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Background/Motivation

CRISPR-Cas9 has emerged as a highly efficient and programmable
tool for genome engineering. Beyond simple gene knockouts, Cas9
enables precise gene editing and transgene insertion through
homology-directed repair (HDR), wherein an exogenous donor
template guides repair of the double-strand break. HDR is critical for
applications in tool development, disease modeling, and gene
therapy. However, achieving efficient HDR remains challenging and
often requires extensive field expertise, limiting broader adoption.
Compounding this issue, existing computational design tools are
trained using wild-type Cas9 primarily on immortalized cell line data,
which poorly reflects editing outcomes in therapeutically relevant
primary cells. To address these gaps, we developed HDR-GPT, an
agentic Al platform that guides users through HDR-optimized sgRNA
selection and donor template design tailored for primary cell editing
with p.R691A high-fidelity Cas9. Additionally, HDR-GPT incorporates
a retrieval-augmented generation (RAG) system trained on curated
CRISPR and HDR literature, enabling users to query the agent for
evidence-based guidance on experimental design.

Architecture

HDR-GPT enhances experimental design, gRNA
selection, and donor template design
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Guide Sequence HDR Score
1. CAGGTGCCGGAGAACCTCCT 24.99
2. GCAGGTGCCGGAGAACCTCC 22.34
3. TTTCCTCCTGCCGCAGGTGC 19.89
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ssODN for small edits; AAV for large
insertions.”’

HDR-GPT Pipeline

Predicted Rank

Predicted Rank

Target Localization

r-—-=====-==®===®=®=®=®=mw= 1
| |

want to design Hifi CRISPR
| guides to target STING1 in |
I human cells in the first locus |

Chromosome 5
(139,475,533 - 139,476,454)

Raw Scoring

A
<

On-Target Score

(Rule Set 3)
Off-Target Score
(CFD)
ijIlI Repair Pathway
%6 (FORECasT)

70 -

SNV-Aware gRNA Discovery

WL
)

1. PAM Search

—> 2 Population- 3. Personal-Level
Level Filter Filter
(MAF > 10%) (Optional)
ML-Driven Fine-tuning
Raw Score (RS3)
Esﬁ}%iﬁﬂ?ﬁg Fine-Tuned
On-Target Score
GC Content
>
Fine-Tuned
On-Target Score Rank
Repair Pathway Bias Predicteq HDR%
(MMEJ/NHEJ) Ranking
GC Content

On-Target Score and HDR Prediction

HDR-GPT INDEL Prediction
HSPC

Spearman r = 0.6549

30 -

7
True Rank
HDR-GPT HDR Prediction
HSPC
Speaman r = 0.4939 P
@
1
30

True Rank

Predicted Rank

Predicted Rank

30 -

HDR-GPT INDEL Prediction
IPSC

Spearman r = 0.6816

True Rank

HDR-GPT HDR Prediction
IPSC

Spearman r = 0.5993

True Rank

Automated Donor Template Design

sSODN Template Design

Left Homology Arm
(45-90bp)

Right Homology Arm
(45-90bp)

S T =
Silently Mutated Region ! L—» Desired Mutation

AAV6 Template Design

Promotorless Insertion

5" Knock-In

GGTGC ... TCTGC

3' Knock-In (IRES)

5'
Left Homology Arm

3' Knock-In (T2A)

Promotor-Driven Insertion

Transgene Integration

ATGCC ... TCTAG

CTGTG ... GGGGA

Right Homology Arm

(400-600bp)

TTCTG ... TACAT

Maximum Construct Size: 4.7kb

GCAACCTCAAACAGACACCA
CGTGGATGAAGTTGGTGGTG
CTTGCCCCACAGGGCAGTAA
AGTCTGCCGTTACTGCCCTG
TCTGCCGTTACTGCCCTGTG
GTCTGCCGTTACTGCCCTGT
CCTGTGGGGCAAGGTGAACG
CACGTTCACCTTGCCCCACA
AAGGTGAACGTGGATGAAGT
GAAGTTGGTGGTGAGGCCCT
GTGAACGTGGATGAAGTTGG
CGTTACTGCCCTGTGGGGCA
CCACGTTCACCTTGCCCCAC
TGCACCATGGTGTCTGTTTG
TGAAGTTGGTGGTGAGGCCC

I + 4+ 1 0 1 1+« 0 01 11 4+ 01

R RRPRPRRPRRERRRRRERRRR

chrll:5227020-5227040
chrl11:5226942-5226962
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INDEL HDR

FineTune Final dATG dSTOP
89.715 45.859 -2 -1426
75.828 41.962 76 -1348
72.810 39.505 37 -1387
61.864 32.826 42 -1382
62.901 31.851 44 -1380
48.902 27.118 43 -1381
51.098 26.649 58 -1366
49.872 26.114 46 -1378
47 .362 25.009 68 -1356
44.620 23.328 83 -1341
39.169 20.977 71 -1353
36.796 19.308 49 -1375
35.235 18.957 47 -1377
25.052 13.492 -9 -1433
16.752 10.018 82 -1342

Conclusion, Future Work, and Acknowledgements

HDR-GPT provides an accessible, end-to-end solution for HDR-based genome
editing optimized for primary human cells and high-fidelity Cas9. By combining
literature-informed experimental guidance with pathway-aware sgRNA selection
and automated donor template design, the platform lowers technical barriers for
non-expert users and reduces experimental iteration, thereby accelerating
applications in disease modeling, mechanistic studies, and gene therapy
development. Importantly, its performance is consistent across clinically relevant
cell contexts (e.g., HSPCs and iPSCs), enabling more reliable guide prioritization
without extensive empirical screening. Future work involves continuing to fine-
tune the model my adding more experimental datapoints of various cell lines to
ensure generalizability. A website will be created for ease of access as well. We
would like to thank the senior design project instructional team for their continued
guidance in the development process for our project.



