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Biodiversity Soup II: A bulk-sample metabarcoding pipeline emphasizing error reduction
Yang CY, Bohmann K, Wang XY, Cai W, Wales N, Ding ZL, Gopalakrishnan S, Yu DW*

Abstract

Despite widespread recognition of its great promise to aid decision-making in environmental management, the applied use of
metabarcoding requires improvements to reduce the multiple errors that arise during PCR amplification, sequencing and library
generation. We present a co-designed wet-lab and bioinformatic workflow for metabarcoding bulk samples that removes both
false-positive (tag jumps, chimeras, erroneous sequences) and false-negative (‘dropout’) errors. However, we find that it is not
possible to recover relative-abundance information from amplicon data, due to persistent species-specific biases.

To present and validate our workflow, we created eight mock arthropod soups, all containing the same 248 arthropod morphospe-
cies but differing in absolute and relative DNA concentrations, and we ran them under five different PCR conditions. Our pipeline
includes qPCR-optimized PCR annealing temperature and cycle number, twin-tagging, multiple independent PCR replicates per
sample, and negative and positive controls. In the bioinformatic portion, we introduce Begum, which is a new version of DAMe
(Zepeda-Mendoza et al., 2016. BMC Res. Notes 9:255) that ignores heterogeneity spacers, allows primer mismatches when
demultiplexing samples and is more efficient. Like DAMe, Begum removes tag-jumped reads and removes sequence errors by
keeping only sequences that appear in more than one PCR above a minimum copy number per PCR. The filtering thresholds are
user-configurable.

We report that OTU dropout frequency and taxonomic amplification bias are both reduced by using a PCR annealing temperature
and cycle number on the low ends of the ranges currently used for the Leray-FolDegenRev primers. We also report that tag jumps
and erroneous sequences can be nearly eliminated with Begum filtering, at the cost of only a small rise in dropouts. We replicate
published findings that uneven size distribution of input biomasses leads to greater dropout frequency and that OTU size is a poor
predictor of species input biomass. Finally, we find no evidence for ‘tag-biased’ PCR amplification.

To aid learning, reproducibility, and the design and testing of alternative metabarcoding pipelines, we provide our Illumina and
input-species sequence datasets, scripts, a spreadsheet for designing primer tags and a tutorial.

- Methods in Ecology and Evolution 2021, 12:1252-126 —/
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Functional diversity loss and change in nocturnal behavior of mammals under anthropo-
genic disturbance

Li XY, Hu WQ, Bleisch WV, Li Q, Wang HJ, Lu W, Sun J, Zhang FY, Ti B, Jiang XL*

Abstract

In the Anthropocene, understanding the impacts of anthropogenic influence on biodiversity and behavior of vulnerable wildlife
communities is increasingly relevant to effective conservation. However, comparative studies aimed at disentangling the con-
current effect of different types of human disturbance on multifaceted biodiversity and on activity patterns of mammals are sur-
prisingly rare. We applied a multiregion community model to separately estimate the effects of cumulative human modification
(e.g., settlement, agriculture, and transportation) and human presence (aggregated presence of dogs, people, and livestock) on
species richness and functional composition of medium- and large-bodied mammals based on camera trap data collected across
45 subtropical montane forests. We divided the detected mammal species into three trophic guilds—carnivores, herbivores, and
omnivores—and assessed the nocturnal shifts of each guild in response to anthropogenic activities. Overall, species richness
tended to increase (f coefficient = 0.954) as human modification increased but richness decreased as human presence increased
(f = —1.054). Human modification was associated with significantly lower functional diversity (mean nearest taxon distance
[MNTD], g =—-0.134; standardized effect sizes of MNTD, £ =—0.397), community average body mass (f = —0.240), and propor-
tion of carnivores (f = —0.580). Human presence was associated with a strongly reduced proportion of herbivores (§ = —0.522),
whereas proportion of omnivores significantly increased as human presence (f = 0.378) and habitat modification (f = 0.419)
increased. In terms of activity patterns, omnivores (f = 12.103) and carnivores (f = 9.368) became more nocturnal in response
to human modification. Our results suggest that human modification and human presence have differing effects on mammals and
demonstrate that anthropogenic disturbances can lead to drastic loss of functional diversity and result in a shift to nocturnal be-
havior of mammals. Conservation planning should consider concurrent effects of different types of human disturbance on species
richness, functional diversity, and behavior of wildlife communities.

\ Conservation Biology 2021, 1-13 —/
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Genetic Architecture Underlying Nascent Speciation—The Evolution of Eurasian Pigs un-
der Domestication

Xie HB'*, Wang LG', Fan CY', Zhang LC', Adeola AC, Yin X, Zeng ZB*, Wang LX*, Zhang YP*

Abstract

Speciation is a process whereby the evolution of reproductive barriers leads to isolated species. Although many stud-
ies have addressed large-effect genetic footprints in the advanced stages of speciation, the genetics of reproductive
isolation in nascent stage of speciation remains unclear. Here, we show that pig domestication offers an interesting
model for studying the early stages of speciation in great details. Pig breeds have not evolved the large X-effect
of hybrid incompatibility commonly observed between “good species.” Instead, deleterious epistatic interactions
among multiple autosomal loci are common. These weak Dobzhansky—Muller incompatibilities confer partial hybrid
inviability with sex biases in crosses between European and East Asian domestic pigs. The genomic incompatibility
is enriched in pathways for angiogenesis, androgen receptor signaling and immunity, with an observation of many
highly differentiated cis-regulatory variants. Our study suggests that partial hybrid inviability caused by pervasive
but weak interactions among autosomal loci may be a hallmark of nascent speciation in mammals.

- Molecular Biology and Evolution 2021, 38:3556-3566. _/
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The distinct morphological phenotypes of Southeast Asian aborigines are shaped by novel
mechanisms for adaptation to tropical rainforests

Zhang XM', Liu Q', Zhang H', Zhao SL', Huang JH, Sovannary T, Bunnath L, Aun HS, Samnom H, Su B*, Chen
H*

Abstract

Southeast Asian aborigines, the hunter-gatherer populations living in tropical rainforests, exhibit distinct morpho-
logical phenotypes, including short stature, dark skin, curly hair and a wide and snub nose. The underlying genetic
architecture and evolutionary mechanism of these phenotypes remain a long-term mystery. We conducted whole
genome deep sequencing of 81 Cambodian aborigines from eight ethnic groups. Through a genome-wide scan of
selective sweeps, we discovered key genes harboring Cambodian-enriched mutations that may contribute to their
phenotypes, including two hair morphogenesis genes (TCHH and TCHHL1), one nasal morphology gene (PAX3)
and a set of genes (such as ENTPD1-AS1) associated with short stature. The identified new genes and novel muta-
tions suggest an independent origin of the distinct phenotypes in Cambodian aborigines through parallel evolution,
refuting the long-standing argument on the common ancestry of these phenotypes among the worldwide rainforest
hunter-gatherers. Notably, our discovery reveals that various types of molecular mechanisms, including antisense
transcription and epigenetic regulation, contribute to human morphogenesis, providing novel insights into the genet-
ics of human environmental adaptation.

- National Science Review 2021, 10.1093/nsr/nwab072 _/
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Whole-Genome Sequencing Reveals Lactase Persistence Adaptation in European Dogs
Liu YH', Wang L', Zhang ZG', Otecko NO, Khederzadeh S, Dai YQ, Liang B*, Wang GD*, Zhang YP*

Abstract

Coexistence and cooperation between dogs and humans over thousands of years have supported convergent evolu-
tionary processes in the two species. Previous studies found that Eurasian dogs evolved into a distinct geographic
cluster. In this study, we used the genomes of 242 European dogs, 38 Southeast Asian indigenous (SEAI) dogs, and
41 gray wolves to identify adaptation of European dogs . We report 86 unique positively selected genes in European
dogs, among which is LCT (lactase). LCT encodes lactase, which is fundamental for the digestion of lactose. We
found that an A-to-G mutation (chr19:38,609,592) is almost fixed in Middle Eastern and European dogs. The results
of two-dimensional site frequency spectrum (2D SFS) support that the mutation is under soft sweep . We inferred
that the onset of positive selection of the mutation is shorter than 6,535 years and behind the well-developed dairy
economy in central Europe. It increases the expression of LCT by reducing its binding with ZEB1, which would en-
hance dog’s ability to digest milk-based diets. Our study uncovers the genetic basis of convergent evolution between
humans and dogs with respect to diet, emphasizing the import of the dog as a biomedical model for studying mecha-
nisms of the digestive system.
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A New World Monkey Resembles Human in Bitter Taste Receptor Evolution and Function
via a Single Parallel Amino Acid Substitution

Yang H'*, Yang SL', Fan F, Li Y, Dai SX, Zhou X, Steiner CC, Coppedge B, Roos C, Cai XH, Irwin DM, Shi P*

Abstract
Bitter taste receptors serve as a vital component in the defense system against toxin intake by animals, and the

family of genes encoding these receptors has been demonstrated, usually by family size variance, to correlate with
dietary preference. However, few systematic studies of specific Tas2R to unveil their functional evolution have been
conducted. Here, we surveyed Tas2R16 across all major clades of primates and reported a rare case of a convergent
change to increase sensitivity to f-glucopyranosides in human and a New World monkey, the white-faced saki. Com-
bining analyses at multiple levels, we demonstrate that a parallel amino acid substitution (K172N) shared by these
two species is responsible for this functional convergence of Tas2R16. Considering the specialized feeding prefer-
ence of the white-faced saki, the K172N change likely played an important adaptive role in its early evolution to
avoid potentially toxic cyanogenic glycosides, as suggested for the human 74S2R16 gene.

- Molecular Biology and Evolution 2021, 38:5472-5479
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Fig 1. Amino acid states at site 172 of Tas2R16 in primate species involved in this Fig 2. Binding mode and energy change for salicin to the
study and their in vitro function in representative species white-faced saki Tas2R16
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Echolocation in soft-furred tree mice
He K, Liu Q, Xu DM, Qi FY, Bai J, He SW, Chen P, Zhou X, Cai WZ, Chen ZZ, Liu Z*, Jiang XL*, Shi P*

New echolocator

Echolocation is a well demonstrated convergent sensory mode in bats and toothed whales. These lineages are not closely
related, and this sense might be more broadly distributed than we recognize. Using a suite of approaches, He et al. show
that the lineage of soft-furred tree mice (genus Typhlomys) includes multiple echolocators. Clear evidence of the behav-
ioral use of echolocation under fully dark conditions was supported by the convergence of ear bone morphology and hear-
ing-related genes with other echolocating mammals.

Abstract

Echolocation is the use of reflected sound to sense features of the environment. Here, we show that soft-furred tree mice
(Typhlomys) echolocate based on multiple independent lines of evidence. Behavioral experiments show that these mice can
locate and avoid obstacles in darkness using hearing and ultrasonic pulses. The proximal portion of their stylohyal bone
fuses with the tympanic bone, a form previously only seen in laryngeally echolocating bats. Further, we found convergence
of hearing-related genes across the genome and of the echolocation-related gene prestin between soft-furred tree mice and
echolocating mammals. Together, our findings suggest that soft-furred tree mice are capable of echolocation, and thus are a
new lineage of echolocating mammals.
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Decoding the role of long noncoding RNAs in the healthy aging of centenarians
Jiang JJ, Cheng LH, Yan L, Ge MX, Yang LQ, Ying HQ, Kong QP*

Abstract

Aging is the largest risk factor of major human diseases. Long noncoding RNAs (IncRNAs) as the key regulatory ele-
ments have shown a strong impact on multiple biological processes as well as human disease mechanisms. However, the
roles of IncRNAs in aging/healthy aging processes remain largely unknown. Centenarians are good models for healthy
aging studies due to avoiding major chronic diseases and disabilities. To illustrate their ubiquitous nature in the genome
and the ‘secrets’ of healthy aging regulation from the perspective of IncRNAs, peripheral blood samples from two regions
consisting 76 centenarians (CENs), 54 centenarian-children (F1) and 41 spouses of centenarian-children (F1SP) were
collected for deep RNA-seq. We identified 11 CEN-specific IncRNAs that is particularly expressed in longevous individ-
uals. By kmers clustering, hundreds of human IncRNAs show similarities with CEN-specific IncRNAs, especially with
ENST00000521663 and ENST00000444998. Using F1SP as normal elder controls (age: 59.9+6.6 years), eight IncRNAs
that are differentially expressed in longevous elders (CEN group, age: 102.2+2.4 years) were identified as candidate
aging/health aging-related IncRNAs (car-Incs). We found that the expression of eight car-Incs in human diploid fibro-
blasts displayed dynamic changes during cell passage and/or H202/rapamycin treatment; of which, overexpression either
of THBSI-ITI and THBSI-AS1, two IncRNAs that highly expressed in CENs, can remarkably decrease p16, p21 and the
activity of senescent related -galactosidase, suggesting that THBS1-IT1 and THBSI-AS1 can inhibit cellular senescence.
We provided the first comprehensive analysis of IncRNA expression in longevous populations, and our results hinted that
dysregulated IncRNAs in CENs are potential protective factors in healthy aging process.

- Briefings in Bioinformatics 2021, 22:14.
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1. IncRNA Fig 2. Identification of candidate aging/heathy aging-related IncRNAs (car-Incs)

R NSRRI R RGBSR 12—, BEE RN PR U H ™ 5, Anfal 753 A0 R R PR (R HE R &
T KRB TR AR RIS, K54S RNA (long noncoding RNA, IncRNA) & —2J71Z 25 A9 K A WL
e, AR LB, IncRNA 58 EZYINER,

K TN T RN G K5 THLE], ALERISEFZEABACLE 5 Z A KK EE K AR SR, SHESEARZ 171
BiFEA (BFEEPEN, % FLERAFLJEREE, F1LGREMEES I W5 E i & it 47 ey, LA
IncRNA At % s, #548 IncRNA TEREE KU Lt B i E . BT E T 8 4 IncRNA AIRE L3 / (il B AR,
KA IncRNA (THBSI-AS1 F THBSI-IT]) fEH S # AP EREEFE., EENEELAANNE R P XHXH /4 IneNRA #17
T FREL, WEHEADUREIL T ple 1 p2l MEAZS, HEFEMACTHEEMELMN B- LA EFENEN, RUEn
AR IE LR AN TE EAR SR, IZWFFE B UGS T IncRNA FEfEHER A5 AR IZas A, FF &I —222 8K 1) IncRNA
BB SRR,

LM A Kk T Briefings in Bioinformatics , BHE“HQS ”_]

Bioinformatics




A RS UERESTRE RELRE

State Key Laboratory of Genetic Resources and Evolution

HEAE= EERESHE |
P NE PN iy S B 3PS AN E ey

4 )
3D Genome of macaque fetal brain reveals evolutionary innovations during primate corti-

cogenesis

Luo X, Liu YT, Dang DC, Hu T, Hou YP, Meng XY, Zhang FY, Li TT, Wang C, Li M, Wu HX, Shen QS, Hu Y,
Zeng XR, He XC, Yan LZ, Zhang SH*, Li C*, Su B*

Summary

Elucidating the regulatory mechanisms of human brain evolution is essential to understanding human cognition and
mental disorders. We generated multi-omics profiles and constructed a high-resolution map of 3D genome archi-
tecture of rhesus macaque during corticogenesis. By comparing the 3D genomes of human, macaque, and mouse
brains, we identified many human-specific chromatin structure changes, including 499 topologically associating do-
mains (TADs) and 1,266 chromatin loops. The human-specific loops are significantly enriched in enhancer-enhancer
interactions, and the regulated genes show human-specific expression changes in the subplate, a transient zone of the
developing brain critical for neural circuit formation and plasticity. Notably, many human-specific sequence changes
are located in the human-specific TAD boundaries and loop anchors, which may generate new transcription factor
binding sites and chromatin structures in human. Collectively, the presented data highlight the value of comparative
3D genome analyses in dissecting the regulatory mechanisms of brain development and evolution.

\§ Cell 2021, 184:723-+
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Single-cell RNA Sequencing Reveals Thoracolumbar Vertebra Heterogeneity and Rib-gene-

Li JB, Wang LG, Yu DW, Hao JF, Zhang LC, Adeola AC, Mao BY, Gao Y, Wu SF, Zhu CL, Zhang YQ, Ren JL,
Mu CG, Irwin DM, Wang LX*, Hai T*, Xie HB*, Zhang YP*

Development of thoracolumbar vertebra (TLV) and rib primordium (RP) is a common evolutionary feature across
vertebrates, although whole-organism analysis of the expression dynamics of TLV- and RP-related genes has been
lacking. Here, we investigated the single-cell transcriptome landscape of thoracic vertebra (TV), lumbar vertebra (LV),
and RP cells from a pig embryo at 27 days post-fertilization (dpf) and identified six cell types with distinct gene ex-
pression signatures. In-depth dissection of the gene expression dynamics and RNA velocity revealed a coupled pro-
cess of osteogenesis and angiogenesis during TLV and RP development. Further analysis of cell type-specific and
strand-specific expression uncovered the extremely high level of HOXA10 3'-UTR sequence specific to osteoblasts
of LV cells, which may function as anti-HOXA I 0-antisense by counteracting the HOXA I 0-antisense effect to deter-
mine TLV transition. Thus, this work provides a valuable resource for understanding embryonic osteogenesis and
angiogenesis underlying vertebrate TLV and RP development at the cell type-specific resolution, which serves as a
comprehensive view on the transcriptional profile of animal embryo development.
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A novel IncRNA Discn fine-tunes replication protein A (RPA) availability to promote ge-
nomic stability

Wang L, Li JZ, Zhou H, Zhang WD, Gao J, Zheng P*

Abstract

RPA is a master regulator of DNA metabolism and RPA availability acts as a rate-limiting factor. While numer-
ous studies focused on the post-translational regulations of RPA for its functions, little is known regarding how
RPA availability is controlled. Here we identify a novel IncRNA Discn as the guardian of RPA availability in stem
cells. Discn is induced upon genotoxic stress and binds to neucleolin (NCL) in the nucleolus. This prevents NCL
from translocation into nucleoplasm and avoids undesirable NCL-mediated RPA sequestration. Thus, Discn-NCL-
RPA pathway preserves a sufficient RPA pool for DNA replication stress response and repair. Discn loss caus-
es massive genome instability in mouse embryonic stem cells and neural stem/progenigor cells. Mice depleted
of Discn display newborn death and brain dysfunctions due to DNA damage accumulation and associated inflam-
matory reactions. Our findings uncover a key regulator of DNA metabolism and provide new clue to understand the
chemoresistance in cancer treatment.

- Nature Communications 2021, 12:15
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Evolution under Spatially Heterogeneous Selection in Solid Tumors
Li GH', Yang ZY', Wu DF, Liu SX, Li XN, Li T, Li YW, Liang LJ, Zou WL, Wu CI, Wang HY*, Lu XM*

Abstract

Spatial genetic and phenotypic diversity within solid tumors has been well documented. Nevertheless, how this heteroge-
neity affects temporal dynamics of tumorigenesis has not been rigorously examined because solid tumors do not evolve
as the standard population genetic model due to the spatial constraint. We therefore, propose a neutral spatial (NS) model
whereby the mutation accumulation increases toward the periphery; the genealogical relationship is spatially determined
and the selection efficacy is blunted (due to kin competition). In this model, neutral mutations are accrued and spatially
distributed in manners different from those of advantageous mutations. Importantly, the distinctions could be blurred in the
conventional model. To test the NS model, we performed a three-dimensional multiple microsampling of two hepatocel-
lular carcinomas. Whole-genome sequencing (WGS) revealed a 2-fold increase in mutations going from the center to the
periphery. The operation of natural selection can then be tested by examining the spatially determined clonal relationships
and the clonal sizes. Due to limited migration, only the expansion of highly advantageous clones can sweep through a
large part of the tumor to reveal the selective advantages. Hence, even multiregional sampling can only reveal a fraction of
fitness differences in solid tumors. Our results suggest that the NS patterns are crucial for testing the influence of natural
selection during tumorigenesis, especially for small solid tumors.

- Molecular Biology and Evolution 2021, 39(1)
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Fig 1. Spatial tumor growth model
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Zhang YW', Pan XF,Yin YH, Yang
JX, Wang XA*.Fertilization and
growth pereformance in reciprocal
hybrida of Dianchi golden-line bar-
bel (Sinocyclocheilus grahami) and
domestic common carp(Cyprinus
carpio)and crucian carp (Carassius
auratus).2021. Aquaculture Reports
21:100893.1F 3.216.

Yin YH', Zhang XH', Wang XA'
,Li RH', Zhang YW, Shan XX, You
XX , Huan XD , Wu AL, Mo Wang
, Pan XF, Chao Bian, Jiang WS* ,
Shi Q* , Yang JX*.Construction of a
chromosome-level genome assembly
for genome-wide identification of
growth-related quantitative trait loci in
Sinocyclocheilus grahami.2021. Zo-
ological Research 42(3):262-266. IF
4.56.

Du LN*, Yang J, Min R, Chen XY,
Yang JX*.A review of the Cypriniform
tribe Yunnanilini Prokofiev, 2010 from
China, with an emphasis on five genera
based on morphologies and complete
mitochondrial genomes of some
species.2021.Zoological Research
42(3):310-334. IF 4.56.

Li B, Zhang YW , Liu X, Ma L*,
Yang JX*. Molecular mechanisms of
intermuscular bone development in
fish: a review.2021. Zoological Re-
search 42(3):362-376. IF 4.56.
ME* TRE, BRWE, 58
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Yuanwei Zhang,Xiaoai Wang,Xiao-
fu Pan,Junxing. HYBRIDIZATION
METHOD OF SINOCYCLOCHEI-
LUS GRAHAMI AND CARP. Appli-
cation Number:17204302 (2021.03.17
218)

Yuanwei Zhang,Xiaoai Wang,Xiaofu
Pan,Junxing Yang. Artificial Prop-
agation Method of Sinocyclocheilus
Rhinocerous. Application Num-
ber:17164743 (2021.02.01 1)
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1.Fertilization and growth pereformance in reciprocal hybrida of Dian-
chi golden-line barbel (Sinocyclocheilus grahami) and domestic common
carp(Cyprinus carpio)and crucian carp (Carassius auratus)

We used S. grahami hybrids with C. carpio rubrofuscus and C. auratus to explore the fertiliza-
tion and growth performance of reciprocal hybrids. Here, the growth rates of the hybrid fish fell
between their parental species. We found that when growth performance differed significantly
between the parent species, their offspring obtained a medium growth rate. Thus, the SGCCR,
CCRSG, and CASG hybrids resolved the disadvantages of slow growth rate and small body
size in SG.These three hybrids exhibit considerable commercial and aquacultural application
potential.
[Zhang YW et al. 2021 Aquaculture Reports, 1F=3.216]
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2. Restoration of plateau lake ecosystem

General Secretary Xi stressed that we should adhere to the concept that clear waters and lush
mountains are invaluable assets, unswervingly take the road of ecological priority and green de-
velopment, and attach great importance to the protection of yunnan plateau lakes. In 2021, the
plateau Lake Ecological Restoration Pavilion will be set up to participate in COP15 conference,
focusing on the restoration of dianchi lake water ecosystem and ecological restoration plan by
adopting dianchi Lake indigenous aquatic creatures “flower (cauliflower), fish (native fish),
snail mussel and bird”. Han said the protection and restoration work should be carried out from
the perspective of ecosystem integrity, and wetlands should play an important role in restoring
and protecting lakeside biodiversity. The results were also highly appraised by the Executive
Secretary-General of COP15.

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

In this year, we completion of the creation of a new species of Neolissochilus benasi, cultivated
and produced more than 2 million fish fry of these fishes, including Sinocyclocheilus grahami,
Sinocyclocheilus tingi, Neolissochilus benasi, Percocypris retrodorslis, Schizothorax taliensis,
Anabarilius liui chenghaiensis, Zacco platypus, Anabarilius grahami, Torgiaojiensis and Dis-
toechodon macrophthalmus. More than 0.16million individuals were released in wild to rebuilt
and restore the wild population of these fishes.
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Ma. Yun Peng, Research Assistant
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EEMRR~L:

1.

He K', Liu Q', Xu DM', Qi FY, Bai J, He
SW, Chen P, Zhou X, Cai WZ,Chen ZZ,
Liu Z*, Jiang XL*, Shi P*.2021. Echo-
location in soft-furred tree mice. Science,
372 (6548).1F51.4332.

Li XY, Hu WQ, Bleisch WV, Li Q, Wang
HJ, Lu W, Sun J, Zhang FY, Ti B, Jiang
XL*.2021. Functional diversity loss and
change in nocturnal behavior of mammals
under anthropogenic disturbance. Conser-
vation Biology. IF7.8379.

. LiQ', Cheng F', Jackson SM', Helgen

KM, Song WY, Liu SY, Sanamxay D, Li
S, Li F, Xiong Y, Sun J, Wang HJ, Jiang
XL*.2021. Phylogenetic and morpholog-
ical significance of an overlooked flying
squirrel (Pteromyini, Rodentia) from the
eastern Himalayas with the description of
a new genus. Zoological Research, 42(4):
389-400. 1F4.5603.

Khanal L*, Chalise MK, Fan PF, Kyes RC,
Jiang XL*.2021. Multilocus phylogeny
suggests a distinct species status for the
Nepal population of Assam macaques
(Macaca assamensis): implications for
evolution and conservation. Zoological
Research, 42(1): 3—13. IF4.5603.

Onditi KO, Li XY, Song WY, Li Q,
Musila S, Mathenge J, Kioko E, Jiang
XL*.2021.The management efectiveness
of protected areas in Kenya. Biodiver-
sity and Conservation, 30:3813-3836.
1F3.9189.

Onditi KO, Song WY, Li XY, Chen ZZ,
Li Q, He SW, Musila S, Kioko E, Jiang
XL*.2021. Patterns and predictors of small
mammal phylogenetic and functional di-
versity in contrasting elevational gradients
in Kenya. Frontiers in Ecology and Evo-
lution, 2021.742524.1F3.9070.

Jackson SM', Li Q', Wan T, Li XY, Yu
FH, Gao G, He LK, Helgen KM*, Jiang
XL*.2021. Across the great divide: revi-
sion of the genus Eupetaurus (Sciuridae:
Pteromyini), the woolly flying squirrels of
the Himalayan region, with the description
of two new species. Zoological Journal of
the Linnean Society, XX, 1-25.1F3.3213.
Chen ZZ, He SW, Hu WH, Song WY,
Onditi KO, Li XY, Jiang XL*.2021.
Morphology and phylogeny of scalopine
moles (Eulipotyphla: Talpidae: Scalopini)
from the eastern Himalayas, with descrip-
tions of a new genus and species. Zoologi-
cal Journal of the Linnean Society, 193 :
432444 1F3.3213.
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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 |4
a special focus in the Henduanshan Region, and also in spatial ecology -

of rare and cryptic mammal faunas, behavior and conservation of black §'
crested gibbon, as well as conservation biology of Asian elephant and
other large mammals. ' .
Email: jiangxl@mail.kiz.ac.cn »
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1. The management efectiveness of protected areas in Kenya EIBARkZ= (Lab Member)
Merely designating new and/or expanding existing protected areas (PAs) does not guarantee THEASR (Staff)
the protection of critical ecosystems and species. The management of PAs must be efective -
to sustain meaningful conservational outcomes. We inferred the management efectiveness | =E5% BlffitR
of PAs in Kenya based on the representation of ranges and distribution of multiple diversity | eqi Rao, Associate Professor
dimensions of terrestrial mammals and their association with governance and designation | __ . _ .
types. We hypothesized that diferent governance types underlie variable management efca- FFR AFRR
cies, such that stricter-managed PAs have better habitats that attract more wildlife, translat- | Xueyou Li, Associate Professor
ing to higher species diversity compared to less strictly-managed PAs, especially for focal | Z= 1 BjEHfRR
species groups (large carnivores, large herbivores, and endangered species). The results Quan Li, Assistant Professor
showed nearly all terrestrial mammals in Kenya represented in at least one PA. However, .
the relative proportion of represented ranges were low, and analysis of spatial conserva- fEIKIEE SCH)P
tion prioritization showed signifcant expansion beyond current PAs needed to achieve a | Shuiwang He, Experimentalist
one third coverage of focal species’ ranges in a best-solution reserve system. Diferences FiHes BYIEsCIS)m
in PA governance and designation types were not systematically associated with diversity Hongjiao Wang , Assistant Experimentalist
variances, and while there were more unique species in state-managed PAs than in pri- e
o . . RIRE FARLEIR

vately-managed ones, averaged diversity coefcients were comparable between categories.
Diversity variances explained by PA size and status year were low in a combined species | Dongmin Hou, Research Assistant
pool but increased in focal species groups. These fndings suggest that success in terrestrial | #HE# ARILIR
mammal conservation in PAs in Kenya require clearly and formally streamlined defnition, | zhechang Hu, Research Assistant
performance feedback, and collaboration terms between state-managed and privately-man- ot mmT
aged PAs. o

[Onditi KO et al. 2021 Biodiversity and Conservation, 1F=3.9189] Hong Hui, Senior Worker

2. Morphology and phylogeny of scalopine moles (Eulipotyphla: Talpi-
dae: Scalopini) from the eastern Himalayas, with descriptions of a new | 54 (Graduate Students )

genus and species KB Xiaowei Niu  {B4E 2018 4%
All scalopine moles are found in North America, except the Gansu mole (Scapanulus owe- Kenneth Otieno Onditi {4 2018 2%
n{),. which is end'emic to ceptral-west Chin?. In 2019, we collef:ted two specimens of Sc&}lo— FRKES Qiupeng Yu  fBAAE 2019 %
pini on Mt Namjagbarwa in the eastern Himalayas, Tibet, China. We sequenced two mito- )
chondrial (CYT B and 12S) and three nuclear (APOB, BRCAI and RAG?2) genes to estimate BH3C3R Wenqiang Hu - f8iH4E 2020 5%
the phylogenetic relationships of the two moles, and also compared their morphology with | &8E# Zhechang Hu BREAE 2018 4%
other genera and species within the Scalopini. Both morphological and molecular analyses | Alois Wambua Mweu B4 2018 4%
strongly suggest that the specimens represent a new monotypic genus and species, which #751| Yixian Li BiteE 2019 4%
are formally described here as Alpiscaptulus medogensisgen. et sp. nov. The dental formu- - p
la of the new mole (44 teeth) is distinct from the Chinese Scapanulus oweni (36 teeth) and BESCER Wenhao Hu - FREEE 2019 5
its hairy and pale brown tail is unique among species of the Scalopini. The Kimura-2-pa- | SamsonMabeya Ouru FRA4E 2019 4%
rameter (K2P). (&R Chunni Chen  BR4E 2020 4%
distances of CYT B between A. medogensis and the four recognized Scalopini genera range | ak g Min Zhang  FR-H2E 2020 4%
from 14.5% to 18.9%. A sister relatlonshlp between A. medogenszs and Scapanulus oweni | Lo Jinyu Wang  BR-E4E 2021 4R
was strongly supported in the phylogenetic trees. The divergence between A. medogensis
and Scapanulus oweni occurred in the mid-Miocene (c. 11.56 Mya), which corresponds EREUZ Siyuan Wang  BRA4E 2021 4%
with the rapid uplift of the Himalayan-Tibetan Plateau. Sambaya Brian Anoto  FiT4E 2021 £

[Chen ZZ et al. 2021 Zoological Journal of the Linnean Society, 1F=3.3213]
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1. Nestedness theory suggests wetland RGN L, SRALE Wz oA T E AR, Jaok&

fragments with large areas and macro- | 7 RIZIRFHEEK AR, FIRTOCR B AL A 25 B AR B R s, 1EL AT

phyte diversity benefit waterbirdsWang, | r s st 1 g FRBERERAL B P 10 EEBUE I, IR TRBIAAKFEDE
R., Yang, XJ.Ecology and Evolu- e ke e
tion, 2021, 11(18), pp. 12651-12664.

2. Population genomic, climatic and an-

thropogenic evidence suggest the role of
human forces in endangerment of green
peafowl (Pavo muticus)Dong, F., Kuo,
HC., Chen, GL., Liu, Y., Yang, XJ.Pro-
ceedings of the Royal Society B: Biolog-
ical Sciences, 2021, 288(1948), 0073.

3. Waterbird Composition and Changes
with Wetland Park Construction at Lake

Dianchi, Yunnan-Guizhou PlateauWang, Ei
RX., Yang, XJ.Mountain Research and ‘i'i ::’
Development, 2021, 41(1), pp. R29- 2l
R37. =2

4. Habitat use, preference and utilization
distribution of two crane species (Genus:
Grus) in Huize National Nature Reserve,
Yunnan-Guizhou Plateau, ChinaKong,
D., Luo, W., Huan, G., Li, Z., Yang,
XJ.Peer]J, 2021, 6, e5105.

5. Potential Himalayan community turn-

Dong et al., 2021. Proc. R. Soc. B.

over through the Late PleistoceneDong,

F., Hung, CM., Li, SH., Yang, XJ.Cli- AT PRSP SR A FhE A HF (PSMC, SMC++, PopSizeABC

matic Change, 2021, 164(1-2), 6. F Stairway_ plot) HE/REHLEZRG T4t (MH, ~ 6000 “ELAR) FhfEs
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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

ANNUAL REPORT

1. Population genomic, climatic and anthropogenic evidence sug-
gest the role of human forces in endangerment of green peafowl
(Pavo muticus)

Both anthropogenic impacts and historical climate change could contribute to pop-
ulation decline and species extinction, but their relative importance is still unclear.
Emerging approaches based on genomic, climatic and anthro x0002_ pogenic
data provide a promising analytical framework to address this question. This study
applied such an integrative approach to examine poten x0002 _tial drivers for the
endangerment of the green peafowl (Pavo muticus). Several demographic recon-
structions based on population genomes congru x0002 ently retrieved a drastic
population declination since the mid-Holocene. Furthermore, a comparison be-
tween historical and modern genomes suggested genetic diversity decrease during
the last 50 years. However, climate-based ecological niche models predicted sta-
tionary general range during these periods and imply the little impact of climate
change. Further analyses suggested that human disturbance intensities were nega-
tively cor x0002_related with the green peafowl’s effective population sizes and
significantly associated with its survival status (extirpation or persistence). Archae-
ological and historical records corroborate the critical role of humans, leaving the
footprint of low genomic diversity and high inbreeding in the survival populations.
This study sheds light on the potential deep-time effects of human disturbance on
species endangerment and offers a multi-evidential approach in examining under-
lying forces for population declines.

or 0nr
(Insesng snolad 2say) smil

FIBARER (Lab Member)

TEAR (Staff)

5 # Bt BfRA

Dr. Feng Dong, Associate Prof
£ % Bt BfRRA

Dr. Fei Wu, Associate Prof
BFE Bt BEmRRR

Dr. Heqi Wu, Assistant Prof

& B Wt ARIIR

Mr. Dao Yan, Research Assistant
BErR Wt WRELIR

Mr. Jianyun Gao, Research Assistant
FE & Wt LRI

Miss. Jie Wang, Engineer

g4 ( Graduate Students )

F &F Wangl
B2 GaolY
#X & ZhaoY
WkEEE Yao SY
] #k HeL




A RS UERESTRE

State Key Laboratory of Genetic Resources and Evolution

SRFNEE TR

£ 5F S5IMERPHD

Douglas W. Yu, {6+, MF2 5, EEZSHERPPOATN, BHt=EE &m A4 5 HE
SIHEANA . EEREWAN T RNE : A2 PR PR M a RS AT, AR
Kk Fe it 90 & e 3¢ T E Br 8 Tl Nature, Science, PNAS, PLoS Biology, Ecology Letters, Ecological
5 Monographs, Ecology, American Naturalist, Evolution 21,

Email: dougwyu@mac.com

BEEMRR~L:

1. Chunyan Yang', Kristine Bohmann,
Xiaoyang Wang, Wang Cai, Nathan
Wales, Zhaoli Ding, Shyam Gopal-
akrishnan, Douglas W. Yu*. (2021)
Biodiversity Soup II: A bulk-sample

metabarcoding pipeline emphasizing
error reduction. Methods in Ecology and
Evolution. 2021;00:1-13.

2. Nerea Abrego', Tomas Roslin,
Tea Huotari, Yinqiu Ji, Niels Mar-
tin Schmidt, Jiaxin Wang, Douglas
W. Yu* and Otso Ovaskainen*. (2021)
Accounting for species interactions is
necessary for predicting how arctic ar-
thropod communities respond to climate
change. Ecography. 44: 1-12, 2021.

3. Wang Cai', Chunyan Yang, Xiaoyang
Wang, Chunying Wu, Laurent Larrieu,
Carlos Lopez-Vaamonde, Qingzhong
Wen, Douglas W. Yu*. The ecological
impact of pest-induced tree dieback
on insect biodiversity in Yunnan pine
plantations, China. Forest Ecology and
Management. 491 (2021) 119173.

4. Ji, Y.Q.', Baker, C.C.M., Li, Y.H.,
Popescu, V.D., Wang, J.X., Wang, L.,
Wen, Q.Z., Yang, C.Y., Xu, C.C.Y.,
Pierce, N.E., Yu, D.W¥*. Measuring
Protected-area Vertebrate Biodiversity
Using Leech iDNA. bioRiv.
doi:10.1101/2020.02.10.941336
https://www.scmp.com/lifestyle/
health-wellness/article/3050703/
how-leeches-could-help-prevent-fu-
ture-coronavirus (in review)
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Dr. Douglas W. Yu. Yu's research covers two fields, (1)
game-theoretical models of symbiosis, and (2) rapid biodi-
versity assessment using genomics. In the first area, we have
developed new genomics methods for biodiversity rapid assess-
ment. In the second, we have been elucidating the mechanisms
stabilizing cooperation among species, using in fig-wasp and
ant-plant mutualisms as experimental models. Yu has 90 pub-
lications, including in Nature, Science, PNAS, PLoS Biology,
Ecology Letters, Ecological Monographs, Ecology.

Email: dougwyu@mac.com

1. Biodiversity Soup lI: A bulk-sample metabarcoding pipeline emphasiz-
ing error reduction

Despite widespread recognition of its great promise to aid decision-making in environmen-
tal management, the applied use of metabarcoding requires improvements to reduce the
multiple errors that arise during PCR amplification, sequencing and library generation. This
paper presents a co-designed wet-lab and bioinformatic workflow for metabarcoding bulk
samples that removes both false-positive (tag jumps, chimeras, erroneous sequences) and
false-negative (‘dropout’) errors. To aid learning, reproducibility, and the design and testing
of alternative metabarcoding pipelines, the authors provide the Illumina and input-species
sequence datasets, scripts, a spreadsheet for designing primer tags and a tutorial.

2. The ecological impact of pest-induced tree dieback on insect biodiver-
sity in Yunnan pine plantations, China

China has recently announced a reform of forestry policy, with a major goal being to trans-
form from plantation to heterogeneous forests, which have higher resistance to pests and
disease and house more biodiversity. We sampled aerial arthropods (mostly insect) biodi-
versity along gradients of Pinus yunnanensis dieback severity using Malaise traps and used
meta_x0002_barcoding to characterise the insect community. Our results thus suggest that
bark-beetle dieback mimics natural forest-gap dynamics, consistent with the interpretation
of bark beetles as a keystone species in European conifer forests, where it has been pro-
posed that forest heterogeneity can be created efficiently by allowing natural disturbances,
including bark-beetle outbreaks, to proceed naturally, without being mitigated by dead-
wood removal and dense replanting. In Yunnan’s situation, and given predicted increases in
bark-beetle dieback severity and frequency, this strategy should probably be supplemented
with anthropogenic treatments, such as deadwood enhancement and planting of multiple
tree species, to accelerate the succession of plantations into heterogeneous forests.
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figure 2. Map of study area, Yunnan province, southwest China.
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BSERRER~L:

1.

Fang Yan, Nneji LM, Jin JQ, Yuan ZY, Chen
IM, Mi X, Chen HM, Murphy RW, Che J*.
2021. Multi-locus genetic analyses of Quasi-
paa from throughout its distribution. Molecu-
lar Phylogenetics and Evolution. 163 (2021)

107218.

Shao-Bing Hou, Yuan ZY, Wei PF, Zhao GG,
Liu GH, Wu Y-H, Shen WJ, Chen JM, Guo
P*, Che J*. 2021. Molecular phylogeny and
morphological comparisons of the genus He-
bius Thompson, 1913 (Reptilia: Squamata:
Colubridae) uncover a new taxon from Yun-
nan Province, China, and support revalidation
of Hebius septemlineatus (Schmidt, 1925).
Zoological Research. 42(5): 620—625.
Chatmongkon Suwannapoom*, Jiang K, Wu
YH, Pawangkhanant P, Lorphengsy S, Nguy-
en TV, Poyarkov NA, Che J*. 2021. First
records of the fanged frogs Limnonectes ban-
naensis Ye, Fei & Jiang, 2007 and L. utara
Matsui, Belabut & Ahmad, 2014 (Amphibia:
Anura: Dicroglossidae) in Thailand. Biodi-
versity Data Journal. 9: ¢67253.

Jin-Min Chen#, Suwannapoom C#, Wu Y-H#,
Poyarkov NA, Xu K, Pawangkhanant P, Che
J*. 2021. Integrative taxonomy reveals a
new species of Leptobrachella (Anura: Me-
gophryidae) from the mountains of northern
Thailand . Zootaxa. 5052 (2): 191-214.
Xiao-Long Liu, He YH, Wang YF, Beukema
W, Hou ShB, Li YC, Che J*, Yuan ZhY*.
2021. A new frog species of the genus Odor-
rana (Anura: Ranidae) from Yunnan, China.
Zootaxa. 4908 (2): 263-275.

Kai Wang*, Gao W, Wu JW, Dong WJ, Feng

XG, Shen WJ, Jin JQ, Shi XD, Qi Y, Siler
CD, Che J*. 2021. Two New Species of Di-
ploderma Hallowell, 1861 (Reptilia: Squama-
ta: Agamidae) from the Hengduan Mountain
Region in China and Rediscovery of D. brev-
icaudum (Manthey, Wolfgang, Hou, Wang,
2012). Zootaxa. 4941 (1): 001-032.
Yun-He Wu, Liu XL, Gao W, Wang YF, Li
YC, Zhou WW, Yuan ZY*, Che J*. 2021.
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(2): 239-258.

Shao-Bing Hou, Wang K, Guo P, Chen JM,
Yuan ZY*, Che J*. 2021. Two new species
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Dr. Jing Che, Principal Investigator. Using &

amphibians and reptiles as model, we explore
biodiversity and evolutionary questions within a
phylogenetic framework. We are interested 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. New progress in biodiversity research in southwest China and South-
east Asia

To meet the national strategic needs of biodiversity conservation and ecological civilization
development, we have actively promoted the Second Tibetan Plateau Scientific Expedition
and Research Program and the biodiversity conservation projects in Gaoligong Mountain.
In 2021, a total of 8 new species of amphibians and reptiles , 2 new record species and 2
revalidation species in southwest China have been published. For the new species Acha-
linus Yangdatongi, the species name, yangdatongi, is a patronym honoring the Chinese
herpetologist, Dr. Da-Tong Yang. We name the new species after Dr. Yang in recognition
of his great contributions to the herpetological research in Southwestern China, particu-
larly in Yunnan Province where the new species is found. In addition, based on long-term
international cooperation, 1 new species and 6 new record species in Thailand have been
published. This has enriched the biodiversity of herpetofauna of Thailand. The new specie
Leptobrachella murphyi, epithet “murphyi” is derived from the name of Prof. Robert W.
Murphy from the Royal Ontario Museum, Canada, the co-founder of ColdCode, the inter-
national effort to DNA barcode species of amphibians and reptiles. To salute his contribu-
tion to support of our study across the country border from China to Southeast Asia.

Field research photos

2. Support of COP15 with Science Strength

In October 2021, Fifteenth conference of the parties to the United Nations Framework Con-
vention on climate change was held -

in Kunming. Prof. Che, on behalf of
the Endangered Species Scientific
Commission, P. R. China, participat-
ed in the theme forum of “Founda-
tions for Biodiversity Conservation”,
one of the parallel forums of COP15
for Non-Governmental organizations.
Professor Che gave a report entitled
“A crisis for biodiversity and efforts
in China”, and had a discussion with
representatives of foundations and
governments on the role of foundations in biodiversity conservation.

Prof. Che was invited to appear on a televised talk show of Yunnan TV named Hori-
zon, where she introduced the exploration and achievements of biodiversity conservation
in Yunnan Province, especially the construction of the Animal Branch of the Germplasm
Bank of Wild Species, and also promoted the popularization of biodiversity conservation.

Prof. Che on televised talk show
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. Liu YH', Wang L', Zhang ZG', Otecko O.N,
Khederzadeh S, Dai YQ, Liang B*, Wang
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XM, Lasagna E, Ceccobelli S, Gunwardana
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A, Khan MS, Silva G, Thuy LT, Mwai OA,
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MS, Esmailizadeh A*, Dong Y*, Ommeh
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[LiJB etal. 2021 Genomics, Proteomics & Bioinformatics, 1F=11.120]
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[Liu YH et al. 2021 Molecular Biology and Evolution, 1F=18.670]
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Prof. Ya-Ping Zhang, Academician of Chinese Academy of Sciences (CAS),
The World Academy of Sciences, and Academia Europaea. He serves as Vice
President of CAS and the editorial board of Hum Mol Genet. He focuses on the
origin, domestication and artificial selection of domestic animals, the local adap-
tation of animals, and the evolution of complex traits of animals. In 2021, Prof.
Zhang organized joint team to conduct series of evolutionary genomic researches
on domestic animals, including the evolution of reproductive barriers in domestic £
pigs,gene expressional pattern in developing thoracolumbar vertebra, convergent
evolution between humans and dogs with respect to diet, domestication history
of guinea fowl. Prof. Zhang’s group published 11 SCI-indexed papers, including
Mol Biol Evol (2),Genom Proteom Bioinf (1), Nat Sci Rev (1). They also won & &
the Natural Science Prizes of Yunnan Province, First Grade.
Email: zhangyp@mail.kiz.ac.cn

1. Genetic architecture of nascent speciation of Eurasian pigs under domes-
tication

To explore the genomic incompatibility evolved between European and Chinese domestic pigs,
we selected the Large White and Min pigs as a model to explore the genetic interactions asso-
ciated with hybrid inviability. We explored the genetic incompatibility by screening the genetic
interactions in 589 F2 individuals by conducting an analysis of the genome inheritance in the
whole family. We found that weak reproductive barriers have evolved between Large White and
Min pigs. In the F2 individuals, the lowest male ratio was observed as about 0.3 on some auto-
somal interactions, indicating a presence of hybrid male inviability conforming to the Haldane’s
rule. We found that epistatic interactions between chromosome 3 and other autosomes caused
hybrid male inviability. The results is important in exploring the genomic interactions in pig
breeding and in exploring the mechanism of nascent speciation.
[Xie HB et al. 2021 Molecular Biology and Evolution, TF=18.670]

2. Single-cell RNA-sequencing Reveals Thoracolumbar Vertebra Heterogene-
ity and Rib-genesis in Pigs

The number of thoracic vertebrae and lumbar vertebrae are highly variable between different
domestic pigs, while the molecular mechanism of underlying vertebrae number variation among
domestic pigs remains limited. Here, we investigated the single-cell transcriptome landscape
of thoracic vertebra (TV), lumbar vertebra (LV), and RP cells from a pig embryo at 27 days
post-fertilization. Further analysis of cell type-specific and strand-specific expression uncovered
the extremely high level of HOXA10 3’-UTR sequence specific to osteoblasts of LV cells, which
may function as anti-HOXA 1 0-antisense by counteracting the HOXA 1 0-antisense effect to deter-
mine TLV transition.
[Li JB et al. 2021 Genomics, Proteomics & Bioinformatics, 1F=11.120]

T

- - n- i = s = BE——- A
-'"'}“b - I 1=F + & A o0 0000000 .
A — xr - = | = o082 o0 ..:.. 2

| .0 000
I . | y e B - H . ec00 l'
a—— } | > 000000 eooe 0
— e e r | SEE— - ] 'jﬂ_ H ° «e000 1
= === 5% fffft.. } 00008 rucon
i = = = cc0000

a . . & (1 0@ c0000 gs

o0 ® :
.- . o5
e o
4 ®

%

SRR
Feature

3. Convergent evolution between humans and dogs with respect to diet

A research consortium led by Prof. Yaping Zhang revealed gm0 ¥
LCT (lactase) is under strong positively selection in Euro- -

pean dogs. Mutations of LCT may be related with lactase
persistence (LP) in European, Middle Eastern and African
humans. One SNP (chr19:38,609,592, A-to-G) show high
allele frequency in European dogs (91.7%) and Middle
Eastern dogs (92.2%). Its time to the most recent common
ancestor is 6,535+180 years ago at which dairy economy
has been well-developed in central Europe. Transcription
factor ZEBI potentially binds to the SNP position. It increases the expression of LCT by reduc-
ing its binding with ZEBI, which would enhance dog’s ability to digest milk-based diets. Our
study uncovers the genetic basis of convergent evolution between humans and dogs with respect
to diet.

[Liu YH et al. 2021 Molecular Biology and Evolution, 1F=18.6701
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Genes Research Group, KIZ, CAS. Prof. Wang has been focusing on evolution-
ary genomics. So far, he published more than 220 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 Science
Award in 2012, two second prize in Yunnan Natural Science Award in 2017 and
one first prize in Yunnan Natural Science Award in 2019.

Email: wwang@mail.kiz.ac.cn

d Origin of New Genes

1. The evolution mystery of vertebrates from aquatic to terrestrial

In order to better adapt to the changes of the earth’s ecological environment, some vertebrates evolved
from aquatic to terrestrial, which is one of the most important scientific issues in the evolution of ver-
tebrates. The first study revealed not only the relation of vital organs homology in many vertebrates at
the molecular level, but also the molecular genetic mechanisms that regulate these organs and related
functions. Based on the comparative analysis of species evolution, it is proposed for the first time that
the genetic regulation mechanism of organs and physiological functions related to terrestrial adaptation
of tetrapods has begun to take shape in the ancestors of teleosts. In particular, the ancient genes and
regulatory elements related to the regulation of air respiratory function, skeletal motor flexibility, and
the development of the cardiopulmonary system provided an important genetic innovation basis for the
subsequent landing of lobe-finned fish and the evolution of tetrapods. In particular, the ancient genes
and regulatory elements related to the regulation of air respiratory function, skeletal motor flexibility,
and the development of the cardiopulmonary system provided an important genetic innovation basis for
the subsequent adaptive evolution from aquatic lobe-finned fishes to Terrestrial tetrapods.

The second study on aquatic to terrestrial evolution of vertebrates reported the complete and high-qual-
ity superlarge largest African lungfish (Protopterus annectens) genome so far, which has a size of more
than 40 billion base pairs (40 Gb), more than 10 times the size of the human genome (3 Gb). Two
third-generation sequencing assembly software, NextDenovo and WTDBG.2.0, were developed for the
high-quality analysis of this large and highly complex genome. The lungfish final genome assembly
results were consistent with the predicted size, which contained more than 95% of complete vertebrate
genes. We also identified potential genes and regulatory elements related to such terrestrial adaptation
traits as pulmonary surfactant, anxiolytic ability, pentadactyl limbs, and pharyngeal remodeling. These
results provide insights and key resources for understanding the evolutionary from fish to humans.

2. Genomic basis of adaptive evolution of important phenotypic traits in insects

Insects are the most diverse group of animals on earth, and the adaptive evolution of their phenotypic
traits is an important topic in biology. Due to their enigmatic phenotypic traits such as morphological
diversity and behavior, butterflies and luminous beetles have been one of the important groups for
studying the adaptive evolution of species since the Darwin era. Using three species of Papilionidae and
one species of Nymphalidae as case, we annotated chromatin open peaks on regulatory elements within
genome-wide at larval and pupal stages. The results showed that the chromatin openness was highly
dynamic at different developmental stages. Furthermore, some regulatory regions located in promoter
regions of melanogenesis- and longevity-related genes may be closely related to larval cuticle color and
diapause in butterflies, respectively. Our results provide important data resource for annotation study
of butterfly regulatory elements. Here, we have successfully identified 56 ABC transporters and 58 Rab
members in the genome of swallowtail butterfly Papilio xuthus. Aiming to investigate the contribution
of the five genes which are orthologous to well-studied pigment transporters (ABCG: white, scarlet,
brown and ok; Rab: lightoid) of fruit fly or silkworm during the development of swallowtail butterflies,
we performed CRISPR/Cas9 gene-editing of these genes using P. xuthus as a model and sequenced the
transcriptomes of their morphological mutants. Our results indicate that the disruption of each gene
produced mutated phenotypes in the colors of larvae (cuticle, testis) and/or adult eyes in GO individuals
but have no effect on wing color. Our data indicated these transporter proteins play an important role
in body color of P. xuthus and provides new insights into the function of ABC transporters and small
G-proteins in the morphological development of butterflies.

To better understand the role of the luciferases of sympatric fireflies in recognizing mates, we cloned the
luciferase genes of three sympatric forest dwelling fireflies (Diaphanes nubilus, Diaphanes pectinealis
and Diaphanes sp2) and evaluated their enzyme characteristics. Our data show that the amino acid (AA)
sequences of all three luciferases are highly conserved, including the identities and the protein struc-
tures. Three recombinant luciferases produced in vitro all possess significant luminescence activity at
pH 7.8, and similar maximum emission spectrum. Phylogenetic analyses support that D. nubilus is sister
to D. pectinealis with Diaphanes sp2 at their base. All combined data indicate that sympatric Diaphanes
species have similar luciferase characteristics, suggesting that other strategies (e.g., pheromone, active
time, etc.) may be adopted to recognize mates. Our data provide new insights into Diaphanes luciferases
and their evolution.
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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 abil-
ities in humans, yet its genetic basis remains unsolved. our laboratory fo- =
cuses on (1) the genetic mechanism underlying the dramatic enlargement |
of human brain and its highly developed cognitive skills during human
evolution; (2) Origins and migration of modern human populations in
East Asia and its adaptation to environmental stress.

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

1. 3D Genome of macaque fetal brain reveals evolutionary innova-
tions during primate corticogenesis

Elucidating the regulatory mechanisms of human brain evolution is essential to under-
standing human cognition and mental disorders. We generated multi-omics profiles and
constructed a high-resolution map of 3D genome architecture of rhesus macaque during
corticogenesis. By comparing the 3D genomes of human, macaque, and mouse brains,
we identified many human-specific chromatin structure changes, including 499 topo-
logically associating domains (TADs) and 1,266 chromatin loops. The human-specific
loops are significantly enriched in enhancer-enhancer interactions, and the regulated
genes show human-specific expression changes in the subplate, a transient zone of the
developing brain critical for neural circuit formation and plasticity. Notably, many hu-
man-specific sequence changes are located in the human-specific TAD boundaries and
loop anchors, which may generate new transcription factor binding sites and chromatin
structures in human. Collectively, the presented data highlight the value of comparative
3D genome analyses in dissecting the regulatory mechanisms of brain development and
evolution.

2. The distinct morphological phenotypes of Southeast Asian aborig-
}nes are shaped by novel mechanisms for adaptation to tropical rain-
orests

Southeast Asian aborigines, the hunter-gatherer populations living in the tropical rain-
forests, exhibit distinct morphological phenotypes including short stature, dark skin,
curly hair and wide and snub nose. The underlying genetic architecture and evolution-
ary mechanism of these phenotypes remain a long-term mystery. Here we conducted
whole genome deep sequencing of 81 Cambodian aborigines from 8 ethnic groups.
Through genome-wide scan of selective sweeps, we discovered key genes harboring
Cambodian-enriched mutations that may contribute to their phenotypes, including two
hair morphogenesis genes (TCHH and TCHHL1), one nasal morphology gene (PAX3)
and a set of genes (such as ENTPD1-AS1) associated with short stature. The identified
new genes and novel mutations suggest an independent origin of the distinct phenotypes
in Cambodian aborigines through parallel evolution, refuting the long-standing argu-
ment on the common ancestry of these phenotypes among the world-wide rainforest
hunter-gatherers. Notably, our discovery reveals that various types of molecular mecha-
nisms, including antisense transcription and epigenetic regulation, contribute to human
morphogenesis, providing novel insights into the genetics of human environmental ad-
aptation.
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Prof. Peng Shi, Principal Investigator, has long been engaged to the research-
es on evolutionary and functional genomics. The work in Shi's laboratory
covers two fields:

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

(2) novel disease-related gene identification and the etiopathogenesis study.
Through genomic analyses using non model organisms, we try to aid the
comprehensive understanding of the etiopathogenesis in human longevity,
cardiovascular diseases and tumors from a different angle.

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

1.Echolocation in soft-furred tree mice

Echolocation is the use of reflected sound to sense features of the environment. Here, we show that soft-
furred tree mice (Typhlomys) echolocate based on multiple independent lines of evidence. Behavioral
experiments show that these mice can locate and avoid obstacles in darkness using hearing and ultrasonic
pulses. The proximal portion of their stylohyal bone fuses with the tympanic bone, a form previously
only seen in laryngeally echolocating bats. Further, we found convergence of hearing-related genes
across the genome and of the echolocation-related gene Prestin between soft-furred tree mice and echo-
locating mammals. Together, our findings suggest that soft-furred tree mice are capable of echolocation,
and thus are a new lineage of echolocating mammals.

2.A single mutation underlying phenotypic convergence for hypoxia adaptation

Applying comparative genomics analysis, we identified a parallel amino acid substitution (Q247R) in
the Retsat gene shared by four indigenous mammals living on the Qinghai-Tibetan Plateau. The catalytic
activity of the Retsat enzyme could be significantly enhanced in vitro through this mutation. The Q247R
knock-in mice exhibit phenotypic characteristics that are adaptive to the hypoxic environment of the pla-
teau, such as higher ratio of heart mass to body mass, stronger cardiac output capacity and lower pulmo-
nary artery pressure. Notably, the mutant mice survive longer under acute hypoxia, hinting the important
role this substitution may play during mammal adaptation to the plateau.

3.Functional evolution of primate bitter taste receptor Tas2R16

Bitter taste receptors play a critical role in preventing toxin intake by animals, however, few systematic
studies of specific Tas2R to unveil their functional evolution

have been conducted. Here, we surveyed Tas2R16 across all & 5 o
major clades of primates and reported a rare case of a con- — B

vergent change to increase sensitivity to B-glucopyranosides ——
in human and a New World monkey, the white-faced saki.
Combining analyses at multiple levels, we demonstrate that
a parallel amino acid substitution (K172N) shared by these
two species is responsible for this functional convergence of
Tas2R16. Considering the specialized feeding preference of the
white-faced saki, the K172N change likely played an important
adaptive role in its early evolution to avoid potentially toxic i
cyanogenic glycosides, as suggested for the human T4S2R16

gene.

iy

4.I;(henotypic and genomic adaptations to the extremely high elevation in plateau
zokor

To explore whether endemic animals adopt uniform mechanism during their adaptation to different ele-
vational environments, we investigated the phenotypic and genomic data of seven populations of plateau
zokor along elevations ranging from 2,700 to 4,300 m. The results show that populations at above 3,700
m diverged from others nearly 10,000 years ago, and have elevated ratios of heart mass to body mass.
Genomic analysis of selective sweeps indicates that positive selection might contribute to the observed
phenotypic alterations, with the adaptive cardiovascular phenotypes possibly evolving under the func-
tional constrains of their common ancestral population. Taken together, we show that heterogeneous
stressors may impact mammal adaptation to extreme elevations, providing new insights into plateau ad-
aptation.
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3. 4.LPS
Fig3.Tissue-specific expression of the novel Fig4. Expression of the novel enzyme in different tissues of Oreochromis
enzyme in Oreochromis niloticus niloticus after LPS stimulated immune response
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Evolutionary Genomics of Eukaryotic Cells

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

1. Intron gain of prokaryotic FBPase in chlorophyta after its horizontal
transfer from prokaryotes

We found that the prokaryotic gene FBPase in the genome of the eukaryote Chlamydomo-
nas reinhardtii , after extensive investigation, it was found that this gene is ubiquitous in the
Chlorophyta of eukaryotes but not in other eukaryotes. By molecular phylogenetics, it was
found that the FBPase of Chlorophyta are clustered together then formed a sister clade with
FBPase of Actinomycetes in the phylogenetic tree (figure 1) , so the FBPase in green alga is
arise from Actinobacteria during the common ancestor of Chlorophyta. Then, how to obtain
introns from the intron-free state of prokaryotic genes? This is an interesting and important
question for reveal the origin of intron during the evolution from prokaryotes to eukary-
otes.We collected and identified the FBPase genes of several species of green algae, and
then identified and conducted a systematic analysis about their introns. The analysis results
show that prokaryotic genes show phase-biased and sequence-biased when inserting new
introns—the vast majority of introns are phase 0 that are less prone to adverse effects when
mis-splicing and intron sliding occur; these introns tend to be inserted into the proto-splice
sites of G|G (figure 2) ; And the the intron density in each FBPase is approximately same as
the intron density of the genome in which it is located. This may indicate that: when introns
are originally produced in eukaryotic genes, there is a preference for phase and insertion
sites. Moreover, the amount of introns produced in prokaryotic genes entering eukaryotes is
closely related to the overall genomic environment of the particular species in which they are
located.

2. Duplication and functional differentiation of important energy metabo-
lism genes and adaptive radiation

The duplication of an important glucose metabolism enzyme ONTIM in Oreochromis ni-
loticus was found for the first time in our laboratory. Our sequence and structure analysis
indicated that although the novel enzyme is similar to the original enzyme in many respects,
but some key amino acid sites have undergone significant changes. The enzyme activity
experiment also confirmed that the novel enzyme may not perform its original function.
Subsequently, according to the tissue specific distribution of the novel enzyme (Figure 3), we
guessed that the function of the novel enzyme was related to immunity, which was further
confirmed by immune stimulation experiments (Figure 4). It is interesting to note that we
then investigate the teleost fishes found that novel enzyme exists ubiquitously and exclu-
sively in the fishes of the family Cichlidae, and the novel enzyme is very conservative in the
cichlid family, suggesting the novel enzyme must have emerged in the common ancestor of
cichlids through a relatively ancient duplication of the original enzyme. Cichlid is a typical
model of the fastest and largest adaptive radiation found in vertebrates, and have always been
a hotspot in evolutionary biology research. It has been found that they may adapt to various
ecological environments by increasing various tolerances (pH, temperature, salinity, etc.).
Our research suggests that the duplication and functional differentiation of this key energy
metabolism gene can significantly enhance the immune function of cichlid, which may pro-
vide important potential for this striking adaptive radiation in cichlid.
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Computational Biology and Medical Ecology Lab

Bio-sketch of the lab Principal Investigator (PI): Zhanshan (Sam) Ma received his dou-
ble PhDs in Computer Science, and Entomology in 2008, and 1997, respectively, both
from the University of Idaho (UI), USA. In November 2010, he was retained as a Pro-
fessor and Principal Investigator by Kunming Institute of Zoology (KIZ), the Chinese * *
Academy of Sciences (CAS) through “The 100 Talents PI Program” of the CAS. Prior §

to joining in KIZ, he was a Research Scientist (in Computational Biology & Computer =

Science) at Ul. He was a senior network and software engineer from 1998 to 2006 in
the computer industry in Silicon Valley, USA. Dr. Ma has been keeping dual track pub-
lishing in both Computer Science and Biology with more than 100 peer-refereed papers
in premier platforms such as IEEE Transactions on Reliability, Science Translational
Medicine, The ISME Journal, Ecological Monographs, and Advanced Science. He was a
member of London-based “Faculty 1000 of Biology and Medicine”.
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[1] Murray, CJL (2022) COVID-19 will continue but the
end of the pandemic is near. The Lancet, January 19th,
2022.

[2] Ma ZS (2022) Coupling Power Laws Offers a Powerful
Modeling Approach to Certain Prediction/Estimation
Problems with Quantified Uncertainty. Frontiers in Ap-
plied Mathematics and Statistics. [Jan 24", 2022], DOI:
10.3389/fams.2022.801830.

[3] Ma ZS (2021) Coupling Power Laws Offers a Pow-

erful Method for Problems such as Biodiversity and

COVID-19 Fatality Predictions. ArXiv Preprint [May
23, 2021]: https://arxiv.org/abs/2105.11002.
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< Global Biodiversity Loss
+ Climate warming
+ Land use changes

« Deforestation
« Environmental toxicology
« Natural Catastrophes
« Human Activities: including

" Genetic/inherent susceptibility
+ Immune protection

 Cell tropism

« Alternative and co-receptors

+ ADE and related phenomena

« Demography and Behavior

« Antibiotic misuse & Drug abuse

« International travel and trade

« Oceupation, Sex, & Ethnicity

+ Disease ecology of zoonoses &
emerging infectious discases, e.g., DDR

Environment/
Ecosystem

Agricultural, industrial, cultural,
trade, political and military.
« Public Health Infrastructures

Safety/Protection
from Hazards/Risks,

7 Medical ecology of human
microbiome-associated
diseases, ¢.g., DDR

- Homeostasis or Dysbiosis

+ Immune system training

+ Microbiome-virome

interactions.

« Genetic diversity &
stability

« Evolution & Mutation
« Co-pathogenesis
« Immunodominant ﬂmlgcns
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1. Jiang JJ, Cheng LH, Yan L, Ge MX,

Yang LQ, Ying HQ, Kong QP*. De-
coding the role of long noncoding RNAs
in the healthy aging of centenarians.
Briefings in Bioinformatics,2021,22(5):
bbaa439. (IF=11.622)

. Shen T, Xia WX, Min SN, Yang ZX,
Cheng LH, Wang W, Zhan QX, Shao
FH, Zhang XH, Wang ZY, Zhang Y,
Shen GD, Zhang HF, Wu LL, Yu GY,
Kong QP*, Wang XT*. A pair of long
intergenic non-coding RNA LINC00887
variants act antagonistically to control
Carbonic Anhydrase IX transcription
upon hypoxia in tongue squamous
carcinoma progression. BMC Biolo-
2,2021,19(1):192. (IF=7.431)

. Ge MX, Hu LA, Hong S, Zi MT, Kong
QP*, He YH*. Senolytic targets and new
strategies for clearing senescent cells.
Mechanisms of Ageing and Develop-
ment, 2021, 4(195):111468. (IF=5.432)

. Rahman ZU, Tian JY, Gao Z L, Wang
HT, Xia WX, Yang B Y, Yang L Q, Li
YC*, Kong QP*. Complete mitoge-
nomes document substantial genetic con-
tribution from the Eurasian Steppe into
northern Pakistani Indo-Iranian speakers.
European Journal of Human Genetics,
2021, 29(6): 1008-1018. (IF=4.246)
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Dr. Qing-Peng Kong, Principal Investigator, Kunming Institute g
of Zoology, Chinese Academy of Sciences.

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

Email: kongqp@mail.kiz.ac.cn

1. Decoding the health-protective roles of IncRNA in centenarians

To illustrate the potential roles of IncRNA in human healthy aging, we obtained and
analyzed the RNA sequencing data of peripheral blood samples from two longevity co-
horts, consisting 76 centenarians (CENs), 54 centenarian-children (F1) and 41 spouses of
centenarian-children (F1SP). We identified eight IncRNAs that were differentially CENs
compared to FISPs. Among them, we found that the overexpression of either THBS1-IT1
or THBS1-ASI, two IncRNAs with increased expression in CENs, can remarkably reduce
expression of pl6 and p21, and decrease the activity of senescent related -galactosidase,
suggesting that THBS1-IT1 and THBS1-AS1 can delay cellular senescence. Collectively,
we provided the first comprehensive analysis of IncRNA expression in longevous popu-
lations, and our results hinted that the IncRNAs with expression differences in CENs are
potential protective factors in human healthy aging (Jiang et al. 2021, Briefings in Bioin-
formatics).

2. Demic diffusion of spread of Indo-European languages to northern
Pakistan

Based on mitogenome sequencing data of 213 Indo-European speakers in north Pakistan,
as well as mitochondrial DNA (mtDNA) data of both contemporary and ancient samples
from north Pakistan and surroundings, the analyses showed that maternal genetic com-
ponents of Indo-European speaking populations in northern Pakistan mainly come from
Western Eurasia. Haplogroups W3ala and J1blal may be related to the migration of early
Indo-European language speakers, indicating that the diffusion of Indo-European languag-
es to South Asia may not only restricted to simple cultural expansion, but also accompa-
nied by population migration. Our study also showed the corridor role of northern Pakistan
in the diffusion of Indo-European languages to South Asia (Rahman et al. 2021, Europe-
an Journal of Human Genetics).
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Phylogeographic Analysis of Western Eurasian Genetic Components in Northern Pakistani Populations
[Rahman et al. 2021, European Journal of Human Genetics]
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Fedrigo, Q. Li, H. Yang, J. Wang, S. D. John-
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vertebrate water-to-land transition, Zoologi-
cal Research, 2021, 42, 135-137 .
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(Zhou et al., 2021, Nature )
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BEIRtASE.  (Bieral., 2021, cell)
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PIZHAR T oBAAniE, BN (5t aniarh AP 2k R 2H 1 5 BT 2H 33 G (ko oP IR
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Biodiversity Genomics Lab

Dr. Guojie Zhang, Head of Biodiversity Genomics Group, Kunming Institute of Zoology, CAS, full professor in University of Co-
penhagen and Associate Director of the China National GeneBank. Dr. Zhang has published more than 160 articles, including Sci-

ence, Nature, Cell, Science Advances, Nature Communications, PNAS and
Current Biology. In 2021, we generated reference genomes of the platy- |
pus (Ornithorhynchus anatinus) and echidna (Tachyglossus aculeatus),
allowing us to detect the ancestral and lineage-specific genomic changes
that shape both monotreme and mammalian evolution.; we presented
genome sequences of the bichir, paddlefish, bowfin, and alligator gar,
providing insights for mechanisms underlying water-to-land transition;
we applied a trio-binning approach to assemble a high-quality, diploid &
reference genome for the common marmoset, establishing the perfect ge- §¢
nome standard and implicating the potentials for the use of marmoset as a
non-human primate model system in biomedical research. 19 high profile
SCI papers were published, including Nature (2), Cell (2), Nature Com-
munications (1), PNAS (1), GigaScience (3).

Email: zhangguojie@mail.kiz.ac.cn

1. Analysis of mammalian ancestral chromosomes

Based on the latest sequencing technologies, the team mapped the high-quality genomes of the
platypus and echidna, and compared them with the genomes of various animals such as humans,
marsupials, birds and reptiles, successfully reconstructed the genome map of the common an-
cestor of living mammals over a span of 180 million years. The research team found that the
monotreme’s five X chromosomes were different from the X chromosome sequences of most oth-
er mammals, but some were homologous to the sex chromosomes of birds. The disvovery over-
turned the previous hypothesis that five pairs of sex chromosomes of monotreme were generated
by hybridization of two ancient monotreme groups. The team proposed that the mutiple sex chro-
mosomes in monotreme are most likely derived from the fusion and translocation of non-ho-
mologous fragments between ancestral autochromosomes, known as translocation events, which
resulted in the formation of current five pairs of sex chromosomes.(Zhou et al., 2021, Nature )

2. The evolution of vertebrates from aquatic to terrestrial

This study reveals that the genetic basis for water-to-land transition was present in the ancestors
of teleost fish by analyzing the genome sequence of bichir and the other three actinopterygians.
This study also found synovial joints, which increaseskeletal mobility, were already present in
early fish, and the genetic basis for regulating these functions originated even earlier. Through
comparative genomic analysis, the researchers found two types of olfactory receptors in these an-
cient fish, one is to detect water-soluble molecules and the other is to detect air molecules, which
is consistent with their ability to breathe the air. At the same time, genes that are highly expressed
in ancient fish are significantly enriched in angiogenesis pathways, which may contribute to diffu-
sion and transportation of oxygen in the lungs, explaining why the surfaces of the lungs or swim
bladders in ancient fish are covered with blood vessels. Other lung-specific genes have also been
found in cartilaginous fish, suggesting that the molecular basis for “proto-lung” formation was
established before the fish landing. The coevolution of the cardiopulmonary system is important
for vertebrate landing. From one atrium and one ventricle of fish to two atrium and two ventricles
of human, the heart’s structure tends to be perfect, and its functions become more complex. The
researchers found genetic evidence for functional innovations arising from this evolutionary pro-
cess and confirmed that a newly identified gene regulatory element is associated with human heart
disease. (Bi et al., 2021, cell)

3. Deciphering the differences in diploid genome of marmoset

By using a trio-binning approach, the team present a
high-quality, diploid reference genome, with both hap-
lotypes assembled independently at the chromosome
level, for the common marmoset (Callithrix jacchus), an
primate model system that is widely used in biomedical
research. At the same time, the comparison of parental
genome sequences also refreshed people’s understanding
of the genetic information differences between parents.
By analying genes related to growth and development, the
study demonstrated the prospect of developing marmoset
as a non-human primate model for medical studies. (Yang
et al. 2021, Nature)
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1.

Yongsen Ruan, Zhida Luo, Xiaolu Tang, Guang-
hao Li, Haijun Wen, Xionglei He, Xuemei Lu*,
Jian Lu*, Chung-I Wu*.On the founder effect in
COVID-19 outbreaks — How many infected trav-
elers may have started them all? National Science
Review, 2020, Accepted. IF17.584

Chunyan Li#, Melisa Olave#, Yali Hou#, Geng
Qin#, Ralf F. Schneider, Zexia Gao, Xiaolong Tu,
Xin Wang, Furong Qi, Alexander Nater, Andreas
F. Kautt, Shiming Wan, Yanhong Zhang, Yali Liu,
Huixian Zhang, Bo Zhang, Hao Zhang, Meng
Qu, Shuaishuai Liu, Zeyu Chen, Jia Zhong, He
Zhang, Lingfeng Meng, Kai Wang, Jianping Yin,
Liangmin Huang, Byrappa Venkatesh*, Axel
Meyer*, Xuemei Lu*, Qiang Lin*.Genome
sequences reveal global dispersal routes and sug-
gest convergent genetic adaptations in seahorse
evolution. Nature Communications, 2021, 12(1),
1F15.805

Guanghao Li#, Zuyu Yang#, Dafei Wu, Sixue
Liu, Xuening Li, Tao Li, Yawei Li, Liji Liang,
Weilong Zou, Chung-I Wu, Hurng-Yi Wang*,
Xuemei Lu*. Evolution under spatially heteroge-
neous selection in solid tumors. Molecular Biolo-
gy and Evolution, 2021-12-02,0nline, IF18.670
MingShan Wang#, JinJin Zhang#, Xing Guo#,
Ming Li#, Rachel Meyer#, Hidayat Ashari#,
ZhuQing Zheng, Sheng Wang, MinSheng Peng,
Yu Jiang, Mukesh Thakur, Chatmongkon Su-
wannapoom, Ali Esmailizadehl, Nalini Yasoda
Hirimuthugoda, Moch Syamsul Arifin Zein, Szil-
via Kusza, Hamed Kharrati-Koopaee, Lin Zeng,
YunMei Wang, TingTing Yin, MinMin Yang,
MingLi Li, XueMei Lu, Emiliano Lasagna, Sim-
one Ceccobelli, Humpita Gamaralalage Thilini
Nisanka Gunwardana, Thilina Madusanka Sen-
asig, Shao-Hong Feng, Hao Zhang, Abul Kashem
Fazlul Haque Bhuiyan, Muhammad Sajjad Khan,
Gamamada Liyanage Lalanie Pradeepa Silva,
Le Thi Thuy, Okeyo A. Mwai,Mohamed Nawaz
Mohamed Ibrahim, Guojie Zhang, Kai-Xing Qu,
Olivier Hanotte, Beth Shapiro,Mirte Bosse*,
DongDong Wu*, JianLin Han* and YaPing
Zhang*. Large-scale genomic analysis reveals
the genetic cost of chicken domestication, BMC
Biology, (2021) 19:118, IF 8.182

Xiaolu Tang#, Ruochen Ying#, Xinmin Yao#,
Guanghao Li, Changcheng Wu, Yiyuli Tang, Zhi-
da Li, Bishan Kuang, Feng Wu, Changsheng Chi,
Xiaoman Du, Yi Qin, Shenghan Gao, Songnian
Hu, Juncai Ma, Tiangang Liu, Xinghuo Pang,
Jianwei Wang, Guoping Zhao, Wenjie Tan*, Yap-
ing Zhang*, Xuemei Lu*, Jian Lu*, Evolution-
ary analysis and lineage designation of SARS-
CoV-2 genomes, Science Bulletin, 2021,66(22),
IF7.658
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Adaptive Evolution and Evolutionary Medicine

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

Email: xuemeilu@mail.kiz.ac.cn

1. Genome sequences reveal global dispersal routes and suggest BIPAEES (Lab Member)
convergent genetic adaptations in seahorse evolution -

Seahorses have a circum-global distribution in tropical to temperate coastal waters. TEAR (Staff)
Yet, seahorses show many adaptations for a sedentary, cryptic lifestyle: they require | gazizs ssoymzaE
specific habitats, such as seagrass, kelp or coral reefs, lack pelvic and caudal fins,
and give birth to directly developed offspring without pronounced pelagic larval )
stage, rendering long-range dispersal by conventional means inefficient. Here we Kk S
investigate seahorses’ worldwide dispersal and biogeographic patterns based on a | YueZhang

de novo genome assembly of Hippocampus erectus as well as 358 re-sequenced | fa[sz#y BHFEsSCIANF
genomes from 21 species. Seahorses evolved in the late Oligocene and subsequent | wenbin He
circum-global colonization routes are identified and linked to changing dynamics in
ocean currents and paleo-temporal seaway openings. Furthermore, the genetic basis
of the recurring “bony spines” adaptive phenotype is linked to independent substi- | §HFE (Graduate Students)
tutions in a key developmental gene. Analyses thus suggest that rafting via ocean
currents compensates for poor dispersal and rapid adaptation facilitates colonizing

Liduo Yin

PREF Zeyu Chen

new habitats. /5 Hf Jing Feng
. . . . . 5 w) Kai Y:
2. Evolutionary analysis and lineage designation of SARS-Cov-2 | = & Kevar
genomes EEI98% Yunyang Wei
5 B Xin Zhang

The pandemic due to the SARS-CoV-2 virus, the etiological agent of Coronavirus et
Disease 2019 (COVID-19), has caused immense global disruption. With the rapid e
accumulation of SARS-CoV-2 genome sequences, however, thousands of genomic BEE Wanyi Wei
variants of SARS-CoV-2 are now publicly available. To improve the tracing of the | EEREJE Sijie Liao
viral genomes’ evolution during the development of the pandemic, we analyzed ZF5 Fengyi Li
single nucleotide variants (SNVs) in 121,618 high-quality SARS-CoV-2 genomes.
We divided these viral genomes into two major lineages (L and S) based on variants
at sites 8782 and 28144, and further divided the L lineage into two major sublin-
eages (L1 and L2) using SNVs at sites 3037, 14408, and 23403. Subsequently, we 5 & Lei Zhang
categorized them into 130 sublineages (37 in S, 35 in L1, and 58 in L2) based on | Ouedraogo Raogo Blaise
marker SNVs at 201 additional genomic sites. This lineage/sublineage designation Rex Frimpong Anane
system has a hierarchical structure and reflects the relatedness among the subclades
of the major lineages. We also provide a companion website (www.covidl9evolu-
tion.net ) that allows users to visualize sublineage information and upload their own
SARS-CoV-2 genomes for sublineage classification. Finally, we discussed the pos-
sible roles of compensatory mutations and natural selection during SARS-CoV-2’s
evolution. These efforts will improve our understanding of the temporal and spatial
dynamics of SARS-CoV-2’s genome evolution.

Zifeng Li

{AlB%Z, Xiaoyi He
{§ &2 Hao He




B ESHUERESTRE FRENFETEHE

State Key Laboratory of Genetic Resources and Evolution

— s © s
5 5B R
CHEE, TR, ARSI, N TTGHRIE RN, P EREG
SERRFESMFE LT, AP EESARRE AN LN 3K 2019 4EE P ERIEERE H AR R,
YRR —GIER REEN AT EFREC . BUT B Sh 2 St T 5 & 55— ni s
SRR (2019 48 11 H 2023 4F 11 H) A EBlEG s o0 Bt AZLBm R R4 41
FEBAHSEA (2019- A ) o FEWGTIT RS | @R . B 2RI g
HURISEFR . LIS —VEERLERVER (FIFF) 7€ Nat Genet, Nat Commun, Cell Res, PNAS,
Mol Biol Evol I Nucl Acids Res % SCI 248 % F1EC 28 k5. 3K Sanofi-Cell Research {756 3C
MR = fa T ERHME B RS L, BFIR 4SS — Wk Nature, The New York Times. The Guardian .,

Y

National Geographic. Scientific American Z51E prZERiE .

BEEMRR~L:

1.

Zhang, S. I Wang, G. D.', Ma, P. C.",
Zhang, L. L., Yin, T. T., Liu, Y. H., Otecko,
O. N., Wang, M., Ma, Y. P., Wang, L., Mao,
B. Y.*, Savolainen, P.*, and Zhang, Y. P.*.
Genomic regions under selection in the feral-
ization of the dingoes. Nat Commun 2020.11
(1):671.
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2. Ghanatsaman, A. Z.', Wang, G. D.", Nanaei,
A. H., Fozi, A. M., Peng, M. S., Esmailiza-
deh, A.* and Zhang, Y. P.*. 2020. Whole ge-
nome resequencing of the Iranian native dogs ) o y y
and wolves to unravel variome during dog ARFFEREI LS 2R WP R M VIR TR, FEE4CE R (GSD) | fEE
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G, VonHoth, B. M., Davis, B. W., Jaganna- F GSD FIR W+ #2438, ifidk EGSD,
than, V., Hitte, C., Wayne, R. K., Zhang, Y. Lo X
P.*, Dog, K. C., Dogl0K: an international (Li, Jin-Xiu et al. 2021 Current zoology)
sequencing effort to advance studies of canine 53
domestication, phenotypes and health. Natl 2. 4835 Dog10k_Boxer_Tasha_1.0 EEH
Sci Rev 2019, 6 (4), 810-824. A T g 2 At e o S om L
5. Wang, G. D.', Zhai, W.', Yang, H. C.', Wang, i Eﬁ;ﬁ%ﬁ’]zﬁ:ﬁﬁm e — -
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6. Wang, G. D.!, Zhai, W.", Yang, H. C., Fan, R. | #7 ] CanFam Z:7% R, e b '

X., Cao, X., Zhong, L., Wang, L., Liu, F., Wu,
H., Cheng, L. G., Poyarkov, A. D., Poyarkov,
N. A., Jr., Tang, S. S., Zhao, W. M., Gao,
Y., Lv, X. M., Irwin, D. M., Savolainen,
P, Wu, C. L.*, Zhang, Y. P.*, The genomics
of selection in dogs and the parallel evolu-
tion between dogs and humans. Nat Com-
mun 2013, 4, 1860.

{§ il PacBio Fi1 10x Chromium
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Xt CanFam3.1 ARG UGE i BGESHETESF, FIFHAAN T CanFam3.1 bR
A HER T, BB BRI T 00 A B K R R
(Jagannathan Vidhya et al. 2021 Genes)
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Genetics and Evolution of Behavior

Prof. Guodong Wang, researcher, Ph.D. Supervisor. The 2019
Young Scientist Award of the Chinese Academy of Sciences and
as one of the initiators to create the Dog10K Consortium. Recent-
ly year we focused on genomic evolution, adaptive evolution, the
genetic basis of complex traits and behavior. Research progress
published on Nat Genet, Nat Commun, Cell Res, PNAS, Mol
Biol Evol, Nucl Acids Res and other science citation index (SCI)
journals.

Email: wanggd@mail.kiz.ac.cn

1. Behavioral evidence for the origin of Chinese Kunming dog
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Inspired by the confirmed genetic basis of breed-based behavioral stereotypes and the ex-
isted heritability of behavioral traits estimated in Swedish Army dogs, a hypothesis was
proposed that CKD might have a similar behavioral stereotype to its original breed. The ev-
idence from the comparison of behavioral stereotypes implied CKD might origin from the
hybrid between Kunming indigenous village dogs and GSD.

(L1, Jin-Xiu et al. 2021 Current zoology)

2. Dog10K Boxer Tasha 1.0: A Long-Read Assembly of the Dog Refer-
ence Genome
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Genetic studies in the dog have relied on a draft reference genome of a purebred female
boxer dog named “Tasha” initially published in 2005. Derived from a Sanger whole ge-
nome shotgun sequencing approach coupled with limited clone-based sequencing, the
initial assembly and subsequent updates have served as the predominant resource for ca-
nine genetics for 15 years. While the initial assembly produced a good-quality draft, as
with all assemblies produced at the time, it contained gaps, assembly errors and missing
sequences, particularly in GC-rich regions, which are found at many promoters and in the
first exons of protein-coding genes. Here, we present Dogl0K Boxer Tasha 1.0, an im-
proved chromosome-level highly contiguous genome assembly of Tasha created with long-
read technologies that increases sequence contiguity >100-fold, closes >23,000 gaps of the
CanFam3.1 reference assembly and improves gene annotation by identifying >1200 new
protein-coding transcripts. The assembly and annotation are available at NCBI under the
accession GCF_000002285.5.

(Jagannathan Vidhya et al. 2021 Genes)
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1.

Ma P# , Li Y#, Wang H,Mao B* .
(2021)Haploinsufficiency of the TDP43
ubiquitin E3 ligase RNF220 leads to
ALS-like motor neuron defects in the
mouse. Journal of Molecular Cell Bi-
ology , 13(5), 374-382.

L. $87R RNF220 iRiEA E4aUZREAEIRXER TDP43 IEHRIFR
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RNF220+/- /NR 2 sh e 0 B BRI . @i 4280 Fm B e sy M & 8L, RNF220
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3. Wang H#, Yang C, Li Y, Zhao S, Ma Zelzlul;lso jﬁazéfﬁ TDP43 FaE PEIRFEFTHLE], 5 T AT ALS BWLEIINR (J Mol
P*,Mao B*. (2021)RNF220-mediated ’ °
ubiquitination promotes aggresomal
accumulation and autophagic degrada-
tion of cytoplasmic Gli via HDACG .

Biochemical and Biophysical Research
Communications,557 ,323-328.
4. Zhang Q#, Zhang L, Huang Y, Ma P,
Mao B, Ding Y,Song N* (2021)Satb2 \
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nergic neurons in the arcuate nucleus @ (_@;3
by DIx1. Cell Death and Disease
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5. Lv Z#,Gong L,Ren Y,Chen Y, Wang Fig 1. RNF220 regulates TDP43 stability in spinal motor neurons.

Z,Liu L,Li H,Chen X,Li Z, Luo H,Jiang
H,Zeng Y,Wang Y,Wang K, Zhang C,
Jiang H, Wan W, Qin Y,Zhang J, Zhu
L,Shi W,He S,Mao B,Wang W* Kong
X*,Li Y*.(2021) Large-scale sequenc-
ing of flatfish genomes provides insights
into the polyphyletic origin of their
specialized body plan. Nature Genetics,
2021.
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Mechanisms of Neural Patternlng and Evolution

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.Kkiz.ac.cn

1. Haploinsufficiency of the TDP43 ubiquitin E3 ligase RNF220
leads to ALS-like motor neuron defects in the mouse

TDP43 pathology is seen in a large majority of amyotrophic lateral sclerosis (ALS)
cases, suggesting a central pathogenic role of this regulatory protein. Clarifying
the molecular mechanism controlling TDP43 stability and subcellular location
might provide important insights into ALS therapy. The ubiquitin E3 ligase
RNF220 is involved in different neural developmental processes through various
molecular targets in the mouse. Here, we report that the RNF220" mice showed
progressively decreasing mobility to different extents, some of which developed
typical ALS pathological characteristics in spinal motor neurons, including TDP43
cytoplasmic accumulation, atrocytosis, muscle denervation, and atrophy. Mech-
anistically, RNF220 interacts with TDP43 in vitro and in vivo and promotes its
polyubiquitination and proteasomal degradation. In conclusion, we propose that
RNF220 might be a modifier of TDP43 function in vivo and contribute to TDP43
pathology in neurodegenerative disease like ALS.

2. Sequential stabilization of RNF220 by RLIM and ZC4H2 during
cerebellum development and Shh group medulloblastoma pro-
gression

Sonic hedgehog (Shh) signaling is essential for the proliferation of cerebellar
granule neuron progenitors (CGNPs), and its misregulation is linked to various
disorders, including cerebellar cancer medulloblastoma (MB). During vertebrate
neural development, RNF220, a ubiquitin E3 ligase, is involved in spinal cord
patterning by modulating the subcellular location of Glis through ubiquitination.
RNF220 is also required for full activation of Shh signaling during cerebellum de-
velopment in an epigenetic manner through targeting EED. ZC4H2 was reported
to be involved in spinal cord patterning by acting as an RNF220 stabilizer. Here,
we provided evidence to show that ZC4H2 is also required for full activation of
Shh signaling in CGNP and MB progression by stabilizing RNF220. In addition,
we found that the ubiquitin E3 ligase RLIM is responsible for ZC4H2 stabiliza-
tion through direct ubiquitylation, through which RNF220 is also thus stabilized.
RLIM is a direct target of Shh signaling and is also required for full activation of
Shh signaling in CGNP and MB cell proliferation. We further provided clinical
evidence to show that the RLIM-ZC4H2-RNF220 cascade is involved in Shh-
group MB progression. Disease-causative human RLIM and ZC4H2 mutations
affect their interaction and regulation. Therefore, our study shields light on the
regulation of Shh signaling during cerebellar development and MB progression,
and provides insights into neural disorders caused by RLIM or ZC4H2 mutations.

BPARER (Lab Member)

T{EAR (Staff)

ZHAEE BRERIm

Chaocui Li, Senior Technician

o=

Pengcheng Ma, Associate Prof.
LU BEARR

Huishan Wang, Assistant Prof

AR

ffist&E (Graduate Students)

%k R Liang Zhu, {&+
ZSF97ER Yuwei Li, 1E1
ZRIESE Jingmei Cha, &t
#7B&RY, Chencheng Yang, fit
SEfT Yuzhu Ma, &t
F5E8F Jinfang Chen, Ht

Z= {H Weili, Wit




BERESHHUERESTRE FRBFAFET (Rt

State Key Laboratory of Genetic Resources and Evolution

EREN e r g

, T, BT, BRI, 2009 4E AL ERFERE < B AR,
= E R PHE A, EREERE ESTIRA A2 PEER A S Tk Bk
o KU E FEMT AR 1) TANRAERRR 0 TR E A UL 2)
RACHN I T A0 i 2 il A 2 T FLAE 2L R B T H AR PR IR AR SE s 3) REK

& | ek

BEMRR~L:

1. Wang L#, Li J#, Zhou H, Zhang W,
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availability to promote genomic stability.
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2. Qin DD#, Zhou JK#, He XC#, Shen
XY#, Li C, Chen HZ, Yan LZ, Hu ZF,
Li X, Lv LB, Yao YG*, Wang Z*, Huang
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7(1):113.

1. EETRETHREESBREEN £ IncRNA Discn

T HARBR S R R et PR RE D, (BMLEIE ARG S, Wil #5745y
Mr, AN T A An £ Fha ik T i b % 3 — AN AR E RN IncRNA,
fir &4 DISCN, DISCN =ZIEFAlgrhRis, HHFREML DNA fHif50HE,
LIREWTA & BL, DISCN X 4 F5 R AG F 40 i fn 1 £ 4R i 3 DR Al F e
K@k, /MR AR DISCN, W 'SEOARIET, FEANREREE IR
W B, 00, 5B RGEshRE I B2 G E . HLEIOHr &I,
DISCN Ef F#% (=, @it DISCN-Ncl-RPA #4352 B H B 1 RPA (1B 9 & .
RPA Z 42 218 DNA Z 1. DNA {5 & B FIRRE N 7, Hik, T guhdid
Ei76i5 DISCN, B3E3ETH E i RPA fU& &, MM B35 38 58 L N Ra 1k
B TAEER TR R AR R LHI L,

[ Wang L et al. 2021, Nature Communications]
2. BB ANK? BERIRBISRSRNRISRMLBNS FRiEER

B2 ANK2 AR FBER R THE RS, wfERkBEoiR RS NEE A
SERY R ARG, /AN EIERE R ANK2 A sgiinss s, (B8 His 3 Hhhe.
P TR R R Bt A, #8T BB ANK2 2EREiBR & (2 R) flix (2
H) #A (HRdtiR g ok 3, SikRE R ANK2 5 ¥ S BB R
WKWk & S, MKESEsR, KRR RRRD, Hix st
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[ Qin DD et al. 2021, Cell Discovery]
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Mammalian Embryonic Development

Dr. Ping Zheng, Principal Investigator, joined in Kunming In- £
stitute of Zoology, Chinese Academy of Sciences in 2009. The
laboratory studies 1) how stem cells safeguard their genomic sta-
bility, 2) the biology of primate spermatogonia stem cells, and 3)
the early embryogenesis of non-human primates. We use mouse,
monkey and tree shrew as animal models.

Email: zhengp@mail.kiz.ac.cn

1. A novel IncRNA Discn fine-tunes replication protein A (RPA) | BIPABk= (Lab Member)
availability to promote stem cell genomic stabilit
ytop 9 4 TEAR (Staff)

E #(Dr.Wang, L)  BJEEFARER
SiRZ (Dr. Ma, HX)  EfARR
558 (Dr. Zhang, WD) EIIEFRFR

Stem cells (SCs) possess superior stable genome compared to their differenti-
ated progenies. The underlying mechanisms remain poorly defined. Here we
identified an un-annotated IncRNA DISCN which is predominantly expressed in
embryonic stem cells (ESCs) and tissue stem cells (e.g. neural stem/progenigor
cells, NSPCs). Loss of DISCN led to massive genome instability in cultured
mouse ESCs and NSPCs. Notably, knock out DISCN in mice resulted in new- fAR&E (Graduate Students)

born death as well as brain dysfunctions in survived adults due to the DNA | #)&@§ Sun, Chunli 2015
double strand break accumulation and associated inflammatory reactions. Mech- Z= P Li, Cong 2016
anistically, DISCN localizes in nucleolus where it binds to Ncl and sequesters | zZ755% Jiang, Fangjic 2017
Ncl at nucleolus. This prevents Ncl from translocating into nucleoplasm and | ==Fgi# Ning, Yuqi 2017
avoids excessive Ncl-RPA association. Thus, DISCN sustains the RPA availabil- | 2@ Gong, Daohua 2018
ity central to replication stress response. These findings have implications for | g # Tang Min 2018
understanding cancer cell biology and the evolution of genomic stability regula- | g {g Xie, Heng 2018
tion. (Nature Communications, 2021,12(1):5572) MIESES Tao, Huiling 2019
2. Depletion of giant ANK2 in monkeys causes drastic brain vol- | ZE# Meng Xiaduwo 2020
ume loss EE¥ Dong, Yuping 2020

& & Jin, jie 2020

Giant ankyrin 2 (ANK?2) is a neuro-specific isoform of ANK2. Genetic studies
proposed it as a strong candidate involved in nonsyndromic autism spectrum
disorders (ASDs). Here we specifically depleted the giant ANK2 in two cy-
nomolgus monkeys and two rhesus monkeys. Surprisingly, depletion of this
isoform did not cause core ASDs symptoms. Rather, mutant monkeys displayed
typical abnormalities in brain development, including significant enlargement of
lateral ventricles and gray matter loss. Consistent and marked volumetric losses
were predominantly located in left visual area 1, left visual area 2, left anterior
visual area, left ventral temporal cortex and right medial frontal cortex. Intrigu-
ingly, mutant monkeys had normal basic brain functions manifested by unper-
turbed sleep-wake cycles, social interaction, and environmental exploration.
Our studies revealed the key roles of giant ANK2 in primate brain development,
and uncovered the evolutionary divergence of giant ANK2 between rodents and
primates. (Cell Discovery, 2021, 7(1):113)
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1. GABRP &iJ EGFR (5S4H5 =B 7 BRi= MRS T

o2 R ERIVAITIR A, =M HEFLIRE (TNBC) B BUETT 5 A >, REAEK
B F=2 & (EGFR) 155 1E TNBC i TR IR, H 54 RBUGHIE, K £ kel 2 sk i
4508 T ) EGFR $5 P70 /8 ZLIR R b I R BOR A B, 2Rimi, Bl TNBC #h EGFR Y%k
e E EGFR 5P RIT R 2SR 0% . AWFIE A, ATEB - HEETHR A Bk o LI
(GABRP) fE4—Fl'e 4T TNBC F4IIRMIIEZ A, 5 EGFR M EMEHF B4 ks, M
M4 TNBC 208 TP/ SALI T 25, D18k GABRP 7] 1%5 EGFR mRNA Jz & [ /K E T HLA
155 TNBC T, HsmEetsopis, WSS, NS T s, Ao, RITERI
—Fh FDA i Fl T BhVaIT i & TERI 298 B BN , mTLAYE i TNBC %35 4 Bk R Ao .
B, ROIPTIREEEW, GABRP w[LL# LY EGFR U E4EHE TNBC 9T, X
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[Li XY et al. 2021 Cancer Lett, IF=8.64]
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e HZHENE R DNA RURMIR (BT, RHZIBZ AR ABEAIF R T, G
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[Xu HB et al. 2021 J Mol Cell Biol, 1F=6.688]
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Epigenetic and Developmental Regulation

Dr. Baowei Jiao, Principal Investigator, doctoral supervisor. The
research team is mainly interested in mammary gland development,
breast cancer, normal and breast cancer stem cell. Research team
found a novel mechanism of SGCE in breast cancer stem cell che-
moresistance and the role of TDP-43 in milk lipid secretion. Cur-
rently, over 30 papers have been published in international journals,
such as Cell, PNAS, Nature Communications, Advanced Science.
Email: jiaobaowei@mail.kiz.ac.cn

1. GABRP sustains the stemness of triple-negative breast cancer cells
through EGFR signaling

we found that the gammaaminobutyric acid type A receptor m subunit (GABRP), as a
membrane protein enriched in TNBC stem cells, interacted with EGFR and significantly
sustained its expression, resulting in stemness maintenance and chemotherapy resistance.
Silencing GABRP induced down-regulation of EGFR signaling, which hindered cell stem-
ness and enhanced sensitivity to chemotherapies, including paclitaxel, doxorubicin, and
cisplatin. We also identified that retigabine, an FDA-approved drug for adjunctive treat-
ment of seizures, increased the sensitivity of EGFR to gefitinib in gefitinib-resistant cells.
[Li XY et al. 2021 Cancer Lett, IF=8.64]
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Fig 3. Loss of GABRP increases chemotherapy drug sensitivity in TNBC

2. Landscape of genomic imprinting and its functions in the mouse
mammary gland

we found that both the number of IGs and their expression levels decreased during devel-
opment of the mouse mammary gland. IG expression was lineage-specific and related to
mammary gland development and lactation. Meta-analysis of single-cell RNA sequencing
data revealed that mammary gland IGs were co-expressed in a network that regulated cell
stemness and differentiation, which was confirmed by our functional studies. Accordingly,
our data indicated that IGs were essential for the self-renewal of mammary gland stem cells
and IG decline was correlated with mammary gland maturity. Taken together, our findings
revealed the importance of IGs in a poorly studied nutrition-related organ, i.e. the mamma-
ry gland, thus providing a reference for further studies on genomic imprinting. [Xu HB et
al. 2021 J Mol Cell Biol, 1F= 6.688]
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Fig 4. The Pattern of mammary gland development regulated by imprinted gene network
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Dr. Dong-Dong Wu, Principal Investigator.

Dong-Dong Wu obtained his B.S at the Fudan University in
2006, and received his Ph.D from Kunming institute of Zo-
ology, Chinese Academy of Sciences in 2011. He performed
studies of artificial selection on domestic animals, particularly
high altitude adaptation of domestic animals in Tibet. He has
published more than 40 research papers in Nat Genet, Cell Res,
Genome Biol, Mol Biol Evol etc, as first author or co-corre-
sponding author.

Email: wudongdong@mail.kiz.ac.cn

1. Initiation of the Primate Genome Project

A crucial step for understanding human evolution is to identify the genomic changes that occurred during
primate evolution,thus allowing investigators to reconstruct the ancestral states preceding the human con-
dition. In the past several decades, the primate clade has been a research focus in genome sequencing due
to its unique phylogenetic position and key importance. Comparative genomic analyses of several primate
lineages have radically expanded our knowledge on the tempo and mode of different features in primate
genome evolution, revealing many genomic innovations contributing to the development and evolution of
human phenotypes. However, with less than 10% of primate species currently sequenced, a considerable
gap remains regarding the evolutionary history of every base pair in human and non-human primate (NHP)
genomes. To fill this gap, we propose to organize and establish the Primate Genome Project (PGP) to scale
up the number of high-quality reference genome assemblies for primate species using cutting-edge sequenc-
ing technologies. We outline here the possible paths going forward and some of the major questions to be
addressed within this ambitious project. We anticipate that genomic comparisons, including broader taxon
sampling of extant primate species, will significantly contribute to our understanding of the evolution of
human phenotypes and diseases and the genomic mechanisms of primate speciation and adaptation, which
will ultimately assist in primate conservation efforts. Currently, the genomes of a dozen representative NHP
species from 22 genera have been published (Ensembl v103), with 72% of genera not yet sequenced. These
high-quality genomes will provide rapid information for comparisons in the context of primate phylogeny
to reconstruct the primate tree of life and clarify the genomic changes underlying the speciation and adap-
tation processes of major primate lineages. We anticipate that a detailed evolutionary landscape will be dis-
closed for all genomic variations across primate lineages from chromosomal rearrangements to single base-
pair substitutions. This landscape will inform the evolutionary patterns of structural variations, segmental
duplications, protein-coding genes, and non-coding regulatory elements. Conservation genomic analyses
of population data will be highly informative regarding genomic diversity and recent demographic history,
which are crucial parameters for evaluating the conservation status of species (Orkin et al., 2021). We ex-
pect that the PGP will generate a rich resource for primate lineage genomics over the next few years. Given
the advances in sequencing technologies, it is important to initiate interdisciplinary cooperation and joint
data analysis by integrating expertise in primatology, conservation, biomedicine, genomics, and evolution-
ary biology. Therefore, we welcome researchers to join the consortium and contribute to this necessary and
timely research.

2. Genomes reveal selective sweeps in kiang and donkey for high-altitude adaptation

Over the last several hundred years, donkeys have adapted to high-altitude conditions on the Tibetan Pla-
teau. Interestingly, the kiang, a closely related equid species, also inhabits this region. Previous reports have
demonstrated the importance of specific genes and adaptive introgression in divergent lineages for adapta-
tion to hypoxic conditions on the Tibetan Plateau. Here, we assessed whether donkeys and kiangs adapted
to the Tibetan Plateau via the same or different biological pathways and whether adaptive introgression
has occurred. We assembled a de novo genome from a kiang individual and analyzed the genomes of five
kiangs and 93 donkeys (including 24 from the Tibetan Plateau). Our analyses suggested the existence of a
strong hard selective sweep at the EPAS1 locus in kiangs. In Tibetan donkeys, however, another gene, i.e.,
EGLNI1, was likely involved in their adaptation to high altitude. In addition, admixture analysis found no
evidence for interspecific gene flow between kiangs and Tibetan donkeys. Our findings indicate that despite
the short evolutionary time scale since the arrival of donkeys on the Tibetan Plateau, as well as the exis-
tence of a closely related species already adapted to hypoxia, Tibetan donkeys did not acquire adaptation
via admixture but instead evolved adaptations via a different biological pathway.

e
=—

Fig 3. Genome evolution in kiangs Fig 4. Population genetics analysis of

kiangs and domestic donkeys
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Brain evolutionary development and physiological function

Prof. Nengyin Sheng, Principal Investigator, joined in Kunming
Institute of Zoology, Chinese Academy of Sciences in 2017. The re-
search of Sheng’s lab focuses on central nervous system (CNS) and
will study the following topics using mice, ferret, sugar glider and
rhesus monkey as model systems: (1) The mechanism and function
of corpus callosum evolutionary development; (2) The mechanism
and function of evolution and development of cortical gyrification;
(3) The genetic bases underlying evolution and development of syn-
apse, and its internal relationship with neuropsychiatric disorders.
Email: shengnengyin@mail.kiz.ac.cn

During the evolution of mammals, the most significant change is the acquirement of high-level cog- =

nitive abilities determined by the brain. The complexity of brain structures and function regulations is EI}AEEA (Lab Member)
considered to be the most significant character to distinguish Homo sapiens from other species. Our re- =

search group focuses on studying the genetic mechanisms underlying brain evolution and development, I"EAR (Staff)

especially the corpus callosum, an important structure of the contralateral connection of the cerebral

hemisphere, the gyrification structure of cerebral cortex and the synaptic circuit, as well as the internal X5 sCIglm

relationship of their proper regulation with brain physiological functions and pathological conditions. o ) .
. Zhao Shiping Experimentalist
1. The evolutionary development of corpus callosum

In the process of animal evolution, the corpus callosum is a nerve fiber structure connecting the contra-
lateral brain that appeared from placental mammals, and is mainly composed of contralateral axon nerve
bundles produced by the corpus callosum projection neurons (CPN) of the 2-3 cortical layers. Integrative ﬁﬁ;ﬁE (Graduate StUdents)
and comparative analyses of mammalian genomes, we find that nearly 320,000 new conservative non- )
coding elements in placental mammals (PCNEs). Therefore, we further integrate the available RNA-seq 728 Ye Yaxin 2018 i+
and ATAC-seq omics data of the key developmental period of mouse CPN (E15.5 days). Using bioinfor- . .

matics analyses to construct its molecular regulatory network, we identify about 21,000 open and poten- XUSTEEY Liu Yamin 2019 1§+

tial active PCNEs potential in E15.5 CPNs, among which there are more than 1,000 PCNEs regulating R5 % Bu Yufei 2018 f#+
around 200 known key genes for the corpus callosum development, as well as its related disease, includ-
ing critical transcription factors such as FoxG1, Pou3f2, Pou3f3, Cux2, and Nfix. We clone these PCNEs B &L Wan Li 2018 {&+

into the Stagia3 reporter vector, transfected them into CPN by in utero electroporation to investigate .
their openness. Furthermore, combining with CRISPR epigenetic regulation technology to enhance or S Yi Linyun 2019 it
inhibit their activity, we study the effect on the development of the corpus callosum, and the regulatory =

downstream genes and functional mechanism. ZH%& Wu Yuechun 2019 fit
In order to in-depth study the genomic mechanism for the corpus callosum evolutionary development # PH Zhao Yang 2019 At
during marsupial-placental mammals evolution, we use honey gliders and mice as the research models to .

collect embryonic cortex tissues during the critical period of corpus callosum development and use sin- # %t Yang Rui 2020 ft
gle cell omics sequencing, including RNA-seq, CUT&Tag-seq, ATAC-seq, etc., to analyze the detailed # =L Xi 2020 B+
differences including cerebral cortical neuronal cell lineages and open clockwise regulatory elements = s A e
(CREs). We further study the internal relationship underlying evolution of the cell lineage and genetic 3 % ZhangHao 2021 Bt
regulatory network.

2. The evolutionary development of cortical gyrification

The cortical folding is an important feature of the human brain, and its abnormal development is closely
related to many neurological diseases. We first take the three branches of Afrotheria, Laurasiatheria and
Primate as the research objects. According to the gyrification index, we selecte species with and without
brain gyrus, and use convergent evolution analysis to identify the genes subjected to common positive
selection. We find that many genes are indeed related to neurodevelopment and function. Ferret is cur-
rently the main animal model for studying gyrus and sulcus development. Therefore, we use three-gen-
eration genome sequencing to assemble high-quality mink genome sequences. At the same time, we col-
lected the gyrus and sulcus tissues during key stages of mink cortex development as well as adult ones.
Using RNA-seq , ChIP-seq, ATAC-seq omics analyses, we study the difference in gene expression and
regulatory network between the sulcus and gyrus, in order to analyze the molecular mechanism of the
gyrification structure of the cerebral cortex. Combining with mice models, we will explore the relation-
ship of its abnormal development with neural developmental disorders.

3. Neural synaptic evolution and brain function

Besides the macrostructure changes of animal brains, the microevolution of synaptic circuits is also the
important material basis for the diversity of its functional phenotypes. The BTN3A subfamily is a mem-
ber of the immunoglobulin superfamily unique to primates. Our previous work found that BTN3A2 is a
susceptibility gene for schizophrenia and can regulate synaptic transmission activity. We systematically
analyze the genetic evolution history of BTN family members and find that the BTN3A family has a
strong expression in the brain. Therefore, we use hippocampal cultured slices as the research system and
apply patch clamp electrophysiological technology to study the effect of BTN3A family molecules on
the evolutionary regulation of neuronal synapses. In addition, we constructed a knock-in mouse model of
BTN3A2. We combine neural behavioral, electrophysiological recording, molecular and cellular tools to
study the function and molecular mechanism of this primate specific gene underlying synaptic evolution
at the levels of from molecular, synaptic circuit to overall animal.
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Evolutionary Developmental Biology

Prof. Zhen Liu, Principal Investigator. Evolutionary devel-
opmental biology is like a bridge to mediate the evolutionary
biology and developmental biology for understanding the ge-
netic basis of phenotypic changes macroevolutionarily. Using
bats as a research model, we focus on the following major
questions: (1) what are the roles of molecular variations on the
developmental mechanisms for the origin and elaboration of
adaptive phenotypes in evolutionary process? (2) what are the
relative roles of chance and necessity in evolution for the de-
velopmental mechanisms of adaptive phenotypes?

Email: zhenliu@mail.kiz.ac.cn

1. Cochlear hair cells of echolocating bats are immune to intense
noise

Exposure to intense noise can damage cochlear hair cells, leading to hearing loss in
mammals. Echolocating bats, however, are naturally exposed to continuous intense
sounds from their own and neighboring sonar emissions for maintaining sonar di-
rectionality and range. Here, we propose the presence of intense noise resistance in
cochlear hair cells of echolocating bats against noise-induced hearing loss (NIHL).
To test this hypothesis, we performed noise exposure experiments for laboratory
mice, one nonecholocating bat species, and five echolocating bat species. Contrary
to nonecholocating fruit bats and mice, the hearing and the cochlear hair cells of
echolocating bats remained unimpaired after continuous intense noise exposure. The
comparative analyses of cochleae transcriptomic data showed that several genes
protecting cochlear hair cells from intense sounds were overexpressed in echolocat-
ing bats. Particularly, the experimental examinations revealed that ISL1 overexpres-
sion significantly improved the survival of cochlear hair cells. Our findings support
the existence of protective effects in cochlear hair cells of echolocating bats against
intense noises, which provides new insight into understanding the relationship be-
tween cochlear hair cells and intense noises, and preventing or ameliorating NIHL
in mammals.
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2. Phylogenomic relationships and molecular convergences to sub-
terranean life in rodent family Spalacidae

It has long known that the rodent family Spalacidae belongs to typically subterra-
nean mammals. However, the phylogenetic relationship among its three subfamilies
and the molecular mechanisms for them adapting to underground life remain poorly
explored, especially at the genome-wide scale. By de novo sequencing a bam-
boo rat (Rhizomys pruinosus) genome, we inferred the phylogenomic relationship
among these subfamilies of the spalacids and supported a sister relationship between
Myospalacinae and Rhizomyinae, which represents a conclusive phylogenomic
relationship among three subfamilies of Spalacidac. Our genome-wide convergent
evolution analyses revealed that the convergent genes between the spalacids and the
African subterranean mole-rats are enriched in some functional categories that are
relate to the adaptation to the hypoxic-hypercapnic underground environment.
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Kunming Wild Animal Cell B

In order to protect animalgenetic resource and genetic diversity,
Kunming wild animal cell bank was established in Kunming
Institute of Zoology, Chinese Academy of Science in 1986. Up
to now 2428 cell lines from 367 species have been preserved in
our cell bank. Most cell lines are derived from mammals. Among
the species, 60 species are national protected animals in China.
Now it is one branch of National Biomedical Experimental Cell
ResourceBank for Sci-Tech, Biological Genetic Resource Bank
of CAS, China Germplasm Bank of Wild Species, and State Key
Laboratory of Genetic Resources and Evolution.

1. The collection and preservation of cell lines

In 2021, 130 cell lines from various wild animals, domestic animals and humans had been
established and frozen. Among these cell lines, 77 cell lines were derived from 19 species of
wild animals such as King Cobra, Great Cormorant, Rickett’s big-footed bat, Common pipist-
relle; Long-tailed mole and Northern white-cheeked gibbon etc.; 53 cell lines were established
from domestic animals, experimental animals and humans. Four hundred and fifty-one of fro-
zen-stored cell lines were also resuscitated and subcultured.

2. Cell lines service and technical service

In 2021, Kunming Cell Bank have provided cell services 890 times, such as wild and domestic
animal cell lines, tumor cell lines and culture medium for researchers from 191 units across the
country, including 84 universities, 22 research institutes and 85 enterprises.In addition to pro-
viding cell services, we also have provided technical services like karyotype analysis and STR
test for 58 times, as well as a large number of cell culture technical advice through telephone,
email and on-site guidance.

3. Karyotype analysis of Vlangal’ s toad-headed agamas

Sex determination in reptiles is a key issue in reptile research. For Vlangal’s toad-headed ag-
amas, there are great morphological differences between male and female, but whether there
is sex chromosome differentiation is unknown. In order to meet the research needs of the re-
search group, we carried out chromosome preparation and karyotype analysis of 17 individuals
of Vlangal’s toad-headed agamas from four different collection sites.The results showed that
the chromosome morphology of male and female in the two regions was the same, while in
the other two regions, one chromosome morphology was different between male and female
indivuduals.Whether this difference is sex chromosome differentiation remains to be further
studied.

4. Establishment of cell lines from the sugar glider

The sugar glider is a marsupial native to Australia and New Guinea, one of the few mammals
with human-like fingers.The sugar gliders have membranes on both sides of their bodies that
extend from the knuckles of the hands to the ankles, allowing them to glide between the trees.
Using the tissues of the glider provided by the research group, we successfully established five
somatic cell lines from different tissues for the research group, and completed the karyotype
analysis of the sugar glider. The cell materials were reserved for the research group to carry
out follow-up research.
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Senior Engineer
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Jinhuan Wang
Senior Experimentalist
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