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60—70%

Deletion Mutation r) m

Part of the gene is deleted

5—-15%
Duplication Mutation

Part of the gene is repeated

HEIEEE |

Other Changes

20% are point mutations,
small deletions or insertions
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Exon deletion: Duchenne muscular dystrophy
Prednisolone OH  Deflazacort /\\\ pre-mRNA mRNA S
on-functiona
o’ © PDX—20 — X —
Premature stop codon
Reading frame disrupted
Exon skipping: partial phenotype restoration
pre-mRNA mRNA
Partially functional
DX — —— — Yo
LLLLULLLLL
Antisense :
oligonucleotide (AON) Reading frame restored

Exon 44 hidden from splicing machinery

| |

X Restore the reading frame to produce a shortened
X Can preserve muscle strength

; . _ but partially functional dystrophin protein
but their benefit is symptomatic and temporary But benefit only 10%-15% of DMD patients

efficiency of dystrophin restoration is often low
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ABD2 DgBD SBD DbBD
RIRRRRRRRRRRRRRRH|RIRRRRRI = or | 427 kD
() S 3 4(5(6|7|8[9|10|11({12|13|14(15(16[17|18|19| 3 [20]21|22[23]24
L BRI RERE
. . Viral cargo/genome | Name Microdystrophin transgene structure AAV serotype | Promoter Notes
Capsid (serotype specific) ~4.7 kb
<%§> \ g‘el"‘dé’s H1 H2 _ H4
elandistrogene moxeparvovec Approved by
(Sarepta Tx)

HA1 H2 _ H4

GNTO0004
(Genethon/Sarepta Tx) N ABD /\m/\@/\m C AAV8 Spcb5-12
ITR
) PF-06939926 H1 H3 H4
Fordadistrogene movaparvovec N ABD c AAV9 MSP Discontinued
(Pfizer)

A BEl ZHIBENEE,

SLoS AR AT | SGT-001 H1 H4 Deprioritzed:
EKK*XWIBE%J (Solid Biosciences) N ABD /\W\mc AAV9 CK8 fo;uGs_Il_?gO%n
HA1 H2 _ H4
ESE)SE?\]Z)(B'O) N ABD /\mwf AAV8 Spc5-12
awsrE — EEA Liver injury, hypertransaminasaemia, rhabdomyolysis, immune-mediated myositis,
Quar:Q-Gao:etal-2015 myocarditis, increased transaminases, left ventricular dysfunction, gamma-
Katarzyna Chwalenia et al. 2025 glutamyl transferase and transaminase increased... =4
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Workflow Overview

Step 2

Step 4
BWAELTIE SAN XA T
Step 1 Step 3
{ERfastpSH iR MBAMIZ{4rhizEY 5

plllEdET)
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Step 1: fERfastp S HWNimNFER5

Typical Scenario

Forward Primer
ettt

| Reverse Read

Forward Read | " ] Reverse Primer
E P
L |
Reconstructed Sequence
Highly-Overlapping Scenario
Forward Primer
T
Forward Read | K =
15 i | Reverse Read
' i Reverse Primer
[ |
Reconstructed Sequence
BIEEA FaHE

Read 1 0 Index Read Read 2 °

DNA DNA
insert insert

Index | &

fastp “$r1” “$r2" \
"$sid.merge.fastq.gz" \
"$sid.unpairedl. fastq.gz" \
"$sid.unpaired2. fastqg.gz" \

"$sid.failed.fastq.gz" \

4 \
"$sid.merge.html" \
"$sid.merge.json"
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1 MIFFEETRALIRREE

Step 2: BWALEXS & BAMI{HEERY,

BWA (Burrows-Wheeler Aligner) 2—fS3HIEMMEEZLLN TR, FTIEDNARS (FRIEEIKEE) L
SRIABISEEFE WMAEXERE) . BET Burrows-WheelerZSiz (BWT) #1 FM ZB|FA, M T HE
TERFMREIG R,

BWA B2=METEFZX:

BWA-backtrack: 1&& <100bp F9iE%5 (BHAIlluminaz{dE) .
BWA-SW: 3z§570bpZlJLE S bpHHSFH.
BWA-MEM: #EZRIBRARZE, &S 270bp ISREFY, EEREEHRES.

XA BWA-MEM 2—fEHtES &%=, BT ERIIERESKERFISABESERERH (WAR)
b3, ©BzhidkRE local #1 end-to-end LUXY, SZIFRXTURIEER (paired-end reads) FHUTERSLLXT. ZEEXT
FREEBEHM, ERTM 70bp EJLBEARER ZFIKE. X7F 100 bp FFIRIENM, BWA-MEM XK
MTFI2S N ISR THAER LU 2S.

B LR AFSHEITAS (maximal exact matches, MEM) i#1T seeding alignments, B{#EF SW (affine-

gap Smith-Waterman) E;%#17 seeds AIZE(H,

BIEEH REHE <8>
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Step 2: BWALEXS & BAMI{HEERY,

SAM (Sequence Alignment/Map) &2 FFEFIHASEENFEXIERARNERN. SAM XU4E
RN AET, T BAM (Binary Alignment/Map) SFEE THFIFZ(, THEISUS S AN#ETEELI A
XN, BIEEERER. IEESHLCXTTAETLAERSAMIETL, W1 HISAT2, bwa, minimap2 %,
samtools [ JHT4E SAM #1 BAM HRITEHE, 8iFHRF. R5l. 1&VERE.

BAMIZ 4N EEEB AR :

« 3LEE (Header) : AEERD, BEXTHIRR. SEFFIFILLIAERERE.

EEXIEB7> (Alignment Section) : B—{TXN—NUFEZENLLIIER, 8821 FK, WZRRID,
EESIfiE. b REESE.

Align to reference (BWA-MEM) Sort & index BAM files (samtools)

bwa mem 4 @RG\tID:$sid\tSM:$sid" "$REF_FASTA" "$merged_file" | \ s e T e

samtools sort p. "$BAM_DIR/$sid.merge.sort.bam"

i}

BEBH &5HE <9>
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1 MFREY:

Step 3 & 4: MABAMIZ(4HRIZENESI & STER1TE]

» Extract region from BAM
» Filter: MAPQ = 30, full coverage
* Translate DNA — AA

Target Region:
3811 - 3855

def extract_sequences_vectorized(read_align_position_list, read_sequence, start_pos, end_pos):
positions = np.array(read_align_position_list)
read_positions = positions[:, @]
read_positions read_positions == None] = 0
ref_positions = positions[:, 1]

ref_positions ref_positions == None] = 0

extract_start_pos = np.where(ref_positions >= start_pos-1)[0] [0]
extract_end_pos = extract_start_pos + end_pos - start_pos + 1
extracted_sequence = read_sequencel[extract_start_pos:extract_end_pos]
return extracted_sequence

i}
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Step 2 Step 4
B (RIEIE(F HERALSH

Top Candidates

Step 1 Step 3
FilitEsEk & Clustal Omega$2
logFC FFHILLRS

logFC,; = log, (m)

i}

BEBH &5HE <11 >

C



NELF PR

PEKING UNIVERSITY

EX PR

Hit Status * negative ¢ positive
Hit Status * negative * positive

P 1e+05+ 2

1e+051 ~ 0
1e+03

1e+03 1
1e+01 -

1e+01 -

. . . 1 10 100 1000 10000
1e+01 1e+03 1e+05
RPM>10, logFC>2 - RPM>10, logFC>4
BBl ®RaHE <12 >
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# EMBL-EBI home © About us Q EMBL-EBI

N

%, Services &2 Research & Trai

Clustal Omega is a new multiple sequence alignment program that uses seeded

Clustal Omega

guide trees and HMM profile-profile techniques to generate alignments
Multiple Sequence Alignment (MSA)

between three or more sequences

(a)

S ERAELIEE  Tool Output  Visual Output  Functional Predictions  Submission Details

Selection: 5
Align. . DBID . Source -
Select All  Invert = Clear e >
7)1 SP:GSTM1_MOUSE Glutathione S-transferase Mu 1 OS=Mus musculus GN=Gstm1 PE=1 SV=2 ( b)
Apply to selection: S L : =
oey GrosS-To £ rokared ik LEDLE Result Summary Phylogenetic Tree Submission Details C
Annotations: » Gene expression » Small molecules » Nucleotide seq »G » Samples & ontolog 2 (20D
Show | | Hide » Molecular interactions » Enzymes P Protein families P Literature P Protein sequences Download Alignment File Hide COlOrS[ Send to Clustalw2_Phylogeny ]
» Reactions, pathways & diseases
Alignments: V)2 SP:GSTM1_RAT Glutathione S-transferase Mu 1 OS=Rattus norvegicus GN=Gstm1 PE=1 SV=2 CLUSTAL O(1.2.1) multiple sequence alignment
- i K in: SpIP20136{GSTM2_CHICK 0.18162
Show | | Hide Cross-references and relatgd:n/onnat;on in: ) = ) : i o e
» Small molecules » Nucleotide seqt » Samples & ontologies » Enzymes » Protein families » Literature SPIPEA26|GSTP_DIRIM 0.20519
i s : o
Entries: 5p| P10649 | G: $DIP16413]GSTMU_CAVPO 0.11291
= v|3 SP:GSTMU_CRILO  Glutathione S-transferase Y1 OS=Cricetulus longicaudatus PE=2 SV=2 :p:é’.‘;?’)';l’is 5 SpIP19639|GSTMA_MOUSE 0.08709
in - e 3p| Q0! $pIPL0649|GSTMI_MOUSE 0.03749
Bovaiod = Cross-references and related information in: S i 99IPONOSIOETIL AAT 0.03131
format » Small molecules » Nucleotide seq: » Samples & ontologies » Enzymes » Protein families W Literature :::,”:f:s,:" ;;’,‘::?;',;
[ \ » Protein sequences $pIPI0116|GSTMU_MESAU 0.06204
e s SPIQINOVA|GSTMI_BOVIN 0.09025
. PAGAIOIGSTMS_HUMAN 0.00423
Tools: vi4 SP:GSTM4_MOUSE  Glutathione S-transferase Mu 3 OS=Mus musculus GN=Gstm3 PE=1 SV=2 ::qlmwu GSTM7_MOUSE 0.0848¢
Launch | Clustal Omega : i $PIQSRBESIGSTMZ_PONAB 0.01722
g ! Cross-references and related information in: $PIQIBEBOIGSTM_MACFU 0
Clustal Omega » Gene expression » Small molecules » Nucleotide sequences » G » Samples & logies P Enzymes sp| PE003 SPIQITSMAIGSTM2_MACFA O
ClustalW2 sp|P46426|GSTP_DIR SPIGRTEMEIGETILMACE 6.00011
DbClustal » Protein families b Literature b Protein seq »R . pathways & d sp|P10299 | GSTPI_CAEEL $PIQOI013|GSTMA_HUMAN 0.01842
usta .
Kalign 7|5 SP:GSTM2_MOUSE  Glutathione S-transferase Mu 2 OS=Mus musculus GN=Gstm2 PE=1 SV=2
MAFFT Cross-references and related inforration in:
MUSCLE » Gene expi ion » Small molecules » Nucleotid: q » G » Samples & logi
MView » Molecular interactions » Enzymes » Protein families » Literature » Protein sequences

T-Coffee j

» Reactions, pathways & diseases
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3 EFAlphaFold3RIGE TRl

pLDDT MtV 2B SFEREESEMENEE. BHRE
BR90+, XIEBER70-90, EEB50-70, £I50-
pTM FHEHEBNMNE YR AFZNCISE, nJLAERE
fApLDDTHIZR/MR (FIARRAETF1Y)

ip TV EASEAZEEEERRANRE, kR
WMRipTMETF0.6, EHRETMNNEESREIEETSE

IpTM = 0.52
pTM = 0.59

BB/ FFaHE <17 >
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IpTM = 0.92
PTM =0.93
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1. In vitro functional validation

1EIFAAV B S A LUE B =R 5 R AR

2. In vivo muscle transduction in mice
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