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The activity was originally an ordinary
social practice and a team building
activity. However, we want to make
it more meaningful and get into the
society more deeply, with which can
exercise the ability of students and
show the elegant demeanor of ZJEers.
At the Prof. Qianting’s suggestion, we
designed this event. Students can get
a deeper understanding of diabetes

through the preliminary research and
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design activities. Haining residents
can realize the importance diabetes
prevention and harm of diabetes,
and get some tips on how to control

diabetes through daily diet.

This activity shows the professional
quality and level of ZJEers, which has
rich social significance.Zhu Kezhen
said that the purpose of education is
not only to improve the individual, but
also to influence the society. College
graduates should not aim at money,
but to serve society. In 2020, ZJEers
and the people of Haining will be
together for generations. No matter
where they go, they will spread and

ignite the spirit of Zhejiang.Learning
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and growth in research, feedback and

effect on society after learning .
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Professor Laura O'Hara

Research theme ORDHY
Laura is currently researching the mechanisms by which
steroid hormones such as androgens and estrogens
act in the hypothalamus and pituitary to control male
reproduction and testosterone production. She is also
interested in improving the way that biological pathways
are depicted as diagrams and has made contributions to
developing the modified Edinburgh Pathway Notation for
use as a dynamic modeling system.
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Professor Laura O'Hara

OR:F FoiL
Dr Gedi Luksys

Personal profile

2018 - Present: Academic Track Lecturer (University of Edinburgh/Zhejiang University)
2014 - 2016: Postdoctoral Research Fellow (secondment), Roslin Institute

2011 - 2017: Postdoctoral Research Fellow, MRC Centre for Reproductive Health
2007 - 2011: PhD MRC Human Reproductive Sciences Unit
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website that you have focused
on researching how steroid
hormones act on the hypothalamus and
pituitary for a long time. Why do you keep
on researching this topic and could you
please share your current research with

Q I learned from your UoE personal |

us?
_/

My PhD and one of my postdocs

were in a group using conditional

mouse knockouts to investigate the
role of the androgen receptor in the male
reproductive system. My supervisor wanted
the core research of the group to be on its
role in the testes but allowed me to take
some pilot data to write a grant focused
on the brain and pituitary. The grant was
successful and allowed me to become more
independent, and | kept on researching this
theme. My current research is on developing
a mass spectrometry method to accurately
measure androgens and estrogens in small
tissue samples, and | would like to apply this
to measuring these steroids in rodent models
of neurological diseases.

As you have done so much
research successfully, what do

you think is the most important/
l difficult part while doing research?

While conducting research, the most

difficult part for me is maintaining

enthusiasm to finish off a project

that is showing "no significant
difference" or results that are more boring
than | predicted! However, pushing through
this is very important no matter how boring
the results are.

biology is "memorizing all the
things", especially when taking
some basic course like ICMB1.
What do you think of this idea?

Q Some students think studying

The degree programs at ZJE

emphasize the development of

scientific skills and thinking over rote
memorization: we want you to learn how
to be a curious and skilled scientist, not a
reference book! Specifically, for ICMB1, the
final exam contributes only thirty percent of
the final grade. The other seventy percent is
obtained from in-course assessments that
assess the skills you need to be a scientist,
such as planning your work, reading research
papers, presenting, and working in a group.
Most of the time you will not even realize
how much these skills are improving as you
proceed through the years of your program
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until you graduate and compare yourself to
your skills at the beginning.

Students cannot go to overseas

labs and attend exchange

programs due to the pandemic.
They cannot decide whether they should
take a graduate course in China or go
abroad, or even change a major. Could
you please give them some advice?

If you can’t attend an overseas lab in
person because of travel restrictions,
then you can still contact the PI of the
group you are interested in and ask
if you can do a data analysis project remotely.
Making connections is still possible even
though traveling is not. | think the important
thing to remember here is that the whole world
is experiencing the same problem, and that
graduate admissions panels will understand
that you have been studying under the
challenging conditions of the pandemic.

Could you please give us some
Q advice on choosing elective

courses? If we don't know which

one will be our future direction,
how can we make the choice?

| would always recommend

pursuing the subject that you

find most interesting above all

other considerations. | would not
recommend choosing an elective just based
on the grades that students have achieved
in the past. The structure and content of
courses might change, and the course you
take may not be the same as in previous
years.

a long time, what do you think of
the students here? As the course
l staff for ICMB1 and ERB3, what do you

Q You have been teaching in ZJE for

think about the student’s performance in
those courses?

| am always very impressed by the
A students | meet at ZJE. They are

hard-working, curious, and friendly.
For ICMB1 | am most impressed

FE R
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with how well the students do when they are
learning in English, for some it is their first
time. But by the time they reach Year three
in ERB3 | love to see how much they have
improved and can understand and explain
complex concepts in endocrinology.

Some students are really working

hard (they stay up late...) to get

good grades, but the results are

sometimes disappointing and
make them depressed. Could you please
give them some advice on spending their
semesters and holidays?

It is always disappointing when you
feel you have worked hard and your
grades did not reflect that.

My advice is to take time to understand why
you lost marks and use this feedback for next
time. Make sure you thoroughly read through
the expectations and requirements of each
piece of work. Sometimes a student may
submit an excellent piece of work, but ignore
the word limit, the reference requirements,
or the focus guidelines, and lose marks
because of this. It is also important to read the
feedback you are given in both formative and
summative assessments and apply this to your
next assessment. Keep a list of your feedback
in a word document. Read each piece of work
before submission and go through this list to
make sure you have not repeated anything
that previously reduced your grade.

Holidays should be about balance. If you
would like to do some extra work then that
is your decision, but you should also make
time for hobbies, friends, and family. A major
concern in academia is ‘burnout’: when you
work hard without stopping you are likely
to lose enthusiasm and joy for your work.
Taking a break is beneficial for your long-term
motivation and productivity!

phenotyping.
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Reseach Theme
Synapses, Circuits and Behaviour

Understanding neurocomputational mechanisms of learning,
memory, decision making, and the role of modulatory factors
such as stress in ecologically valid settings and using digital

The main goal of my research is trying to understand computational mechanisms of learning,
memory and decision making as well as how various modulatory factors such as stress,
sleep, uncertainty and future discounting affect them.

In particular, we employ reinforcement learning and related models and focus on the
role of schemas in these processes, which we address using human studies and animal
experiments. We have developed ecologically valid human tasks that integrate schema-
based learning and decision making. We also continue the development of online platforms
that can be used for digital phenotyping and testing our laboratory-based findings in much

larger samples and more interactive settings.

Finally, we also work on large-scale analysis of fMRI data and individual prediction of various
emotional and memory phenotypes using multi-voxel pattern analysis.

| learned from your University of
Edinburgh personal web page that
your research is about Synapses,
Circuits and Behavior in brain
science. 1) When did you determine your
research direction? 2) Could you tell me
something about your recent research?

This direction is rather a larger
A area that encompasses research

of various research groups at the

Centre for Discovery Brain Sciences
in Edinburgh. I'm not really working much
on synapses or circuits, but rather focus
on behavior and cognition, studying them
using behavioral experiments, computational
modelling as well as biometrics, e.g., looking
into participants’ facial expressions, heart
rates and performing various analyses
based on eye tracking. My projects include
investigating the roles of schemas and
uncertainty in learning and decision making,
with experiments ranging from rodent spatial
navigation, to human learning of quotes
and pictures as well as news on our news
aggregator site. There was not one single

time when | determined the direction, it
evolved continuously, although | made
a decision that in the early stages of my
career as a Pl | would focus on behavior,
modelling and prediction, as more practical
options, rather than carrying out new animal
experiments or human neuroimaging (which
may come later).

And then a question about the
Q field of neuroscience: The rise

of artificial intelligence and
especially, the wide application of neural
networks makes people wonder about
the relationship between an artificial
"brain" and the biological brain. As a
neuroscientist, do you think it's possible
for us to build true artificial intelligence
using disciplines of traditional and
computational neuroscience?

In fact, what you mentioned is very
much the content of Year 4 course
Brain, Cognition and Artificial
Intelligence, which | am organizing
and very much encourage everyone
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interested in such questions to attend. In a
nutshell, links between biological brain and
artificial intelligence have been made as
it concerns performing specific tasks like
playing Backgammon or Go, or understanding
the processing of specific regions such as
hippocampus or generic cortical circuits (as
in Blue Brain Project for example). However,
building an all-encompassing model of the
brain and a universal Al agent still remains
out of reach and at least for the latter there
are totally valid questions about whether that
is even desirable (as we may get into various
ethical problems of how much autonomy
we may want to grant such agents and if at
some point they may become threatening to
humans). Such ‘doomsday scenarios’ become
irrelevant if we build Al agents for specific
purposes, aimed to solve specific tasks as
opposed to agents of general intelligence. It
doesn’t mean that specific Al agents are totally
risk-free, but usually that is related to social
context they operate in, such as deepfakes
or fake news, that unfortunately become
increasingly common in our increasingly
polarized and unstable world.

Although you are so kind and

patient, | am still a little nervous

to interview you. In fact, many

Chinese students are not used
to email with foreign teachers, worrying
that their English problems will make
professors unable to understand or they
may be shy. Did you encounter the same
problem when you were a student? Now as
a teacher, what do you want to say to these
students?

| don’t quite remember, | was rather
A outgoing than shy, so perhaps my

problem has usually been worrying

too little about what people think
rather than worrying too much. What advice
could | give? Well, not doing something (out of
shyness, anxiety or whatever) can only lead to
no result, whereas doing things, even if very
imperfectly, always gives a chance of success.
In other words, you can’t achieve anything
significant without trying and without putting
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yourself outside your comfort zone. You only
learn and improve by trying and failing, and
ultimately failing less frequently and aiming
higher. Nobody is perfect and everyone
(definitely including myself) has drawbacks,
whether it's English or something else. But
we all need to find what we most want to do,
which people we most want to work with,
which countries we want to live in, etc. So,
it's most important to be true to yourself and
follow your heart. Don’t think that you will be
judged. On the contrary, ZJE students actually
have quite a good reputation as interns and
productive members of our groups.

Have you ever been to Haining

before? If you've been Haining,

what impressed you here? If not,

do you plan to come to Haining in
the future? And do you have anything to
look forward to?

Sure, | have been to Haining many
times before the pandemic when
we used to come 4-5 times a year

for teaching. Hopefully the pandemic will
wind down and we will be able to resume our
travel soon. | definitely like the campus and
its surroundings, and most people in Haining
have been very friendly. | hope that once it
fully reopens for international visitors and
grows bigger, there will be more activities in it,
like the book club | used to organize with my
colleagues Melanie, Joanne, Xianghua and
Y4 student Edison. It would also be great if
more activities that seem to be limited to one
group (like ZJE students or ZJUI students)
would become open and advertised to
everyone on campus, including teachers, so
that people can mix a bit more and have a
better sense of community. My undergraduate
alma mater Jacobs University in Bremen had
an even smaller campus than in Haining,
but | think it had more visible activities with
bottom-up initiative (i.e. it was usually not the
administration or student government that
organized them, but individual active students
and faculty members, and administration only
accepted them, sometimes reluctantly, like a
rocky path students paved by themselves due
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to lack of shortcut to the classroom building, ‘IUB Rocks’, or student-established bar and party
venue, ‘The Other Side’). | very much look forward to more of such kind of spirit and dynamism
in Haining.

Do you have some talents or skills or interesting things that you want to show
Q to students and your colleagues? Just because we can only know you through
online lessons and your personal website.

| have a variety of interests. In the past | used to participate in international science
A competitions, such as International Math and Informatics Olympiads, TopCoder and
Kangaroo, so I'd be happy to share experience from them if anyone is interested. | used

to include some problems in some of my workshops, although my feeling was that they usually
left more students confused than positively challenged . | also play piano, basketball and golf (at
a very amateur level) and would be happy to participate in any activities related to that in Haining
or in Edinburgh for visiting students (I actually played in a few basketball games on the Haining
campus). Finally, I'm very much interested in travel, history and global affairs (in fact when |
chose my major, | was deciding between computational sciences and international relations, and
although | made my decision back then, as time goes by, my interest in the other hasn’t really
faded away). Perhaps that’'s why one of my key projects is news aggregator site MyNewsScan,
where besides doing ecologically relevant research on human decision making, we are also very
much interested in a social mission of disseminating useful and accurate information, reducing
negative effects of filter bubbles (with people only interested in others who have similar views)
and trying to build bridges between people from different bubbles. | have been very much
encouraged by interest and participation of many students in this project, including from ZJE,
one of whom (Jia Wei from Y4) has contributed very substantially, and | hope others will join us
in the future.
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“I love you, Dawid.

I do love you.

HALEY JOEL OSMENT

I have always loved you.
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what responsibility does that person hold toward that Mecha in return
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Lineage Tracing
Techniques for tracking cell lineage relationship
O Xinyi Chen

Keywords: Lineage Tracing, Image, Genetic, Single-cell omics

Constructing lineage relationships between cells by
lineage tracing techniques is essential for researching
developmental biology and stem cell differentiation. In
this review, we roundly review the development history
of lineage tracing strategies, point out the advantages
and disadvantages of each strategy, discuss current
defects of lineage tracing strategies and look forward to
the future development direction.

ABSTRACT

Introduction

N m
L) | 2
In the field of developmental N e %
biology, how a single cell develops into : Q
a complex organism has always been 7 N = %
a difficult problem. A fundamental f )” y S
goal of development and stem cell s A %
biology is to map the developmental - : . -
history of differentiated cell types. e = S
The way to investigate this problem is ) ) e
lineage tracing. Lineage tracing aims Rt B Nt
to uncover the lineage relationships . g chips
4

between an early dividing cell with
unknown potential and its progeny,
which provides powerful technical et
supports for studying cell-fate :

decisions. In this review, we broadly
discuss the development history of
lineage tracing techniques, talk about
current deficiencies of lineage tracing o e

and its development prospects. Fig 2 Vital dyes strategy
Fig 3 Radioactive Tracers

Early stage
embryo
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Image-based Lineage tracing

In the 19th century, lineage tracing was first explored by Whitman'".
Whitman used "direct observation" to trace leech development (figure 1),
found that the fate of single cells was different in the development process,
each cell produced cells that have specific roles later in development.
Although this technology was easy to establish, the scope of application was
limited to a transparent embryo.

In the early 20th century, some technologies were developed to label cells,
such as "vital dyes strategy" applied in amphibian embryos (figure 2) ? and
"Radioactive Tracers" applied in chicken embryos (figure 3)®. Because these
cell markers were easy to lose in the process of cell division, we only knew
the genealogical relationships between labeled cells rather than cellular origin.

Genetic-based Lineage tracing

In the 1970s, the development of molecular cloning technology™ laid the
foundation for genetic-based lineage tracing, which overcame the limitations
of image-based approaches in terms of time and molecular resolution.

In the late 1980s, Retroviral transduction approach was developed to label
cells, Retroviruses can act as vectors to integrate DNA sequence into cells
genome, which tagged cells with inheritable DNA markers. In 1987, Cepko
performed retroviral transduction to trace rat retina development .

Since the early 1990s, genetic recombination approach has been used for
lineage tracing and is the most common approach to introduce the heritable
exogenous genes into the genome. Cre-loxP systems (figure 4)®and FLP-
FRT systems (figure 5)" are two main recombination systems, which were
first applied in bulge stem cells® and Drosophila® for lineage tracing.

Considering single reporter recombination was not suitable for the study of
highly complex and heterogeneous tissues. In 2007, the multi-color reporter
system named "Brainbow" was developed to the trace larger number of cell
populations!”. Although multi-color reporter systems increased the number of
traceable unique clones, the population of fluorescent proteins was limited.

Cre construct FLP-mediated recombination with genetic elements of
reporter construct

Gene locus
Cre a-tubulin locus

o\
~N

jo Jusawdojara

sanbiuysa | buides] sabeaul

fcre

Reporter construct /\
Rosa26 locus -I i '- l -

IoxP loxP ] F i f
Stop cassette removal by Cre-mediated recombination at loxP sites g s
[Stop] LacZ expression from reporter construct upon recombination
Rosa26 locus CAG a-tubulin /acus:lE } h| L
Cre = 1 r
a-tubulin locus W acz
Reporter expression upon Cre recombination FRT ¥ 6-galactosidase
h| L S b L
Rosa26 locus ] ] e = 3 C
loxP ¥ tdTomato ) g LacZ)
Fig4 Cre-loxP system Fig 5 FLP-FRT system
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Sequencing-based Lineage tracing

In the early 21st century, High-throughput sequencing had opened up a new
generation of lineage tracing approaches, which provided technical support for the
"DNA barcode" approach and first applied in tracing mouse hematopoietic stem cells'"".
"DNA barcode" approach is integrating a pool of unique DNA barcode sequences into
a large number of cells, which can be identified through high-throughput sequencing.
By comparing DNA barcodes, we can identify cells from the same lineage (figure 6).
Compared to fluorescent protein, this approach increased the diversity of genetic cell

markers.

Since 2009, single-cell RNA sequencing (scRNA-seq) has developed rapidly
and widely applied, which provided supports for "dynamics lineage tracing" and
additional information to infer lineage relationships'?. According to single-cell RNA
transcriptome information, Monocle algorithm'™ was developed to reconstruct lineage
trajectory. By integrating single-cell lineage tracing and single-cell RNA transcriptome,
lineage relationships between cells and cell type information contribute to a more
comprehensive phylogenetic tree (figure 7). In 2015, Kimmerling first linked single-cell
transcriptomics with cell lineage history to study variability in CD8+T cells".

Barcode 1 (bc1) be2 be3
¥ '4 ¥

‘ Fig 6 DNA barcode
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S Gene expression gradients
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based on single cell based on single cell specific genes
genetic lineage tracing transcriptome lineage trajectories
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Conclusions and
Future perspectives

Lineage tracing provides useful support
for researching development and stem cell
biology. Over the past years, lineage tracing
technology has made tremendous progress.
From Image-based lineage tracing, Genetic-
based lineage tracing to Sequencing-based
lineage tracing, all sorts of new techniques
were developed to help us have a more
specific and precise understanding of cell fate
decisions.

Currently, the absence of spatial and time
information is the major limitation of lineage
tracing. Luckily, the development of "Spatial
transcriptomics" technology”® overcome
the limitation by capturing spatial gene
expression and linking lineage and position
information at the same time. However,
spatial transcriptomics is restricted to the
tissue rather than cells at present. Thus,
integrating spatial transcriptomics with genetic
lineage tracing experiments is a very potential
research direction, which provides more
subtle information for cell identity and state.

In addition, from the aspect of the "DNA
barcode" approach, only DNA sequence
features are currently used as barcodes to
encode clonal information. In the future, other
DNA molecular features such as methylation,
acetylation epigenetics marks may be
considered to link Progenitor cells and their
offspring.
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