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In the present epidemic situation, ZJEer's life, travel and even study have been
greatly affected. How to "coexist with the virus" at the personal level, and normalize
epidemic prevention and control into life is a topic that every ZJE student must and will
continue to explore. Fortunately, in the past academic year, we still have witnessed
many activities and events in ZJE, the activities held by clubs and the birth of original
works, and the international hot topics, which are recorded in The New Enlightenment.
At the same time, with the functionality of information exchanging , The New
Enlightenment collects unique insights and understanding of many teachers and seniors
on the topics including learning, self—growth and the discipline of biology. Different
from the third issue, although the topic under the epidemic situation is also discussed,
this issue of The New Enlightenment brings more experiences and practices of "the
experienced"” to share, hoping to provide some thoughts and guidance for the future

development of ZJEer in various fields during this special period.

Thank you very much for your support to the compilation and publication of The
New Enlightenment. I also hope that the events, history and discussions recorded in this

journal can become a part of your university life when looking back in the future.
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As time goes by, the new issue of "Ai Zhe Ren" is going to
meet with you again. In this journal, we try to break away from
the stereotypes of the previous three magazines and focus for the
first time on the brightness and breadth of the new graduates’
career prospects. Through interviews and communication with
graduates from the perspective of younger students, we look
back at how they have worked hard during their undergraduate
life, aiming to understand the difficulties they have overcome in
applying for foreign countries during the epidemic period and

admiring their glory of being admitted to dream schools.

I hope that this brand—new issue is not only the "Avenue
of Stars" that records the achievements of the predecessors, it
can also serve as a guideline for later generations to learn from
experience. I also hope that from here, prospective graduates of
2022Fall can find their own application directions, and the "fresh
blood" injected into the international campus can explore the way
forward and prepare for the problems that may be encountered in

undergraduate years.
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"Wow, am | still in China?" is the first
reaction that crossed my mind when
| arrived at the International Campus
of Zhejiang University on August 31st,
2020. | was so excited to explore the
campus and find out whether the
numerous videos | watched regarding
this campus were factual. It was quite
complicated to enter the campus
with layers of preventive measures
in response to Covid-19, but at the
same time, knowing these procedures
are enforced also assured me of
safety once | got into the campus.
Furthermore, | found out that the
existing facilities are way better than
shown in the promotional videos.
Excitement now on a steady rise, | went
to register myself into the Residential
College (RC) helped by the staff of
ZJU. This was when my excitement
went dampened a little. It was not a
smooth and easy registration process,
to be quite frank. There were many
confusions and miscommunications
regarding my transition to the campus.

However, throughout the process, | am
profoundly grateful that the staff and
teachers at ZJU International Campus
are accommodating and welcoming.
Despite the piles of works to do during
the registration period, they were kindly
willing to help this one lost international
student with all the troublesome
procedures he needed to deal with.
It might not be the best orientation
experience for me, but | still genuinely
appreciate the effort that the teachers,
staff, and former students had made
to help the new students have a good
transition period.

As time goes by, | realized that this
campus offers plenty of opportunities
so that the students have the best
learning experience here. | commend
ZJU International Campus for trying
its best to provide a holistic nurturing
environment for its students. The
Residential College is always ready
to help students in their day-to-
day affairs. It organizes a variety of
activities to strengthen the bond
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among the students, which is crucial
for students' wellbeing. The librarians
and ITS staffs are especially supportive,
and they actively invite students to
join seminars for students to gain
transferrable skills. Well-equipped
sports facilities, high-tech classrooms,
discussion rooms, art, and music
rooms, and laboratories are all available
for students to explore themselves
and grow holistically. Not to mention
various student-led organizations and
student activities that allow students
to express themselves positively and
constructively. Academically, | am
fully aware that each college on this
campus has top-notch academicians
who stimulate our learning in class.
Seminars that are regularly held also
ensure that we are updating ourselves
with the latest knowledge and refining
our ideas for research. In short, this
campus is a complete package. There
is practically no excuse for the students
here not to grow into individuals with
a bright futures here. All that being
said, | do have a small concern. | find
it lamentable that even though the
"international" label is frequently

- P ——
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used and is plastered everywhere on
campus, the international language
of instruction is not available in most
events and activities. | understand that
this might be motivated by the intention
to assimilate international students
into the local community. However, the
first and most significant impact of this
absence of international language is that
the non-Chinese speakers are hindered
from fully immersing and engaging in
the supposedly “international” campus
life. In addition, it also discourages the
exchange of global cultures among the
students, which as | see it, will in turn
restrain the long-term sustainability of
our "international" campus. | do love
this campus, and | sincerely wish for its
perpetually bright future. In years to
come, | want to be able to look back and
proudly say:

"l am an alumnus of ZJU international
campus,"

as | hope to seize all the opportunities
during my study here. | believe that as
| spend more time here, | would find
more exciting and meaningful life-
enriching experiences.
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“O ever youthful, O ever weeping.”
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SRTP in ZJE Chan Lab

- Set Sail for Science
O Class 2018 Jeff Gui (Yifan)

Clock alarming, centrifuge buzzing, bottles
& tubes being opened and closed... Sounds
of a busy laboratory encompassed my
summer times, while it was the toughness of
troubleshooting, the excitement of visualising
protein dynamics in single cells, and selfless
support from the seniors that made my
experience in Dr. Chan Kuan Yoow's lab
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unforgettable.

Shuffling senior students, | used to be a
silence, loyal follower of the protocols.
However, modesty does not equal to the
plead for not being motivated. One suggestion
for undergraduate lab beginners | learnt is
that, to show the curiosity towards principles
underneath techniques rather than mindlessly
seeking for chances of practising them,
meanwhile, to keep communicating with the
seniors & Pl respectfully rather than regarding
them as unapproachable supervisors. Quite
often, | found several steps of the protocol
that can be adjusted accordingly. Thanks
to my colleague’s inclusiveness toward my
endless questions, | gradually get adapted
to the pace of performing experiments in
Chan lab. | learnt how scientific rules govern
research methodologies and how they can
be harnessed to maximise efficiency, given
various experimental conditions. Although
molecular cloning tasks | was assigned at first
seems to be ubiquitous across cell biology
labs, my experience of completing them
epitomized the course of trouble-shooting,
which can hardly be practised in class with
an optimum setup. It was a couple of faulty
primers, empty agar plates and smears on
the gel that brought discreetness to my mind.
It was the precise
identification of issues
after weeks of failure
that highlighted the
power of an unflinching
will. In combination
with my growing
understanding of the
cell cycle regulation,
plus a bit of luck, I
secured the SRTP
fund — in full swing to
query the nature of
mitosis entry.

The cell cycle is an intricate machine
assembled and controlled by master
regulators. To characterize mitosis dynamics,
| used CRISPR/Cas9 to edit genes and let
some endogenous regulators tagged by
fluorescence to report mitosis progress. In
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Jeff Gui (Yifan)

essence, picking positive (successful gene
editing) cell clones is like playing a lottery
game , however, with quite a few genotyping
work to do by oneself before knowing
whether it is a big prize. With sufficient
luck, a candidate cell clone may pass PCR,
sequencing and morphology check to get
its identity validated. Eventually, | saw some
precious clones saying “hello world” in the
language of fluorescence under confocal
microscopy, shrugging off exhaustion from the
month-long hard work.

However, cells were telling much more than
“hello world” and the biggest challenge was
emerging - to mine as much information as
possible from the colossal but noisy imaging
datasets, specifically, to recognize precisely
and completely cell cycle stage reporter
proteins and any other information of interest.
As a bioinformatics student, | firmly believe
that applying computational power to data
analysis task in all realms of biomedical
science is one of my responsibilities, which is
(unfortunately) always easier said than done.
To assemble a pipeline from the ground up
was like finding correct suppliers for a robot
factory. After balancing functionality and
compatibility, an awkward image-processing
robot with software as the limbs and scripts
as the joints was
conceived.

To improve the
faithfulness of our
scraped robot when
reporting the cell cycle
stages, combined
efforts were made
from both “dry” and
“wet” aspects. First,
imaging conditions
were optimized to
capture the mitosis,
especially for the invasive cancer cell lines
we are interested in. Secondly, mitosis
reconstruction models were generated to
bypass the tricky gap-filling step for the lossy
mitosis signals. In this period, my colleagues,
also the user group,were very good at
identifying issues and meanwhile | stumbled
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upon possible solutions. Indeed, | had a taste
of collaborating with users as a software
developer by applying the skills | have learned
throughout the programme.

From vectors to cell clones and data analysis
pipeline, I’'m receiving fruits along the SRTP
journey in Chan lab, among which | cherish
the most is the belief in science. Driven by
evidence, science seems to be relentless to
failed ones who have spent great efforts. But
such relentless is from the same power that
supports us to understand ourselves and the
universe. With the belief in our mind, transient
failure is nothing but a warm reminder from
the nature that spares our efforts to the correct
direction, when sailing into the uncharted sea
of science.

| wish the article has shared my joy and
thought in Chan lab with you, and let you look
forward to/recall your very first lab experience.
| would like to acknowledge Dr. Chan Kuan
Yoow, Dr. Rana Saif, Xie Shuang Shuang,
Yao Ren Zhi for guiding me with great
inclusiveness. I'm also grateful to Sherly,
Phobe and Wang Ping for supporting my work
in the lab.
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Associate Professor ZJE and Senior Lecturer, The University of
Edinburgh

Our research focuses on how synaptic function and plasticity in
neonatal animals act to coordinate the development of mature cortical

circuitry.

Q I learned from your University of

Edinburgh personal web page that
your research is about synaptic and
neuronal related fields in brain science.
When did you determine your research
direction? Could you tell me something
about your recent research?

A My interest in neuroscience came
from undergraduate lectures.
When I started at university, I was
interested in microbiology but I found
the neuroscience lectures much more
interesting. There was no one time
that I decided a more specific research
direction. For me, and
I suspect most other
scientists, my research
interests have changed
with time and are highly |,
influenced by chance
opportunities: PhD
and post—doc position
availability and, as a ﬁ
principal investigator, ) £\
opportunities for collaborations with
colleagues. My current neuroscience
research is quite limited: I have a
PhD student studying the role of the
transcription factor Pax6 on neuronal
cell fate; one of those collaborator—
influenced projects. However, I now
focus much more on teaching and also
carry out educational research. I’ m
currently working on writing a paper
on a study of the influence of marking
schemes and types of assessment on mark
distributions.

Q Although you are so kind and
patient, I am still a little nervous
to interview you. In fact, many Chinese
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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?

A Especially in early years, I was
guite an independent student. It
didn’ t even occur to me to ask lecturers
questions. This may be partly because
we had very large classes: up to 500
students. I also wasn’ t as desperate to
know more as some of the
students at ZJE. In 4th year
we had smaller classes so
- got to know the lecturers
well and I was happy to ask
questions. Even though it
' can be difficult, all students

/ /s J should feel confident to ask
,/‘ questions. We are actually
-~ disappointed when no one

asks questions because it makes us feel
like we did not manage to teach you
anything you found interesting. We also
understand when it is difficult for you
to correctly phrase questions in English.
I would also encourage students to try
to work out answers for yourselves first
before asking questions. That’ s not
because we don’ t want the questions
but because working things out for
yourself is a better way to learn and good
practice for the future.

I hear your favorite sport is cricket,
but there is no cricket field in
International Campus of ZheJiang
University. How do you keep exercising

THE NEW ENLIGHTENMENT



here in the past?

A Yes, I love cricket but only really
watch even when in the UK. When
I am in Haining most of my exercise is
walking. In lighter months, I often walk
around Juan lake before work in the
morning and spend weekends walking
around the city parks looking at birds.
I also enjoy tennis and have played on
the campus but have struggled to find
people to play against. I used to play a lot
of badminton which many people play on
campus. However, [ promised my wife I
would not play again because last time 1
played I snapped my Achilles tendon and
needed crutches to walk for 3—4 months.

In the first IBMS lesson, you said
Q that you like to observe birds since

childhood and showed the beautiful
bird photo you took in Haining. Can you
tell me something interesting happened
between you and the bird? Did your
interest have an impact on your choice of
biology?

The bird photo I showed is of a
A black—throated tit. They are tiny

birds that are very active: they move
constantly looking for small insects to
eat on trees branches. This bird was one
of a group of about 4 in trees next to
the river in Dongshan Park in Haining. I
spent about 20 minutes trying to guess
which tree they would move to next so
that I could get close enough to take
pictures. Eventually I guessed right
and got two pictures I was really happy
with. If you want to see more of my bird
pictures you can look here: https://
www.flickr.com/photos/93374975@N00/
albums/72157600744087871
My scientific interest in biology and
personal interest in birds and other
wildlife have always been very separate.
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For scientific purposes I’ ve always
preferred the greater control and
specificity of cellular and molecular
biology.

You have been away from Haining

for several months. What will be the
first thing you want to do when returming
to Haining in the future?

A I’ m really looking forward to
seeing my colleagues in ZJE and
to teaching face—to—face again but, as I
normally arrive on a weekend, the first
thing I do will probably to go looking for
birds that I can’ t see in Scotland.

Q Finally, do you have some talents
or skills or interesting things that
you want to show to students and your
colleagues? Just because I can only know
you through online lessons and your
person website.

A I’ m not sure there is any talent
involved but I love to cook. When
I’ m at home in Scotland it is one of my
main ways to relax. I’ ve attached some
pictures of a chocolate fondant cake I
made and my attempt to make dumplings.
These were made on Spring Festival,
which this year also happened to be on
the same day as a major Scottish festival:
Burn’ s night. I
filled them with the
traditional Burn’ s
night food: haggis,
8 nceps and tatties.
They were quite
strange!
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© Zongsheng Jiang, lan Meliala

Pooled In Vitro and In Vivo CRISPR-Cas9 Screening ldentifies Tumor
Suppressors in Human Colon Organoids

Michels et al, Cell Stem Cell, 2020

71

Highlight

O An optimized protocol for pooled CRISPR-Cas9 library screening in human colon organoids

O Organoid xenografts enable unbiased identification of in vivo tumor suppressors

O gRNA functionality in organoids is less predictable compared to 2D cancer cell lines

O Clonal tracing with a UMI library allows adjustment for clonal drift during selection

Introduction

Colorectal cancer (CRC) is a common malignant
tumor in the gastrointestinal tract. Although CRC
could occur at any age, the elderly population
has a bigger frequency of having CRC. There are
various types of CRC depending on where the
malignant cells come from, including colorectal
adenocarcinoma, gastrointestinal carcinoid
tumors, gastrointestinal stromal tumors, colorectal
lymphoma. The fundamental problem causing CRC,
as well as other types of cancer, is the accumulation
of genetic mutations. Therefore, different CRC
patients show genetic and phenotypic heterogeneity,
resulting in a complex treatment. Recently, the
therapeutic strategy for cancer is switching from
evidence-based medicine to precision medicine,
an emerging approach for disease prevention and
treatment that takes into account the individuals’
genetic, environmental, and behavioral variability.
Personalized cancer treatment will become more
and more scalable in the near future thanks to the
development of genetic sequencing?, clustered
regularly interspaced short palindromic repeats
(CRISPR) screening and the recently developed
organoid technology’.

CRISPR is widely used to conduct genetic editing.
It has also been improved over time and employed
to other applications including RNA editing’,
transcriptional activation or interference’, genomic
loci visualization®, and genome-wide screening”
*. Genome-wide CRISPR screening is achieved by
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pooled sgRNA library, which consists of thousands
of different plasmids with the same backbone
targeting different genes in the genome. Genome-
wide CRISPR screening in cancer models help
researchers to gain new insights on carcinogenesis,
metastasis, as well as drug resistance. For example,
using CRISPR activation library, Konermann et
al. identified some genes that render melanomas
resistant to BRAF inhibitor vemurafenib’. In the
other study, Romero et al."’ performed CRISPR
screen targeting druggable genes in isogenic
KEAPI-mutant LUAD cells. KEAP1 mutation
occurs in 20-30% human lung adenocarcinomas,
which hyperactivates NRF2 mediated antioxidant
program, contributing a cancer recovery ability after
chemotherapy and radiotherapy. CRISPR screening
also uncovered that the loss of SLC33A1 would
cause a disorder in ER redox state that impairs the
growth and development of KEAP1-mutant cells",
indicating that SLC33A1 could be a new target in
KEAPI-mutant cancer.

Most screenings are mainly performed in a 2D cell
culture, and these efforts unveiled various novel
cancer drivers and tumor suppressors. However,
2D cell culture CRISPR screening lacks some
important physiological features, including tumor
environmental factors and altered mechanistic
sensing regulation. Although in vivo models
provided profound knowledge, they require a
long experimental time frame, high cost and a
limited number of genes that we can investigate
simultaneously. Newly developed organoid
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technology could overcome the limitations of
CRISPR screening in 2D cell culture and in vivo
models, and take advantage of patient-derived tissues
experiments, providing a powerful in vitro model
to investigate cancer which is more accessible, faster
experimental time frame and cost-saving’. Organoids
maintain several properties of primary tissues, such
as differentiation, signaling nodes and histology''. By
leveraging these properties, using organoids could
simulate tumor developmental and histopathological
conditions more effectively, thus highlighting its
broad applicative prospects in basic research, clinical
diagnosis, and treatment.

In this study, the authors applied CRISPR screening
to a 3D CRC organoid system and substantiated this
method could objectively identify and assess human
tumor suppressors in vitro and in vivo. This platform
overcame the current limitations of screen analyses,
increased the feasibility of CRISPR screening in
patient-derived tissue, and undoubtedly generating
a profound impact on personalized translational
oncology.

Results

CRISPR-Cas9 Platform for Pooled-
Barcoded Survival Screens in Human
Colon Organoids

Positive selection screens rely on genetic
perturbations that render cell proliferation ability
even under stress condition such as anti-cancer
drug treatment. For the later assessment of tumor
suppressor gene (TSG), they initially established a
positive selection model by utilizing recombinant
transforming growth factor- § (TGEF- § ) to cause
complete cell death on 3D CRC organoids within
3 weeks by its addition to the culture medium".
However, suppressing TGF- § pathway using
TGEF- 3 receptor (TGFBR) inhibitor A83-01
allowed a normal expansion of CRC organoids (Fig
1A). Then they generated Cas9 stably expressed in
CSC organoids, and transduced them with lentiviral
sgRNA targeting TGFBR2. Perturbation of TGF-
pathway through TGFBR2 sgRNA lentivirus rescued
TGF- B -induced organoid death, confirming its
function as a positive control in this selection (Fig
1A). Pooled sgRNA library was used to generate
lentiviruses which were transduced into the cells
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with <0.3 multiplicity of infection (MOI). This rate
of MOI ensured that most cells receive no more
than one genetic perturbation, so that each cell
can only get 0 or 1 viral particle’. To maximize the
transduction efficiency while reducing the probability
that individual cell gets more than 1 particles, they
introduced two fluorescent reporters labeled sgRNA
vector system (Fig 1B), which mimicked the size
and transduction ability of pooled lentivirus. Clear
enrichment of cells with only one color (MOI
<1) provided them with an optimal transduction
condition (Fig 1C).

Next, they devised a “training library” containing
six critical components of TGF- § and 94 control
genes and transduced them into organoids expressing
Cas9 (Fig2A and 2B). Combining with subsequent-
next generation sequencing (NGS) results, they
turther validated the accessibility of CRISPR
screening in CRC organoids. As expected, gRNAs
against TGF- § pathway were significantly enriched
(Fig 2D and 2E), which was also recapitulated by
screening in the 2D HepG2 cell culture (Fig 3).
Accordingly, applying ten TGFBR1/2 gRNAs with
the highest activity in HepG2 to organoids could
increase the gRNAs enrichment from 15% to 40%
(Fig 3F). These results denoted that prescreening in
2D cell culture could provide more effective gRNA
libraries with fewer numbers, thereby improving the
screening efficiency in organoids.

Pooled CRISPR-Cas9 Screen for
Tumor Suppressor Function in
Xenotransplanted Organoids

Next, the authors xenotransplanted organoids to
NOD SCID gamma (NSG) mice to conduct in
vivo screening. They constructed an APC/KRAS-
double mutation colon organoids, lacking in APC
and KRASG12D alleles (AK organoids), that
had significantly increased rate of proliferation
when TGFBR2 was knocked-out (Fig4dA-C). To
unequivocally study the role of the less frequently-
mutated TSG and cover diverse signaling pathways,
they designed a pan-cancer TSG gRNA pool
including 85 TSGs with 20 sgRNAs for each gene,
which was then transduced to the AK organoids.
After the transduction, they transplanted these
organoids to NSG mice (Fig 5A), so that the
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Figure 1. Lentiviral CRISPR-Cas9-Mediated Rescue of TGF-b Sensitivity in Organoids

(A) Morphology of organoids stably expressing Cas9 in control medium (left) and 3 weeks
after TGE-D selection in the presence of a control gRNA (middle) or TGFBR2 gRNA
lentivirus (right). Scale bars, 0.5 mm.

(B) Lentiviral vector for simultaneous expression of TGFBR2 gRNA and GFP or DsRed.
(C) Fluorescence-activated cell sorting (FACS) analysis 3weeks after co-transduction with
TGFBR2 gRNA GFP and DsRed lentivirus at low titer. Most cells were untransduced prior
to selection (left). After TGF-b selection, enrichment of (single) transgene-positive cells is
observed (right).

(D) Microscopic analysis of GFP and DsRed fluorescence after selection. Note that most
organoids show expression of a single color, indicating clonality. Scale bar, 0.5 mm. All
experiments were repeated twice.
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demonstrated that TGFBR2 was the most highly
enriched gene (Fig 5B-5E), followed by genes
promoting carcinogenesis in CRC (TP53, ATM2,
CASP8, and SMAD4), and also the TSGs which
are not somatically mutated (MED23, STK11—2
gRNAs, SMARCA4, and NETO1).

predominant clones could be easily identified in
a complex tumor microenvironment. After 11-
12 weeks, the samples were extracted for NGS
sequencing to determine the enrichment of sgRNAs
as dominant sample growth might indicate the
tunctional TSG mutation. The screening results
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Figure 2. Organoid Screening in a Pooled Lentiviral Format using a Training Library for
TGF-b Resistance

(A) Schematic representation of TGF-b pathway components targeted by the training
library (red asterisks).

(B) Experimental setup and composition of the training library. NSC, no selection control;
T0, control before selection.

(C) Boxplot representation of gRNA barcode distribution in the plasmid library, T0
control, NSC, and upon TGEF-b selection.

(D) Scatterplot of gRNA distribution in two replicate screens. Positive and random controls
are depicted in red and blue, respectively. Coefficients of determination (R2) are shown.
(E) Enrichment of individual gRNAs against the TGFBR2 (left) and a control gene (ACLY,
right). Gray bars represent means of two replicates and red and blue dots the individual
values.

(C — E) gRNA numbers represent the picking order by CRISPR library designer software.
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CRISPR-UMI Validation Screen
to Adjust for Clonal Drift in
Transplanted Organoids

There were still some gRNAs targeting neutral and
essential genes. These gRNAs were accumulated
in the screening results indicating the presence of
false positives, which might be due to neutral drift
during the prolonged selection (Fig 5E). To tackle
this problem, they introduced a lentiviral vector
containing unique molecular identifiers (UMIs) to
label each gRNA with a specific sequence (Fig 6A).
Therefore, each sgRNA can be individually tracked
and corrected by a UMI, to reduce false positives
caused by neutral drift, improving hit identification
and quantification. Indeed, the previous robustly
enriched TSGs are still present in the enrichment
group, while some of false positives like RPS19,
POLAL, CYP7A1 were removed (Fig 6C) after
the application of UMIs. These results substantiate
that UMIs are conducive to the correction of false
positives and strongly improves the sensitivity
and readout of pooled CRISPR-Cas9 screens in
organoids.

CRISPR-UMI Validation Screen
to Adjust for Clonal Drift in
Transplanted Organoids

To compare the effect of single TSG gRNA on clone
size and number, gRNAs targeting TGFBR2, TP53,
and STK11 or random control were individually
coupled to a UMI library. Packaged viruses were
transduced to AK organoids and then transplanted
to NSG mice to perform competitive assay. As
expected, the TSGs-knockout organoids had a
considerably increased rate of proliferation than
organoids with control gRNAs. Furthermore, the
organoids which received TGFBR2-targeting gRNA
showed more general growth advantages than
STK11 and TP53 corresponding organoids in this
model.

Conclusion

In summary, the authors established a 3D screening
platform based on the Cas9-expressing human
CRC and colon organoids. They initially used
a fluorescent protein-coupled gRNA vector to

VOL4 2020-2021 W A

optimize the efficient amount of lentivirus. Then
positive selections were performed in vitro and in
vivo. They further proved that a prescreening using
different cell lines could strongly enhance the feature
of sgRNAs in patient-derived organoids, narrowing
the functional gene list in the final readout. The
prolonged selection process might give rise to
a clonal drift problem. To tackle this issue, they
coupled UMI with sgRNA pool and demonstrated
that this approach could reduce the false positive
rate and significantly improved the accuracy of the
prolonged organoids screening. Obviously, this
platform could also be applied to other organoid
screening in addition to colon organoids and lays a
solid foundation of screening methods and strategies
for personalized treatment.

It is worth discussing that CRISPR screening
established in this study could serve as a positive
selection, that is by knocking out the tumor
suppressors to endow non-proliferating cells with
proliferation ability. Moreover, using positive
selection also enables us to control false-positive
results. Other than positive selection, there are also
negative selection screens which use the highly
proliferating tumor cells. Negative selection could
be a more practical model in the personalized cancer
treatment in the future due to its resemblance to the
rapidly proliferating tumors in the patients. This
method usually uses Cas9-based screening to identify
patient-specific malignant drivers or critical genes for
cancer cell survival”’. However, the negative selection
also requires more sgRNA coverage, which could
introduce more false positives in the final readout.
Negative selection CRISPR screening in organoids
still needs to be refined further to overcome this
problem.
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Figure 3. Side-by-Side Comparison of CRISPR-Cas9 Screening Performance in HepG2
Cells and Organoids

(A) Experimental setup for library screening in HepG2 cells.
(B) Representative image of HepG2 colonies after 3 weeks of selection. 2,000 and 4,000
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colonies were obtained in two replicates. Scale bar, 0.5 mm.

(C) Boxplot representation of gRNA barcode distribution of the plasmid library, TO
control, NSC, and upon TGEF-b selection.

(D) Enrichment of individual gRNAs against TGFBR2. Gray bars represent means of both
replicates and red and blue dots the individual values.

(E) Scatterplot comparing the mean gRNA distribution in HepG2 cells and organoids (both
in two replicates). Positive control gRNAs are shown in red.

(F) Activity in HepG2 cells predicts gRNA functionality in organoids. Percentage of active
gRNAs for TGFBR1/2 (in white) and screening performance (in brackets) defined as the
fraction of active gRNAs relative to the total number of gRNAs.

normal colon organoids (Cas9)
l +APC gRNA

+ KRAS gRNA + HDR template xenotransplantation

AK organoids R
APC-KO; KRASG12D
l + TGFBR2 gRNA

AKT organoids _—
APC-KO; KRASC12D: TGFBR2-KO
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£ - AK c
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g 150
E|
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5
= 04
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days post transplantation
Figure 4. Development of a Transplantable Organoid Model for Tumor Suppressor
Function

(A) Experimental setup. Genetic engineering of pre-tumorigenic organoid line (AK: APC-
KO and KRASG12D) and a line that is tumorigenic after subcutaneous transplantation
(AKT: additional

TGFBR2-KO).

(B) Measurement of tumor volumes (£ SEM) after transplantation of AK and AKT
organoids in NSG mice (n = 7 and 8 mice). Statistical significance was analyzed by two-way
ANOVA; ****p < 10, The experiment was repeated twice independently.

(C) Tumor morphology after transplantation of AK (top row) and AKT organoids (lower
row). Scale bar, 1 cm.
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Figure 5. In Vivo Library Screening for Tumor Suppressor Function in Transplanted
Human Organoids

(A) Experimental setup. The library contains all 85 tumor suppressor genes (TSGs) that
recur in solid non-neuronal tumors (Davoli et al., 2013). Transduced AK organoids (APC-
KO and KRASG12D) were transplanted in NSG mice.

(B) Pie charts show proportions of individual gRNAs in 3 replicate tumor pools collected
from 8 — 10 mice each. Most enriched gRNAs are labeled.

(C) gRNA barcode distribution in the plasmid library, T0, NSC (cultured in vitro for 11
days), and in tumors after in vivo growth.

(D) 3D scatterplot shows gRNA enrichment in the three experimental replicates. The top
enriched gRNAs are labeled in red.

(E) Bar chart of the mean enrichment of the most enriched barcodes, filtered for induction
in 2/3 screens (log2 fold > 1). Blue and green labels show gRNAs for neutral control genes
and essential genes, respectively.
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Figure 6. Validation of Tumor Suppressors using gRNA Library Coupled to Unique
Molecular Identifiers (UMIs)

(A) Experimental setup: the top 281gRNAs from the TSG screen (see Figure 5), positive
controls (active in HepG2), neutral controls, and gRNAs targeting essential genes were
introduced into the CRISPR-UMI lentivirus. Transduced AK organoids (APC-KO
and KRASG12D) were transplanted subcutaneously in NSG mice followed by barcode
sequencing of the tumor pool (from 10 mice) and 5 individual tumors.

(B) gRNA distribution in TO control, tumor pool, and individual tumors.

(C) Side-by-side comparison of gRNA enrichment (log2 fold) in tumor pools by
conventional analysis and after outlier removal. Data representation is presented as a dot
plot. Note that numerous hits in the conventional analysis are neutral or essential genes (blue
and green labels) indicative of false positives (gray area).
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Figure 7. Study of Individual Tumor Suppressor Function at Clonal Resolution

(A) Competitive assay using single gRNA UMI libraries. gRNAs for TGFBR2 (01), TP53
(02), and STK11 (09) were introduced in AK organoids (APC-KO and KRASG12D) and
mixed with organoids expressing random gRNA. Each gRNA is coupled to UMIs to follow
clonal composition after transduction (T0) and subcutaneous tumor growth.

(B) For the top 3,000 UMIs per experiment, the cumulative reads for TSG (colored line)
and control (TO normalized, gray line) were plotted. Pie charts show a fold increase of read
and clone number (both normalized to TO and control gRNA).
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