Supporting Information

CRISPR-Based Assay for Point-of-Care Pharmacogenetic

CYP2C19 Genotyping

Alexander J Schubert?3', Qiyao Meng'?%", Joshua Hoffmann®?, Josefine Rau?, Fabian Abele'?,
Robert Greensmith'?, Carlos Cordero?, Antonia Ibel*?, Julia M Mandler?, Kai-Uwe Eckardt?,
Jan P Halbritter®®, Anand S Dighe®’, Xiao Tan®8°1°, Daw-Yang Hwang"*2, Tobias Petzold!3415,

Philipp Enghard®*¢, Michael M Kaminski?3"

1Berlin Institute for Medical Systems Biology, Max Delbriick Center for Molecular Medicine in the Helmholtz Association, 10115 Berlin, Germany.
2Department of Nephrology and Medical Intensive Care, Charité-Universitdtsmedizin Berlin, 10117 Berlin, Germany.

3 Berlin Institute of Health, 10117 Berlin, Germany.

4Technical University of Munich, School of Medicine and Health, Klinikum rechts der Isar, Department of Neurology, 81675 Munich, Germany.

5Renal Division, Department of Medicine, Faculty of Medicine and Medical Center - University of Freiburg, 79106 Freiburg, Germany.

6Harvard Medical School, Boston, MA, 02115, USA.

7Department of Pathology, Massachusetts General Hospital, Boston, MA, 02114, USA.

8 Wyss Institute for Biologically Inspired Engineering, Harvard University, Boston, MA, 02115, USA.

9 Division of Gastroenterology, Massachusetts General Hospital, Boston, MA, 02114, USA.

10|nstitute for Medical Engineering and Science, Department of Biological Engineering, Massachusetts Institute of Technology, Cambridge, MA, 02139, USA.
11 National Institute of Cancer Research, National Health Research Institutes, Tainan 704, Taiwan.

12 Division of Nephrology, Department of Medicine, Kaohsiung Medical University Hospital, Kaohsiung Medical University, Kaohsiung 807, Taiwan.

13 Department of Cardiology, Angiology and Intensive Care Medicine, Deutsches Herzzentrum der Charité, University Hospital Berlin, Campus Benjamin
Franklin, 12203 Berlin, Germany.

14DZHK (German Centre for Cardiovascular Research), Partner Site Berlin, 10785 Berlin, Germany.

15 Friede Springer Center for Cardiovascular Prevention, Charité-Universitdtsmedizin Berlin, 12203 Berlin, Germany.

16 German Rheumatism Research Center Berlin (DRFZ), An Institute of the Leibniz Foundation, 10117 Berlin, Germany.

*A.J.S. and Q.M. contributed equally to this work.

* Email: michael.kaminski@charite.de



Supplementary figure 1

RFU

RFU

RFU

RFU

x10°
59 .
Ty
4 /
3 .
2 .
14
0 T T 1
0 1000 2000 3000
time [s]
x10°
5 -
44 s
=1
3 .
2 .
14
0 — T T 1
0 1000 2000 3000
time [s]
x10°
5
4 —s—F— 5 5 5
==
3
2
1
—
0 T T 1
0 1000 2000 3000
time [s]
x10°
L
0 1 T T 1
0 1000 2000 3000
time [s]

@ Negative control

b

RFU

RFU

RFU

o CYP2C19*2 WT RNA (100 ng/ul)

x10°
5 -
4 B F— —
3 ] -3
2+ "
0 — T T 1
0 1000 2000 3000
time [s]
x10°
5
4 N
T 1 1
4
3 s
2
1
0+— — T T 1
0 1000 2000 3000
time [s]

|
T T T 1
0 1000 2000 3000

time [s]

T 1
2000 3000

T
0 1000
time [s]

RFU

RFU

RFU

RFU

o CYP2C19*2 HET RNA (100 ng/pl)

x10°

T T 1
0 1000 2000 3000

time [s]

x10°

0 T T 1
0 1000 2000 3000
time [s]
x10°
5
4 B =
3
2
1
0 T T 1
0 1000 2000 3000
time [s]

T T 1
0 1000 2000 3000

time [s]

o CYP2C19*2 MUT RNA (100 ng/ul)

Supplementary figure 1 | Raw fluorescence data for systematic LwaCas13a gRNA screen for CYP2C19*2
on synthetic RNA targets. Line graphs showing the fluorescence signal of the tested gRNAs for CYP2C19*2. (a)
for gRNA 2-1, (b) for gRNA 2-2, (c) for gRNA 2-3, (d) for gRNA 2-4, (e) for gRNA 2-5, (f) for gRNA 2-6, (g) for gRNA
2-7, (h) for gRNA 2-8, (i) for gRNA 2-9, (j) for gRNA 2-10, (k) for gRNA 2-11, and (I) for gRNA 2-12. x-axis indicates
time in seconds, y-axis indicates relative fluorescence signal units (RFU), and error bars indicate mean = SD. n =
3 technical replicates. Synthetic RNA targets at 100 ng/ul.
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Supplementary figure 2 | Raw fluorescence data for systematic LwaCas13a gRNA screen for CYP2C19*3
on synthetic RNA targets. Line graphs showing the fluorescence signal of the tested gRNAs for CYP2C19*3. (a)
for gRNA 3-1, (b) for gRNA 3-2, (c) for gRNA 3-3, (d) for gRNA 3-4, (e) for gRNA 3-5, (f) for gRNA 3-6, (g) for gRNA
3-7, (h) for gRNA 3-8, (i) for gRNA 3-9, (j) for gRNA 3-10, (k) for gRNA 3-11, and (I) for gRNA 3-12. x-axis indicates
time in seconds, y-axis indicates RFU, and error bars indicate mean + SD. n = 3 technical replicates. Synthetic
RNA targets at 100 ng/pl.
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Supplementary figure 3 | Raw fluorescence data for systematic LwaCas13a gRNA screen for CYP2C19*17
on synthetic RNA targets. Line graphs showing the fluorescence signal of the tested gRNAs for CYP2C19*17.
(a) for gRNA 17-1, (b) for gRNA 17-2, (c) for gRNA 17-3, (d) for gRNA 17-4, (e) for gRNA 17-5, (f) for gRNA 17-6,
(g) for gRNA 17-7, (h) for gRNA 17-8, (i) for gRNA 17-9, (j) for gRNA 17-10, (k) for gRNA 17-11, and (I) for gRNA
17-12. x-axis indicates time in seconds, y-axis indicates RFU, and error bars indicate mean + SD. n = 3 technical
replicates. Synthetic RNA targets at 100 ng/pl.



Supplementary figure 4

a

PAM 1
2-5-1
PAM 2
2-5-2
PAM 3
2-5-3
PAM 4
2-5-4
PAM 5
2-3-1

PAM 1
3-5-1
PAM 2
3-5-2
PAM 3
3-5-3
PAM 4
3-3-1
PAM 5
3-3-2

PAM 1
17-5-1
PAM 2
17-5-2
PAM 3
17-5-3
PAM 4
17-5-4
PAM 5
17-3-1

5'...CTATCATTGATTATTTCCCGGGAACCCATAACAAATTAC. .
3" .. .GATAGTAACTAATAAAGGGCCCTTGGGTATTGTTTAATG. .

5'...CTATCATTGATTATTTCCCGGGAACCCATAACAAATTAC. . .

3' .. . AAGGGCCCTTGGGTATTGTT...5"

5'...CTATCATTGATTATTTCCCGGGAACCCATAACAAATTAC. . .
3" .. .GGCCCTTGGGTATTGTTTAA. ..5"
5'...CTATCATTGATTATFTCCCGGGAACCCATAACAAATTAC. . .

.3
.5

3'...GCCCTTGGGTATTGTTTAAT...5"'

5'...CTATCATTGATTATTICCCGGGAACCCATAACAAATTAC. . .
3'...CCCTTGGGTATTGTTTAATG. . .
3'...GATAGTAACTAATAAAGGGCCCTTGGGTATTGTTTAATG. . .

5'...CTATCATTGATTATTTCCCG. ..3"

5'...GGATTGTAAGCACCCCCTGGATCCAGGTAAGGCCAAGTT. ..
3'...CCTAACATTCGTGGGGGACCTAGGTCCATTCCGGTTCAA. . .

5'...GGATTGTAAGCACCCCCTGGATCCAGGTAAGGCCAAGTT. . .
3'...GGGACCTAGGTCCATTCCGG. ..5"
5'...GGATTGTAAGCACCCCCTGGATCCAGGTAAGGCCAAGTT. ..
3'.. . ACCTAGGTCCATTCCGGTTC...5"
5'...GGATTGTAAGCACCECCTGGATCCAGGTAAGGCCAAGTT. . .

3'...CCTAGGTCCATTCCGGTTCA. ..5"

3'...CCTAACATTCGTGGGGGACCTAGGTCCATTCCGGTTCAA. ..
5'...AAGCACCCCCTGGATCCAGG. ..3"
3'...CCTAACATTCGTGGGGGACCTAGGTCCATTCCGGTTCAA. ..
5'...TTGTAAGCACCCCCTGGATC. ..3"

5'...GTGTCTTCTGTTCTCAAAGCATCTCTGATGTAAGAGATA. . .
3'...CACAGAAGACAAGAGTTTCGTAGAGACTACATTCTCTAT. ..

5'...GTGTCTTETGTTCTCAAAGCATCTCTGATGTAAGAGATA. . .
3'...AGAGTTTCGTAGAGACTACA. ..5"'
5'...GTGTCTTCTGITCTCAAAGCATCTCTGATGTAAGAGATA. . .
3'...GTTTCGTAGAGACTACATTC...5"'
5'. . .GTGTCTTCTGTITCTCAAAGCATCTCTGATGTAAGAGATA. . .
3'.. . TTTCGTAGAGACTACATTCT...5"'
5'...GTGTCTTCTGTTCTCAAAGCATCTCTGATGTAAGAGATA. . .
3'...TTCGTAGAGACTACATTCTC...5"
3'...CACAGAAGACAAGAGTTTCGTAGAGACTACATTCTCTAT. ..
5'...GTTCTCAAAGCATCTCTGAT. . .3

3

5

normalized AUC 60 - 30 min normalized AUC 60 - 30 min

normalized AUC 60 - 30 min

o Negative control

o CYP2C19*2 WT gDNA (50 ng/ul)

1.5

1.4 — i»
1.3 —

1.2 —
1.1 —

1.0 % %:%3
0.9 —
0.8
0.7 —
0.6 —|
0.5 —
0.4 —
0.3
0.2 —

*% %

*k %

0 CYP2C19*2 HET gDNA (50 ng/ul)
© CYP2C19*2 MUT gDNA (50 ng/pl)

*H kK
% *A X

0.1 ﬁ
0.0 T T
GRNA2:5-1  gRNA2-5:2

o Negative control
o CYP2C19*3 WT DNA (25 fM)

1.1+
1.0 — 2‘} S
0.9
0.8 —
0.7

0.6 —

Fo—o0 *%%

0.5
0.4 —
0.3 —
02—

0.1

)
B *xk

il

0.0

l
gRNA 2-3-1

ﬁﬂm fl

l l
gRNA 2- gRNA 2-5-4

o CYP2C19*3 HET DNA (25 fM)
o CYP2C19*3 MUT DNA (25 fM)

be }% sl

EE T
oo *%*
Ol ** %%

alll 0

l l
gRNA3-5-1  gRNA3-52

o

o Negative control

o CYP2C19*17 WT gDNA (50 ng/pl)

1.3 4
1.2 4

wd B
1.0 4 & &

0.9 — &
0.8 4
0.7 —
0.6 —
05—
0.4 —
0.3 —
02—

0.1
isi

[00]—o *

LRk

l
gRNA 3-5-3

0 CYP2C19*17 HET gDNA (50 ng/pl)
© CYP2C19*17 MUT gDNA (50 ng/ul)

}
B

fi |

0.0 \ \
gRNA 17-5-1  gRNA 17-5-2

f
\ I I

gRNA17-5-3  gRNA17-5-4  gRNA 17-3-1

Supplementary figure 4 | Systematic LbaCas12a gRNA screen for CYP2C19 genotyping. a, b, c, Left:
Alignment of target sequences and design of 5 different LbaCas12a WT-sensing gRNAs for CYP2C19*2 (a), *3 (b),
and *17 (c). The WT sequence is highlighted in blue, and the position of the PAM-sequence in grey. Right: Bar
graphs showing the fluorescence signal of the tested gRNAs for CYP2C19*2 (a), *3 (b), and *17 (c). n = 3
independent replicates. gDNA samples at 50 ng/ul for CYP2C19*2 and *17, and synthetic DNA targets at 25 fM for
*3. Bar graphs indicate mean + SD. P <0.05 (*), P <0.01 (**), P <0.001 (***), and P <0.0001 (****). Among those,
we selected the gRNAs with the highest WT/MUT fluorescence ratios. Selected gRNAs are marked by arrows.
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Supplementary figure 5 | CRISPR-based CYP2C19 genotyping in a patient cohort using the dual-guide
system. a-c, Box plots showing CRISPR-based genotyping for 110 samples from study participants collected
from the USA, Germany, and Taiwan. gDNA samples at 50 ng/pl were genotyped with the CRISPR-based assay
for CYP2C19*2 (a), *3 (b), and *17 (c) using the dual-guide system. LbaCas12a is illustrated on the top and
LwaCas13a at the bottom. Data points represent the mean of 3 independent replicates, with each point
corresponding to a different patient. Box plots indicate the median and interquartile range. Whiskers indicate the
minimum and maximum values. Normalized AUC values were calculated by normalizing the AUC of each patient
sample to the AUC of the corresponding synthetic positive control between 30 and 60 min. MUT synthetic
standard was used for LwaCas13a, and WT synthetic standard for LbaCas12a.



Supplementary table 1

Name MUT/HET ratio MUT/WT ratio Figure
gRNA 2-1 1.06 1.22 Fig. 1a
gRNA 2-2 1.15 2.12 Fig. 1a
gRNA 2-3 1.04 1.18 Fig. 1a
gRNA 2-4 1.12 1.33 Fig. 1a
gRNA 2-5 1.1 1.86 Fig. 1a
gRNA 2-6 1.09 1.28 Fig. 1a
gRNA 2-7 1.09 1.22 Fig. 1a
gRNA 2-8 1.05 1.13 Fig. 1a
gRNA 2-9 1.06 1.48 Fig. 1a
gRNA 2-10 1.02 1.12 Fig. 1a
gRNA 2-11 1.08 1.19 Fig. 1a
gRNA 2-12 1.09 1.22 Fig. 1a
gRNA 3-1 1.21 2.90 Fig. 1b
gRNA 3-2 1.20 2.00 Fig. 1b
gRNA 3-3 1.23 1.70 Fig. 1b
gRNA 3-4 1.41 2.29 Fig. 1b
gRNA 3-5 1.08 2.37 Fig. 1b
gRNA 3-6 1.21 1.48 Fig. 1b




gRNA 3-7 1.08 1.24 Fig. 1b
gRNA 3-8 1.02 1.29 Fig. 1b
gRNA 3-9 1.15 3.41 Fig. 1b
gRNA 3-10 1.21 1.68 Fig. 1b
gRNA 3-11 1.48 4.91 Fig. 1b
gRNA 3-12 1.98 4.33 Fig. 1b
gRNA 17-1 0.98 1.01 Fig. 1c
gRNA 17-2 1.02 1.00 Fig. 1c
gRNA 17-3 1.00 1.00 Fig. 1c
gRNA 17-4 0.95 1.03 Fig. 1c
gRNA 17-5 1.02 1.06 Fig. 1c
gRNA 17-6 0.98 0.98 Fig. 1c
gRNA 17-7 1.04 1.10 Fig. 1c
gRNA 17-8 0.91 0.88 Fig. 1c
gRNA 17-9 1.00 1.10 Fig. 1c
gRNA 17-10 1.02 5.41 Fig. 1c
gRNA 17-11 1.02 1.12 Fig. 1c
gRNA 17-12 1.47 2.07 Fig. 1c




Supplementary table 2

Name Groups Compared [P-Value Analysis Figure
gRNA 2-1 HET vs WT 0.00196 Multiple t-tests Fig. 1a
gRNA 2-1 HET vs MUT 0.03341 Multiple t-tests Fig. 1a
dgRNA 2-2 HET vs WT 0.00001 Multiple t-tests Fig. 1a
gRNA 2-2 HET vs MUT 0.00706 Multiple t-tests Fig. 1a
gRNA 2-3 HET vs WT 0.02064 Multiple t-tests Fig. 1a
gRNA 2-3 HET vs MUT 0.11808 Multiple t-tests Fig. 1a
gRNA 2-4 HET vs WT 0.00119 Multiple t-tests Fig. 1a
gRNA 2-4 HET vs MUT 0.02689 Multiple t-tests Fig. 1a
gRNA 2-5 HET vs WT 0.00006 Multiple t-tests Fig. 1a
gRNA 2-5 HET vs MUT 0.01959 Multiple t-tests Fig. 1a
gRNA 2-6 HET vs WT 0.00242 Multiple t-tests Fig. 1a
gRNA 2-6 HET vs MUT 0.00340 Multiple t-tests Fig. 1a
gRNA 2-7 HET vs WT 0.01853 Multiple t-tests Fig. 1a
gRNA 2-7 HET vs MUT 0.03484 Multiple t-tests Fig. 1a
gRNA 2-8 HET vs WT 0.01036 Multiple t-tests Fig. 1a
gRNA 2-8 HET vs MUT 0.11245 Multiple t-tests Fig. 1a
gRNA 2-9 HET vs WT 0.00007 Multiple t-tests Fig. 1a
gRNA 2-9 HET vs MUT 0.03488 Multiple t-tests Fig. 1a
gRNA 2-10 HET vs WT 0.00025 Multiple t-tests Fig. 1a
gRNA 2-10 HET vs MUT 0.11922 Multiple t-tests Fig. 1a
gRNA 2-11 HET vs WT 0.00221 Multiple t-tests Fig. 1a




gRNA 2-11 HET vs MUT 0.00466 Multiple t-tests Fig. 1a
gRNA 2-12 HET vs WT 0.00648 Multiple t-tests Fig. 1a
gRNA 2-12 HET vs MUT 0.02042 Multiple t-tests Fig. 1a
gRNA 3-1 HET vs WT 0.00012 Multiple t-tests Fig. 1b
gRNA 3-1 HET vs MUT 0.03851 Multiple t-tests Fig. 1b
gRNA 3-2 HET vs WT 0.01678 Multiple t-tests Fig. 1b
gRNA 3-2 HET vs MUT 0.11537 Multiple t-tests Fig. 1b
gRNA 3-3 HET vs WT 0.01208 Multiple t-tests Fig. 1b
gRNA 3-3 HET vs MUT 0.05783 Multiple t-tests Fig. 1b
gRNA 3-4 HET vs WT 0.00308 Multiple t-tests Fig. 1b
gRNA 3-4 HET vs MUT 0.00185 Multiple t-tests Fig. 1b
gRNA 3-5 HET vs WT 0.01477 Multiple t-tests Fig. 1b
gRNA 3-5 HET vs MUT 0.65473 Multiple t-tests Fig. 1b
gRNA 3-6 HET vs WT 0.02249 Multiple t-tests Fig. 1b
gRNA 3-6 HET vs MUT 0.03663 Multiple t-tests Fig. 1b
gRNA 3-7 HET vs WT 0.33858 Multiple t-tests Fig. 1b
gRNA 3-7 HET vs MUT 0.48670 Multiple t-tests Fig. 1b
gRNA 3-8 HET vs WT 0.04373 Multiple t-tests Fig. 1b
gRNA 3-8 HET vs MUT 0.68624 Multiple t-tests Fig. 1b
gRNA 3-9 HET vs WT 0.00159 Multiple t-tests Fig. 1b
gRNA 3-9 HET vs MUT 0.25927 Multiple t-tests Fig. 1b
gRNA 3-10 HET vs WT 0.01170 Multiple t-tests Fig. 1b
gRNA 3-10 HET vs MUT 0.01005 Multiple t-tests Fig. 1b
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gRNA 3-11 HET vs WT 0.00262 Multiple t-tests Fig. 1b
gRNA 3-11 HET vs MUT 0.09835 Multiple t-tests Fig. 1b
gRNA 3-12 HET vs WT 0.00946 Multiple t-tests Fig. 1b
gRNA 3-12 HET vs MUT 0.00312 Multiple t-tests Fig. 1b
gRNA 17-1 HET vs WT 0.19052 Multiple t-tests Fig. 1c
gRNA 17-1 HET vs MUT 0.34301 Multiple t-tests Fig. 1c
gRNA 17-2 HET vs WT 0.22851 Multiple t-tests Fig. 1c
gRNA 17-2 HET vs MUT 0.14392 Multiple t-tests Fig. 1c
gRNA 17-3 HET vs WT 0.72995 Multiple t-tests Fig. 1c
gRNA 17-3 HET vs MUT 0.96058 Multiple t-tests Fig. 1c
gRNA 17-4 HET vs WT 0.01047 Multiple t-tests Fig. 1c
gRNA 17-4 HET vs MUT 0.02138 Multiple t-tests Fig. 1c
gRNA 17-5 HET vs WT 0.03705 Multiple t-tests Fig. 1c
gRNA 17-5 HET vs MUT 0.09879 Multiple t-tests Fig. 1c
gRNA 17-6 HET vs WT 0.33772 Multiple t-tests Fig. 1c
gRNA 17-6 HET vs MUT 0.16889 Multiple t-tests Fig. 1c
gRNA 17-7 HET vs WT 0.01462 Multiple t-tests Fig. 1c
gRNA 17-7 HET vs MUT 0.15702 Multiple t-tests Fig. 1c
gRNA 17-8 HET vs WT 0.36726 Multiple t-tests Fig. 1c
gRNA 17-8 HET vs MUT 0.06127 Multiple t-tests Fig. 1c
gRNA 17-9 HET vs WT 0.00651 Multiple t-tests Fig. 1c
gRNA 17-9 HET vs MUT 0.91927 Multiple t-tests Fig. 1c
gRNA 17-10 HET vs WT 0.00001 Multiple t-tests Fig. 1c
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gRNA 17-10 HET vs MUT 0.60030 Multiple t-tests Fig. 1c
gRNA 17-11 HET vs WT 0.00430 Multiple t-tests Fig. 1c
gRNA 17-11 HET vs MUT 0.60809 Multiple t-tests Fig. 1¢c
gRNA 17-12 HET vs WT 0.01637 Multiple t-tests Fig. 1c
gRNA 17-12 HET vs MUT 0.00373 Multiple t-tests Fig. 1c
Supplementary table 3

Name MUT/HET ratio MUT/WT ratio Figure
gRNA 2-2 1.09 2.24 Fig. 2a
gRNA 3-12 1.30 3.50 Fig. 2a
gRNA 17-7 1.02 1.48 Fig. 2a
gRNA 17-9 0.99 1.27 Fig. 2a
gRNA 17-12 1.01 1.51 Fig. 2a
gRNA 2-2-R 1.04 1.97 Fig. 2¢
gRNA 2-2-L 1.14 3.17 Fig. 2c
gRNA 2-2-LR 1.08 2.93 Fig. 2¢
gRNA 17-7-R 1.03 1.21 Fig. 2¢
gRNA 17-7-L 0.98 1.19 Fig. 2¢
gRNA 17-7-LR 1.09 1.85 Fig. 2¢
gRNA 17-9-R 1.11 1.67 Fig. 2¢
gRNA 17-9-L 1.05 1.78 Fig. 2¢
gRNA 17-9-LR 1.20 4.93 Fig. 2c
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gRNA 17-12-R 1.05 1.19 Fig. 2¢
gRNA 17-12-L 0.95 0.90 Fig. 2¢
gRNA 17-12-LR 1.07 1.28 Fig. 2¢
Supplementary table 4

Name Groups Compared [P-Value Analysis Figure
gRNA 2-2 HET vs WT 0.00001 Multiple t-tests Fig. 2a
gRNA 2-2 HET vs MUT 0.00783 Multiple t-tests Fig. 2a
gRNA 3-12 HET vs WT 0.00060 Multiple t-tests Fig. 2a
gRNA 3-12 HET vs MUT 0.01420 Multiple t-tests Fig. 2a
gRNA 17-7 HET vs WT 0.00001 Multiple t-tests Fig. 2a
gRNA 17-7 HET vs MUT 0.42576 Multiple t-tests Fig. 2a
gRNA 17-9 HET vs WT 0.00001 Multiple t-tests Fig. 2a
gRNA 17-9 HET vs MUT 0.56425 Multiple t-tests Fig. 2a
gRNA 17-12 HET vs WT 0.00096 Multiple t-tests Fig. 2a
gRNA 17-12 HET vs MUT 0.90686 Multiple t-tests Fig. 2a
gRNA 2-2-R HET vs WT 0.00001 Multiple t-tests Fig. 2c
gRNA 2-2-R HET vs MUT 0.13711 Multiple t-tests Fig. 2c
gRNA 2-2-L HET vs WT 0.00001 Multiple t-tests Fig. 2¢c
gRNA 2-2-L HET vs MUT 0.00055 Multiple t-tests Fig. 2¢c
gRNA 2-2-LR HET vs WT 0.00001 Multiple t-tests Fig. 2c
gRNA 2-2-LR HET vs MUT 0.03903 Multiple t-tests Fig. 2¢
gRNA 17-7-R HET vs WT 0.00001 Multiple t-tests Fig. 2c
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gRNA 17-7-R HET vs MUT 0.03947 Multiple t-tests Fig. 2c
gRNA 17-7-L HET vs WT 0.00001 Multiple t-tests Fig. 2c
gRNA 17-7-L HET vs MUT 0.24356 Multiple t-tests Fig. 2c
gRNA 17-7-LR HET vs WT 0.00001 Multiple t-tests Fig. 2c
gRNA 17-7-LR HET vs MUT 0.00328 Multiple t-tests Fig. 2c
gRNA 17-9-R HET vs WT 0.00000 Multiple t-tests Fig. 2c
gRNA 17-9-R HET vs MUT 0.00311 Multiple t-tests Fig. 2c
gRNA 17-9-L HET vs WT 0.00000 Multiple t-tests Fig. 2c
gRNA 17-9-L HET vs MUT 0.31088 Multiple t-tests Fig. 2c
gRNA 17-9-LR HET vs WT 0.00001 Multiple t-tests Fig. 2¢c
gRNA 17-9-LR HET vs MUT 0.00504 Multiple t-tests Fig. 2¢c
gRNA 17-12-R HET vs WT 0.00000 Multiple t-tests Fig. 2¢
gRNA 17-12-R HET vs MUT 0.01085 Multiple t-tests Fig. 2c
gRNA 17-12-L HET vs WT 0.02737 Multiple t-tests Fig. 2c
gRNA 17-12-L HET vs MUT 0.00751 Multiple t-tests Fig. 2c
gRNA 17-12-LR HET vs WT 0.00001 Multiple t-tests Fig. 2c
gRNA 17-12-LR HET vs MUT 0.00508 Multiple t-tests Fig. 2¢
Supplementary table 5

Name WT/MUT ratio Figure

gRNA 2-5-1 1,43 S1a

gRNA 2-5-2 1,66 S1a

gRNA 2-5-3 1,62 S1a
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gRNA 2-5-4 3,87 S1a

gRNA 2-3-1 2,59 S1a

gRNA 3-5-1 4,86 S1b

gRNA 3-5-2 1,60 S1b

gRNA 3-5-3 8,69 S1b

gRNA 3-3-1 2,22 S1b

gRNA 3-3-2 4,34 S1b

gRNA 17-5-1 1,31 S1c

gRNA 17-5-2 4,39 S1c

gRNA 17-5-3 5,16 S1c

gRNA 17-5-4 7,00 S1c

gRNA 17-3-1 1,08 S1c
Supplementary table 6

Name Groups Compared [P-Value Analysis Figure
gRNA 2-5-1 WT vs MUT 0.00564 Multiple t-tests S1a
gRNA 2-5-2 WT vs MUT 0.00033 Multiple t-tests S1a
gRNA 2-5-3 WT vs MUT 0.00033 Multiple t-tests S1a
gRNA 2-5-4 WT vs MUT 0.00001 Multiple t-tests S1a
gRNA 2-3-1 WT vs MUT 0.00021 Multiple t-tests  [S1a
gRNA 3-5-1 WT vs MUT 0.00001 Multiple t-tests S1b
gRNA 3-5-2 WT vs MUT 0.00100 Multiple t-tests S1b
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gRNA 3-5-3 WT vs MUT 0.00002 Multiple t-tests S1b
gRNA 3-3-1 WT vs MUT 0.00019 Multiple t-tests S1b
gRNA 3-3-2 WT vs MUT 0.00001 Multiple t-tests S1b
gRNA 17-5-1 WT vs MUT 0.01037 Multiple t-tests Sic
gRNA 17-5-2 WT vs MUT 0.00001 Multiple t-tests Sic
gRNA 17-5-3 WT vs MUT 0.00001 Multiple t-tests Sic
gRNA 17-5-4 WT vs MUT 0.00001 Multiple t-tests S1c
gRNA 17-3-1 WT vs MUT 0.29729 Multiple t-tests Sic
Supplementary table 7
Name Cas-Enzyme Genotype Genotyping score Figure
Simplified crude extraction [LbaCas12a WT 1.00 Fig. 5d
Simplified crude extraction [LbaCas12a HET 1.24 Fig. 5d
Simplified crude extraction [LbaCas12a MUT 0.45 Fig. 5d
Simplified crude extraction |LwaCas13a WT 0.28 Fig. 5d
Simplified crude extraction |LwaCas13a HET 1.20 Fig. 5d
Simplified crude extraction |LwaCas13a MUT 1.00 Fig. 5d
Supplementary table 8
Name Description | Sequence Target Figure
FP17-RPA | Forward GAAATTAATACGACTCACTATAGG CYP2C19*17 | Fig. 2a
RPA Primer | gaataactaatgtttggaagttgttttgttttgct
RP17-RPA | Reverse gcccatcgtggegcattatctctta CYP2C19*17 Fig. 2a
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RPA Primer

FP3-RPA Forward GAAATTAATACGACTCACTATAGG CYP2C19*3 Fig. 2a
RPA Primer | atcagcaatticttaacttgatggaaaaat

RP3-RPA Reverse gtaagtggtttctcaggaagcaaaa CYP2C19*3 Fig. 2a
RPA Primer

FP2-RPA Forward GAAATTAATACGACTCACTATAGG CYP2C19*2 Fig. 2a
RPA Primer | ttgttttctcttagatatgcaataattttc

RP2-RPA Reverse tttctccaaaatatcactttccataaaagc CYP2C19*2 Fig. 2a
RPA Primer

FP2-PCR* | Forward GAAATTAATACGACTCACTATAGGC | CYP2C19*2 Fig. 3b,f
PCR Primer | AGAGCTTGGCATATTGTATC

RP2-PCR* | Reverse GTAAACACAAAACTAGTCAATG CYP2C19*2 Fig. 3b,f
PCR Primer

FP3-PCR* | Forward GAAATTAATACGACTCACTATAGGT | CYP2C19*3 Fig. 3c,g
PCR Primer | GTGCTCCCTGCAATGTGAT

RP3-PCR* | Reverse TTTGGGGCTGTCACCAAAGT CYP2C19*3 Fig. 3c,g
PCR Primer

FP17- Forward GAAATTAATACGACTCACTATAGGG | CYP2C19*17 Fig. 3d,h

PCR* PCR Primer | CCCTTAGCACCAAATTCTC

RP17- Reverse ATTTAACCCCCTAAAAAAACACG CYP2C19*17 Fig. 3d,h

PCR* PCR Primer

Supplementary table 9
Name Sequence Target Figure
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gRNA 2-1 CYP2C19*2 ttttcccactatcattgattatttcccAGTTTTAGTCCCCTTCGTTT | Fig. 1a
TTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaattic

gRNA 2-2 CYP2C19*2 tttcccactatcattgattatttcccAQGTTTTAGTCCCCTTCGTTT | Fig. 1a
TTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaattic

gRNA 2-3 CYP2C19*2 ttcccactatcattgattatttcccAggGTTTTAGTCCCCTTCGTT Fig. 1a
TTTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaatttc

gRNA 24 CYP2C19*2 tcccactatcattgattatttcccAggaGTTTTAGTCCCCTTCGTT | Fig. 1a
TTTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaatttc

gRNA 2-5 CYP2C19*2 cccactatcattgattatttcccAggaaGTTTTAGTCCCCTTCGTT | Fig. 1a
TTTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaatttc

gRNA 2-6 CYP2C19*2 ccactatcattgattatttcccAggaacGTTTTAGTCCCCTTCGTT | Fig. 1a
TTTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaatttc

gRNA 2-7 CYP2C19*2 cactatcattgattatttcccAggaaccGTTTTAGTCCCCTTCGTT | Fig. 1a
TTTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaatttc

gRNA 2-8 CYP2C19*2 actatcattgattatttcccAggaacccGTTTTAGTCCCCTTCGTT | Fig. 1a
TTTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaatttc

gRNA 2-9 CYP2C19*2 ctatcattgattatttcccAggaacccaGTTTTAGTCCCCTTCGTT | Fig. 1a
TTTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaatttc

gRNA 2-10 CYP2C19*2 tatcattgattatttcccAggaacccatGTTTTAGTCCCCTTCGTT | Fig. 1a
TTTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaatttc

gRNA 2-11 CYP2C19*2 atcattgattatttcccAggaacccataGTTTTAGTCCCCTTCGT | Fig. 1a
TTTTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaatttc

gRNA2-12 | CYP2C19*2 tcattgattatttcccAggaacccataaGTTTTAGTCCCCTTCGT | Fig. 1a

TTTTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaatttc
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gRNA2-2R | CYP2C19*2 tttcccactatcattgattatttcccAcGTTTTAGTCCCCTTCGTTT | Fig. 2¢
TTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaattic

gRNA 2-2L CYP2C19*2 tttcccactatcattgattatttccgAgGTTTTAGTCCCCTTCGTTT | Fig. 2¢
TTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaattic

gRNA CYP2C19*2 tttcccactatcattgattatttccgAcGTTTTAGTCCCCTTCGTTT | Fig. 2c

2-2LR TTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaattic

gRNA 3-1 CYP2C19*3 aaacatcaggattgtaagcaccccctgAGTTTTAGTCCCCTTCG | Fig. 1b
TTTTTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaatttc

gRNA 3-2 CYP2C19*3 aacatcaggattgtaagcaccccctgAaGTTTTAGTCCCCTTCG | Fig. 1b
TTTTTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaatttc

gRNA 3-3 CYP2C19*3 acatcaggattgtaagcaccccctgAatGTTTTAGTCCCCTTCG | Fig. 1b
TTTTTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaatttc

gRNA 3-4 CYP2C19*3 catcaggattgtaagcaccccctgAatcGTTTTAGTCCCCTTCG | Fig. 1b
TTTTTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaatttc

gRNA 3-5 CYP2C19*3 atcaggattgtaagcaccccctgAatccGTTTTAGTCCCCTTCG | Fig. 1b
TTTTTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaatttc

gRNA 3-6 CYP2C19*3 tcaggattgtaagcaccccctgAatccaGTTTTAGTCCCCTTCG | Fig. 1b
TTTTTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaatttc

gRNA 3-7 CYP2C19*3 caggattgtaagcaccccctgAatccagGTTTTAGTCCCCTTCG | Fig. 1b
TTTTTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaatttc

gRNA 3-8 CYP2C19*3 aggattgtaagcaccccctgAatccaggGTTTTAGTCCCCTTCG | Fig. 1b
TTTTTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaatttc

gRNA 3-9 CYP2C19*3 ggattgtaagcaccccctgAatccaggtGTTTTAGTCCCCTTCG | Fig. 1b

TTTTTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaatttc
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gRNA 3-10 CYP2C19*3 gattgtaagcaccccctgAatccaggtaGTTTTAGTCCCCTTCG | Fig. 1b
TTTTTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaatttc

gRNA 3-11 CYP2C19*3 attgtaagcaccccctgAatccaggtaaGTTTTAGTCCCCTTCG | Fig. 1b
TTTTTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaatttc

gRNA 3-12 CYP2C19*3 ttgtaagcaccccctgAatccaggtaagGTTTTAGTCCCCTTCG | Fig. 1b
TTTTTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaatttc

gRNA 17-1 CYP2C19*17 | tcaaatttgtgtcttctgttctcaaagTGTTTTAGTCCCCTTCGTTT | Fig. 1c
TTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaattic

gRNA 17-2 CYP2C19*17 | caaatttgtgtcttctgtictcaaagTaGTTTTAGTCCCCTTCGTT Fig. 1c
TTTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaatttc

gRNA 17-3 CYP2C19*17 | aaatttgtgtctictgttctcaaagTatGTTTTAGTCCCCTTCGTTT | Fig. 1c
TTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaattic

gRNA 17-4 CYP2C19*17 | aatttgtgtctictgttctcaaagTatcGTTTTAGTCCCCTTCGTTT | Fig. 1c
TTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaatttc

gRNA 17-5 CYP2C19*17 | atttgtgtcttcigtictcaaagTatctGTTTTAGTCCCCTTCGTTT Fig. 1c
TTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaattic

gRNA 17-6 CYP2C19*17 | tttgtgtcttctgtictcaaagTatctcGTTTTAGTCCCCTTCGTTT Fig. 1c
TTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaattic

gRNA 17-7 CYP2C19*17 | ttgtgtctictgtictcaaagTatctctGTTTTAGTCCCCTTCGTTT Fig. 1c
TTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaatttc

gRNA 17-8 CYP2C19*17 | tgtgtcttctgtictcaaagTatctctgGTTTTAGTCCCCTTCGTTT | Fig. 1c
TTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaattic

gRNA 17-9 CYP2C19*17 | gtgtcttctgtictcaaagTatctctgaGTTTTAGTCCCCTTCGTTT | Fig. 1c
TTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaattic
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gRNA 17-10 | CYP2C19*17 | tgtctictgtictcaaagTatctctgatGTTTTAGTCCCCTTCGTTT | Fig. 1c
TTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaattic

gRNA 17-11 | CYP2C19*17 | gtctictgttctcaaagTatctctgatgGTTTTAGTCCCCTTCGTTT | Fig. 1c
TTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaattic

gRNA 17-12 | CYP2C19*17 | tcttctgttctcaaagTatctctgatgtGTTTTAGTCCCCTTCGTTT | Fig. 1c
TTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaattic

gRNA CYP2C19*17 | ttgtgtctictgtictcaaaCTatctctGTTTTAGTCCCCTTCGTTT | Fig. 2c

17-7R TTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaattic

gRNA CYP2C19*17 | ttgtgtctictgtictcaaagTTtctctGTTTTAGTCCCCTTCGTTT | Fig. 2¢c

17-7L TTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaattic

gRNA CYP2C19*17 | ttgtgtctictgtictcaaaCTTtctctGTTTTAGTCCCCTTCGTTT | Fig. 2¢c

17-7LR TTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaattic

gRNA CYP2C19*17 | gtgtcttctgtictcaaagT TtctctgaGTTTTAGTCCCCTTCGTT | Fig. 2¢

17-9R TTTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaatttc

gRNA CYP2C19*17 | gtgtcttctgtictcaaaCTatctctgaGTTTTAGTCCCCTTCGTT | Fig. 2¢

17-9L TTTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaatttc

gRNA CYP2C19*17 | gtgtcttctgttctcaaaCTTtctctgaGTTTTAGTCCCCTTCGTT | Fig. 2¢

17-9LR TTTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaatttc

gRNA CYP2C19*17 | tcttctgttctcaaagT TtctctgatgtGTTTTAGTCCCCTTCGTTT | Fig. 2¢c

17-12R TTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaatttc

gRNA CYP2C19*17 | ftcttctgttctcaaaCTatctctgatgtGTTTTAGTCCCCTTCGTTT | Fig. 2¢

17-12L TTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaattic

gRNA CYP2C19*17 | tcttctgttctcaaaCTTtctctgatgtGTTTTAGTCCCCTTCGTT Fig. 2c

17-12LR TTTGGGGTAGTCTAAAT Ccctatagtgagtcgtattaatttc
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Supplementary table 10

ATAGTGAGTCGTATTAATTTC

Name Sequence Target Figure

gRNA 2-5-1 CYP2C19*2 |ttgttatgggttcccgggaaATCTACACTTAGTAGAAATTACCTA| S1
TAGTGAGTCGTATTAATTTC

gRNA 2-5-2 CYP2C19*2 |aatttgttatgggttcccggATCTACACTTAGTAGAAATTACCTA | S1
TAGTGAGTCGTATTAATTTC

gRNA 2-5-3 CYP2C19*2 |taatttgttatgggttcccgATCTACACTTAGTAGAAATTACCTAT| S1
AGTGAGTCGTATTAATTTC

gRNA 2-5-4 CYP2C19*2 |gtaatttgttatgggttcccATCTACACTTAGTAGAAATTACCTAT| S1
AGTGAGTCGTATTAATTTC

gRNA 2-3-1 CYP2C19*2 |ctatcattgattatttcccgATCTACACTTAGTAGAAATTACCTAT | S1
AGTGAGTCGTATTAATTTC

gRNA 3-5-1 CYP2C19*3 |ttggccttacctggatccagATCTACACTTAGTAGAAATTACCT | S1
ATAGTGAGTCGTATTAATTTC

gRNA 3-5-2 CYP2C19*3 |cttggccttacctggatccaATCTACACTTAGTAGAAATTACCTA| S1
TAGTGAGTCGTATTAATTTC

gRNA 3-5-3 CYP2C19*3 |aacttggccttacctggatcATCTACACTTAGTAGAAATTACCT | S1
ATAGTGAGTCGTATTAATTTC

gRNA 3-3-1 CYP2C19*3 [aagcaccccctggatccaggATCTACACTTAGTAGAAATTACC | S1
TATAGTGAGTCGTATTAATTTC

gRNA 3-3-2 CYP2C19*3 |ttgtaagcaccccctggatcATCTACACTTAGTAGAAATTACCT | S1
ATAGTGAGTCGTATTAATTTC

gRNA 17-5-1 CYP2C19*17 |acatcagagatgctttgagaATCTACACTTAGTAGAAATTACCT| S1
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gRNA 17-5-2 CYP2C19*17 |cttacatcagagatgctttgATCTACACTTAGTAGAAATTACCTA| S1
TAGTGAGTCGTATTAATTTC
gRNA 17-5-3 CYP2C19*17 |tcttacatcagagatgctttATCTACACTTAGTAGAAATTACCTA | S1
TAGTGAGTCGTATTAATTTC
gRNA 17-5-4 CYP2C19*17 |ctcttacatcagagatgcttATCTACACTTAGTAGAAATTACCTA | S1
TAGTGAGTCGTATTAATTTC
gRNA 17-3-1 CYP2C19*17 |gttctcaaagcatctctgatATCTACACTTAGTAGAAATTACCTA | S1
TAGTGAGTCGTATTAATTTC
Supplementary table 11
Name Sequence Figure
CYP2C19 | GAAATTAATACGACTCACTATAGGagttttaaattacaaccagagcttggcatattgtatct | Fig. 1a,
2 WT atacctttattaaatgcttttaatttaataaattattgttttctcttagatatgcaataattttcccactatcattgatt | 2a, 2c
atttcccgggaacccataacaaattacttaaaaaccttgcttttatggaaagtgatattttggagaaagta
aaagaacaccaagaatcgatggacatcaacaaccctcgggactttattgattgcttcctgat
CYP2C19 | GAAATTAATACGACTCACTATAGGagttttaaattacaaccagagcttggcatattgtatct | Fig. 1a,
*2 MUT atacctttattaaatgcttttaatttaataaattattgttttctcttagatatgcaataattttcccactatcattgatt | 2a, 2c
atttcccAggaacccataacaaattacttaaaaaccttgcttttatggaaagtgatattttggagaaagta
aaagaacaccaagaatcgatggacatcaacaaccctcgggactttattgattgcttcctgat
CYP2C19 | GAAATTAATACGACTCACTATAGGggctgtgctccctgcaatgtgatctgctecattattttce | Fig. 1b,
*3WT agaaacgtttcgattataaagatcagcaatttcttaacttgatggaaaaattgaatgaaaacatcaggatt | 2a
gtaagcaccccctggatccaggtaaggccaagttttttgcttcctgagaaaccacttacagtctttttttctg
ggaaatccaaaattctatattgaccaagccctgaagtacatttttgaatactacagtcttgcctaga
CYP2C19 | GAAATTAATACGACTCACTATAGGggctgtgctccctgcaatgtgatctgctecattattttce | Fig. 1b,
*3 MUT agaaacgtttcgattataaagatcagcaatttcttaacttgatggaaaaattgaatgaaaacatcaggatt | 2a
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gtaagcaccccctgAatccaggtaaggccaagttttttgcticctgagaaaccacttacagtctttttttctg

ggaaatccaaaattctatattgaccaagccctgaagtacatttttgaatactacagtcttgcctaga

CYP2C19 | GAAATTAATACGACTCACTATAGGtttatgaacaggatgaatgtggtatataticagaata Fig. 1c,
17 WT actaatgtttggaagttgtttigttttgctaaaacaaagttttagcaaacgattttttttttcaaatttgtgtcttctgt | 2a, 2c
tctcaaagcatctctgatgtaagagataatgcgccacgatgggcatcagaagacctcagctcaaatcc

cagttctgccagctatgagctgtgtggcaccaacaggtgtcctgttctcccagggtctececttttc

CYP2C19 | GAAATTAATACGACTCACTATAGGtttatgaacaggatgaatgtggtatataticagaata Fig. 1c,
*17 MUT actaatgtttggaagttgtttigttttgctaaaacaaagttttagcaaacgattttttttttcaaatttgtgtcttctgt | 2a, 2c
tctcaaagTatctctgatgtaagagataatgcgccacgatgggcatcagaagacctcagctcaaatce

cagttctgccagctatgagctgtgtggcaccaacaggtgtcctgttctcccagggtctccecttttc

Supplementary table 12

Name Sequence Fluorophore | Figure

Poly U FAM /56-FAM/rUrUrUrUrU/3IABKFQ/ FAM Fig. 1a-c
Texas Red /STEX615/T*A*rArUG*C*/3IAbRQSp/ | Texas Red Fig. 2-4, 5d
HEX SHEX/TTATT/3IABKFQ HEX Fig. 3, 4, 5d, S1
Digoxigenin-FAM | 56-FAM/TTATTATT/3DigN FAM Fig. 5b
Biotin-FAM 56-FAM/UUUUUUUUUUUUUU/3BIo | FAM Fig. 5b
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