insects, is thought to be an adaptation to their change from an ancestral
ground-dwelling lifestyle to a sedentary lifestyle on the higher parts of plants. However, no genomic data are cur-
rently available for E. pela. To assemble the E. pela genome, 303.92 Gb of data were generated using Illumina and
Pacific Biosciences sequencing, producing 277.22 Gb of clean data for assembly. The assembled genome size was
0.66 Gb, with 1,979 scaffolds and a scaffold N50 of 735 kb. 26 fatty acyl-CoA reductase genes and 35 acyltrans-
ferase genes were identified. Evolutionary analysis revealed that E. pela and aphids formed a sister group and split
~241.1 million years ago. There were 214 expanded gene families and 2,219 contracted gene families in E. pela.
These results will help to increase our understanding of the evolution of unique features in scale insects, and provide
important genetic information for further research.
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Prof. Jian-Fan Wen, Principal Investigator, Vice Director of
the State Key Laboratory of Genetic Resources and Evolution.
His group is mainly interested in the origin and evolution of the
eukaryotic cell. Taking the protists, which occupy key positions in
the eukaryotic cell evolution, as models, and combining with the
data of prokaryotes and multicellular organisms, they study the
biodiversity and origin and evolution of the structures and
functions, especially of genes, gene families, gene groups of
functional pathways and genomes, of the eukaryotic cells.
Based on these basic studies, they also explore the new ways
for the control and treatment of some harmful organisms (e.g. para-
sitic protozoa and schistosomes) and the applications

of the effective and specifc metabolic pathways

1. Identification and Evolutionary Analysis of the Nucleolar Proteome of the First Protist, Giar-
dia lamblia

Nucleolus is the most prominent sub-nuclear compartment in the interphase nucleus of a eukaryotic cell. Its essential
function is ribosomal biogenesis, and several other functions of it were also found later. To date, the nucleoli of the
three so-called higher eukaryotes (animals, plants, and fungi) have been extensively studied, and the nucleolar pro-
teomes of their representative species have already been reported, while there were few studies about the nucleoli of the
lower eukaryotes -- protists, much less their nucleolar proteomes. Therefore, the evolution of the structure and function
of the nucleolus is rarely understood. Giardia lamblia, a protist with the controversy of whether it is an extreme primi-
tive eukaryote or just a highly evolved parasite, is reported to be lack of typical nucleoli, therefore it might be an inter-
esting object to carry out the nucleolar proteome study and thus further to examine the controversy over it.

Based on the human nucleolar proteome, the proteomes of Arabidopsis and budding yeast, and the genome data of
Giardia lamblia, we identified and characterized the first protist nucleolar proteome, GiNuP, which contains 255 or-
thologous groups (and the same number of individual nucleolar proteins), and also reconstructed the Higher Eukaryote
Basic Nucleolar Proteome (HEBNuP)which consists of 799 orthologous groups of the common nucleolar proteins
of the three higher eukaryotes (containing 1848 human individual nucleolar proteins). Compositional and functional
comparisons of the proteins in the GiNuP with those in the HEBNuP revealed that: 1) GiNuP is much smaller than
HEBNUP, but the majority (78.4%) of its proteins have orthologs in the latter; 2) The majority (more than 68%) of the
proteins in GiNuP are involved in the “Ribosome related” function, and the others (about 31%) are involved in the other
five functions, and these two groups of proteins are much larger and much smaller than those in HEBNuP, respectively; 3)
GiNuP has its specific proteins (21.6%), which participate in the “Ribosome related” and two other nucleolar functions,
while in HEBNuP, there are a large number (75.0%) of specific orthologous protein groups (containing 67.8% human
individual nucleolar proteins), which participate in all the six nucleolar functions.

The first protist nucleolar proteome, G. lamblia nucleolar proteome (GiNuP), has been identified and characterized. The
small GiNuP with most of its proteins participating in the basic function of nucleolus -- ribosome biogenesis should
reflect the primitiveness not the parasitic reduction of Giardia. The basic ribosome biogenesis function of the nucleolus
must have arisen earlier than the other functions, and this basic function became more and more consummate in the
evolution of eukaryotes by increasing protein components substantially; Besides the basic function, the other nucleo-
lar functions have also arisen in the protist Giardia, and they became more and more complicated in the evolutionary
process from primitive unicellular protists to higher multicellular eukaryotes also by increasing protein components
greatly; Species- and linage-specific protein components are also necessary to evolve to participate the performance of
all the functions of nucleolus, which might imply that in the evolution of eukaryotes, probably mainly in the divergence
of species and lineages, the evolution of such specific components is also necessary for a cellular structure or a function
to became more efficient and consummate in a certain species and lineage.

2. The ubiquity and coexistence of two FBPases in chloroplasts of photosynthetic eukaryotes
and its evolutionary and functional implications

Fructose-1,6-bisphosphatase (FBPase), one of the key rate-limiting enzymes in the Calvin cycle and gluconeogenesis,
catalyzes irreversible hydrolysis of fructose-1,6-bisphosphate into fructose-6-phosphate with the concomitant liberation
of inorganic phosphate. In photosynthetic eukaryotes, there are two well-characterized FBPases: the redox-insensitive
cytosolic FBPase (cyFBPase), which participates in gluconeogenesis, and the redox-sensitive chloroplastic FBPase
(cpFBPasel), which is a critical enzyme in the Calvin cycle. A new redox-insensitive cpFBPase2 has recently been
reported in the chloroplasts of terrestrial plants (and very few microalgae). However, the distribution of this enzyme in
photosynthetic eukaryotes, its evolutionary origin and physiological functions are unclear. In this study, we compre-
hensively investigated the distribution of FBPase in sequenced photosynthetic eukaryotes and found that cpFBPase2
is widely present in almost all photosynthetic eukaryotes. Our further phylogenetic analysis shows that all cpFBPase2
from diverse photosynthetic eukaryotic lineages form a monophyly, which negates the previous view that cpFBPase2 is
a recently evolved enzyme and only exists in land plants. Our results suggest that the enzyme evolved early in the evo-
lution of photosynthetic organisms, and most likely, in the common ancestor of photosynthetic eukaryotes. cyFBPase
was probably first duplicated to produce cpFBPase2, and then the latter duplicated to produce cpFBPasel. The ubiqui-
tous coexistence of these two cpFBPases (redox-sensitive cpFBPasel and redox-insensitive cpFBPase2) in chloroplasts
is most likely the consequence of adaptation to different redox conditions of photosynthesis, especially those caused by
recurrent changes in light conditions.
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In article number 1902054, Zhanshan (Sam) Ma and Wendy Li address the questions
how and why men and womenidiffer in their microbiomes by performing medical ecology
and network analyses of the microgenderome. The study provides the first reference/
baseline/guideline for investigating the sex-specific disease-susceptibility and optimized
prevention/treatment strategies of microbiome-associated diseases, particularly of
certain autoimmune diseases including type-1-diabetes and inflammatory bowel disease.
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Ma ZS, & Li W (2019) How and Why Men and Women Differ in Their Microbiomes: Medical
Ecology and Network Analyses of the Microgenderome. Advanced Science (5-Year Impact
Factor =15.1)
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Dr. Qing-Peng Kong, Principle Investigator, Kunming Institute of Zool-
ogy, Chinese Academy of Sciences.

The main research interests of my laboratory are: (1) tracing the origin
and evolutionary history of modern humans and (2) disclosing the molec-
ular mechanism of healthy aging by studying longevity individuals. Our
research group has already published over 100 papers on the international
peer-reviewed journals such as Am J Hum Genet, PNAS, Genome Res,
Mol Biol Evol, Natil Sci Rev, Theranostics with total citations over 4,000
times.

Email: konggp@mail.kiz.ac.cn

1. Neolithic millet farmers contributed to the permanent settle-
ment of the Tibetan Plateau by adopting barley agriculture

By combining genetic and archaeological evidences, we identified haplogroups
M9alalclbla and Allala, which are common in contemporary Tibetans (20.9%)
and were probably even more common (40-50%) in early Tibetans (Fig 1), as the
genetic legacy of the Neolithic millet farmers. By showing that substantial genetic
components in contemporary Tibetans can trace their ancestry back to the Neo-
lithic millet farmers, our study reveals that millet farmers adopted and brought
barley agriculture to the TP ~3.6-3.3 ka, and made an important contribution to
the Tibetan gene pool. (Li YC et al. 2019 Natil Sci Rev)

m”:’;l;l:':"f'?%i

Fig 1. M9alalclbla and Allala are common in contemporary Tibetans and reached 48.8% at about 3.3 ka, when barley
agriculture had already dispersed onto the high altitude.

2. River valleys shaped the maternal genetic landscape of Han
Chinese

Our study revealed a significant genetic divergence
among Han Chinese from the three main river sys-
tems (viz., the Yangtze, the Yellow, and the Zhujiang
rivers), which was already established during the ear-
ly Holocene and may have resulted from population
expansion facilitated by ancient agricultures along
these rivers. These results imply that the maternal
gene pools of the contemporary Han populations
have retained the genetic imprint of early Neolithic
farmers from different river basins, thus highlighting
the importance of the three ancient agricultures in
shaping the genetic landscape of the Han Chinese. (Li
YC et al. 2019 Mol Biol Evol)

Fig 2. This study was reported as News
by Mol Biol Evol.
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Dr. Guojie Zhang, Adjunct 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, Cell, and several grant-giving agencies in many countries. He
has more than 100 publications, including Science, Nature, Cell, Nature
Genetics, Nature Communication, PNAS, Current Biology. In this year,
our group reported results from a large-scale ruminant genome sequenc-
ing project, which produced a well-supported ruminant phylogenetic tree
and provided insights into evolution and distinct traits of ruminants. We
reported a study involved 57 genomes of historic and modern samples of
crested ibis, reported the interrogated genomic characteristics of straw-
berry poison frog, and a phylogenetic study with genomes of 19 penguin
species. Together. we published 16 high profile SCI papers, including
Science (1), Current Biology (1), Molecular Biology & Evolution (2),
GigaScience (3).

Email: zhangguojie@mail.kiz.ac.cn

1. Large-scale ruminant genome sequencing provides insights into their evolution
and distinct traits

Using whole-genome orthologous sequences obtained from 51 ruminants, we have produced a new
well-supported ruminant phylogenetic tree. The new tree resolves previous controversies over the deep
branches of ruminant families, as well as the highly radiated Bovidae family. We estimated the emer-
gence of crown Ruminantia to the late Oligocene (39.1million to 32.3 million years ago) and that of
Pecora to the Neocene (23.3 million to 20.8 million years ago). Investigations of demographic history re-
vealed massive population decline events that occurred in most ruminant species, starting from ~100,000
to 50,000 years ago, which was temporally and spatially concurrent with the increased human activities
on different continents during this period. We further identified many genomic changes that associate
with important evolutionary innovations, such as the multichambered stomach, headgear, body size vari-
ation, cursorial locomotion, and dentition.

2. The genomic footprints of the fall and recovery of the crested ibis

To evaluate consequence of genetic restoration re- Consenvation Staius

. . P pheiid:
quires knowledge of temporal changes to genetic [ -t
diversity before and after the advent of management ::’:.c..,’ et

@ Extinet [EX)

programs. A growing number of studies have includ-
ed small numbers of genomic loci extracted from
historic specimens. We extend this approach to its
natural conclusion, by characterizing the complete
genomic sequences of modern and historic popula-
tion samples of the crested ibis (Nipponia nippon),
an endangered bird that is perhaps the most success-
ful example of how conservation effort has brought
a species back from the brink of extinction. The recovery of population size was accompanied loss of
ancestral genetic variation and high deleterious mutation load. We furthermore show how genetic drift
coupled to inbreeding following the population bottleneck has largely purged the ancient polymorphisms
from the current population. In conclusion, we demonstrate the unique promise of exploiting genomic
information held within museum samples for conservation and ecological research.
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3. Genomic takeover by transposable elements in the strawberry poison frog

The strawberry poison frog, Oophaga pumilio is unusual because of its life history, toxicity, and variable
coloration. We sequenced the genome of the strawberry poison frog. The majority of the genome are
high copy number repetitive elements with low differentiation across copies. We observed phylogenetic
evidence for horizontal transfer (HT) of Mariner elements, possibly between fish and frogs and evidence
for ongoing proliferation after HT. We identified the complement of ion channels in the first genomic
sequenced poison frog and discussed its relation to the evolution of auto-resistance to toxins sequestered
in the skin.

4. High-coverage genomes to elucidate the evolution of penguins

We reported 19 high-coverage genomes that, together with 2 previously published genomes, encompass
all extant penguin species. We produced a well-supported phylogenetic tree of penguins with genome
data. We demonstrated that the genus Aptenodytes is basal and sister to all other extant penguin genera,
providing intriguing new insights into the adaptation of penguins to Antarctica.
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Dr. Xuemei Lu, Professor, Principle Investigator. Adaptive evolution can happen at various levels, population, organ-
ism, or cellular. Both organ exhaustion and cell abnormal prohferatlon are involved in accumulatlon of somatic muta-

tion and adaptation evolution. An obvious manifestation of such
short-term evolution is cancer. The evolution theory is applicable
at organism and cell population levels. Carrying out the approach-
es in population genetics, evolutionary biology and genomics, we
study the genetic and epigenetic basis of species adaptation, and
the dynamic accumulation process and features of somatic as well.
Based on this framework, we are depicting the pattern of mutation
accumulation and selection, as well as identifying crucial muta-
tions driving fitness changes in animal organisms and tumor cells.

Email: xuemeilu@mail.kiz.ac.cn

1. Genetic load and mutation meltdown of Cancer cells

Large genomes with elevated mutation rates are prone to accumulating deleterious muta-
tions more rapidly than natural selection can purge (Muller’s ratchet). As a consequence,
it may lead to the extinction of small populations. Relative to most unicellular organ-
isms, cancer cells, with large and nonrecombining genome and high mutation rate, could
be particularly susceptible to such “mutational meltdown.” However, the most common
type of mutation in organismal evolution, namely, deleterious mutation, has received
relatively little attention in the cancer biology literature. Here, by monitoring single-cell
clones from HeLa cell lines, we characterize deleterious mutations that retard the rate
of cell proliferation. We suspect that HeLa cell populations may avoid extinction only
after the population size becomes large enough. Because CNVs are common in most cell
lines and tumor tissues, the observations hint at cancer cells’ vulnerability, which could
be exploited by therapeutic strategies.

2.KDM4B promotes DNA damage by activating LINE-1

Here, we assess whole-genome H3K9me3 distribution in cancer cells and find that
H3K9me3 is largely enriched in long interspersed nuclear element-1 (LINE-1). Asignif-
icant proportion of KDM4B-dependent H3K9me3 was located in evolutionarily young
LINE-1 elements, which likely retain retrotransposition activity. Furthermore, KDM4B
overexpression enhanced LINE-1 retrotransposition efficacy, copy number, and asso-
ciated DNA damage. Interestingly, Pharmacologic inhibition of KDM4B significantly
reduced LINE-1 expression and DNA damage in breast cancer cells with excessive
KDM4B. Our study not only identifies KDM4B as novel regulator of LINE-1, but it also
suggests an unexpected oncogenic role for KDM4B overexpression in tumorigenesis.

A ] B = KNS WT  KDAME
z - TR
E [}
£
£ om0
£
W opss
2 a2
Wewa Besegn: Dvwes Buves B X 040
Dromes [ saeme Csinplervpeat T -1kn Stan Erd 1kb
Osom @115 Dot
Cc
L CheE: 30 S0 819,827
‘—?th— -:‘M — A — Hae
b
woits] e § '
2
milmi mo[;ﬂ?:'
e o KME[ ey

4
— @
I [E ) Lepas L]

Fig2. KDM4B preferentially regulates H3K9me3 signal on
evolutionarily young LINE-1 elements

Fig3. LINE-1 phylogenetic tree
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1. Pengcheng Ma', Ning-Ning Song’,

Yongxin Li', Qiong Zhang, Lei Zhang,
Longlong Zhang, Qinghua Kong,Li
Ma, Xiangcai Yang, Biyu Ren, Cha-
ocui Li, Xudong Zhao, Yan Li, Ying
Xu,Xiang Gao*, Yu-Qiang Ding*,and
Bingyu Mao*. Fine-Tuning of Shh/Gli
Signaling Gradient by Non-proteolytic
Ubiquitination during Neural Pattern-
ing. Cell Reports, 2019, 28, 541-553

2. Pengcheng Ma', Ning-Ning Song', Xia-
oning Cheng', Liang Zhu, Qiong Zhang
, Longlong Zhang, Xiangcai Yang,
Huishan Wang , Qinghua Kong, Deli
Shi*, Yu-Qiang Ding*, Bingyu Mao *.
ZC4H2 stabilizes RNF220 to pattern
ventral spinal cord through modulating
Shh/Gli signaling. J Mol Cell Biol,
2019, mjz087

3. Lei Zhang', Ning-Ning Song, Qiong
Zhang,Wan-Ying Mei, Chun-Hui He,
Pengcheng Ma, Ying Huang,Jia-Yin
Chen, Bingyu Mao, Bing Lang, Yu-
Qiang Ding*. Satb2 is required for the
regionalization of retrosplenial cortex.
Cell Death & Differentiation, 2019,
doi.org/10.1038/s41418-019-0443-1

1. ZEEEES RNF220 iz Shh (ES5HERRENRZE

Shh {5576 A HE Sh W IE M1 228 I B ROE R e B L #EH, Shh{E 5
1 e 222 AR ol — A ) 5 05 R PO 9 B 8, DRI A SR IR 1 Gl Y
HEER (GHA) 5EFER (GHR) AIELE], FeedeiE AR X 8 2 40 i
B ftdria, RNF220 7E/NRARIG IR M2 B0 e akik , 7E RNF220 sifR/h
MG H, HMhEE kIR, mEMheE R IRk AR, R
RNF220 A[§€% 5 T Shh {5 S 0AEE, o FHUHLL, @i APy, iF
5 RNF220 5 Gli #HEfE I AT LA 3 K-63 Iz H b, HiER Gl
HifEs, 5 TR 5ix—EEE R Gl %255 55, RNF220 X
Gli By Pl b4 F GHA F1 GLR &2 S Sr g, M B 4m it A 20
Gli 7kF, 4edid 247 GHA Fn GLiR AUiGHRL B, = 5o tbryiais,
AR T A SIS 25K B i R IE AR A EiE A BT
—FET AL, T R SR S0 ShGli 558 B RS

HIFTHLAE [MaPetal 2019, Cell Reports]
A t

Cytoplasm ; RAUEOL L
GliA |
RNFE?G%_-_ q% ECRW i
b ﬁ> |
RNF220 " CRM1 i
\ :
NES :
Muclaus $rep @ZnF MTAD -

B 1.RNF220 @3 Shh/Gli 5 SBEEESEaMENEEHNE XM
Fig.1. RNF220 regulates Shh/Gli signaling and ventral neural patterning.

2. ZC4H2 i@idi2E RNF220 iFiz Gli (FS5MEREERAIRK

ZCAH2 B[Rt —FEEte R A, HRT 5 LM ARERHEZE, 8L
FIR#E, ARG, Ulsk OEags, (HEBORPLEIMAERE, APFREHR,
ZC4AH2 fE/NRA R E EMIh &2k, 72/ NSt D iR, ZC4H2 2845 4]
SolRBEMMBEZ o7, 5 RNF20 ZRERMEL K, #—PW
S MR, ZC4H2 A 45 & JfFa%E RNF220, 7E ZC4H2 52745 /NE v, RNF220
EAKE™E A, s Gz B MBS ESEEN RS, S
PRI U . AR AR ZC4H2 2875 SR A & B BBE A 2 THL
HIFRL T HE LR, [Ma P etal. 2019, J Mol Cell Bioll



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

Email: mao@mail.kiz.ac.cn
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1. Fine tuning of Shh/Gli signaling gradient by non-proteolytic ubiquitina-
tion during neural patterning

Sonic Hedgehog (Shh) signaling plays crucial roles in patterning the ventral neural tube, which
is transformed into opposing gradients of repressor and activator forms of Glis. Here we show
that the fine tuning of the shape of the Gli gradients through non-proteolytic ubiquitination-me-
diated nuclear exportation plays an important role in the control of local neural cell fate. Loss
of RNF220, a ventral neural specific ubiquitin E3 ligase, leads to expansion of both the inter-
mediate VO and ventral V3 neurons, at the expenses of motor neurons, V1 and V2 neurons in
between. We show that RNF220 interacts with all Glis, either in their activator or repressor
forms, induces their K63-linked ubiquitination and promotes their nuclear export, likely through
unmasking of a newly identified nuclear export signal. We propose that RNF220 works to refine
the Gli gradients during neural patterning through limiting the effective Gli levels in the nucleus.
Our work provides another level of the regulation of Shh signaling and gradient formation.

2. ZC4H?2 stabilizes RNF220 to pattern ventral spinal cord through modulat-
ing Shh/Gli signaling

ZC4H2 encodes a C4H2 type zinc-finger nuclear factor, the mutation of which has been associ-
ated with disorders with various clinical phenotypes in human, including developmental delay,
intellectual disability and dystonia. ZC4H2 has been suggested to regulate spinal cord patterning
in zebrafish as a co-factor for RNF220, an ubiquitin E3 ligase involved in Gli signaling. Here we
showed that ZC4H2 and RNF220 knockout animals phenocopies each other in spinal patterning
in both mouse and zebrafish, with mispatterned progenitor and neuronal domains in the ventral
spinal cord. We showed evidence that ZC4H2 is required for the stability of RNF220 and also
proper Gli ubiquitination and signaling in vivo. Our data provides new insights into the possible
etiology of the neurodevelopmental impairments observed in ZC4H2 associated syndromes.

Control

Control ZC4H2 KO

ZC4H2 KO
1

Db /iieed. 1

Dbx1/ilesi. g Dbx2

[ 2. ZC4H2 RE S| /N RERRMZ EEMMEMLFTE
Fig.2. Mutation of ZC4H2 leads to ventral neural patterning defects in mouse embryos.
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1.

Zhang WD ', Chen ZL', Zhang DF,
Zhao B, Liu L, Xie ZY, Yao YG, Zheng
P*. KHDC3L mutation causes recurrent
pregnancy loss by inducing genomic in-
stability of human early embryonic cells.
PLOS Biology, 2019 Oct 14;17(10):
€3000468, 5 yr IF 9.311.

.MaH' ZhaiJ', Wan H', Jiang X', Wang

X, Wang L, Xiang Y, He X, Zhao ZA,
Zhao B, Zheng P*, Li L*, Wang H*. In
vitro culture of cynomolgus monkey em-
bryos beyond early gastrulation. Science,
2019 Nov 15; 366(6467), 5 yr IF 43.644.

. Xin Luo ', Yaoxi He ', Chao Zhang ',

Xiechao He ', Lanzhen Yan', Min Li,
Ting Hu, Yan Hu, Jin Jiang, Xiaoyu
Meng, Weizhi Ji, Xudong Zhao, Ping
Zheng*, Shuhua Xu*, Bing Su*. Trio
deep-sequencing does not reveal unex-
pected off-target and on-target muta-
tions in Cas9-edited rhesus monkeys.
Nature Communications, 2019 Dec
4;10(1):5525. 5 yr IF 13.811.

OE, W, BRRR, SR, amEE AL, PERERE
TEMNAA R “PHEFEE R Tk g . R EEEMR T EE: 1)

- Tanfde st (e B @ PR IRTEHLE 2) A8 T A0 Ay Sk A My o e AR
AR AR PRI R 3) RKISBHIRK T .

1. RMA KHDC3L BEEZEETHIR A XIEIRAL SR EEER

LR G 40 ik Ao 4 SR A e PR IR ARG A 2 B B EE, IR
T 4ulEATFITRER, RIL KHDC3L 3 FH1E N RHIIENE £ REm ey s fa E
PEAEF R BRI, AT RIRE S-S0 DNA TR 2R 05165, i
& PARP1 Bgigth, fRutH i) DNA 51 Eikt. ERIBEZ A M TE
TR ER AL BRI RS . TE W E R MR T, AL ENZE R GF1E
Wi Bl g 2es (5 BilfRsk 11 ANHN 23 AR ERR) o FIUH RIS T-A0ieiFoe
A, BlTifE Tix s 2828 hFE% 7 HR AT EWHE RIS
(T156) , MM/ FEBIA T KHDC3L & A D6E, S8 R WL 40 DNA i
ek, HESHMRET, RARBREIEME KR,

[ PLOS Biology, 2019 Oct 14;17(10): 3000468 1

2. BY T RIKKEFRGRHIRRFIMEFIER, HRAFTRISKELIE
IRRBERM T XBEAES

ZIRTEE A, REKPIMEEL FIMRAER AR, FHEsE
KRIEHRMES., B, A RKEBEN. |, SI=AIRER LR
RS S et R B B 2 b, @i ATEFSE, BT TRIRIG 7
IR RG, AU ERRERAIMNERES R WiEsh ML, P REFER
F6/E 20 K, IEH., MIEAYE. FRido To R aniuit A S 2 A f it it
TFWEE, AN BRGNS R B AN IR & B SR iE
HMENMEABEREN, APFRLLS Ndife S BT i &R AR
By, BT ARIRIGR TR 14 RIOEEBRE], & RIEH R K2R AT LA
ERARHA BN THINE T ZEmiash, R TR K2yt
REBERILAFREEN, HWRERKEFWIIRIG L B ENGE 3 IR T 508ibise
Fhr, W AREANNRIRIE R BRI 2T Eda (JEN) WRIEM"TE
FHAR, [ Science, 2019 Nov 15; 366(6467 1
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Dr. Ping Zheng, Principal Investigator, joined in Kunming Insti- |
tute of Zoology, Chinese Academy of Sciences in 2009. The labo-
ratory studies 1) how stem cells safeguard their genomic stability,
2) the biology of germ-line stem cells in male and female gonads,
and 3) the early embryogenesis of non-human primates. We use
mouse, monkey and tree shrew as animal models.

1. KHDC3L mutation causes recurrent pregnancy loss by inducing | BIPARE&= (Lab Member)
enomic instability of human early embryonic cells
J Y i TEAR ( Staff)

Recurrent pregnancy loss (RPL) is an important complication in reproductive FE #K(Dr. Wang, L) BIEARR
health. ~50% of RPL cases are unexplained and understanding the genetic basis is 28 IR (Dr. Guo, K) BHIEfR R
essential for its diagnosis and prognosis. Herein we report causal KHDC3L muta- TR (Dr. Ma, HX )  BHIERASISR
tions in RPL. KHDC3L is expressed in human epiblast cells and ensures their ge- R SRSCIIT
nome stability and viability. Mechanistically, KHDC3L binds to PARP1 to stimulate 2K{HiE (Dr. Zhang, WD) BPIEFAZRR
its activity. In response to DNA damage, KHDC3L also localizes to DNA damage

sites and facilitates homologous recombination (HR)-mediated DNA repair. KH-

DC3L dysfunction causes PARP1 inhibition and HR repair deficiency, which is 5SS (Graduate Students)
synthetically lethal. Notably, we identified two critical residues Thr145 and Thr156,

) ) ] . ZEFS Li, Jingzheng 2014
whose phosphorylation by ATM is essential for KHDC3L’s functions. Importantly, )
. PR Chen, Zhongliang 2015
two deletions of KHDC3L (p.E150 V160del and p.E150 V172del) were detected BT Sun, Chunl 2015
§  Sun, Chunli
in female RPL patients, both of which harbor a common loss of Thr156 and are im- | __ B L C 016
= Li, Con
paired in PARP1 activation and HR repair. In summary, our study reveals KHDC3L - o ¢ .
. . .. .. . Z£753E Jiang, Fangjie 2017
as a new RPL risk gene and its critical function in DNA damage repair pathways. N : .
FfIE Ning, Yuqi 2017

2. In vitro culture of cynomolgus monkey embryos beyond early | #&% Gong Daohua 2018

gastrulation & 8 Tang, Min 2018
i 18 Xic, Heng 2018
Gastrulation is a key event in embryonic development when the germ layers are | pgsgza Tao, Huiling 2019

specified and the basic animal body plan is established. The complexities of primate
gastrulation remain a mystery due to the difficulties in accessing primate embryos
at this stage. Here, we report the establishment of an in vitro culture (IVC) system
which supports the continuous development of cynomolgus monkey blastocysts
beyond early gastrulation and to 20 days post fertilization. The IVC embryos high-
ly recapitulated the key events of in vivo early post-implantation development,
including segregation of the epiblast and hypoblast, formation of the amniotic and
yolk sac cavities, appearance of the primordial germ cells, and establishment of the
anterior-posterior axis. Single-cell RNA-seq analyses of the IVC primate embryos
provide information about lineage specification during primate early post-implanta-
tion development. This system provides a platform to explore the characteristics and
mechanisms of early post-implantation embryogenesis in primates with possible
conservation of cell movements and lineages in human embryogenesis.
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W7 RLIM £ R FLR & & FOE G & & R AR ML R L. TR IR
&I TAR DNA £ &% 1 43 (TDP-43) fEFLBR TR AE Rk Bk B b e S s, IR
% B TDP-43 M FLAG 4 ib ik #2, BB B2 7E Cell, PNAS. Cell Death & Disease
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BEMRER~L:
1

. Zhao LM', Li LL', Xu HB, Ke H,

Zou L,Yang Q,Shen C-K J, Nie
JY, Jiao BW*. TDP-43 is required
for mammary gland repopulation
and proliferation of mammary epi-
thelial cells. Stem Cells Dev. 2019
Jul 15;28(14):944-953

. Zhao LM', Ke H', Xu HB, Wang

GD, Zhang HL, Zou L, Xiang S,
Li MY, Peng L, Zhou MF, Li LL,
Ao L, Yang Q, Shen C-K J, Yi
P*, Wang L*, Jiao BW*. TDP-43
facilitates milk lipid secretion by
post-transcriptional regulation of
Btnlal and Xdh. Nature Commu-
nications.2019(Accepted)

1. TDP-43 JZLBREAEMILER L AR W AR

FLERT40ME (MaSCs) BN AR FLAREE AT LG 40N, 72 U7 FLAR R R BE - i o
EEHmEZEEEER. RMFWOTFF LI TAR DNA 54 % 9 43 (TDP-43),
&—Fh RNA 56 E A, 78 = FLIRE ot R 2 rhoe e s A TE . 280,
TDP-43 7E MaSCs HFHIZhRERI AN E 2, A T FLRA RN ER 54, TDP-43 "[RES:
57 MaSCs i, Bk, AT T TDP-43 X FLIR & B IR, 304 1l ey

FOfASPSEIGIGTE T TDP-43 SE AR AE T 6 0y, X8 s T HAE MaSCs iz 1)
IEEVE . TDP-43 R FEREANHIZLAR b A AN SFE FIFUBRATE RS & A2 . RNA-seq %L
P R HoAth SE0e R I, TDP-43 Ak S T30 T 4 A S91AR < L Y _EIR, 4 TDP-43 14
Ft, &R ERT TDP-43 fEFLNR E R4l
[Zhao LM et al. 2019 Stem Cells and Development, 1F=3.147]

PEFLRRFR AR T AT BERIHILAI,
SRR A S f

Bl 1. TDP-43 ik 5 MaSCs 21FHH% &l 2. Tif TDP43 #HIFL AR b K A ig5E

2. RBEFKERENSEFERRTFIEHE

FLIRI 4> WA R E SR RE MR F s A I/ R e it . (H2, a1
HLAIM A RE. FRATE I RNA 254K (9 TDP-43 70 FLahdydt i i 22 2 I k.,
FLR AR Rk /N A R B TDP-43 H: H f e & S8 AN oz dnieh k&
FE T AR 2, SRELIF bR, &
HKGHNHFEERAR., EWHAHH4L
N FLRE S f, 3R A% BL TDP-43 [ %35
AROP SR  R RIEARSE, 7R AL A
%l L, TDP-43 i3 % 5% Ja ok F EE, £ o=
E T % # K Btnlal F1 Xdh #J mRNA 7k
e, RN ELRE it fE . BATIIEE R
U TDP-43 fEFLHG 2 Wb rp O S B
Shy I R 6 LA J8 B % A R T R it T
16 /) 5 0%,  [Zhao LM et al. 2019 Nature
Communications. 1F=13.811]

Tardbp knockout
A P e BEnTatiXdh mANA
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Dr. Baowei Jiao, Principal Investigator, doctoral supervisor. The
research team is mainly interested in regulation of mammary gland
stem cells, mechanism and evolutionary significance of X chromo- ;
some inactivation, imprinted genes and long non-coding RNA in S a4
development and evolution. Research team identified a crucial regu-
latory role of TAR DNA-binding protein 43 (TDP-43), which is im-
portant in regulating mammary gland repopulation and development.
Meanwhile, our results highlights the critical role of TDP-43 in
milk lipid secretion. Currently, over 20 papers have been published in
international journals,such as Cell. PNAS. Cell Death & Disease.
Email: jiaobaowei@mail.kiz.ac.cn
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1.TDP-43 is Required for Mammary Gland Repopulation and Prolifera-
tion of Mammary Epithelial Cells

Mammary gland stem cells (MaSCs), assumed to be the original cells of breast cancer,
play essential roles in regulating mammary gland homeostasis and development. Previ-
ously, we identified a crucial regulatory role of TAR DNA-binding protein 43 (TDP-43),
an RNA-binding protein, in the progression of triple-negative breast cancer. However, the
function of TDP-43 in MaSCs is unclear. Based on single-cell data analysis of the mamma-
ry gland, TDP-43 showed potential involvement in the regulation of MaSCs. We therefore
investigated the effects of TDP-43 on the mammary gland development. Our data both in
vitro and in vivo demonstrated that TDP-43 was required for the mammary gland repopula-
tion, which suggested the potential role in the regulation of MaSCs. Knockdown of TDP-43
inhibited proliferation of mammary epithelial cells (MECs) and mammary morphogenesis.
RNA-seq data and other experiments identified that loss of TDP-43 induced the upregula-
tion of genes related to the cell cycle, providing a possible mechanism for TDP-43 in regu-
lating mammary gland repopulation. Thus, our findings indicate a previously unknown role
of TDP-43 in MECs.

2. TDP-4 3 facilitates milk lipid secretion by post-transcriptional regula-
tion of Btn1a1 and Xdh

Milk lipid secretion is a critical process for the delivery of nutrition and energy from parent
to offspring. However, the underlying molecular mechanism is less clear. Here we report
that TDP-43, an RNA-binding protein, underwent positive selection in the mammalian
lineage. Furthermore, TDP-43 gene (Tardbp) loss induces accumulation of large lipid drop-
lets and severe lipid secretion deficiency in mammary epithelial cells to outside alveolar
lumens, eventually resulting in pup starvation within three weeks postpartum. In human
milk samples from lactating women, the expression levels of TDP-43 is positively correlat-
ed with higher milk output. Mechanistically, TDP-43 exerts post-transcriptional regulation
of Btnlal and Xdh mRNA stability, which are required for the secretion of lipid droplets
from epithelial cells to the lumen. Taken together, our results highlights the critical role of
TDP-43 in milk lipid secretion, providing a potential strategy for the screening and inter-
vention of clinical lactation insufficiency.
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1. Ming-Li Li#, Shi-Hao Wu#, Jin-Jin Zhang,
Hang-Yu Tian, Yong Shao, Zheng-Bo
Wang, David M. Irwin,Jia-Li Li, Xin-Tian
Hu* and Dong-Dong Wu*, 547 transcrip-
tomes from 44 brain areas reveal features
of the aging brain in non-human primates.
Genome Biology, 2019, 20:258

2. Yong Shao#, Hang-Yu Tian#,Jing-Jing

Zhang#,Hamed Kharrati-Koopaee#,Xing
Guo,Xiao-Lin Zhuang, Ming-Li Li, Hojat
Asadollahpour Nanaie, Elahe Dehghani
Tafti, Bahador Shojaei,Mohammad Reza
Namavar, Narges Sotoudeh, Adeola Olu-
wakemi Ayoola, Jia-Li Li, Bin Liang,*Ali
Esmailizadeh,* Shu Wang,* and Dong-
Dong Wu*, Genomic and Phenotypic
Analyses Reveal Mechanisms Underlying
Homing Ability in Pigeon, Molecular Bi-
ology and Evolution, doi:10.1093/molbev/
msz208

3. Lin Zeng#, Xiao-Long Tu#, He Dai#,

Feng-Ming Han#, Bing-She Lu#, Ming-
Shan Wang,Hojjat Asadollahpour Nanaei,
Ali Tajabadipour, Mehdi Mansouri, Xiao-
Long Li, Li-Li Ji, David M. Irwin,Hong
Zhou, Min Liu, Hong-Kun Zheng, Ali
Esmailizadeh* and Dong-Dong Wu*,
Whole genomes and transcriptomes reveal
adaptation and domestication of pistachio,
Genome Biology, 2019,20:79

4.ShiY, Fan S, Wu M, Zuo Z, Li X, Jiang L,

Shen Q, Xu P, Zeng L, Zhou Y, Huang Y,
Yang Z, Zhou J, Gao J, Zhou H, Xu S, Ji H,
Shi P, Wu DD*, Yang C*, Chen Y*. Na-
ture Communications. 2019 10(1):4892.4.

5. Wu DD#, Yang CP#, Wang MS#, Dong

KZ#, Yan DW#, Hao ZQ, Fan SQ, Chu
SZ, Shen QS, Jiang LP, et al: Convergent
genomic signatures of high altitude adap-
tation among domestic mammals. Nation-
al Science Review 2019.

K&, L, WA, PL, BRI RMTERER/MAK, 2011
A1 AT Eb AR R PR R R0, HRsE S RIS R, 2013
AEFRIFAN L SN T A, 2016 AEFRMA LA ST, 2012 4F3R4 Hh E R
BEE RS LIRS0, 2013 AERM m A B ARBH AR (M AHERE =)
2014 AR A RSB TEENAL, 2015 EREEFR A RBH 848 (4
ANHEZEE =), 2017 AEEER PRI IR SR FH S 51, 2018 4R 3RE K H AR
®EMEFEHE, UL —1EF Sk F@ I\ EE £ Nat Genet, Nat Ecol Evol, Cell
Res, Genome Biol, Mol Biol Evol %75 R FVe L 40 &85,

1 BT EA RICEKIERERISIENH

BEH AL SR R, KITERR A RE H 46 6 R AT . R BRI D I6R
INHIRE D TFE, JFH S REMBBITHAR B, KIEgk— 2R, SR
T 2A WX ARSI, i CAERIRFIEE B T BN, Bl Z — A~ 55 2 4 I XAy
e BV S AT R e 2 1 S I 50 B

BT RHULEL AR AT B, BB AR, B P Mo DX 2 ) ) 2 s e P A
BEIRN A5 b Bk 2 R 2R e B R A AR T WA T W (E& NI, SR RIS AL
P 2B A R O HLHR ISR, i ARSI 2 B LR o FHLEIR RN . Gl i x4
AR S R IR TR R FGE MR o, WFFEN BRI T LA A Mk rh R B L i ek
BESRARE, JEMRHT AL SRS AL ] PGLS, TEEAEMRR RIS EIA, AIRER RN
AEEER, Wi E/NRANEFRE PGLS, &I POLS iR B FBUNR IR ERIRA, H
ANGNRED T W, BBDREN THAIRE S, I B0 AEY i hiE W] PGLS if K15 S5
ZEMMI FSFIAIRAI R T, RISk, BTN AHENT PGLS 1R I REAR KN eI — A HiIbRIc A

ddds 28

A

T

= & 5“

B ﬁ iil'_'l_
<@l ':-_4 ;
i) S ek T

2 BEFRMEKAREENEHY
BRZ (8 A9 FRAL R AR TR

1. R T EE

2. RSIFHEEENDRIRBFEEHHIRER

ERSR KB T HLRE g — A A B B AR 2 Mkik, B0 TRUR LU R 2L 2 %
FERB WS T K ABVARURE F AL S T8 (5 AL, PR R GERHISIR IR (it 22 A4 21
WCALTHHE I, (Bln LRPS ) TEAERGTEA 2 258 2N IEREFE IR . UE— 2P LU KRG 5 A AL
AR R I Db KR R R A ZRRE, B, EERFEEAER GSR WhEth2 5 EI L%

S B RS RS A B RE T o

B 4. RESUMPE GSR FIMFEAE X
HERMFRIKER

PCZ BT
Q10 -0ke 008 008 80 A8

i o P

T ool a8

= - PR

e+~ R
»~ O

W I

3. ZKSTERR 047



Dr. Dong-Dong Wu, Principal Investigator.

Dong-Dong Wu obtained his B.S at the Fudan University
in 2006, and received his Ph.D from Kunming institute of
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 40 research papers in Nat
Genet, Cell Res, Genome Biol, Mol Biol Evol etc, as first
author or co-corresponding author.

Email: wudongdong@mail.kiz.ac.cn

1. Genetic mechanism of the aging brain in nonhuman primates

We explore non-human primate brain aging using 547 transcriptomes originating from 44
brain areas in rhesus macaques (Macaca mulatta). We show that expression connectivity
between pairs of cerebral cortex areas as well as expression symmetry between the left and
right hemispheres both decrease after aging. Although the aging mechanisms across different
brain areas are largely convergent, changes in gene expression and alternative splicing vary
at diverse genes, reinforcing the complex multifactorial basis of aging. Through gene co-ex-
pression network analysis, we identify nine modules that exhibit gain of connectivity in the
aged brain and uncovered a hub gene, PGLS, underlying brain aging. We further confirm the
functional significance of PGLS in mice at the gene transcription, molecular, and behavioral
levels.
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Fig 5. Aging-related transcriptional profile
changes.

Fig 6. Overexpression of PGLS gene in
mice causes aging phenotypes.

2. Mechanisms Underlying Homing Ability in Pigeon

A
i :
ik |

We generate a total of 95 whole genomes from diverse
pigeon breeds.Comparing the genomes fromthe homing
pigeon population with those from other breeds identifies
candidate positively selected genes.The hippocampus is
the key organ for memory and navigation and exhibits
significantly larger size in the homing pigeon.In addi-
tion,we uncover a candidate gene GSR (encoding gluta-
thione-disulfide reductase) experiencing positive selection
in the homing pigeon. In vitro, a magnetic field stimulates
increases in calcium ion concentration in cells expressing
pigeon GSR. These findings support the importance of the
hippocampus (functioning in spatial memory and naviga-
tion) for homing ability,and the potential involvement of
GSR in pigeon magnetoreception.

Fig 7. Comparisons of homing ability
and selective sweep analyses.
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PRI N AR F B 53T

Email: shengnengyin@mail.kiz.ac.cn Tel: 0871-65198969
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1. WuY, Bi R, Zeng C, Ma C, Sun

C, LiJ, Xiao X, Li M, Zhang DF,
Zheng P, Sheng N*, Luo XJ*,
Yao YG*. (2019) Identification
of the primate-specific gene
BTN3A2 as an additional schizo-
phrenia risk gene in the MHC
loci. EBioMedicine 44: 530-541.
. Zhang DF, Fan Y, Xu M, Wang G,
Wang D, Li J, Kong LL, Zhou H,
Luo R, Bi R, Wu Y, Li GD, Alz-
heimer’s Disease Neuroimaging
Initiative (ADNI), Li M, Luo XJ,
Jiang HY, Tan L, Zhong C, Fang
Y, Zhang C, Sheng N, Jiang T,
Yao YG*. (2019) Complement
C7 is a novel risk gene for Alz-
heimer’s disease in Han Chinese.
National Science Review. 6:
257-274.
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Genolype GG of ;51879
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-neurexing

Schizophrenia
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B R AR ey P S M i 1 B BN R, AT TR, IRATRGMEF S T H bk 418
RIRZ RS Al AR PR TR PR TR, 4878 T RBUHE GluK 1 il GluK2 %2 (R Bl Bt ARl 4 12t (
Sheng N et al. 2015 Elife, Sheng N et al. 2017 PNAS, Duan GF et al. 2018 Nature Communications) , 1H1E
Kbirf, FEFKIEMA GluK2/GluK4 F1 GluK2/GIuKS %5 ik KAR 220k, e 12 ik i ifts o 13
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THRERERYS, EEREMHS AN 2R T KAR 2k GluK2/GluK4 fil GluK2/GluKS, #12F5k 3,
GluK2/GluK4 %% A GEW% 22 {2 T Mossy Fiber-CA3 ffi£8 28 fil, {HAEAREE (7T Schaffer collateral-CA1 ZEfiilts i
GluK2/GluKS5 52 )R fr TG D22, H HIZFZ R SINEZ R CAl ek,
TR FIRN KAR 22 (610 2 il Fe ML F A R AT LG, it — P9 & B, KAR 244 Neto HI
AR HiZiREE R, sl GluK4 1 GluKS WHRIIMERIS T E . Rk, FAHEHaTREEBRT. &
SEFNDEAE GluK4 F1 GluKS 528 filtfi A s T8 B 2R & a4, Lhoeie 5Btk KAR 52 (R 28 fil 432 i
EALHIFESE . B RTFRATIETE R 1285 28 2 5 A A R i %2 e AH DG 72 AR,
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Prof. Nengyin Sheng, Principal Investigator, joined in Kunming
Institute of Zoology, Chinese Academy of Sciences in 2017. The
research of Sheng’s lab focuses on central nervous system (CNS)
and will study the following topics using mice, shrew and rhesus
monkey as model systems: (1) The regulatory mechanisms un-
derlying synaptic physiological conditions; (2) The genetic bases
underlying evolution and development of primate synapse; (3)
The internal relationship between the evolution of human neural
circuit and neuropsychiatric disorders.

Email: shengnengyin@mail.kiz.ac.cn

1. The role and mechanism of primate specific molecule BTN3A2 for the evolution EIBARkZ= (Lab Member)
and regulation of neural synapse

During the mammalian evolution, the most striking change is the acquirement of high cognitive ability determined by I"FAE (Staff)
the brain. And the complication of brain’s structure, as well as its functional regulation, is regarded as the most signifi- = SrTA

cant character to distinguish homo sapiens from other species. The neural synapse and circuit in human brain continues R BRI

for development after birth, and many important developmental procedures, including synaptic maturation, pruning Zhao Shiping

and axon myelination, are still happened in adolescence’s brain and even in adult’s specific brain regions. Accompanied Assistant Experimentalist
by the complication of the synaptic connections and its developmental chronicity, the risk is increased for human to % 3 BjIESCIGI
suffer from the brain-related diseases during evolution, especially neuropsychiatric disorders which manifest obvious = K3
symptoms around adolescence period and are regarded as specific for human beings. Our collaborators have identified Xu Sha

the primate-specific gene BTN342 as a novel risk gene for schizophrenia through the integrative analyses of disease . p p
. : ) ) : . Assistant Experimentalist

genetics study. Then we used hippocampal slice as the study system and ectopically overexpressed this gene in CAl

pyramidal neurons. It was found that BTN3A2 specifically represses the glutamatergic excitatory synaptic transmission

mediated by AMPA and NMDA receptors, but has no effect on the ratio of AMPA and NMDA EPSCs. Furthermore,

we found that BTN3A2 significantly increases the paired-pulse ratio of AMPA EPSCs, suggesting that it regulates this

process through repressing the release process of presynaptic neurotransmitter vesicles. As BTN3A2 is a member of m;ﬁi (Graduate students)

1gG super family, we therefore propose such a working model and hypothesis: BTN3A2 is a novel synaptic cell adhe- - .

£ Supsr A > propose suel ¢ P L fove Synapte MR YeYaxin 2018 i+

sion molecule (CAM) and specifically localizes at excitatory synapse; it regulates presynaptic neurotransmitter release

through a trans-synaptic CAMs complex by interacting presynaptic critical CAMs such as neurexins, thereby playing a UMY Liu Yamin 2019 &+
critical role for the balance of excitatory and inhibitory synaptic activity; the mutation of regulatory SNPs of BTN3A2 B 7N TangJie 2017 Ffit
causes the abnormal increase of its expression and then the impairment of such synaptic balance, therefore finally leads

to schizophrenia condition. The results of this study has been published as Wu Y et al. 2019 EBioMedicine. To further 75 & Wan Li 2018 it
examine such working hypothesis, we are continuing to screen and identify the specific trans-synaptic CAMs complex SHE Yi Yaxing 2018 FRt

of BTN3A2, in order to study its functional mechanism of regulating presynaptic neurotransmitter release. Moreover, o .
o S A . A N BuYufei 2018 Fit

we have constructed a conditional knock-in mice model of BTN342, and are trying to cross it with Nestin-Cre or other

mice lines to ectopically express BTN3A2 in mice brain or specific brain region. Combining with the techniques such SWH YiLinyun 2019 fitk

as electrophysiology, optogenetics, animal behavior analyses etc., we wish to reveal the internal relationship between 2H% Wu Yuechun 2019 it

the evolution and functional regulation of synaptic circuit and the brain’s physiological or pathological conditions.

2. The regulatory mechanisms for KAR synaptic trafficking

Glutamate receptors are most important mediators for excitatory synaptic transmission in the brain. In our previous
work, we have focused on a subfamily of kainate receptors (KARs) and systematically studied the regulatory mecha-
nisms for their synaptic trafficking and physiological properties, and reveal the distinct molecular machinery for ho-
momeric GluK1 and GluK2 receptors (Sheng N et al. 2015 Elife, Sheng N et al. 2017 PNAS, Duan GF et al. 2018
Nature Communications). However, it is the heteromeric KARs including GluK2/GluK4 and GluK2/GluKS that are
major receptors expressed in the brain. Currently it remains elusive about the molecular bases for their synaptic traffick-
ing and the functional roles of high-affinity subunits GluK4 andGluKS5. To answer these questions, we have constructed
a specific expression system to express the heteromeric KARs in neuronal cells. Our preliminary studies have found
that GluK2/GluK4 receptors successfully traffic to Mossy fiber-CA3 synapses but not Schaffer collateral-CA1 synapses,
while GluK2/GluKS receptors can localize at both hippocampal synapses. Moreover, these two receptors traffic to cell
membrane efficiently, suggesting that the synaptic trafficking and localization of these two KARs are determined by
distinct mechanisms. Moreover, it was found that the KAR auxiliary subunits Neto proteins are not involved in such
process and the different trafficking abilities are determined by the extracelluar amino-terminal domains of GluK4 and
GluK5. Therefore, we propose such a working hypothesis: it is the trans-synaptic complex, formed by high-affinity
subunits GluK4 and GIluKS5 and presynaptic unknown molecules, that determine the specificity of heteromeric KARs
synaptic trafficking and localization. We are currently trying to identify the specific trans-synaptic complex of GluK4
and GluKS.
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In order to conserve genetic resource and genetic diversity of
animals, Kunming wild animal cell bank was established in Kun-
ming Institute of Zoology, Chinese Academy of Science in 1986.
Up to now 2236 cell lines from 349 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.
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1. The collection and preservation of cell lines

In 2019, 52 cell lines from various wild animals, domestic animals and humans had been
established and frozen. Among these cell lines, 21 cell lines were derived from 6 species
of wild animals such as West Black-crested Gibbon, Gracile Shrew Mole, Chinese Water
Deer, White-bellied Rat etc; 31 cell lines were established from domestic animals, exper-
imental animals and humans. Six hundred and nineteen of frozen-stored cell lines were
also resuscitated and subcultured.

2. Cell lines service and technical service

In this year, 853 cell lines and culture medium, 92 times of karyotype analysis and STR
test had been provided for the researchers not only at State key laboratory of genetic re-
sources and evolution, but also at other 199 Chinese universities, 160 enterprises, and 84
scientific research institutions. In addition, we also had provided a lot of cell culture tech-
nical advisory services by using the telephone and the email.

3. The establishment of cell line from the Black-crested gibbon

The Black-crested gibbon is a medium-sized gibbon listed as critically endangered on the
TUCN red list. It is also a national first-class protected animal. By using of the method
of Epstein barr virus transformation and the small amount of peripheral blood obtained,
we succeeded in establishing and freezing the immortalized lymphocyte cell line of the
Black-crested gibbon. The preservation of this cell line will provide cell materials for the
follow-up research.

4.The establishment of cell lines from Stryker’ s Snub-nosed Monkey

The Chinese water deer, belonging to the order Artiodactyla and the family Cervidae, is
a very promising economic animal. To meet the research needs of the research group, we
successfully established and frozen 13 cell lines by using tissue materials provided by the
research group. The tissue materials were obtained from four Chinese water deer individ-
uals, including the lungs, kidneys, spleens, muscles and skins.
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China is a core member of the international Barcode of (IBOL). Kunming Insti-
tute of zoology, Chinese Academy of Sciences established the South China DNA
Barcoding Center (SCDBC) in 2011, which is responsible for the production and
management of DNA barcoding data of wild animals in China and Southeast
Asia, and has full access to the international life barcoding database--BOLD
SYSTEMS. SCDBC focus on establishing experimental platform which is
high-throughput, standardized and informationalized. SCDBC also use DNA
barcoding technology for biodiversity evaluation and protection, species identi-
fication of endangered wildlife. It is the first comprehensive platform for DNA
barcoding research and utilization in China.

Email: scdbc@mail.kiz.ac.cn
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1. Study on DNA barcoding of Thripidae

Thripidae insects are small in size and strong in concealment, which are easily resistant to
chemical pesticides. They have gradually become one of the most important agricultural pest
groups in the world. It is difficult to study and control thrips, mainly due to the small size
of the insects, the phenomenon of male and female dimorphism and pleomorphism, so it is
very difficult to accurately identify. Rapid and accurate species identification is the premise
and basis of pest control. Rapid and accurate species identification is the premise and basis
of pest control. The rapid and accurate identification of thrips species is not only the premise
and basis for carrying out biological research and scientific and effective control of thrips, but
also the bottleneck problem in the current control of thrips. The traditional classification of
thrips must rely on professional taxonomists, which has obvious limitations. Molecular biol-
ogy technology can provide information for morphological classification system quickly and
accurately at the molecular level. The SCDBC, cooperation with Zhang Hongrui’s team from
Yunnan Agricultural University, carried out the research of thrips DNA barcoding. SCDBC
provided a high-throughput DNA barcode experimental platform, which played a big role in
the construction of DNA barcode database of thrips in China.

2.Dragonflies and Damselflies of China

Dr. Zhang Haomiao, who from SCDBC, the original writer of “Dragonflies and Damselflies
of China”. With this book the reader can identify most Chinese dragonflies normally encoun-
tered. 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 morpholo-
gy, 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 clas-
sic among books on the Order.

On May 22 of 2019, the International Biodiversity Day, Kunming Institute of zoology, Chi-
nese Academy of Sciences and Chongqing University Press jointly released “China Dragon-
fly atlas” in Kunming. The book is the world’s largest book on dragonflies, and also a color
atlas with the largest number of species in the world’s dragonflies. In April of the same year,
another book written by Dr. Zhang Haomiao, “the new insect diary of dragonfly flight”, was
also selected as a good book in China and recommended by the reading column of CCTV.
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The Core Facility of the State Key Laboratory of Genet-
ic Resources and Evolution is established in November
2008. Currently, the center contains three major tech-
nology platforms: Genomic Analysis Platform, Mi-
cro-imaging Analysis Platform , and High Performance
Computing Platform. Each platform is supported by pro-
fessional technicians, from the experimental design, in-
strument operation, to data analysis.
http://www.Kiz.cas.cn/gre/gre6/gre61/

The Three Technical Platforms

I. Genomic Analysis Platform
1. Ion Torrent Sequencers

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

T4 151 bp 172 202 b
% Head Length
P Lasding
2. Miseq Sequencer

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

sequencing, and HLA typing.

3. Single-Cell Preparation System

The C1 system enables cell capture, lysis, and preparation of individual
cells for genomic applications. The system is an electrically and pneumat-
ically operated desktop instrument. It has a built-in vacuum pump to hold
the IFC in position. The embedded PC
inside the system regulates all the func-

tions and monitors the performance of ()

e

the instrument. C1 uses a thermal stack
to provide rapid, accurate, uniform heat-
ing and cooling.

Capturad,
stained, and
washed cell

4. Biomark HD Real-time PCR System

The BioMark HD System sets a new standard in high-throughput geno-
typing—it is the only multi-purpose real-time PCR system that performs
genotyping, gene signature profiling, quantitative real-time digital PCR
(qdPCR), and single-cell analysis. Its integrated fast-capable thermal
cycler and four color detection provides even faster time to results and
enough throughput for routine genomic testing applications.
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5. QuantStudio 12K Flex Real-Time PCR System

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

E

6.Miseq Sequencer

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

[T T

[HEP

II. Micro-imaging Analysis Platform

The JEM-1400Plus is a transmission electron microscope (TEM)
developed for application in a wide range of disciplines, from biology
to materials researches, such as biological sections, polymers, nano-
materials and so on. ~ With the JEM-1400Plus, images from the ultra
LOWMAG mode (min. mag. x10) to the MAG mode (max. mag.
x1.2 M) can be acquired with only one camera, resulting seamless
observation with no switching of cameras or shifting one’s gaze to
a fluorescent screen. Using the auto montage function (provided as
standard) makes it easy to acquire high-precision images of a wide
field of view. 8M pixel camera (high-resolution camera) and a 1 M
pixel cameras are selectable depending on user’s purposes.

I1l. High Performance Computing Platform

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