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Director's Report

The “State Key Laboratory of Genetic Resources and Evolution” made considerable progress in
2016, with regards to grant awards, scientific research output, talent recruitment and scientific ex-
change.

Grant awards. - The Lab was awarded 96 new grants in 2016, including one Major Research Plan
and two International (Regional) Cooperation and Exchanges Programs funded by National Natural
Science Foundation, two International Institutions Construction Projects, and one Frontier Key Pro-
gram of Chinese Academy of Sciences. Currently the Lab holds 229 ministerial and provincial proj-
ects, 14 international cooperation projects and 28 horizontal collaboration projects. The grant funds
of the Lab totaled 80.46 million RMB. In addition to basic research, the Lab also promoted applied
researches including established a Southwest pig breeding base of Chinese Academy of Sciences,
and application of DNA-barcoding technology in protection of strategic biological resources and
tracing of food sources.

Publications and Awards. - The Lab also made systematic progress in genetic resources collection,
adaptive evolution, the mining of important phenotypic genes of economical plants and animals,
and animals adaptive evolutionary mechanism in 2016. The Lab published in total 155 papers in
SCI journals (95 of them are in Q1), including 16 papers in top journals(IF;,.,>9) such as Nat Genet,
SystBiol, Mol. Biol.Evol., PNAS, Nat. Commun etc. Besides, eleven invention patents were authorized.
Talent recruitment. - In 2016, Prof. Peng Shi and Qingpeng Kong were selected into Ten Thousand
Talent Program. Prof. Jing Che was funded by NSFC Excellent Youth Science Foundation. And
the Creative Research Groups headed by Prof. Wen Wang was renewed by NSFC. Five young doc-
tors were recruited. Eighteen Ph.D. and 10 M.Sc. students graduated from the Lab in 2016. Ming-
shan Wang won the Chinese Academy of Sciences Dean Scholarship Special Award. In addition,
the “Evolutionary Biology” Summer School was successfully held in July, attracting many young
people to join the Lab. The Lab also successfully held 10 series of the “Forum by Young Scholars
on Genetic Resources and Evolution”, intending to improve the ability of academic expression of
young scholars and promote scientific exchange and cooperation.

Scientific exchange. - In 2016, the Lab continued to follow the principle of “promoting communi-
cation for cooperation” to promote academic exchanges and cooperation at home and abroad. We
held “The Academic Summit of Dog Genomes” to promote the World Wide-Scale International
Cooperation Program “DOG 10K” project, held the first Young Scientists Forum on Evolutionary
Genetic, and co-organized the 8th World Congress of Herpetology (WCHS). Twenty-seven scholars
were invited to visit the Lab and to give lectures this year for scientific exchange and co-operation.
In 2016, the Lab also funded 15 “open projects” to promote cooperation with scholars in related
fields.

In 2016, the Lab participated in the assessment of the State Key Laboratories in the field of life
science organized by MOST. The new five-year assessment period has already begun, and the Lab
will continue to contribute to China’s Thirteenth Five-year Plan on the basis of previous work. Fi-
nally, I would like to thank all organizations and friends who have provided supports and assistance

to our lab and hope to have your continued help in the future!
Yaping Zhang %ﬂq/, %
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—. E-R¥AKRZERL (The Second Academic Committee)
X {% (Director):
KEE BE L, dEREKF

Academician Zuoyan Zhu, Peking University

&l E{E (Deputy director):
£ 3 WA, HEPHAR R YIS
Prof. Wen Wang, Kunming Institute of Zoology, Chinese Academy of Sciences

& (Members, REKEEHF) :

SCEIL W, T ERARE R W s RSB

Prof. Jianfan Wen, Kunming Institute of Zoology, Chinese Academy of Sciences

KEH B L, mERLKE

Academician Youyong Zhu, Yunnan Agricultural University

ek WICR, P EREER R I

Prof. Dezhu Li, Kunming Institute of Botany, Chinese Academy of Sciences

skl BE o, EREARRE

Academician Yaping Zhang, Kunming Institute of Zoology, Chinese Academy of Sciences

sk %, mpRY

Prof. Keqin Zhang, Yunnan University

HEANA WIER, B EREEEEE T

Prof. Xiaoquan Wang, Institute of Botany, Chinese Academy of Sciences

& h B &, BEKRY

Academician Li Jin, Fudan University

B s B L, EREERES TR

Academician Le Kang, Institute of Zoology, Chinese Academy of Sciences
oI WERR, P ERER R S

Prof. Bing Su, Kunming Institute of Zoology, Chinese Academy of Sciences
WEAE BE b, TLERLKR

Academician Lusheng Huang, Jiangxi Agricultural University

wak WPRER, hEREERE RV

Prof. Jingfei Huang, Kunming Institute of Zoology, Chinese Academy of Sciences

Z. BETWEWMS ( Leader of the Lab. )
X {F (Director):
JkiEE BE  + Academician Yaping Zhang

# % Bl E4F (Executive Deputy director)
W WS BFZH Prof. Peng Shi
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8l {F (Deputy director):

SCEM BFZE R Prof. Jianfan Wen
EIHFE R A Prof. Bingyu Mao

=. W% A [ (Research Direction
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genetic resources

HAE TR 5 HH AR AL 5 R

Evolution and conservation of the diverse

)

AR LR m i

Evolution of genes and genomes

M. WEFABSHALLH (Groups and Organization Structure)

KIS EAMA 174, AT 34, WARZEANG 119 A, Hiflt 67 A, FHER 35 %, AR
FREEROGFRAE 14, PR 1A, ERAEFEEEHREE 6N, EEX “HAHR" GFEAL 3 A,

AR H 5

Genetics, development and evolution

HAETAHR LA, dRbe “AANHR" 7N, =mfEE “@mAA” 5 A,

There are 17 research groups and 3 facility centers in the key lab. Among the 119 staff members, 67 of them
hold Ph.D. degrees. The average age of the team is 35 years old. The research team includes one “Innovation Team
Grant”from NSFC, 1 academician of CAS, 6winners of the “National Science Fund for Distinguished Young
Scholars”, 3 holders of “Ten Thousand Talent Program”, 1 holder of “Thousand Talent Program for Young Outstanding
Scientists”,7 holders of the “Hundred Talents Program”of CAS and 5 holders of “Top talent” project of Yunnan

Province.
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Large numbers of vertebrates began rapid population

decline in the late 19th century

Haipeng U™, Snggong Xang-vu™', Guangyi Dai®, n-.mnu‘ Chen Ming™*, Zongleng Yang™, Dliver A, Ryder”,

Wen-Hsiung U™, Yun-Xin Fu™™*, and ¥a-Ping Zhang***
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Positive selecti{;n rather than relaxation of functional
constraint drives the evolution of vision during chicken
domestication

Ming-Shan Wang"”, Hum_e-wci‘;f,hang_. Ling=Yan Su™’, Yan Li" Ml.n.'hh'.‘m_. Peng™’ ]I-':-Ul.m Liu"’, Lin Zeng"’
David M Irwin"**, Jiu-Lin Du’, Yong-Gang Yao™ ', Dong-Dong Wu"*, Ya-Ping Zhang""

".'Emr.- Key Laboratory of Genetic Resowrces and Evolution, Yunnan Laboratory af Moleowlar Biclogy of Domestic Animals, L.H':".'
Laboratory of Animal Models and Human Dizsease Mecharizms of the Chinese Academy of Sciences & Yumnan Province, Kunming
Institure of Zoology, Kunming, Yunnan 650223, Ching; *Kinming College of Life Science, Unisversity of Chinese Academy of Sci-
ences, Kunming, Yunnan 63024, China; "Laboratory for Conservation and Utilization of Bio-resource, Yunmnan University, Kun-
ming, Yunnan 650090, Ching; “Department of Laboratory Medicine and Pathobiology, University of Toronto, Toronte, Canada;
*Banting and Best Diabetes Centre, University of Toronto, Toronto, Canada; "tnstituie of Newroscience and State Key Laboratory
of Newroscience, Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences, Shanghai 200031, China

As noted by Darwin, chickens have the greatest phenotypic diversity of all birds, but an interesting evolutionary
difference between domesticated chickens and their wild ancestor. the Red Junglefowl, is their comparatively weaker
vision. Existing theories suggest that diminished visual prowess among domestic chickens reflect changes driven by
the relaxation of functional constraints on vision, but the evidence identifving the underlying genetic mechanisms
responsible for this change has not been definitively characterized. Here, a genome=wide analysis of the domestic
chicken and Red Junglefowl genomes showed significant enrichment for positively selected genes involved in the de=
velopment of vision, There were significant differences between domestic chickens and their wild ancestors regarding
the level of mENA expression for these genes in the retina. Numerous additional genes involved in the development
of vision also showed significant differences in mBENA expression between domestic chickens and their wild ancestors,
pariicularly for genes associatled with phototransduction and photoreceptor development, such as RHO (rhodopsin),
GUCAIA, PDESE and NR2ZE3, Finally, we characterized the potential role of the FIT gene in vision, which experi-
enced positive selection and downregulated expression in the retina of the village chicken. Overall, our results suggest
that positive selection, rather than relaxation of purifving selection, contributed to the evolution of vision in domestic
chickens, The progenitors of domestic chickens harboring weaker vision may have showed a reduced fear response
and vigilance, making them easier to be unconsciously selected and/or domesticated.

Keywords: chicken domestication; unconscious selection; genome evolution; evolution of vision
Cell Research advance online publication 1 Apr 20016; doi: 10.1038/cr.2016.44
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Genomic analysis of snub-nosed monkeys (Rliinopithecus)
identifies genes and processes related to high-altitude

adaptation
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Out of southern East Asia: the natural history of domestic
dogs across the world

Gie-Dhong Wang' *, Weiwes Zhai* ", He-Clman Yang' ** ", Lu Wang* ", Li Zbong®, Yan-Hu Lin*, Ruo-Xi Fan®,
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The wrigin amd evolution of the domestic dog remaims a comtreversial questisn for the sciemtific commumity, with
basic avprdts sach as the place and date of wigin, amd e pomber of iaes dogs weir doanesticabed, open to dispiite,
Using whale graoms wequendes from a tofal of 55 canids (12 gray wolves, 27 palimitive dogs om Ava and Afiica, and
& collection of 19 diverse breeds froem acress tie weorld), we fimd thar dogs from southern East Ads have ssgBcamly
T O AVETEIEY COmMpATED 1o T POPUISTRIES, ABG ALE (e most bassl gromp relsting to gray wolves, mal-
cating an amcienl origin e domevtie dogt bn soutleom East Aaka X3 000 vears aga. Arounsd 15 009 vears ago, a wulbuel
af ancestral dags warted migrating (o the Aiddle East, Africa and Evrope, arviving in Entope 3t about 10 600 yeary
age. O af (e aut of Ads lincages alio migrated back to the east, creating a sevies of admived populatisns with e
smdemde Asian Hoesges is mortlers Chins before migrating (o the Xew Workl For the flest time, our study unravels
X TEOrinErY journey that the domestic dag has raveled on earth.

Keywerds: dow domnesiscation; demnography, Clanese indigenous dog, peoe flow; artdficial siscton
Cafl Besereh (3016) 26:21-33. dou: 10 1038 cr 2015147, published onlee 15 December 2005
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Long-term propagation of tree shrew spermatogonial stem
cells in culture and successful generation of transgenic
offspring

Cheso-Hus Li™™", Lan-Zhen Yan"*, Wen-Zan Ban', Qi Tu®', Yong Wu® ', Lin Wang"", Rus BI, 5'!‘“"1_! I,
Yis-Hum Ma', Wen-Hun Nie', Long-Bao Lv", Yong-Gang Yao*“"*, Xu-Dong £hano®’, Png #heng™*

‘Saane Kev Laborasory of Gemene Resotrces and Evolation, Kwwumg e of Sooegy, Cluese dcodenty of Soences, Kumeing
G228, Chona: “Hnmarw Ky Loboratoey of Amiwsal Reproducion, Kneeng b of Fookogy, Chimese doodemy of Soemoes,
Kunming 650275, Clum, "Kmnmimg Collige of Life Sctemce, Dnrverniry of Chinese Academy of Solencer. Kmsatmg 830204, € i,
'J.'n.'_t Lboramey of Ammal Modely eed Hweon Disease Mechamivmy, Kuwewag Iniines of Zocdogy, Chwese Aoodemy off Sotmcs
e, Kumsuirg 650223, Ol " Primale Rescarck Center, Kunsuny butinte of Zoolepy Cleecs Acadesey of Sciemcer. Ky
G22I R Chanar, “CAS Comter for Evcellence i Bruam Science wd fusellggence Technulagy: Clinese Acodesy of Sciewces. Sl
JONF T, i

Tree shrews have a close relatinmship ts primates snd have many adventages over rodents in bismedical research.
Hwwever, the lsck of gene manipulstisn methods has hindered ihe wider wse of 1his snimal. Spermatogunisi siem cells
(550°%) kave been soccesafally expanded in culture (0 permit sephisticated gene editing in the monse and rat. Here,
we describe 8 culture syaiem for the long-ierm cvpamion of tree shrew S50 withomt the bess of stem cell properiiec
I o stwdy, thymus cell antigen | was wsed o ennich tree shrew S50 RN A-sequencing analysis reveaked that the
WalB-calenin signaling pathway was active in wadilferentisted 550, bul was dewnregulaicd spon the initislion of
S50 differempiation. Expmare of iree sheew primary S50 fo recombinant Wotla protein during ibe initial paviag-
e of cultmre enhanced the sarvival of 3505 Use of tree shrew Sertoli cells, but mol momse embryvosic broblasis, o
freder was found in be necessary for iree shrew S50 proliferation, lesding o 5 rebust cell expansion sod long-term
calimre. The expanded tree shrew 550's were tramsfecied with eabanced preen Bsorescent prodein | ECFPjexpreaing
brativiral sectors. Afller tramsplantation mite sterilioed sduli male tree sheew™s Invies, the EGFP-dageed 550 were
ablr 1o restere spermategenesis and successlully geaerate transgenic olfapring. Morrover, Ibese 350 were suitabls
Tor the CRISPRACasT-mediaied gene modification. The developmeni of & caliare sssiem fo expamil tree shrew 350
in combinathon with & gene editing approach paves the way for preciae genome manipolation wing ihe tree shrew.
Keywerdhs trec sheew, spermalogonial siem oolls;, Wt -catenin 1.|_,;n.‘Iu|i|_ Sertoli oclls; gone eduing
Celf Reseawrchk (200 7) 1724 1252, dod 10, 10385 2016 136, published online 23 December 2016
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Comparative Methylome Analyses Identify Epigenetic
Regulatory Loci of Human Brain Evolution

Isabel Mendizabal,™™ Lei 5hi,"™™* Thomas E. Keller," Genevieve Konopka,” Todd M. Preuss,”
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Abstract

How do cpigenctic modihcations change across species and how do these modifications affect evolution? These are
Tundamental guestions at the Torefront of our evolutionary epigenomic undenstanding. Our previows work Tmvestigaved
human and chimpanzee brain methylomes, but it was limited by the ladk of cutgroup data which is critdical for com-
pamtive (epilgenomic studies. Hore, we compared whole genome DNA methylation maps from brains of humans,
chimpanzees and also rhesus macaques (outgroup) to eluddate DNA methylation changes during human brain evolu-
thon. Moreover, we valldated that our approach is highly robus by further examining 38 human-specific DMRs using
targeted deep genomic and bisulfite sequencing in an independent panel of 37 individuals from five primate spedes. Our
unblased genome-scan ldentfed human bmin differentially methylated reglons (DM Rs), lrrespective of their asociatons
with annotated genes. Remarkably, over hall of the newly identifed DMRs locate in intergenic regions or gene bodies
MNevertheless, their regulatory porential s on par with those of promoter DMRs. An inmriguing observaton is that DMRs
are enriched in active dhromatin loops, suggesting human -specific evolutionary remodeling at a higher-order chromatin
structure. These indings indicate thar there s subsmntial reprogr: ing of epig ic landscapes during human brain
evolution nvohding noncoding regions.,

Key words: DMNA methylation, human brain evolution, transcriptional divergence, differentially methylaved regions.
Cpigenomes,
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Phylogenetics and Biogeography

Prof. Junxing Yang, Professor. The research team is mainly interested
in biodiversity monitoring survey and evaluation, fauna taxonomic, phy-
logenetic and biogeographic; ecology and conservation research to rare
and native species; especially focuses on the restoration of wetland eco-
system and application. In 2016, total 33 research programs have been
implementing with 14 programs newly approved. A total of 14 papers
have been published which 9 of them are SCI papers. One national in-
vention patent licensing.

Email: yangjx@mail.kiz.ac.cn

1. The Sinocyclocheilus cavefish genome provides insights into cave adaptation

As the first time, we carried out comparative analyses of cavefish genomes among
distinct species in Sinocyclocheilus. We found that many genetic changes, such as
gene loss (e.g. opsin genes), pseudogenes (e.g. crystallin genes), mutations (e.g.
melanogenesis-related genes), deletions (e.g. scale-related genes) and down-regula-
tion (e.g. circadian rhythm pathway genes), are possibly associated with the regres-
sive features (such as eye degeneration, albinism, rudimentary scales and lack of cir-
cadian rhythms), and that some gene expansion (e.g. taste-related transcription factor
gene) may point to the constructive features (such as enhanced taste buds) which
evolved in these cave fishes. Our work provides not only insights into genetic mech-
anisms of cave adaptation, but also represents a fundamental resource for a better
understanding of cavefish biology.

2. The phylogeny of Labeoninae and Barbinae

The phylogeny of Labeoninae and Barbinae (Cypriniformes) was respectively
reconstructed based on an extensive samples. The relationships of the species of
Labeoninae inhabiting in the karst regions were demonstrated, and a new genus was
erected. The monophyly of several genera of Barbinae was not supported, and the ge-
neric allocations of some species need to be revised.

3. The taxonomy of Garra, Paralepidocephalus, and Pseudexostoma

In this year, we described two new species (Paralepidocephalus translucens and
Gatrra incisorbis) from Yunnan and Guangxi province. In addition, we adopted an inte-
grative approach combining both morphology-based (traditional measurements, truss-
based and geometric morphometrics, fin skeleton examination and X-ray photogra-
phy) and molecular approaches (genetic distances, haplotype network, phylogenetic
relationships) to reappraise species validity in Pseudexostoma.

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

We keep moving in the way of conserva-
tion and utilization of the endemic and en- &
dangered fishes. In this year, we cultivated
and produced more than 2 million fish fry
of these fishes, including Sinocyclocheilus
grahami, S. tingi, S. xichouensis, Anabari-
lius grahami, Neolissochilus benasi and
Schizothorax wangchiachii. More than 1
million individuals were expanded to cul-
tivated in other fish farms which in Huize
County and Xichou County, and more than
0.5 million individuals were released in wild

X X i . FOR THE WAY HOME
to rebuilt and restore the wild population of these fishes. ——releasing S. grahami into Dianchi Lake
Dec. 2016
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. He K, Hu NQ, Chen X, Li JT, Jiang
XL. Interglacial refugia preserved
high genetic diversity of the Chi-
nese mole shrew in the mountains
of southwest China. Heredity, 2016,
116: 23-32.

. Koju NP, He K, Chalise MK, ...,
Jiang XL. Multilocus approaches
reveal underestimated species diver-
sity and inter-specific gene flow in
pikas (Ochotona) from southwestern
China. Molecular Phylogenetics and
Evolution, 2016, 107: 239-245

. Li XY, Bleisch WV, Jiang XL. Ef-
fects of Ethnic Settlements and Land
Management Status on Species Dis-
tribution Patterns: A Case Study of
Endangered Musk Deer (Moschus
spp.) in Northwest Yunnan, China[J].
Plos One, 2016, 11(5):¢0155042.

. Li ZT, Peng YQ, Wen XL, Jandér
KC. Selective resource allocation
may promote a sex ratio in pol-
linator fig wasps more beneficial
for the host tree[J]. Sci Rep, 2016,
6(x):35159.

. Orkin JD, Yang YM, Yang CY, ...,
Jiang XL. Cost-effective scat-de-
tection dogs: unleashing a powerful
new tool for international mammali-
an conservation biology[J]. Scientif-
ic Reports, 2016, 6:34758.

. Zhang B, Kai H, Tao W, ..., Jiang
XL. Multi-locus phylogeny using to-
potype specimens sheds light on the
systematics of Niviventer (Rodentia,
Muridae) in China[J]. Bmc Evolu-
tionary Biology, 2016, 16(1):261.

1. o [E 7 g Lt B8] ok H e XE B
G e L R R B ey

Wb, MR, TR

SIS T EERHIE LA

A. ysmashinai

P, RFILTE R S AEHL B o
RBEEMFFAG, Wi * % . — "
INPRRHET S TZERE, R A squamipes “ =
AR, SRS s e
A EAETK Rt % Ry =
B (LrRifE, SRk 7 ‘ﬁ%%
R M i A S e s .
SRE, (LHBHRBAR 'ié%
WS L, RS, .

s " 02 al [

el DRI A3 A 4 “l A ' A B
BERD IR, BT E A jWﬂ“"“w“V”“fﬁﬂ 'l
S, MR L
I Az B, s P BB — SE BB b, T A ok S e
IFE 2 o P P L 0t A RSB 7 R B BE AR 6 T A
2. HERERGLE

- i L

AR AR SRR
BRAR, BHEHESRRL,
PEAE R 2 B, ik
SRR, IR E) T
R (AR ESDR. T
Tl R[] 4 5 44 A M B AR AR )
T W S A1 b X A iy,
M43 1 R G T R R AR RN
= FEREATEREHT.

Ao ] ZHRFZW], AR AT
Loyl AN TES K, #o X ZMARKE RARE TIRGAIMRR; o0
g AT R A BB R 2 ARG, AR EVER N ADAEE 1L AR, AR
3BT, (RIS 2R R T R ERTIEA,, AR, R H AT R
AN RETE 2RO U U R G R B R AR LSRN £ PRI, (H o MR R
F 77 Th AR DR (R ]RELF) PTREE

Mangalis C g Snc, T




State Key Laboratory of Genetic Resources and Evolution

2016 ANNUAL REPORT

Mammal Ecology and Evolution

Prof. Xuelong Jiang, Professor, The laboratory is mainly interested in
specimen-based investigations of biodiversity inventory, taxonomy and
systematics, phylogenetics and phylogeography of small mammals with
a special focus in the Henduanshan Region, and also in endangered
species-based investigations of ecology, behavior and conservation of
black crested gibbon, musk deer and other large mammals.

Email: jiangxl@mail.kiz.ac.cn

1. Cost-effective scat-detection dogs: unleashing a powerful new tool for interna-
tional mammalian conservation biology

Recently, detection dogs have been utilized to collect
fecal samples from cryptic and rare mammals. Despite the
great promise of this technique for conservation biology, |
its broader application has been limited by the high cost | .
(tens to hundreds of thousands of dollars) and logistical |
challenges of employing a scat-detection dog team while |
conducting international, collaborative research. Through
an international collaboration of primatologists and the [ *
Chinese Ministry of Public Security, we trained and used
a detection dog to find scat from three species of unhab-
ituated, free-ranging primates, for less than $3,000. We
collected 137 non-human primate fecal samples that we
confirmed by sequencing taxonomically informative genet-
ic markers. Our detection dog team had a 92% accuracy
rate, significantly outperforming our human-only team.
Our results demonstrate that detection dogs can locate fe-
cal samples from unhabituated primates with variable di-
ets, locomotion, and grouping patterns, despite challenging field conditions. We provide
a model for in-country training, while also building local capacity for conservation and
genetic monitoring. Unlike previous efforts, our approach will allow for the wide adoption
of scat-detection dogs in international conservation biology.

2. Effects of Ethnic Settlements and Land Management Status on Species Dis-
tribution Patterns: A Case Study of Endangered Musk Deer (Moschus spp.) in
Northwest Yunnan, China

We developed models for endangered musk deer (Moschus spp.) abundance in-
dices in and around protected areas inhabited by different ethnic groups in northwest
Yunnan China to address different anthropogenic and management-related questions.
We found that prediction of relative abundance of musk deer was best accomplished
using ethnicity of settlements, conservation status and poaching pressure in an area.
Musk deer were around 5 times more
abundant in Tibetan regions relative to Lisu
regions.

We found no significant negative cor-

relates of gathering and transhumance ac-
§ | tivities on musk deer abundance. Hunting
pressure showed no significant differences
between protected and non-protected

[ areas, but showed significant differences
1 l [ among ethnic groups. Hunting pressures in

1 + areas adjacent to Lisu settlements was 7.1

l times more than in areas adjacent to Tibet-

comeresmen an settlements. Our findings indicate pro-

tected areas in southwest China are not fully effective in deterring human disturbance
caused by traditional practices.
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Rao Dingqi, Associate Professor
T $#% BEARE

He Kai, Assistant Professor
F¥k BEHRR

Li Xueyou, Assistant Professor
B i BEMRR

Wan Tao, Assistant Professor

m & BEMRER

Huang Bei, Assistant Professor
SRR BNEERARGR

Zhang Dongru, Assistant Professor
o7 BpEESCIG)

Lin Su, Assistant Engineer

Xl BB BHIESCISIM

Liu Xi, Assistant Engineer
fakiE FARETIR

He Shuiwang, Assistant Engineer
1E it SRIT

Hui Hong, Senior Worker

5= 4 ( Graduate Students )

P&HIE Chen Zhongzheng, 2012
gk & Zhaing Bin, 2012
ZSEEFL Li Zhaotian, 2012
Z ¥ LiQuan,2012

B FE Huang Cheng, 2013
S°XA8 Ning Wenhe, 2013
Narayan Prasad Koju, 2013
Laxman Khanal, 2014
MBS Du Yiging, 2014

2 & Cheng fenng, 2014
HBelE  Niu xiaowei , 2015
H % Ganlin, 2015
Kenneth Otieno Onditi, 2015
RXZF Song Wenyu, 2016
FRKES  Yu Qiupeng, 2016
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. Hu WZ, Wu F, Gao JY, Yan D, Liu
LM, Yang XJ*. Influences of interpo-
lation of species ranges on elevational
species richness gradients, Ecography.
2016, doi: 10.1111/ecog.02534.

. Li XL, Dong F, Lei FM, Alstréom P,
Zhang RY, Odeen A, Fjeldsa J, Eric-
son PGP, Zou FS and Yang XJ* 2016.
Shaped by uneven Pleistocene climate:
phylogeographic pattern and population
history of White Wagtail Motacilla alba
(Aves: Passeriformes). J Avian Biol.
2016 47(2): 263-274.

. Dong HY, Lu GY, Zhong XY , Yang
XJ*. Winter diet and food selection of
the Black-necked Crane Grus nigricollis
in Dashanbao, Yunnan, China. Peerd.
2016, 4:¢1968.

. Wang RX , Wu F, Chang YY, Yang
XJ*. Waterbirds and their habitat utili-

zation of artificial wetlands at Dianchi

Lake: Implication for waterbird con-
servation in Yunnan—Guizhou Plateau
lakes. Wetlands. 2016, 36:1087—1095.
. Wu F, Liu LM, Fang JL, Zhang RG,

Yang XJ*. Conservation value of hu-

man-modied forests for birds in moun-
tainous regions of south-west China.
Bird Conserv Int. 2016, doi:10.1017/
S0959270916000058.
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RILEDFE . sh 2 ZE . 2016,
51(4): 716.
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Ornithology

Prof. Yang Xiaojun, Principle Investigator, Kunming Institute of Zool-
ogy, Chinese Academy of Sciences. My research interest lies at bird
taxonomy and fauna, phylogeny, biogeography, community ecology, as
well as behaviour ecology and conservation biology of endangered bird
species. Till now, 8 books and over 100 papers have been published.
Email: yangxj@mail.kiz.ac.cn

1. Birds’ Conservation in mountainous regions in south-west China

Mountain systems are often recognized as biodiversity hotspots; however,
most montane forests are human-modified. Understanding the conservation value
of human-modified forests is essential to mountain biodiversity conservation. In this
study, mist-nets and point-counts were used to compare the bird communities of
primary forests on ridges in the Ailao Mountains of Yunnan, China, and secondary
forests, firewood forests, and pine plantations in nearby lower elevation zones. We
found that community turnover among habitats was very high using both methods.
Although the percentage of forest interior species and insectivores in each habi-
tat was higher in the primary forests than in the human-modified forests, relatively
high percentages of forest interior species and insectivores were recorded in the
human-modified forests. Moreover, many bird species, forest interior species, insec-
tivores and babblers were only recorded in the human-modified forests. Our study
indicated that the primary forests are important for sustaining mountain bird diver-
sity. However, given that primary forests are restricted to ridges, secondary forests,
firewood forests, and pine plantations at lower elevations also play important roles
in bird conservation in mountainous regions by increasing landscape diversity and
partially offsetting species loss from primary forests. Therefore, conservation efforts
should also be concentrated on human-modified forests at lower elevations in moun-
tainous regions in south-west China.

2. Birds in Wetlands

The effects of coastal artificial wetlands on waterbirds have been studied more
extensively in China, but the annual composition of waterbirds and their utilization of
constructed wetlands in Yunnan—-Guizhou Plateau lakes are poorly understood. We
conducted 36 waterbird surveys over a year at Dianchi Lake, and found that it sup-
ports diverse habitats for breeders (16 species), migrants (27 species) and winter
visitors (29 species). Among artificial wetland types, we found that mixed vegetation,
low emerging plant and mudflat wetlands supported higher species richness and
density than the other wetland types. Our findings had the following implications:
management of Yunnan—Guizhou Plateau lakes should take the requirements of dif-
ferent waterbirds into
consideration; and B
maintenance of low §

emerging plants and :
mixed vegetation, -
£ v r
as well as mudflats,
is crucial to accom- W &
[ [ L4

modate the diverse
habitat requirements
of waterbirds.

B LE7 ( Lab Staff)
TYEAR ( Staff)

5 # Bt BfRA

Feng Dong, Associate Professor
2 ¥ L BIEARR

Fei Wu, Assistant Professor
RFE Bt BEMRA
Heqi Wu, Assistant Professor
& B Mt fRIIR
Dao Yan, Research Assistant
2= Mt HREIR
Jianyun Gao, Research Assistant
F & ik BpEESCIS)

Jie Wang, Assistant engineer

fH5R& ( Graduate Students )
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FM 14 Rongxing Wang 2011
EWFE 4 Haoyan Dong 2012
AYNX B4 Guangyi Lu 2014
EAMETY {84 Pengfei Shan 2015
F4kI B4 Jishan Wang 2015

#ASEEl B4 Wanzhao Hu 2013
& 18 4% Chuang Fan 2015
AR ARtT4 Tiangi Tian 2015
Muriithi Jacinta Muringi #i14E 2015
{8 T4 Shuhang He 2016
28K B4 Sihan Li 2016
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Douglas W. Yu, {4, W50 R, AEXSHERPPONTAN, EHZHEEmHALTH
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Kk ZFeHB it 90 i 3¢ T E br # 1] Nature, Science, PNAS, PLoS Biology, Ecology Letters, Ecological

Email: dougwyu@gmail.com
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©Z ( Publications )

. Hua FY., Wang XY, Zheng XL,
Fisher B., Wang L, Zhu JG, Tang Y,
Yu D.W.*, & Wilcove D.S.* Oppor-
tunities for biodiversity gains under
the world’s largest reforestation pro-
gramme. Nature Communications.
2016, 7: 12717. doi: 10.1038/ncom-
ms12717.

. Yang CY, Schaefe DA, Liu WJ,
Popescu V.D., Yang CX, Wang XY,
Wu CY, Yu D.W.*. Higher fungal
diversity is correlated with lower
CO2 emissions from dead wood in
a natural forest. Scientific Reports.
2016, 6 X €31066.

. Zhang K, Lin SL, Ji YQ, Yang CX,
Wang XY, Yang CY, Wang H, Jiang
HS,Harrison R.D.* & Yu, D.W. *
Plant diversity accurately predicts

insect diversity in two tropical land-
scapes. Molecular Ecology. 2016,
25(17):4407-4419.doi:10.1111/
mec.13770.

. Wang L, Young SS, Wang W, Ren
GP, Xiao W, Long YC, Li JS, Zhu
JG*. Conservation priorities of

forest ecosystems with evaluations
of connectivity and future threats:
Implications in the Eastern Himalaya
of China. Biological Conservation.
2016, 195:128-135.

. Crampton-Platt A., Ya D.W., Zhou
X.*, & Vogler A.P.* Mitochondrial
metagenomics: letting the genes out
of the bottle. Gigascience. 2016,
5(1):1-11.
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Ecology, Conservation, & Environment Center

(ECEC)

Prof. Douglas W. Yu. Yu’s research covers two fields, (1) game-theoret-
ical models of symbiosis, and (2) rapid biodiversity assessment using ge-
nomics. In the first area, we have developed new genomics methods for
biodiversity rapid assessment. In the second, we have been elucidating
the mechanisms stabilizing cooperation among species, using in fig-wasp
and ant-plant mutualisms as experimental models. Yu has 90 publica-
tions, including in Nature, Science, PNAS, PLoS Biology, Ecology Letters,
Ecological Monographs, Ecology.

Email: dougwyu@gmail.com

1. Higher fungal diversity is correlated with lower CO2 emissions from

dead wood in a natural forest
Wood decomposition releases almost as much CO2 to the atmosphere as does fossil-fuel

combustion, so the factors regulating wood decomposition can affect global carbon cycling. We
used metabarcoding to estimate the fungal species diversities of naturally colonized decompos-
ing wood in subtropical China and, for the first time, compared them to concurrent measures of
CO2 emissions. Wood hosting more diverse fungal communities emitted less CO2, with Shan-
non diversity explaining 26 to 44% of emissions variation. Community analysis supports a ‘pure
diversity’ effect of fungi on decomposition rates and thus suggests that interference competition
is an underlying mechanism. Our findings extend the results of published experiments using
low-diversity, laboratory-inoculated wood to a highdiversity, natural system. We hypothesize
that high levels of saprotrophic fungal biodiversity could be providing globally important ecosys-
tem services by maintaining dead-wood habitats and by slowing the atmospheric contribution of
CO2 from the world’s stock of decomposing wood. However, large-scale surveys and controlled
experimental tests in natural settings will be needed to test this hypothesis.

2. Plant diversity accurately predicts insect diversity in two tropical
landscapes

Plant diversity surely determines arthropod diversity, but only moderate correlations be-
tween arthropod and plant species richness had been observed until Basset et al. (Science,
338, 2012 and 1481) finally undertook an unprecedentedly comprehensive sampling of a tropi-
cal forest and demonstrated that plant species richness could indeed accurately predict arthro-
pod species richness. We now require a high-throughput pipeline to operationalize this result
so that we can (i) test competing explanations for tropical arthropod megadiversity, (ii) improve
estimates of global eukaryotic species diversity, and (iii) use plant and arthropod communities
as efficient proxies for each other, thus improving the efficiency of conservation planning and of
detecting forest degradation and recovery. We therefore applied metabarcoding to Malaise-trap
samples across two tropical landscapes in
China. We demonstrate that plant species
richness can accurately predict arthropod
(mostly insect) species richness and that
plant and insect community compositions

are highly correlated, even in landscapes i Yinggeling
that are large, heterogeneous and anthro- " )
pogenically modified. Finally, we review ' Y N a8
how metabar-coding makes feasible high- gt ) __.:{m:-.. . ]-
Mangsong| . — &y~

ly replicated tests of the major competing =S
explanations for tropical megadiversity.
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Cao X', Wu H', Liu YH', Du ZL', Wang XP', e kR AL

Yang J', Cheng SC', Zhong L, Wang L, Wang X,
Hu JY, Fang L, Bai B, Wang KL, Yuan N, Wu
SF, Li BG, Zhang JG, Yang YQ, Zhang CL, Long
YC, Li HS, Yang JY, Irwin DM, Ryder OA, Li Y,
Wu CI*, Zhang YP*. Genomic analysis of snub-
nosed monkeys (Rhinopithecus) identifies genes
and processes related to high-altitude adaptation.
Nat Genet. 2016, 48:947.

Xu HB, Wu SF, Peng MS, Liu HQ, Zeng L,
Irwin DM, Yao YG, Wu DD*, Zhang YP*. Com-
parative population genomics reveals genetic basis
underlying body size of domestic chickens. J Mol
Cell Biol. 2016, 8(6):542-552.
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Prof. Ya-Ping Zhang, Academician & Vice-President, Chinese Academy
of Sciences. He is an associate editor of Genome Biol Evol, and the ed-
itorial board of Anim Genet. This year we focused on genomic evolution
of artificial selection and molecular machenism of the high-altitude adap-
tation in animals. We revealed evolutionary mechanism of high-altitude
adaptation in snub-nosed monkeys, and visional reduce & body size of
domesticated chickens. We also unravelled rapid population decline in
vertebrates began in the late 19th century, which coincides with the wide-
spread industrialization and profound change of global living ecosystems.
Within 2016, the above research progresses were published in 27 SCI
papers, including Nat Genet (2), Cell Res (2), PNAS(3), AJHG(1).
Email: zhangyp@mail.kiz.ac.cn

1. Genomic analysis of snub-nosed monkeys (Rhinopithecus) identifies genes and processes re-
lated to high-altitude adaptation

The snub-nosed monkey genus Rhinopithecus includes five closely related species distributed
across altitudinal gradients from 800 to 4,500 m. On the basis of a multilevel survey, the genomic analyses
from both the species level and population level, as well as the transcriptomic analyses and functional as-
says, we identified genes involved in DNA repair, heart and vascular development, hypoxia response, en-
ergy metabolism, and angiogenesis, which are adaptive signatures that may reflect molecular adaptations
consistent with the high-altitude environments of three snub-nosed monkey species. This study has been
published on “Nature Genetics” as a cover paper, and recommended by Faculty of 1000 Biology.
2. Rapid population decline in vertebrates
The rate and the initiation date of rapid population decline can provide important clues about the driving
forces of population decline in threatened species, but are generally unknown. Our novel population ge-
netics modeling was applied for analyzing the genetic diversity data in 2,764 vertebrate species. We found
that in many threatened vertebrate species the rapid population decline began in the late 19th century (Fig.
1), the mean current size of threatened vertebrates is only 5% of their ancestral size. We estimated ~25%
population decline every 10 years in threatened vertebrate species. This estimated date coincides with the
wide-spread industrialization and profound change of global living ecosystems over the past two centuries.
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Fig. 1 Dynamics of population Fig. 2 Over-expression of BMP10 in zebrafish induced a significant decrease in its body length.

sizes of many vertebrates.

3. Evolutionary mechanism of visional reduce and body size of domesticated chickens

We analyzed genomic and transcriptome data from domestic chicken and Red junglefowl, and dis-
covered that positive selection, rather than relaxation of purifying selection as previous postulated, had
contributed to the reduce of vision in domestic chickens. We deduced that the progenitors of domestic
chickens harboring weaker vision may have showed a reduced fear response and vigilance, making them
easier to be unconsciously selected and/or domesticated. It raised the appreciation of unconscious se-
lection in the characterization of the evolution of domestic animals. In addition, we also characterized the
function of a novel gene, VIT, that showed an integral role in vision regulation. This provides an important
target for future evolutionary and medical research.

Body size is the most important economic trait for animal production and breeding. Comparative pop-
ulation genomics revealed that the most significant selection signal for a small body sized chicken breed
- Yuanbao was mapped to the BMP10 gene. The expression of BMP10 was remarkablly up-regulated
in Yuanbao chicken. Overall, BMP10 showed a significant association with body size, explaining up to
22.41% of the total weight variance in Yuanbao chicken. Additionally, over-expression of BMP10 induced a
significant decrease in body length by inhibiting angiogenic vessel development in zebrafish (Fig. 2).
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Yuan ZY*, Zhow WW*, Chen X', Poyarkov NA,
Chen HM, Jang-Liaw NH, Chou WH, Matzke
NJ, lizuka K, Min MS, Kuzmin SL, Zhang YP*,
Cannatella DC*, Hillis DM*, Che J*. Spatio-
temporal diversification of the true frogs (Genus
Rana) across Eurasia and the Americas. System-
atic Biology. 2016, doi:101093/sysbio/syw055.
Yuan ZY, Zhang BL, Wu YK, Che J*. A new
species of the genus Pachytriton (Caudata: Sala-
mandridae) from Hunan and Guangxi, southeast-
ern China. Zootaxa. 2016, 4085, 219-232.
Suwannapoom C*, Yuan Z2Y*, Chomdej S,
Chen JM, Hou M, Zhao HP, Wang LJ, Nguyen
SN, Nguyen TT, Fei L, Murphy RM, Che J*.
Taxonomic revision of the Chinese Limnonectes

(Anura, Dicroglossidae) with the description of a
new species from China and Myanmar. Zootaxa.
2016, 4093, 181-200.

. Yuan ZY, Suwannapoom C, Yan F, Poyarkov

JRNA, Nguyen NS, Chen HM, Chomdej S,
Murphy WR, Che J*. Red River barrier and
Pleistocene climatic fluctuations shaped the
genetic structure of Microhyla fissipes complex
(Anura:Microhylidae) in southern China and In-
dochina. Current Zoology. 2016, 1-13.

. Jiang K’, Yan F*, Wang K, Zou DH, Li C, Che

J*. A new genus and species of tree frog from
Medog, southeastern Tibet, China (Anura, Rhaco-
phoridae). Zoological Research. 2016, 37(1): 15-
20.

Jiang K, Wang K, Zhou DH, Yan F, Li PP, Che
J*. A new species of the genus Scutiger (Anura:
Megophryidae) from Medog of southeastern
Tibet, China. Zoological Research. 2016, 37(1):
21-30.

Jiang K, Wang K, Yan F, Xie J, Zou DH, Jiang
JP, Li C, Che J*. A new species of the genus
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Tibet, China. Zoological Research. 2016, 37(1):
31-40.
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WR, Che J*. A new species of genus Fejervarya
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Zoological Research. 2016, 37(6):1-11.
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Herpetological Diversity and ¥«
Evolution |

=t

reptile as model, we often explore the biodiversity issue and
evolutionary questions within a phylogenetic framework.
We are interested in how historical and ongoing processes

reptiles that exist today and how the species have adapted to -
and evolved.
Email: chej@mail.kiz.ac.cn

1. Spatiotemporal diversification of the true frogs (Genus Rana): A histori-
cal framework for a widely studied group of model organisms

The genus Rana crosses Eurasia and the Americas are widely used as mod-
el organisms in studies of develop-
ment, genetics, ecology, behavior,
etc. However, the evolutionary histo-
ry and diversification of this group is
still not clear.

Based on a well-resolved,
time-calibrated phylogeny of Rana,
Yuan et al. (2016) revealed an “Out
of Asia” pattern with two independent
dispersals of Rana from East Asia
to North America via Beringian land
bridges. Trans-Beringian dispersal
was also identified to be a common
pattern in amphibians and reptiles
after summarized the previous stud-
ies. Further, different processes of
diversification were identified within
the New World and Old World Rana.
The lineage of New World Rana ap-
pears to have experienced a rapid
radiation following its colonization of the New World. In contrast, diversification in
the Old World began very slowly and later underwent a distinct increase in spe-
ciation rate, which associated with intensive tectonic movements along the Asian
margin from the Oligocene to early Miocene.

2. Biodiversity Research of Amphibians and Reptiles

As one of the active laboratories for herpetofaunal diversity research in Chi-
na, we take a integrative approach to biodiversity research, incorporating mor-
phology, ecology, and phylogenetic methods such as DNA barcoding. Recently,
Zoological Research published a special issue on the results of Che lab’s projects
on herpetofaunal diversity of Tibet and the Hengduan Mountain Region of China,
highlighting the discoveries of a new record of anuran family Ceratobatrachidae
in China, a new genus of treefrog, three new species of amphibians, and two new
species of reptiles.
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Evolutionary Genomics and
Origin of New Genes

Prof. Wen Wang, Professor, Head of Evolutionary Genomics and Origin
of New Genes Research Group, KlIZ, CAS. Prof. Wang has been focusing
on evolutionary genomics. So far, he published more than 100 papers in
such scientific journals as Science, Nature, PNAS, PLoS genetics etc,
which are totally cited more than 6590 times with a H-index of 36. He is
Chief Scientist of both 973 project (Scientific and technology Ministry) and
Strategic Priority Research Program B (CAS), and also leader of Innova-

tive research group (NSFC). He received the second prize in China’s National Natural Science Award.

Email: wwang@mail.kiz.ac.cn

1. Systematic evaluation of sericin protein as a substitute for fetal bovine
serum in cell culture

Sericin protein derived from the silkworm cocoon has become increasingly popular due to
its diverse and beneficial cell culture characteristics. However, systematic evaluation of sericin as
a substitute for FBS in cell culture medium remains limited. In this study, we conducted cellular
morphological, physiological, and transcriptomic evaluation on three widely used mammalian cells.
Compared with cells cultured in the control, those cultured in sericin substitute medium showed
similar cellular morphology, similar or higher cellular overall survival, lower population doubling
time (PDT), and a higher percentage of S-phase with similar G2/G1 ratio, indicating comparable
or better cell growth and proliferation. At the transcriptomic level, differentially expressed genes
between cells in the two media were mainly enriched in function and biological processes related
to cell growth and proliferation, reflecting that genes were activated to facilitate cell growth and pro-
liferation. The results of this study suggest that cells cultured in sericin-substituted medium perform
as well as, or even better than, those cultured in FBS-containing medium.

2. Genomes and virulence difference between two physiological races of
Phytophthora Nicotianae

Black shank is a severe plant disease caused by the soil-borne pathogen Phytophthora ni-
cotianae. Two physiological races of P. nicotianae, races 0 and 1, are predominantly observed in
cultivated tobacco fields around the world. The molecular mechanisms underlying the difference
in virulence between race 0 and 1 remain elusive. We assembled and annotated the genomes of
P. nicotianae races 0 and 1, which were obtained by a combination of PacBio single-molecular
real-time sequencing and second-generation sequencing (both HiSeq and MiSeq platforms). Gene
family analysis revealed a highly expanded ATP-binding cassette transporter gene family in P. ni-
cotianae. Specifically, more RxLR effector genes were found in the genome of race 0 than in that
of race 1. In addition, RxLR effector genes were found to be mainly distributed in gene-sparse, re-
peat-rich regions of the P. nicotianae genome. These results provide not only high quality reference
genomes of P. nicotianae, but also insights into the infection mechanisms of P. nicotianae and its
co-evolution with the host plant.

3. Improved hybrid de novo genome assembly of domesticated apple
(Malus x domestica)

Domesticated apple (Malus x domestica Borkh) is a popular temperate fruit with high nutrient
levels and diverse flavors. A high-quality apple genome assembly is crucial for the selection and
breeding of new cultivars. Currently, a single reference genome is available for apple, assembled
from 16.9 x genome coverage short reads via Sanger and 454 sequencing technologies. Although
a useful resource, this assembly covers only ~89 % of the non-repetitive portion of the genome,
and has a relatively short (16.7 kb) contig N50 length. These downsides make it difficult to apply
this reference in transcriptive or whole-genome re-sequencing analyses. Here we present an im-
proved hybrid de novo genomic assembly of apple (Golden Delicious), which was obtained from 76
Gb (~102 x genome coverage) lllumina HiSeq data and 21.7 Gb (~29 x genome coverage) PacBio
data. The new apple genome assembly will serve as a valuable resource for investigating complex
appletraits at the genomic level. It is not only suitable for genome editing and gene cloning, but
also for RNA-seq and whole-genome re-sequencing studies.
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RIS T 4TI% T B2 T Shi L et al. Mol Biol Evol 31: 594-604 (2014) , iZEERMTEALEKRS
GEARGRNERECTHER, EXMASRNPRECERELEREKFHTHESRATE
¥, F&M15 Soojin V. Yi KA AR A, BIREAERE 3 SRR U T T A A RS
B, RILT 85 A NKEERMF ALK (DMR) , E—SMENF SERERBIERR, KBy
DMR 5 Fp7ERE R X0, 15X S X I AR |- #052 H3K4me3 Friflfss Feimik X s X B6[x i vl REsdid 5%
Wi —Le 2 RS TRV EE & 2 5 &k B IR iR, WFIEEE R RFR s 428 L AE N KK I ThREGH
et B RAT B BN IhRe . WFIREs R R R AE 5 F L UR E I T Mendizabal 1., Shi L. et al.
Mol Biol Evol. 33(11):2947-2959,

2. B EREERE CASCS MK N iFH L id 23t E ERIAELH

N U i e Mo e ) U B — B R M AL ZE S TR L O IR, LART YRR 20
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(Published online 26 Nov 2016).,
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Prof. Bing Su, principal investigator, The enlarged brain and highly
developed cognitive skills are the most significant characteristics
that set us apart from our relatives, the non-human primates. This
evolutionary expansion is believed to be crucial to the highly developed
cognitive abilities in humans, yet its genetic basis remains unsolved. our
laboratory focuses on (1) the genetic mechanism underlying the dramatic
enlargement of human brain and its highly developed cognitive skills
during human evolution; (2) Origins and migration of modern human
populations in East Asia and its adaptation to environmental stress.
E-mail: sub@mail.kiz.ac.cn

1. Comparative Methylome Analyses Identify Epigenetic Regulato-
ry Loci of Human Brain Evolution

How do epigenetic modifications change across species and how do these modifications af-
fect evolution? These arefundamental questions at the forefront of our evolutionary epigenomic un-
derstanding. Our previous work investigatedhuman and chimpanzee brain methylomes, but it was
limited by the lack of outgroup data which is critical for comparative(epi)genomic studies. Here, we
compared whole genome DNA methylation maps from brains of humans,chimpanzees and also
rhesus macaques (outgroup) to elucidate DNA methylation changes during human brain evolution.
Moreover, we validated that our approach is highly robust by further examining 38 human-specific
DMRs usingtargeted deep genomic and bisulfite sequencing in an independent panel of 37 indi-
viduals from five primate species. Ourunbiased genome-scan identified human brain differentially-
methylated regions (DMRs), irrespective of their associationswith annotated genes. Remarkably,
over half of the newly identified DMRs locate in intergenic regions or gene bodies.Nevertheless,
their regulatory potential is on par with those of promoter DMRs. An intriguing observation is that
DMRsare enriched in active chromatin loops, suggesting human-specific evolutionary remodeling
at a higher-order chromatinstructure. These findings indicate that there is substantial reprogram-
ming of epigenomic landscapes during human brainevolution involving noncoding regions. Mendiz-
abal, 1.#, Shi, L.#, et al Mol Biol Evol 33, 2947-2959 (2016).

2. Regional selection of the brain size regulating gene CASC5 pro-
vides new insight into human brain evolution

Human evolution is marked by a continuedenlargement of the brain. Previous studies on
human brainevolution focused on identifying sequence divergences ofbrain size regulating genes
between humans and nonhumanprimates. However, the evolutionary pattern of thebrain size reg-
ulating genes during recent human evolutionis largely unknown. We conducted a comprehensive
analysisof the brain size regulating gene CASC5 and found thatin recent human evolution, CASC5
has accumulated manymodern human specific amino acid changes, including twofixed changes
and six polymorphic changes. Among humanpopulations, 4 of the 6 amino acid polymorphic site-
shave high frequencies of derived alleles in East Asians,but are rare in Europeans and Africans.
We proved that this between-population allelic divergence was caused byregional Darwinian pos-
itive selection in East Asians. Furtheranalysis of brain image data of Han Chinese showedsignifi-
cant associations of the amino acid polymorphic siteswith gray matter volume. Hence, CASC5 may
contributeto the morphological and structural changes of the humanbrain during recent evolution.
The observed between-populationdivergence of CASC5 variants was driven by naturalselection
that tends to favor a larger gray matter volume inEast Asians. Shi L. et al. Human Genetics
doi:10.1007/s00439-016-1748-5 (2016)

3. A Genetic Mechanism for Convergent Skin Lightening during Re-
cent Human Evolution

Skin lightening among Eurasians is thought to have been a convergence occurring inde-
pendently in Europe and East Asiaas an adaptation to high latitude environments. Among Europe-
ans, several genes responsible for such lightening havebeen found, but the information available
for East Asians is much more limited. Here, a genome-wide comparisonbetween dark-skinned Afri-
cans and Austro-Asiatic speaking aborigines and light-skinned northern Han Chinese identifiedthe
pigmentation gene OCA2, showing unusually deep allelic divergence between these groups. An
amino acid substitution(His615Arg) of OCA2 prevalent in most East Asian populations—but absent
in Africans and Europeans—wassignificantly associated with skin lightening among northern Han
Chinese. Further transgenic and targeted gene modificationanalyses of zebrafish and mouse both
exhibited the phenotypic effect of the OCA2 variant manifesting decreasedmelanin production.
These results indicate that OCA2 plays an important role in the convergent skin lightening of Eas-
tAsians during recent human evolution. Yang, Z. et al. Mol Biol Evol 33, 1177-87 (2016).
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. ZhaoY, Wang Y, Zou L, Huang J-F". Recon-
struction and applications of consensus yeast
metabolic network based on RNA sequenc-
ing. FEBS Open Bio, 2016, 6(4): 264-75.

. Li W=X, Li W, Cao J-Q, Yan H-Y, Sun Y-Y,
Hong Z, Zhang Q, Tang L, Wang M-M,
Huang J-F". Folate Deficiency Was Associat-
ed with Increased Alanine Aminotransferase
and Glutamyl Transpeptidase Concentrations
in a Chinese Hypertensive Population: A
Cross-Sectional Study. Journal of Nutritional
Science and Vitaminology, 2016, 62(4): 265-
71.

. Li W-X’, Dai S-X*, Wang Q, Guo Y-C, Hong Y,
Zheng J-J, Liu J-Q, Liu D-H, Li G-H, Huang
J-F". Integrated analysis of ischemic stroke
datasets revealed sex and age difference in
anti-stroke targets . PeerlJ, 2016, 4: €2470.

. Li W-X", Dai S-X, Liu J-Q, Wang Q, Li G-H,
Huang J-F. Integrated analysis of Alzhei-
mer’s disease and schizophrenia dataset re-
vealed different expression pattern in learning
and memory. Journal of Alzheimer’s Disease,
2016, 51(2): 417-25.

. Han F-F, Li G-H, Dai S-X, Huang J-F".
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immunometabolism and application in drug
design. Molecular BioSystems, 2016, 12(2):
431-43.

. Guo Y-C’, Zhang L", Dai S-X, Li W-X, Zheng
J-J, Li G-H, Huang J-F". Independent Evolu-
tion of Winner Traits without Whole Genome
Duplication in Dekkera Yeasts. PLoS One,
2016, 11(5): e0155140.

. Dai $-X, Li W-X, Li G-H, Huang J-F". Pro-
teome-wide prediction of targets for aspirin:
new insight into the molecular mechanism of
aspirin. PeerlJ, 2016, 4: e1791.

. Dai S-X, Li W-X, Han F-F, Guo Y-C, Zheng
J-J, Liu J-Q, Wang Q, Gao Y-D, Li G-H,
Huang J-F". In silico identification of an-
ti-cancer compounds and plants from tradi-
tional Chinese medicine database. Sci Rep,
2016, 6: €25462.

. Dai S-X, Li G-H, Gao Y-D, Huang J-F".
Pharmacophore-Map-Pick: A Method to Gen-
erate Pharmacophore Models for All Human
GPCRs. Molecular Informatics, 2016, 35(2):
81-91.
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2/3, fEHE, BAEEAL 2000 AFETFHR, R ESR, FRIECRMHER =,
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AR RS X2 R 25 5020 85 %, LATEAURAFS 4R 8 Bl P rp XA SR 2 2R, B
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B 25 S R IR ST T DAl 2 TR 3 R 22 Spi PR 3R A B TR i A B B R 3
it KEGG & 35 W 35471 5 B3P0 o rp XU 38 26 I 7™ B 14 %6 928 A S 3l B 457
B, #—2, TARR T REARIEA IO REE R 7E 5 Mot b B I A
@ (4nIL1A, 1L6, IL8 ZF) ., MAMxXSu¥iprst KEARSERPY BRI NBER thf
RRKIZESR, Bartaf —shshx Selfbrik Ry g5ty Emsib T kB, FEit,
TEA TERI R RIRIT Y, 2% R 3 b AT PE BIANAE RS Sk . R IRIRIFZE X 4 i Bk
it R FE R ARG R RIS A — M S8 L. BREE R RAE Peerl,




State Key Laboratory of Genetic Resources and Evolution

2016 ANNUAL REPORT

Bioinformatics and system biology §

Prof. Jing-Fei Huang, Principle Investigator, Deputy Director, Kunming
Institute of Zoology, Chinese Academy of Sciences. The research is &
mainly focused on the structure basis of protein functional evolution, the
evolutionary mechanism of protein/gene, protein interaction network and
functional evolution, disturbing peptide design based on protein evolution,
the mechanism of complex disease and potential drug target discovery.
More than 90 papers have been published in Mol. Biol. Evol., FEBS

Lett., Structure, Acta Crystall., J. Mol. Struct., J. Theor. Biol., J. Mol. Model., Mammalian Genome, PLoS ONE, BMC

Bioinformatics, BMC Evol Biol, Mol. BioSyst and Bioinformatics.
Email: huangjf@mail.kiz.ac.cn

1.In silico identification of anti-cancer compounds and plants from tradi-
tional Chinese medicine database

There is a constant demand to develop new, effective, and affordable an-
ti-cancer drugs. The traditional Chinese medicine (TCM) is a valuable and alter-
native resource for identifying novel anti-cancer agents. In this study, we aim to
identify the anti-cancer compounds and plants from the TCM database by using
cheminformatics. We first predicted 5278 anti-cancer compounds from TCM da-
tabase. The top 346 compounds were highly potent active in the 60 cell lines test.
Similarity analysis revealed that 75% of the 5278 compounds are highly similar to
the approved anti-cancer drugs. Based on the predicted anti-cancer compounds,
we identified 57 anti-cancer plants by activity enrichment. The identified plants
are widely distributed in 46 genera and 28 families, which broadens the scope
of the anti-cancer drug screening. Finally, we constructed a network of predicted
anti-cancer plants and approved drugs based on the above results. The network
highlighted the supportive role of the predicted plant in the development of an-
ti-cancer drug and suggested different molecular anti-cancer mechanisms of the
plants. Our study suggests that the predicted compounds and plants from TCM
database offer an attractive starting point and a broader scope to mine for poten-
tial anti-cancer agents.

2. Integrated analysis of ischemic stroke datasets revealed sex and age
difference in anti-stroke targets

Ischemic stroke is a common neurological disorder and the burden in the
world is growing. This study aims to explore the effect of sex and age difference
on ischemic stroke using integrated microarray datasets. The results showed a
dramatic difference in whole gene expression profiles and influenced pathways
between males and females, and also in the old and young individuals. Further-
more, compared with old males, old female patients showed more serious bio-
logical function damage. However, females showed less affected pathways than
males in young subjects. Functional interaction networks showed these differen-
tial expression genes were mostly related to immune and inflammation-related
functions. In addition, we found ARG1 and MMP9 were up-regulated in total and
all subgroups. Importantly, IL1A, ILAB, IL6 and TNF and other anti-stroke tar-
get genes were up-regulated in males. However, these anti-stroke target genes
showed low expression in females. This study found huge sex and age differ-
ences in ischemic stroke especially the opposite expression of anti-stroke target
genes. Future studies are needed to uncover these pathological mechanisms,
and to take appropriate pre-prevention, treatment and rehabilitation measures.
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ics of triosephosphate
isomerase gene intron
location pattern in
Metazoa: A new per-
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Gene. Doi: 10.1016/
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2016. DAT1 methyla-
tion is associated with
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sponse on oppositional
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with ADHD. World J
Biol Psychiatry.
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Prof. Jian-Fan Wen, Principal Investigator, Vice Director of the State
Key Laboratory of Genetic Resources and Evolution. His group is mainly
interested in the origin and evolution of the eukaryotic cell. Taking the
protists, which occupy key positions in the eukaryotic cell evolution, as
models, and combining with the data of prokaryotes and multicellular
organisms, they study the biodiversity and origin and evolution of the
structures and functions, especially of genes, gene families, gene groups of functional pathways and genomes, of the
eukaryotic cells. Based on these basic studies, they also explore the new ways for the control and treatment of some
harmful organisms (e.g. parasitic protozoa and schistosomes) and the applications of the effective and specific metabolic

pathways.
Email: wenjf@mail.kiz.ac.cn

1. Comparative genomics of energy metabolism pathway in parasitic
protists

1) G. lamblia, E. histolytica, T. vaginalis and C. parvum are several lumen
parasiticprotozoa, of energy metabolic pathways. In fact, the mitochondrion of these
parasites have happened "degradation" or even "specialization" and have completely lost the
oxidative phosphorylation function. These protozoa have all lost Krebs cycle, lipid oxidation
decomposition and oxidative phosphorylation, their ATP generate are mainly rely on glycolysis.
And we also find they all have a similar Pyruvate metabolic pathway. Further, we investigated
the enzymes of energy metabolism, and found that a lot of enzymes, such as PEPCK, PFK
and PFO catalyzed same reaction in these parasites, but these enzymes come from different
sources. We further constructed phylogenetic tree of MAL, PPDK, ADHE and ACEL genes, and
found they are acquired by horizontal gene transfer from different donors.

2) We selected four apicomplexan parasites that live in different parts of human body:
T. gondii, P. falciparum, C. muris and C. parvum and along with its two free-living cousins
Paramecium tetraurelia and Tetrahymena thermophile as comparison, we thoroughly
searched energy metabolic genes in KEGG database and genome data of these parasites,
and combining with literature data, system identification and rebuild their respective energy
metabolic pathways. To reconstruction of both cryptosporidium species energy metabolic
pathway, we chose toxoplasma and plasmodium experiment data as reference. Our results
suggest that many enzymes which previous thought only in parasites are generally exist in the
free living relatives of apicomplexan. Our above results suggest that an obvious is adaptive
radiation has occurred in energy metabolisms among the four parasites, and the key factor is
the environment oxygen concentration difference.

2. Evolutionary dynamics of triosephosphate isomerase gene intron location
pattern in Metazoa: A new perspective on intron evolution in animals

Intron evolution, including its dynamics in the evolutionary transitions and diversification
of eukaryotes, remains elusive. Inadequate taxon sampling due to data shortage, unclear
phylogenetic framework, and inappropriate outgroup application might be among the causes.
Besides, the integrity of all the introns within a gene was often neglected previously. Taking
advantage of the ancient conserved triosephosphate isomerase gene (tim), the relatively robust
phylogeny of Metazoa, and choanoflagellates as outgroup, the evolutionary dynamics of tim
intron location pattern (ILP) in Metazoa was investigated. From 133 representative species of
ten phyla, 30 types of ILPs were identified. A most common one, which harbors the maximum
six intron positions, is deduced to be the common ancestral tim ILP of Metazoa, which almost
had formed in their protozoan ancestor and was surprisingly retained and passed down till to
each ancestors of metazoan phylaTherefore, a common ancestral exon-intron arrangement
pattern of an animal gene is definitely discovered; besides the ‘intron-rich view’ of early animal
genes being confirmed, the novel insight that high exonintron re-arrangements of genes seem
to be associated with the relatively recently rapid evolution of lineages/species/genomes
but have no correlation with the ancient major evolutionary transitions in animal evolution, is
revealed.
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. Li YY’,Liu Z",Qi FY,Zhou
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Molecular Biology and
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Evolutionary and Functional Genomics

Prof. Peng Shi, Principal Investigator, has long been engaged to the
researches on evolutionary and functional genomics. The work in Shi's
laboratory covers two fields: (1) molecular mechanism of adaptation to
various environments in animals. We study the genotype-phenotype
relationship at the genomic level under the guidance of natural
selection theory, while combining multiple advanced techniques
including NGS, bioinformatics and functional assays, etc. (2) novel
disease-related gene identification and the etiopathogenesis study. - -f
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
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1. Convergent Evolution of Rumen Microbiomes in High-Altitude Mam-
mals

Studies of genetic adaptation, a central focus of evolutionary biology, most
often focus on the host’'s genome and only rarely on its co-evolved microbi-
ome. The Qinghai-Tibetan Plateau (QTP) offers one of the most extreme envi-
ronments for the survival of human and other mammalian species. Yaks (Bos
grunniens) and Tibetan sheep (T-sheep) (Ovis aries) have adaptations for living
in this harsh high-altitude environment, where nomadic Tibetan people keep
them primarily for food and livelihood. Adaptive evolution affects energy-me-
tabolism-related genes in a way that helps these ruminants live at high altitude.
Herein, we report convergent evolution of rumen microbiomes for energy har-
vesting persistence in two typical high-altitude ruminants, yaks and T-sheep.
Both ruminants yield significantly lower levels of methane and higher yields of
volatile fatty acids (VFAs) than their low-altitude relatives, cattle (Bos taurus)
and ordinary sheep (Ovis aries). Ultra-deep metagenomic sequencing reveals
significant enrichment in VFA-yielding pathways of rumen microbial genes in
high-altitude ruminants, whereas methanogenesis pathways show enrichment
in the cattle metagenome. Analyses of RNA transcriptomes reveal significant
upregulation in 36 genes associated with VFA transport and absorption in the
ruminal epithelium of high-altitude ruminants. Our study provides novel insights
into the contributions of microbiomes to adaptive evolution in mammals and
sheds light on the biological control of greenhouse gas emissions from live-
stock enteric fermentation.

2. Functional Effects of a Retained Ancestral Polymorphism in Prestin

Molecular basis formammalian echolocation has been receiving much con-
cerns. Recent findings on the parallel evolution of prestin sequences among
echolocating bats and toothed whales suggest that adaptations for high-fre-
quency hearing have occurred during the evolution of echolocation. Here, we
report that although the species tree for echolocating bats emitting echoloca-
tion calls with frequency modulated (FM) sweeps is paraphyletic, prestin ex-
hibits similar functional changes between FM bats. Site-directed mutagenesis
shows that the amino acid 308S in FM bats is responsible for the similar func-
tional changes of prestin. We strongly support that the occurrence of serine at
position 308 is a case of hemiplasy, caused by incomplete lineage sorting of
an ancestral polymorphism. Our study not only reveals sophisticated molecular
basis of echolocation in bats, but also calls for caution in the inference of mo-
lecular convergence in species experiencing rapid radiation.
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Lin R, Liao XP, Liu YW, Pu SY, Yu Q,
Sun HP, Jiang JJ, Cai WW*, Kong QP*.
Familial longevity study reveals a signif-
icant association of mitochondrial DNA
copy number between centenarians and
their offspring. Neurobiology of Aging,
2016, 47:218. ell-el8.

He YH, Pu SY, Xiao FH, Chen XQ, Yan
DJ, Liu YW, Lin R, Liao XP, Yu Q, Yang
LQ, Yang XL, Ge MX, Li Y, Jiang JJ, Cai
WW#*, Kong QP*. Improved lipids, dia-
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tential contributors to familial longevity: a
study on 60 Chinese centenarian families.
Scientific Reports, 2016, 6.10.1038.
PuSY *,YuQ ", Wu H, Jiang JJ, Chen
XQ, He YH*, Kong QP*. ERCC6L, a
DNA helicase, is involved in cell prolif-
eration and associated with survival and
progress in breast and kidney cancers.
Oncotarget, 2016 (In press).

Jiang JJ, Cheng LH, Wu H, He YH*, Kong
QP*. Insights into long noncoding RNAs
of naked mole rat (Heterocephalus glaber)
and their potential association with cancer
resistance. Epigenetics & Chromatin,
2016, 9:51.

Wang XX, Xiao FH, Li QG, Liu J, He
YH*, Kong QP*. Large-scale DNA meth-
ylation expression analysis across 12 solid
cancers reveals hypermethylation in the
calcium-signaling pathway. Oncotarget,
2016 (In press).

Xiao FH, Kong QP, Perry B, He YH*.
Progress on the role of DNA methylation
in aging and longevity. Briefings in Func-
tional Genomics, 2016, 15(6): 454-459.
LiYC", Huang W *, Tian JY, Kong QP*.
Exploring the maternal history of the Tai
people. Journal of Human Genetics,
2016, 61(8): 721-729.

He YH, Lu X, Tian JY, Li YC, Ge MX,
Yang XL, Chen XQ, Yu Q, W Huang, Cai
WW’', Kong Q-P*. Mitochondrial DNA
plays an equal role in influencing female
and male longevity in Chinese centenar-
ians. Experimental Gerontology, 2016,
83:94-96.
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Genomics

Prof. Qing-Peng Kong, Principle Investigator, Kunming Institute of Zo-
ology, Chinese Academy of Sciences. The main research interests of my
laboratory are: (1) tracing the origin and evolutionary history of modern
humans and (2) disclosing the molecular mechanism of healthy aging by
studying longevity individuals. Our research group has already published
over 80 papers on the international peer-reviewed journals such as Am J
Hum Genet, PNAS, Mol Biol Evol, with total citations over 2,900 times.
Email: konggp@mail.kiz.ac.cn

1. Insights into the mechanism of tumorigenesis based on omics data

With the accumulation of massive tumor genome and transcriptome analy-
sis data, it is aperfect opportunity for us to deeply understand the molecular mecha-
nisms of cancer development. By analyzing the DNA methylation status and integrat-
ing the corresponding gene expression profile of 12 solid tumors, we showed that
calcium signaling pathway is regulated by the hypermethylation across different tumor
types (Wang et al. 2016 Oncotarget). Furthermore, we found that ERCC6L, a newly
discovered DNA helicase, is highly expressed in 12 solid cancers, ERCC6L silencing
can significantly inhibited the proliferation of breast and kidney cancer cells. The xe-
nograft experiment also showed that silencing of ERCC6L strikingly inhibited tumor
growth. In addition, higher ERCC6L expression was found to be significantly associ-
ated with worse clinical survival in breast and kidney cancers (Pu and Yu et al. 2016
Oncotarget ).

2. Association between long noncoding RNAs and cancer

Long noncoding RNAs (IncRNAs) are a class of ubiquitous noncoding RNAs and
have been found to act as tumor suppressors or oncogenes. By integrating bioinfor-
matic analysis on RNA-seq data of 13 tumor types from TCGA database and a series
of experimental research, we suggest that a long intergenic noncoding RNA, HIL-
INC, was possibly involved in hypoxia response and tumorigenetic progress of head
and neck squamous cell carcinomas (unpublished data). In addition, we developed
a pipeline and identified a total of 4,422 IncRNAs in the genome of a seductive spe-
cies, naked mole rat (NMR). Further correlation analysis indicated that some IncRNAs
were intensively coexpressed with potential tumor-suppressor genes in NMR and four
high-molecular-mass hyaluronan related genes which were previously identified to
play key roles in cancer resistance of NMR. These results hint that IncRNAs may have
effects on anti-cancer mechanism in NMR (Jiang et al. 2016 Epigenetics & Chroma-
tin).

3. Effect of mitochondrial gene on familial longevity

Mitochondrial DNA (mtDNA) copy number is very important to ATP production and
maintenance of mitochondrial function. We previously found that mtDNA copy number
decreased during the aging process, which however exerted a higher level in longevity
subjects than the general old subjects. Here, we showed evidence that this pattern
of mtDNA copy number still exist in the offspring of the longevity subjects, indicating
that the maintenance of mtDNA copy number is likely an important factor for familial
longevity. Analyzing the transcriptome data from the same batch of longevity samples
identified SSBP4 gene to be the candidate regulator for mtDNA content (He and Chen
et al. 2016 Neurobiology of Aging). In view of the gender dimorphism in human
longevity as well as the maternal inheritance of mtDNA, we hypothesized that mtDNA
may be involved in the gender dimorphism of longevity. However, analyses on mtDNA
haplogroup and genetic diversity in longevity samples found no difference, indicating
an equal role of mtDNA in determining male and female longevity in human (He et al.
2016 Experimental Gerontology).
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Research Progresses

Computational Biology and ®
Medical Ecology 2

Prof. Zhanshan (Sam) Ma received his double PhDs in Computer ks
Science, and Entomology in 2008, and 1997, respectively, both
from the University of Idaho (Ul), USA. In November 2010, he was
retained as a Professor and Principal Investigator by Kunming In-
stitute of Zoology (KIZ), the Chinese Academy of Sciences (CAS)
through “The Elite 100 Scientists Program” of the CAS. Prior to
joining in KIZ, he was a Research Scientist (in Computational Bi-
ology & Computer Science) at Ul. He was a senior network and software engineer from 1998 to 2006 in the
computer industry in Silicon Valley, USA. Dr. Ma has been keeping dual track publishing in both Computer
Science and Biology with more than 80 peer-refereed papers in premier platforms such as IEEE Transactions
on Reliability, Science Translational Medicine, The ISME Journal. He is a member of London-based “Faculty
1000 of Biology and Medicine” and the editor-in-chief of I. J. Network Science.
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Mechanisms of Neural

Patterning and Evolution

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

Email: mao@mail.kiz.ac.cn

1. Elongator Protein 3 (Elp3) regulates neural crest migration in Xenopus

Elongator protein 3 (Elp3) is the enzymatic unit of the elongator protein com-
plex, a histone acetyltransferase complex involved in transcriptional elongation.
It has long been shown to play an important role in cell migration; however, the
underlying mechanism is unknown. Here, we showed that Elp3 is expressed in
pre-migrating and migrating neural crest cells in Xenopus embryos, and knock-
down of Elp3 inhibited neural crest cell migration. Interestingly, Elp3 binds Snail1
through its zinc-finger domain and inhibits its ubiquitination by B-Trcp without in-
terfering with the Snail1/Trcp interaction. We showed evidence that Elp3-mediated
stabilization of Snail1 was likely involved in the activation of N-cadherin in neural
crest cells to regulate their migratory ability. Our findings provide a new mecha-
nism for the function of Elp3 in cell migration through stabilizing Snail1, a master
regulator of cell motility.

2. Transcriptome analysis of different developmental stages of amphioxus

Amphioxus is widely used in evolutionary developmental biology research,
such as on the basic patterning mechanisms involved in the chordate body plan
and the origin of vertebrates. In this study, we applied high-throughput sequencing
on the transcriptomes of 13 developmental stages of Chinese amphioxus to gain
a comprehensive understanding of transcriptional processes occurring from the
fertilized egg to the adult stage. The expression levels of 3,423 genes were sig-
nificantly changed. All of these genes were included in a clustering analysis, and
enrichment of biological functions associated with these clusters was determined.
Significant changes were observed in several important processes, including the
down-regulation of the cell cycle and the up-regulation of translation.
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Mammalian Embryonic
Development

Prof. Ping Zheng, Principal Investigator, joined in Kunming
Institute of Zoology, Chinese Academy of Sciences in 2009.
Our laboratory focuses on the regulation of genomic stability
in early embryos, the biology of the germ stem cells in male -
and female. We use mouse, monkey and tree shrew as animal
models.

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

1.Unique mechanisms of DNA replication stress response in embryonic
stem cells

Embryonic stem cells (ESCs) encounter higher replication stress than differentiated
cells , but the underlying mechanisms remain unclear. We report a ESCs specific Filia-Floped
complex-dependent mechanism in maintaining their genomic stability by efficiently promoting
the restart of stalled replication forks. ESC-specific Filia-Floped protein complex resides on rep-
lication forks. Upon replication stress, more Filia-Floped proteins are recruited to stalling forks
and the serine 151 residue of Filia is phosphorylated in ATR-dependent manner. This phos-
phorylation modification enables Filia-Floped complex to act as a functional scaffold to recruit
Trim25, an E3 ubiquitin ligase, to the stalled replication forks. Trim25 in turn ubiquitinates BIm
to enhance its retention at stalled replication forks to promote their restart. The recruitment of
the Trim25-Blm complex to replication forks in differentiated cells is less efficient due to lack of
the PSC-specific Filia-Floped scaffold. Our study reveals a unique mechanism of promoting the
stalled fork restart in PSCs.

2. Establishment of spermatogonial stem cell-based transgenic tree shrew

Tree shrews have a close relationship to primates and have many advantages over the
use of rodents in biomedical research. However, a lack of gene manipulation methods has
hindered the wider usage of this animal. Spermatogonial stem cells (SSCs) have been suc-
cessfully expanded in culture to permit sophisticated gene editing in the mouse and rat. Here,
we describe a culture system for the long-term expansion of tree shrew SSCs without the loss
of stem cell properties. The expanded tree shrew SSCs were transfected with enhanced green
fluorescent protein (EGFP)-expressing lentiviral vectors. After transplantation into sterilized
adult male tree shrew testes, the EGFP-tagged SSCs were able to restore spermatogenesis
and successfully generate transgenic offspring. Moreover, these SSCs were suitable for the
CRISPR/Cas9-mediated gene modification. Thus, this study paves the way for precise genome
manipulations using the tree shrew. Cell Research (in press).

3. Rhesus monkey early embryogenesis

The early embryo of the primate has more chromosome abnormality and higher rate of
embryo wastage than in the rodent, but the mechanism is still unknown. Through the single-em-
bryo transcriptome analyses, we report the genome-wide gene expression dynamics in rhesus
monkey oocytes and pre-implantation embryos. We identified several classes of maternal and
zygotic genes, whose expression peaks were highly correlated with the time frames of genome
reprogramming, zygotic genome activation (ZGA) and cell fate commitment, respectively. Im-
portantly, comparison of the ZGA-related network modules revealed less robust surveillance of
genomic instability in primate oocytes and embryos than in rodents, particularly in the pathways
of DNA damage signaling and homology-directed DNA double strand break repair. This study
highlights the utility of monkey models to better understand the molecular basis for genome
reprogramming, ZGA and genomic stability surveillance in human early embryogenesis, and
provide insights for improved homologous recombination-mediated gene editing based on
CRISPR/Cas9 in monkey. Genome Research (in press).
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Epigenetic and
Developmental Regulation

Prof. Baowei Jiao, Principal Investigator, joined in

Kunming Institute of Zoology, Chinese Academy of Sciences
since July of 2013. The research team is mainly interested
in regulation of mammary gland stem cells, mechanism and
evolutionary significance of X chromosome inactivation, imprinted
genes and long non-coding RNA in development and evolution.
Email: jiaobaowei@mail.kiz.ac.cn

Research Interests:
The role of XCl in development
The epigenetic regulation of XCl in mammary gland development

Recently, more and more evidence shows that the mammary gland function of lactating is
greatly regulated by epigenetic modication, such as inter-generational genetic. Our conclu-
sions demonstrate that the phenomenon of inter-generational epigenetic is closely linked to
another important epigenetic mechanism--XCI. We will focus on analyzing the impact of XCI
in breast and other nutrients organ development for mice and other animals.

The role of X-linked genes on mammary stem cell

As one of adult stem cells, Mammary stem cells are capable of self-renewal and differentia-
tion into other cell lines, which is crucial for breast development. Our preliminary data shows
that XCI play an role in regulation of mammary stem cells; next, we will investigate the ef-
fects of XCI on mammary stem cells through analyzing the function of X-linked genes locus.

The role of XCl in the evolution of genetic imprinting
Evolution of lactating under artificial selection

Evolutionary developmental is an important issue on studying genetic imprinting, which
exists three hypotheses: kinship conflict, co-adaptation and intra-locus sexual conflict. Our
analysis in mouse mammary gland tends to support the hypothesis of kinship conflict. In ad-
dition to natural selection, artificial selection will be a wonderful strategy of exploring kinship
conflict in screening breast traits . We will analyze the function of XCI in adult tissues and
embryonic tissues development by studying the XCI status of breast and placenta in mouse
and other model organism.

The role of XCl in sex chromosome evolution

Different mammals have their own pattern on XCI. Even between mouse and human , it
shows a great difference, which will offer more comprehensive understanding on sex chro-
mosome evolution. We will compare pattern of XClI among different animals, such as tree
shrews and macaques, in order to reveal the law of the evolution on X chromosome.

The impact of imprinted genes on breast development

In genomic imprinting, genes within a discrete domain are coordinately regulated and
expressed according to parent of origin. Researches show that imprinted genes do not only
play an important role in the process of early embryonic development, they are also closely
related to the adult mammalian development, certain genetic diseases and cancers. We will
investigate the role of breast development and its mechanisms by using mammary tissue at
different stages of hybrid F1 mouse.

The influence of IncRNA on breast development

IncRNA is an RNA molecule that is longer than 200 nucleotides and that is not translated into
a protein. IncRNAs of all kinds have been implicated in a range of developmental processes
and diseases, but knowledge of the mechanisms by which they act is still surprisingly limit-
ed. We will expect to get some IncRNAs related to breast development by transcriptomics
technology screening, and then carry out a comprehensive discussion of the role of these
related IncRNAs on mammary gland development .
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boar. Nature Genetics 2016 48(9):972-973.
(SCITF=31.616)
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Prof. Dong-Dong Wu, Principal Investigator.
Dong-Dong Wu obtained his B.S at the Fudan Univer- T
sity in 2006, and received his Ph.D from Kunming in-
stitute of Zoology, CAS 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 30 research papers in Nat
Genet, Cell Res, Mol Biol Evol, PloS Genet, J Mol Cell
Biol, Hum Mol Genet, etc, as first author or co-corre-

sponding author.
Email: wudongdong@mail.kiz.ac.cn

1. High altitude adaptation of domestic animals

More than 1000 whole genome sequences of domestic animals including sheep, goats,
cattle, dogs, pigs and horses from the Tibetan Plateau and lowland were obtained to reveal
the generality and individuality of genetic mechanisms underlying high altitude adaptation. We
found that the Tibetan chickens could broadly be placed into two groups, and revealed that can-
didate genes in the calcium-signaling pathway are possibly involved in adaptation to the hypox-
ia experienced by Tibetan chickens. Convergent evolution was commonly observed among do-
mestic animals, particularly EPAS1, which evolved convergently under positive selection in six
domestic mammals (Fig. 1). We also identified a novel gene that has a function in the response
to hypoxia and has evolved convergently under positive selection in domesticated mammals.

2. Hypoxia and Diseases

Hypoxia naturally occurs at high-altitudes and commonly within pathological conditions (e.g.
tumors). Both evolutionary and medical biologists have made great efforts to reveal the genetic
mechanisms underlying adaptation to hypoxia, but they were not always supportive of each
other on this landmark. Here, we used large-scale population genomes from horse, sheep,
goat, cattle, pig and dog to investigate genetic mechanisms underlying hypoxia adaptation of
domestic mammals. Interestingly, many genes involved in tumorigenesis were discovered to
adaptively evolve (Fig.5), and some novel genes under positive selection were identified to
be tumor associated. We further demonstrated that a novel positively selected gene, is highly
expressed in cancerous tissues, and its depletion inhibits, whereas over-expression promotes,
lung cancerous cell proliferation, migration and xenograft tumor in vivo. Our data will facilitate
the pursuit of novel genes and potential therapeutic targets involved in hypoxic tumors.
Lifespan of a model animal can be extended under hypoxic conditions in the laboratory. Para-
doxically, it has for a long time been believed that native Tibetan Plateau people, living under a
natural hypobaric hypoxia, have much shorter lifespans relative to lower altitude populations.
Interestingly, our secondary analysis of the Chinese
census data revealed a greater proportion of older
people among the Tibetans than lowlanders, possibly
indicating longer lifespans among the Tibetans. Popu-
lation genetic analysis revealed that aging associated
genes evolved rapidly under positive selection in Ti-
betans and in domestic animals that were introduced
into Tibet. Significant differential expression of genes
associated with aging was found between animals
living in Tibet and lowland areas, and the change
in direction of the expression of these genes under
hypoxia in animals and in humans was significantly
negatively correlated. Our data suggests that positive
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natural selection might be a driving factor for human longevity under hypoxic conditions in nature.
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HEILEIH Key Projects and Fundings

o R IR N T B oL e AR AL, 973 THH ;. $UTHEMR: 2013-2017; I H 75T A
F; & 683.1 5 (HEZH) .

The Genetic and Genomic Mechanisms of the Evolution of Important Domesticated Plants and Animals inChina during-
Artificial Selection. National Basic Research Program (973) project, Period: 2013-2017; Head of project, Wen Wang;
Amount: RMB 6.83 million of the lab.

T AR X 1) DNA &R, RHEERE TAELT D $#UATHER: 2012-2017; TiH 57 A: Douglas W Yu; 4
#i: 808 Jit.

DNA Barcoding Based on Nature Conservation Areas; The Special Foundation for Technology Basis Work, Period,
2012-2017; Head of project, Douglas W. Yu; Amount: RMBS8.08 million.

F A DNA #5451 52 4EFF PSC RS HIMLHINEFT, RBHEH “ T4l S 7" B LT F IR, PATER:
2016-2020; I H 3w A M &8 239.5 A,

The roles of Autophagy and DNA Damage Repair in the maintenance of pluripotent stem cell. Key project from the “Stem
cell and Transformation Research” National Key Research and Development Program of China. Period, 2016-2020;
Head of project, Ping Zheng; Amount: RMB2.395 million.

FTF 2SN TG IR G M AEYAT NIEARI 7T, B “T40i SHALF 77 B S LT IR8,  $hAT
FERR: 2016-2021; TiH BTN FEERLE; & 175 Jijt.

In vivo studies on the behavior of cells post transplantation based on multimode molecular imaging. Key project from
the “Stem cell and Transformation Research” National Key Research and Development Program of China. Period,
2016-2021; Head of project, Baowei Jiao; Amount: RMB1.75 million.

¥ B CENUVRERAINE B DT MR 55 B R A E 5 DR ) 7 B S LI REIGAE, ARk BB JE N AL W i Fil 5 7 o
KEW TG, PATER: 2016-2020; WiHMARA: &z 4. 658.9 f.

Cloning and Functional Verification of Important Breeding Genes of Muscle Growth and Fat Deposition Traits of Pig,
Cattle and Sheep. Major projects on Transgenic of Ministry of Agriculture,Period, 2016-2020; Head of project, Yun
Gao; Amount: RMB 6.589million.

FE DR 2 FpHT 0 5 A ) R S B & N R, B K SRR I S BT SRR AR BUTHERR: 2014-2019; T
Hfogi N: £ &8 1125 Jijt.

Evolutionary Origins of New Genetic Structure in Genome and Animals’ Adaptive Evolution. NSFC Science Fund for
Creative Research Groups, Period, 2014-2019; Head of project, Wen Wang; Amount: RMB11.25 million.

W FLEN P IE Lk HEAL B AR AL, RN RS, PUTHER: 2014-2017; WHE AT GEMS; &
320 JiJG.

Genetic mechanisms of adaptive evolution in mammals.National Science Fund for Distinguished Young Scholars, Peri-
od, 2014-2017; Head of project, Peng Shi; Amount: RMB3.2 million.

REFBERIHE B I DhRERT 7L, B R HARRIEIE S B AT H, PATER: 2012-2016; TH AT THig
455 380 Ji.

Function of Key Genesin Primate Brain Evolution. Key project of National Science Foundation of China, Period: 2012-
2016; Head of project, Bing Su; Amount: RMB 3.8 million.

S N TR X} o JEr ARG A i A B8 1A 3 I 1) 22 R R AR ML 7, R AR Bl 4 B R A TR ST H s 3k
ITAE[R: 2013-2016; TiHMTT N: TEfe; &% 320 5.

Genetic Adaptation the Tibetan Population to High Altitude Hypoxia Extreme Environment. Major research plan of Na-




State Key Laboratory of Genetic Resources and Evolution

2016 ANNUAL REPORT

tional Science Foundation of China, Period, 2013-2016; Head of project, Bing Su; Amount: RMB3.20 million.

e 5 BROE N T VR B v AR B 0 T ALEI R L, EEX AR EE S E KRR RIE ST AT ER: 2013-
2016; JiHMZTN: AKX &Fi: 350 Ji.

Molecular Mechanisms of Desert Rodent to Adapt to the Desert Extreme Habitat.Major Research Plan of National Sci-
ence Foundation of China, Period, 2013-2016; Head of project, Yongyi Shen; Amount: RMB3.50 million.

FRAEN TR T IR T, B HARRL RIS Rkt B A 22 JE DRE LI 3R 78 oI = S I H
PATHRR: 2016-2018; TiH 5t AN: EEWMs; &4 336 /i,

Microevolution studies in dogs under artificial selection.Key project of “Polygenic mechanism of micro-evolution”
major research program of National Science Foundation of China, Period, 2016-2018; Head of project, Guodong Wang;
Amount: RMB3.36million.

o L A2 e 3 N I A e IR R R s AR AL 9T, B K E SRR 2R A S dk A ORI SR BT PR 2015-
2017; WiHMBTN: BFk; &8 150 J5.

Genetic mechanism of dwarf frog to adapt to the extreme environment of altitude alpine. Major Research Plan of Micro-
evolution of National Science Foundation of China, Period, 2015-2017; Head of project, Jing Che; Amount: RMB1.50
million.

s N e 1 JELIG S80I N G B L (K] EPAST A EGLNT HAE 194> THLH S Sh B IAERT 7T, [ K H SRR 4 KT
FAitRl; HATHEM: 2017-2019; WiH MR A: Gl £%i: 289 .

Molecular mechanisms and functions of EPAS1 and EGLN1 in hypoxia adaptation of Tibetan population. Major Re-
search Plan of National Science Foundation of China, Period, 2017-2019; Head of project, Bing Su; Amount: RMB 2.89
million.

W S B R R B R LB O 7T, B R B SRR 5 4 4L 448 A EF 7T —NSFC-JST T H
(HH ) BUTAER: 2015-2018; WiHMHA: £ &8 200 i,

Evolutionary genetic studies on the development of echinoderms and chordates.NSFC Foundation between Fundingor-
ganizations -NSFC-JST project. Period, 2015-2018; Head of project, Wen Wang; Amount: RMB2.00 million.

ARAAL R L H AR AR AR FEIL S5 A S A @ e, ER AAREESE R (X ) AESZRTE;
HATHERR: 2016-2020; T H % A: Douglas W Yu; &%i: 161 Ji

Ecological and socio - economic effects of death of forest trees in mountainous areas under climate change. NSFC
International (Regional) Cooperation and Exchanges Programs. Period, 2016-2020; Head of project, Douglas W Yu;
Amount: RMB1.61 million.

FEFLRRIARIE R LR Y Yt fRistfe (5 BB W SE N EN 8 2 AR T 52, ER BRRIER SRR (WX ) 5155
TIRIE: HATEMR: 2017-2021; TEAHA: FLME, 44 23575,

Tracing the origin of Native Americans based on mitochondrial and Y chromosomal sequence variations. NSFC Interna-
tional (Regional) Cooperation and Exchanges Programs. Period, 2017-2021; Head of project, Qingpeng Kong; Amount:
RMB2.35 million.

v (] 78 R DU A h ZNFSO4A J [K] 50 w73 R 1) 38 4% 5 B Je ThRe oo b, B K BARRL RS - SRS
Hdr, BUTHEM: 2013-2016; TEMEA: EE, 4% 200 /7.

Genetic Susceptibility and Functional Analysis of ZNF804A Gene with Schizophrenia in the Han
Population of SouthwestChina. NSFC Joint Funds of China-Yunnan Province; Period, 2013-2016; Head of project,
Bing Su; Amount: RMB 2.0 million.

3LT Hedgehog {5 5 Il G AT BIE B BUMBAL S VIR RIS HLEIBE T, EX BARBIERE S - ZMARG S
PATHEIR: 2014-2017; WH TN BT &8 200 5.
Screening and Mechanism Studyof Anti-tumor Compound Based on the Hedgehog Signaling Pathway and Cilia Forma-

tion. NSFC Joint Funds of China-Yunnan Province; Period, 2014-2017; Head of project, Bingyu Mao; Amount: RMB 2.0
million.
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NS AL E X ARR AR ERMATER AR JATHER: 2014-2016; TiH 157N FLIKNS; &4
100 J3 G

Human Evolutionary Genetics. NSFC Excellent Youth Science Foundation; Period, 2014-2016; Head of project, Qing-
peng Kong; Amount: RMB 1.0 million.

PIRICAT R AR Sttt X B AR I & R M A FER A PATHER: 2017-2019; TH A TN i
&8 130 Jigt.

Herpetological Diversity and Evolution. NSFC Excellent Youth Science Foundation; Period, 2017-2019; Head of proj-
ect, Jing Che; Amount: RMB 1.3 million.

R MR BT S5 1T hRHBE S MRS SRR LT (B 38 5 $UTHEMR: 2014-2019; IiH 37 A:
EIC. s & 2.226 1475,
Evolutionary analysis and functional regulation of animal complex traits ; Strategic Priority Research Programs (B) of

Chinese Academy of Sciences (CAS), Period, 2014-2019; Head of project, Wen Wang, Peng Shi; Amount:RMB222.6
million.

KRR DURR SR o i 7 o PR AENT, PR o AR T BRI SR I (A2 TR, PUTHERR: 2013-
2017; WiHMTR A KT, &4 1900 FIT.

Molecular module analysis ofpig high-yielding characters includingfat deposition.Project of theCASStrategic Priority
Research Programs (A) on “Designer Breading by Molecular Modules” , Period, 2013-2017; Head of project, Yaping
Zhang; Amount:RMB19.0 million.

VARG 7> 1 B ML e 3 S RE I ERTT, PARIBE 2 TR E MR S LI (AR TR PUTHER: 2013-
2017; BHBIA: s @8 1200 JiJt.
Improvement and capacity building of Southwest molecular breeding base. Project of the CASStrategic Priority Re-

search Programs (A) on “Designer Breading by Molecular Modules”, Period, 2013-2017; Head of project, Yun Gao;
Amount:RMB12.0 million.

KA ZREERS R, APRIBE S R ETT H s SATHERR: 2016-2020; T H 51337 A 0 &8 500 /1T,

Animal diversity of East African, Project for International Institutions Construction of Chinese Academy of Sciences.
Period,2016-2020; Head of project, Xuelong Jiang; Amount: RMB 5 million.

MK E K 0 T SRR A L FEET T, H RGBS B H s TR 2016-2020; 3T H 715\
TR % & 400 HT.

Molecular Evolution and Genomic Diversity of African Poultry. Project for International Institutions Construction of
Chinese Academy of Sciences. Period,2016-2020; Head of project,Minsheng Peng; Amount: RMB 4 million.

Bt H AR N IR FAIEAL ST 7T, BRI R PR S EIUH; SATHEMR: 2015-2017; TiH 5T EEM @
100 /3

Artificial selection and genetic basis of Ruimu hound.Internationalcooperation projects of Chinese Academy of Scienc-
es. Period,2015-2017; Head of project,Guodong Wang; Amount: RMB1.00 million.

VORI S > T B RS BEAL R G, HRIBE R S @ I H; PATERR: 2016-2017; TH 7Tt iz &8
460 7.

Intelligent System of Southwest Pig Molecular Breeding Base. Scientific Research Platform Construction project of
Chinese Academy of Sciences. Period,2016-2017; Head of project, Yun Gao; Amount: RMB 4.6 million.

f HE A7 N AR DR A R MBS X S hREAI T T, TR RIBE TV B AT AT H s PUATHR: 2016-2020; TiH
PN FLIRIS: @#: 250 7.

Pattern and function of epigenetic modifications in Chinese centenarians. CAS Frontier Key Program.Period,2016-2020;
Head of project,Qingpeng Kong; Amount: RMB 2.5 million.
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WEMS; &R 200 5.

Genomics Mechanisms of Gut Microbiome in Yak to Adapt Plateau. Projects for Recruited Top Talent of Sciences and
Technology of Yunnan Province, Period: 2013-2016; Head of project, Peng Shi; Amount: RMB 2.0 million.

R EREE A A TR BATAER: 2015-2019; THH MR N AR, £%0: 260 f.

Projects for Recruited Top Talent of Sciences and Technology of Yunnan Province, Period: 2015-2019; Head of project,
Ping Zheng; Amount: RMB 2.6 million.

X OG5 FUAR T 40 I A I AL & AR AL R S, R i RN SR AT R
2015-2019; WHMFA: EHET, &% 210 5.

Projects for Recruited Top Talent of Sciences and Technology of Yunnan Province, Period: 2015-2019; Head of project,
Baowei Jiao; Amount: RMB 2.1 million.

ST AR ALK At il TR AE ARSI, AV Zedt: PUTHIR: 2012-2016; IH GBI N: BB &8
200 /3.

Aquatic Ecological Monitoring of the Jinsha River during the Construction Period of Liyuan Hydropower Station in the
Midstream; Company Supported, Period, 2012-2016; Head of project, Junxing Yang; Amount: RMB 2.0 million.

=L RAD AR RMIEE . MWZEFE: PATHER: 2013-2016; WHMTTAN: E3C: &H: 300 /.

RAD Genomic Technologyassists Panax pseudoginseng seed selection.RAD Genomic Technologyassists Panax pseudo-
ginseng seed selection.Company Supported, Period, 2013-2016; Head of project, Wen Wang; Amount: RMB 3.0 mil-
lion.
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A Awards

TEMSFAsR 5. FLIRMSFAR RNIEER “A AR REAF

Prof. Peng Shi and Qingpeng Kong were selected into the second installment of Ten Thousand Talent Program.

EHMARRERAANFZEERNETENZES R
Prof. Jing Che was funded by NSFC Excellent Youth Science Foundation.

FLRHER R RRIKFRLE 2016 EEBRESMFSR
Prof. Qingpeng Kong was awarded the outstanding members of Youth Promotion Association Chinese Academy

of Sciences in 2016.

BIER TSI 2016 FE “ AMABERUTHMBABFLZWHE RN » =R
Prof. Ping Zheng won the third prize of outstanding-contributions professional and technical personnel of Yunnan

Province.

KRAELTF IR ZHEMFELFMRL, SNEERARRBTAZHEAANFTARERSHID
Xiaoming Zhang’s doctoral thesis won the Outstanding Doctoral Dissertation Award of Yunnan Province. Prof.

Bing Su was awarded Outstanding Graduate Student’s Instructor of Yunnan Province.

FRLRRPMERRRZFSH IR

Mingshan Wang won the Chinese Academy of Sciences Dean scholarship special award.

FHRWU. BRRRARFALAFHELER
Mingshan Wang and Kun Guo won “Zhu Li Yuehua Outstanding PhD Graduate Scholarship of CAS”.
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l.

Liu LY, Wang JH, Duan SC,
Chen L, Xiang H, Dong Y, Wang
W.Systematic evaluation of seri-
cin protein as a substitute for fetal
bovine serum in cell culture. Sci
Rep. 2016, 6:31516.

Li CH, Yan LZ, Ban WZ, Tu Q,
Wu Y, Wang L, Bi R, Ji S, Ma
YH, Nie WH, Lv LB, Yao YG,
Zhao XD, Zheng P. Long-term
propagation of tree shrew sper-
matogonial stem cells in culture
and successful generation of
transgenic offspring. Cell Res.
2017, 27:241-252.
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Kunming Wild Animal Cell Bank

In order to conserve genetic resource and genetic diversity
of animals, Kunming wild animal cell bank was established in
Kunming Institute of Zoology, Chinese Academy of Science
in 1986. Up to now 2000 cell lines from 334 species have
been preserved in our cell bank. Most cell lines are derived
from mammals. Among the species, 60 are national protected
wildlife in China. Now it is one branch of National Platform of
Experimental Cell Resources for Sci-Tech, Biological Genetic |
Resource Bank of CAS, China Germplasm Bank of Wild
Species, and State Key Laboratory of Genetic Resources and
Evolution.

1. The collection and preservation of cell lines

In 2016, we had established and frozen 114 cell lines from various wild and
domestic animals. Among these cell lines, 29 cell lines were derived from 11
species of wild animals such as Asiatic softshell turtle, Cinereous vulture, Gongshan
hedgehog, Argali, Leopard, Black-lipped pika, Moupin pika, Gansu pika and White-
cheek gibbon etc; 24 cell lines were established from domestic animals such as
domestic pigs, goats and sheep; 14 cell lines were obtained by EBV-transferred
human lymphocytes; and 47 cell lines were normal cell lines and tumor cell lines
from human and experimental animals. Four hundreds of frozen-stored cell lines
were also resuscitated and subcultured.

2. Cell lines service and technical service

In this year, we had provided 398 cell lines, 5 times of karyotype analysis
training and 31 times of technical service such as karyotype analysis and STR
test for the researchers not only at State key laboratory of genetic resources and
evolution, but also at other 391 Chinese universities, scientific research institutions
and enterprises. In addition, we also had provided a lot of cell culture technical
advisory services by using the telephone and the email.

3.The isolation, culture, purification and identification of small-eared pig
preadipocytes

Preadipocytes are a kind of specific cells with the ability of proliferation and
differentiating to adipocytes. Preadipocytes can generate lipid droplets in the cells
under the action of the lipid formation factors and become into mature adipocytes.

Therefore, the preadipocytes in vitro culture can not only understanding the
whole process of adipose histogeny and proliferation, and can direct observation
of various factors on the process regulation. Small-eared pig, commonly known as
Banna small-eared pig, is one of the fine local variety in our country. Mainly produced
in Xishuangbanna, the small-eared pig is also the characteristic of Yunnan, with the

features of thin skin and bone, succulent fresh flesh, taste etc, and the unsaturated

fatty acids in the flesh of small-eared pig is three times as many ordinary pork.

SATLE ( Lab Staff)

TEAR ( Staff)

BXE ESHIREIM
Wenhui Nie

Senior Engineer
whnie@mail.kiz.ac.cn
T SRERIH
Jinhuan Wang

Senior Experimentalist
wangjing315@163.com
FbiE SEIRIm
Weiting Su,
Experimentalist
weitingsu@126.com
AR FARR

Yu Hu

Technician
524140624(@qq.com

The cultured preadipocytes
of small-eared pig

According to the demand of the research group in the Kunming institute of zoology, Chinese Academy of Sciences,

the establishment of preadipocyte cell lines was carried out from small-eared pigs during different embryonic development
in Kunming cell bank. After several repeating experiments, preadipocytes of small-eared pigs during different embryonic
development had been successfully separated and subcultured. The appraisal work had been basically completed, and
the purification was under way. The purity was over 90%. At present, the preadipocytes of small-eared pigs have been
provided for the group to carry out the follow-up research work.
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South China
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Jiao-Jiao Song, Wen-Zhi Wang,
Newton O. Otecko, Min-Sheng
Peng, Ya-Ping Zhang. Reconcil-
ing the conflicts between mito-
chondrial DNA haplogroup trees
of Canis lupus. FSI: Genetics .
2016, 23 83-85.

Peng-Fei Fan, Kai He , Xing
Chen, Alejandra Ortiz, Bin
Zhang, Chao Zhao, Yun-Qiao Li,
Hai-Bo Zhang, Clare Kimock,
Wen-Zhi Wang, Colin, Groves,
Samue T. Turvey, Kris M. Helgen,
Xue-Long Jiang. Description of
a new species of Hoolock gibbon
(Primates: Hylobatidae) based on
integrative taxonomy. Am J Pri-
matol. 2016,

1.DNA £ ADI8RIEHE S

SR BN 6000 4% Fhi E rh ok 2945 1000 Rl i fE R [, e
A S E BRI IR, R WK SR 25 2R G (e B L R Ak PR o
BEEE LAY, PO IEET 2R ANAE TR, £HEIRERERA,
AT AR EE, FIHS TR EF SR T TIHERTEN R 5L
BRFZ, R T — SRR b ST R, DA AT A 25 2 S8 RO SEATG
BB, O CR B T P EEEE H DNA £ HR” , JFRF
FiI DNA 4 TE 05 S0 ot 3% [l i 0 22 REPEADIAIR, A AT 2R F b [ & X
RIS FRARAS AT 800 Fh, £k e [E] ELAG5HE S A 85%., Sy v [E] U5 U5E I (19
DNA Z&UMEHEE, WA BTl iR BIgsE R s, i —PrMES o
AEFIEEAMEIRT, AT RRIRE 2 A R (R A7, ok A S R G IR PRl 2 5 1
MRS HR At R BRI IR, X I T Vet L M 27 0 & R e ) RPN 3
Hl.

2. ERRENGEEFAFHREGHRE

KRR DNA (mtDNA) 74 T+ H % %= 2 T,
mtDNA PR R AT UL 2h mtDNA t R Rt s o BRIV RS R EF A,
2015 AR AT (ool B - 52 A B R AR Ay S5 TR R B O HRls ) 40 BB 2%
Ptk DNA B4 7508 7T RK K mtDNA f 8 Rk BEw, TR RABE
REATARIS )T RBIRE, =0 RERI R R & LA E
28, RATREX G SR AT, BT BRMTEST TU T LIE: #2442
7% 751 F0 = AR AR B R TR AT T R R I LR sy BT, HERTAETE I R i 44 0
AT T UM, RIRFUSCEERT & T 255 S K K e iR 5 IR 4 3k 47 BT B i 9+
FBi 24 A BT, I A R R R R L DNA B R4 $5 48,
A 1384 DomeTree  (http://www.dometree.org/) H 5 K FUAR IR B 1% T
FREREIEAT T BT, AHIC TAER R T Ebrik =514 T4y Forensic Science
International: Genetics, REFHF (REICFEA ML) MEXEHEL
RRIE R, B ATKIEERE R IRES




State Key Laboratory of Genetic Resources and Evolution

2016 ANNUAL REPORT

South China DNA Barcoding Center

Established in 2011, the Center is the first and only facility
focus on DNA barcoding in China. The initialization of SCDBC
commercial using DNA barcoding technology and high-throughput
barcoding laboratory construction and operation. In the year of
2016, the SCDBC collected more than 10K specimens in wild field,
took pictures for over 5000 specimens, got almost 10K standard
DNA barcodes, served 19 times for co-research groups. The
SCDBC promoted the mitogenomics technologies which was based
on the next generation lon Torrent platform, and had upload 117
amphibian species mitogenomics genome on GeBank.

Email: scdbc@mai.kiz.ac.cn

1. Using DNA Barcoding data to understand the diversity of dragonflies in
China

The order Odonata contains over 6000 species worldwide, about 1000 species
have been recorded from China. Dragonflies are very important animal recourses
among the invertebrates, playing an important role for the health assessment
of freshwater ecosystem, also they have been used widely as indicators of
environmental quality in the aquatic ecosystem. Our center is conducting fieldworks
all over China and collecting specimens extensively. Materials would be identified by
morphological features firstly, then phylogeny studied will be carried on by genus or
family. Meanwhile we have some locations for long-term monitoring, for the health
assessment of freshwater ecosystem by dragonflies used as indicators. SCDBC has
start the ‘Chinese Odonata DNA Barcoding Project’ , to recognize dragonflies by the
DNA Barcoding data. Currently the center has gathered about 800 Chinese species,
occupying 85% of the known dragonflies all over China. Establishing the DNA
barcoding database of dragonflies will help identifying these insect in a much faster
way, solve the taxonomic difficulty, and lay a good foundation for the biodiversity and
conservation of dragonflies as well as the assessment of freshwater ecosystem. This
project must highly promote the development of global Odonatology.

2. Reconciling the conflicts between mitochondrial DNA haplogroup trees of
Canis lupus

Mitochondrial DNA (mtDNA) haplogroup tree can capture the known mtDNA
variation and provide a high-resolution phylogeny for mtDNA lineages. In 2015, three
different mtDNA haplogroup trees for Canis lupus were released, one of which is
from our research. The conflicts of scored variants and haplogroup nomenclatures
exist in different trees. To avoid potential chaos and confusions in future related
studies, we present the comparisons of the different reference sequences and
haplogroup nomenclatures. Re-analyzing 255 dog mitochondrial genomes released
recently reveals 24 flawed sequences with potential errors. After incorporating the
qualified data, we update the mtDNA haplogroup tree for Canis lupus as Build 2 in
DomeTree (http://www.dometree.org/trees/dog.htm).

AT E7 (Lab Staff )

TFAR (Staff)
EXE Bt HERRR

Wen-zhi Wang, Assistant researcher
FizF Wt X

Yun-yu Wang, Engineer

R Mt AREIR
Zong-xv Lee, Assistant researcher
R X Mt ARIIR

Xing Chen , Assistant researcher
dkitax B BEMRR

Hao-miao Zhang, Assistant researcher
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Mrs. Jia Tang
Engineer
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Mrs. Guimei Li
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Core Facility

The Core Facility of the State Key Laboratory
of Genetic Resources and Evolution is established
in November 2008. Currently, the center contains
three major technology platforms: Genomic
Analysis Platform, Proteomic Analysis Platform, and
High Performance Computing Platform. Each platform is
supported by professional technicians, from the
experimental design, instrument operation, to data analysis.

http://www.kiz.cas.cn/gre/gre6/gre61/

The Three Technical
Platforms

I. Genomic Analysis Platform
1. lon Torrent Sequencers
The Key applications of the lon Torrent Sequencers (
lon Proton and lon PGM ) are genome sequencing, Whole
transcriptome sequencing, Exome sequencing, Gene
sequencing, ChlIP sequencing, Mitochondrial sequencing,
Methylation analysis, and so on.
i - g B (Rl

A1% PRy —

2. Miseq Sequencer

The MiSeq desktop sequencer allows you to access
more focused applications such as targeted gene
sequencing, metagenomics, small genome sequencing,
targeted gene expression, amplicon sequencing, and HLA
typing. New MiSeq reagents enable up to 15 Gb of output
with 25 M sequencing reads and 2x300 bp read lengths.

- I N

- ey —

3. QuantStudio 12K Flex SZEtE & PCR %

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

4. Roche LightCycler 480

The LightCycler 480 System enables you to perform
real-time, online PCR combined with rapid cycling of up to
96 samples. After monitoring fluorescence during nucleic
acid amplification, results can be analyzed, for example,
by quantification or genotyping. The outstanding thermal
homogeneity and cycling speed of the LightCycler 480

System provide exact results in a short time.

[I. Proteomic Analysis Platform

2-D electrophoresis is a powerful and widely used method
for the analysis of complex protein mixtures extracted from
cells, tissues, or other biological samples. The analysis involves
the systematic separation, identification, and quantification
of many proteins simultaneously from a single sample. The
technique is also unique in its ability to detect post- and co-
translational modifications.

[ll. Micro-imaging Analysis Platform

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

RSB

BEKFEAFEZFUHRRREMRESE
EARhAR (5 )

RNF220-mediated K63-linked ubiquiti-
nation and sequestration shapes the
Gli gradient required for ventral spinal
patterning ( 4 )
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CRISPR in butterflies ( 438 )

ESC-specific Filia/Floped/Blm complex
regulates replication stress response
and safeguards genomic stability ( 438 )

Down-Regulation of EPAS1 Transcrip-
tion and Genetic Adaptation of Tibetans
to High-Altitude Hypoxia

Whole-genome sequence of the Ti-
betan frog Nanorana parkeri and the
comparative evolution of tetrapod
genomes

Cloning and characterization of lucifer-
ases from a Diplocladon starworm and
a Lamprigera firefly

Gene loss and its role in adaptive evolu-
tion of subterranean mammals

Phylogeographic studies of amphibians
and reptiles on the Qinghai-Tibetan
plateau

River islands, refugia and genetic struc-
turing in the

endemic brown frog Rana kukunoris
(Anura, Ranidae) of the Qinghai-Tibetan
Plateau

Red River barrier and Pleistocene
climatic fluctuations shaped the genetic
structure of Microhyla fissipes complex
(Anura: Microhylidae) in southern China
and Indochina
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SPECIES IDENTIFICATION AND
BIODIVERSITY STUDIES ON HERPE-
TOFAUNA BASED ON MOLECULAR
TOOL IN NIGERIA, WEST AFRICA

AmphibiaChina: an online database of
Chinese Amphibians

Whole-genome sequence of the Ti-
betan frog Nanorana parkeri and the
comparative evolution of tetrapod
genomes

Contrasting population structure and
demographic history generated by
different geographic features in eastern
Qinghai-Tibet Plateau

Red River barrier and Pleistocene
climatic fluctuations shaped the genetic
structure of Microhyla fissipes complex
(Anura: Microhylidae) in southern China
and Indochina

Transcriptomes reveal the genetic
mechanisms underlying ionic regulatory
adaptations to salt in the crab-eating
frog

Genetic survey reveals human influence
on Chinese Giant Salamander

Taxonomic revision of the Chinese Lim-
nonectes (Anura, Dicroglossidae) with
the description of a new species from
China and Myanmar

The diversity of herpetofauna in Tibet
Autonomous Region, China

Loss is less? Lesson from two sub-
terreane rodents, Naked mole rat and
Blind mole rat
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A cryptic mitochondrial DNA link be-
tween North European and West African
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FiE ( Open Projects )
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AN (Invited Lectures )

BIEER =21y
Yoshihiro National Institute of AIST, Biomed-
Ohmiya ical Research Institute, Japan
Victor Luria Harvard Medical School, USA
Changlu . .
Wang Rutgers University, USA
e FEEZRZREINER O ME &
R REREALRE
= HERF R E YRR R
David Irwin University of Toronto, Canada
Bernald L.
Odera Agwan- National Museum,Kenya
da
Laurent AR, Oxford university, UK
Frantz

Michael Turelli University of California, USA

KEZ University of Michigan, USA

BAX BITRRARAT
Taoyang Wu University of East Anglia, UK
Michael Lynn . . .

Arnold University of Georgia, USA

It 7& g% University of Maryland, USA

o[ B University of Calgary, Canada

Orkin
David M. Hillis University of Texas, USA
DENTE] (CETn University of Texas, USA

natella

Pierre Taberlet  University of Grenoble, France

Eric Coissac University of Grenoble, France
B Rk REAR K
Anthony CSIRO Oceans and Atmosphere,
Chariton Australia
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1B 15H

3A31H

4 H20H

5H26H

6 H3H

6 H66 38H

6 H18H

6H23H

7 H 8-15H

7H15H

7H15H

7H26H
8H2H
8H8H

8H9H

8H12H
8H12H
8 H 22-23H
8H23H

8H23H

8 H 24 H

REER

Basic and application of multicolor biolumi-
nescence system using ATTO equipment

De novo genes in evolution: the invention
of protein structure and the flux of genes
through genomes

Recent advances in urban insect pest
research

BMERENNGHEHERERE

EARWFBEE T EF4 BT IERE A
AR AR SRS & £

Course about molecular evolution and
Scientific writing

Uncovering cryptic diversity in mammals:
lesson learnt & knowledge gaps in Kenya

Of dogs, pigs and chickens: studying ani-
mal domestication in the genomic era

On the origin of species: Definitions,
patterns and processes, with the roles of
geography and reinforcement revealed by
phylogenies, meta-analyses and genetics

Testing the neutral hypothesis of pheno-
typic evolution

Histone modifications maintain mMRNA dos-
age of duplicated genes in model Eukary-
otes deficient in cytosine DNA methylation

Phylogenetic networks

The Web-of-Life — An Evolutionary Stimu-
lus in Changing Environments?

FE=RNFERARE LR R ER R R
Landscape genetics of western black
crested gibbons (Nomascus concolor) in

the Wuliang Mountains with a scat detec-
tion dog

The Evolution of Animal Nervous Systems
Why don’t poison frogs poison themselves

Evolutionary biology, systematic taxonomy,
genetics

The PhyloAlps Project:Sequencing the
whole alpine flora PhyloAlps

PCR-free mitochondrial metagenomics,
are we ready?

1.Applying DNA metabarcoding to environ-
mental policies;

2.Network analysis of ecological communi-
ties
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Identifying, anticipating, and intervening in
ecological regime shifts

23 5T BRIV KR 10888 ERERUFVREHNHA

Statistical inference using genomic se-
24 Ziheng Yang University College London, UK 10 H12H  quence data from multiple closely related

22 Aaron Ellison Harvard University, USA 10 B 8H
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ROY A. MARI- . . Structural Insights into the Evolution of

26 UZZA University of Maryland, USA 11 A15H Adaptive Immunity
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20 R i+ BRE 2016-07
21 fA—1& i+ B & 2016-05
22 EEE i+ =S 2016-05
23 ERE it FLERHS 2016-11
24 B Wit OhW 2016-12
25 FAT it oW 2016-12
26 5k 4 Wit F X 2016-07
27 BRE i+ F X 2016-07
28 B I it KT 2016-05

ISR Wil
( Outstanding Paper Awards for Graduate Students )

—FR (4R, KIWEF>9):

The First prize(4, IF>9)

F BRI Mingshan Wang(Nature Genetics,IF32.197)

F BRI Mingshan Wang(Cell Research,IF11.178)

JLE 5 Quankuan Shen(The American Journal of Human Genetics, IF10.79)
Z=Z42Z Yuanyuan Li(Molecular Biology and Evolution, IF13.649)

—FER(QR, =HWEF <9):

The Second prize(2, 6<1F<9)

788 Dongming Xu(Current Biology, IF10.134, 3¥%|—% )

F BRI Mingshan Wang(Journal of Molecular Cell Biology,[F6.983)

=FR (AR, 4 <TWEF <6):

The third prize(4, 4<IF<6)

##8% Xiangcai Yang(Scientific Reports,IF5.597)
E%i Mengdie Lv(Scientific Reports,IF5.525)
5% B Xu Zhang(Scientific Reports,IF5.525)
Z=Z K Zhaotian Li(Scientific Reports,IF5.525)

YA REBRIBEEINFAS, WA FREENABNATAEEEZmEF AL
Note: Ordered by application date. The impact factors of the journalsare the journal’s five-year average impact factor at

the timeof application.




State Key Laboratory of Genetic Resources and Evolution

2016 ANNUAL REPORT

KFid Major Events

(1) 2016 F3 B 2H, XREFE_BFAZARELRSWERRABF
The fifth meeting of the second academic committee of the key lab was held in Kunming on March 2nd,
2016.

(2)2016 F5 8 14 H, XRESSXNEMIVMET"R “ARMFR" FEr, XREURERERE
MEBORLFEETRMNEEL R T X TR REEGFRRNES,

The key lab participated in the twelfth “Public Science Day” of Kunming Institute of Zoology on May 14th,
2016. The lab organized some interesting talks and games intending to protecting animals and their
environment.

(3)2016 6 A 18-20 H, XRETNH “RABFALAFAESR" HILREF. BE, ALREKT LR L.
EE M A Robert K. Wayne #3%. EEE 2 B A5 Elaine A. Ostrander 753 & I % 5258 = T E &7
RAHBEENRAZFRAARKEARERNKZ,

“The academic summit of dog genomes” was held by the key lab in Beijing, on June 18-20, 2016. At the
same time, Dog10K genomes consortium was established associate co-sponsored by Academician Yaping
Zhang, Prof. Robert K. Wayne from the United States of America University of California, Prof. Elaine A.
Ostranderthe from United States National Institutes of Health, and Dr. Wang Guodong of the key lab.

&ﬁﬁ@&ﬂ#*ﬁ;&“
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(4) 2016 £7 B 15-16 H, “S—BHANUEEZTERFERILIR” EERAZD.
“The 1st Young Scientists Forum on Evolutionary Genetic" was held in Kunming on July 15-16, 2016

(5)2016 57 B 17-7 R 22 B, XRESMAREBERAK ST “2016 FHUEYFBHIL”
On July 17-22, 2016, the Evolutionary Biology Summer Course was held in Kunming organized by the key
lab and the Office of Postgraduate Affairs of KIZ.

(6) 2016 £ 8 A 15-21 H, LWESS5FNM “B/N\BEHARBRTHYFAR" ERMB T
" The 8th World Congress of Herpetology (WCH8)" was co-organized by the key lab in Hongzhou on
August 15-21,2016.
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(7) 2016 £8 B 22-26 H, HXJEEFr DNA 5 BE%FA ( DNA Metabarcoding ) $51II3E7E B A2/
The sixth international DNA Metabarcoding training courses was held by the lab in Kunming on August 22-
26,2016.

(8)2016E 12 B 17 H, “BERESHAEFTFEFERIZ" 2016 FEAFEZES, B 2016 F I H IR ET
HRW 6 BRRENRKMN 5 BEFEETRKSMLRAE,

On December 17th , 2016, " Final Forum of 2016 for Young Scholars on Genetic Resources and Evolution"
was held after 9 forums in 2016, six graduates and five young scholars gave talks in the Final Forum .

ﬂ!ﬁmﬁ‘i:ﬁﬁﬁiﬁiﬁi% EWRFEFRLE 7I"I!¢I'F mARE

2016 IZHITH.ER

(9) 2016 £ 12 B 30 H, MEMARANEGRFINHERELALTRE T HERAN LR =ZHTT T RH T,

On Dec 30th, 2016, the assessment experts group of the Ministry of Science and Technology assessed the

key lab.
i
r I
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