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The representations for protocol design

A

Novice scientist

DNA extraction from plant
leaves: sample from the
plant leaves, lysis the leaves
for 2h, and precipitate the
lysate for 1h.

Protein extraction from
plant stem cells: cultivate
cells in 25°C, homogenize the
cells in buffer, and precipitate
the protein for 12h.

cDNA synthesis: measure
the quantity of the RNA,
check its integrity by
A.G.E., and conduct reverse
transcription on the RNA.

Veteran scientist
DNA extraction from plant leaves
Lysis

Sample Precipitate

Leaves 5g| Leaves 2h Lysate 1h

Protein extraction from plant stem cells

Cultivate Homogenize Precipitate
Cells 25°C,  Cells Buffer  H.Cell 12h
cDNA synthesis

Measure Check Transcript
RNA A.G.E. RNA

Request for new experimental objective:
Check the integrity of the DNA from the given Plant Stem Cells

i Which existing :  Cultivate N Lysis Precipitate
+ protocolismost | celis 25°C| Cells 2h Lysate 1h
' similar to the new |

:  experimental Check Measure

b objective? :

' i A.G.E. DNA

B Original protocol

Instance actions

. Loves || Lomves 1| Lomwer | |tomvmseli| tmves || 0w
Sample Lysis Precipitate
Sample Lysis Precipitate
Leaves 5¢g Leaves 2h Lysate 1h P y P
Leaves 5g Leaves 2h Lysate 1h
Function abstraction Operation-centric view
Solid Solid , Lysate DNA
Liquid Liquid Sample Sle_xmpltes Homogeni RNA
Lysate DNA |:|H.Cell| |Protein|: |Lysate RNA Gas Gas ysate || ed sample| | Protein
Precipitate Precipitate Precipitate Sample Lysis Precipitate
Device Device Device
Lysate 1h H.Cell 12h Lysate 2h Vol Duration Duration
Model abstraction Product-centric view
Sample Lysis Precipitate Transfer : Transfer Transform : Transform Modify
Leaves L.Sample Lysate DNA Leaves L.Sample Lysate
: AT . Phase Contain Contain
Solid 5g Semi-solid Mixture Mixture Mass Vol Prop
Leaves Sample L.Sample Lysis Lysate Precipitate DNA
Phase « | Device —» Containe | Device —» Containe ¥ Device —» Contain
Mass Vol Vol Duration Prop Duration Prop
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Automatic representation generation

A Domain corpus of NL protocols

Remove the culture media by pipetting...
Resuspend the pellet with a serological...
Precipitate the cell debris in the lysate...
Precipitate the cell debris in the lysate...
Remove the culture media by pipetting...

Resuspend the pellet with a serological...
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Operation

Resulting DSLs as the representation

Precipitate :i= Interface 0 |
Interface_1

L1 Interface 0 :i= Precond(Slothrgium:

_— 2, SlotArg: [Liquid, Solid])
Gc;ﬁ:lril:n?ni:w Postcond( EmitArghum: 1,
Emithrg: Liguid)
E}{ECHEiD'I'.I[DE“.I'lE‘ET}'pE: falcon_tube,
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FES r:= Modification Operations
=Flowlnit> Transfer Operations

FlowUnit(ComponentType: Liguid,

UnithrgType: HAT, Vol: [0.1imL,
0.5mL, 1imL, SmL, 10=mL, 25mL, 50mL],
Container: tube, <Cond=)

Cond(Concentration: [5%, 10%],

Temperature:!: range(ls*C, 16°C),
Status: heat_inactivated)...
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Automatic representation generation
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Results of protocol design
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Results of protocol design
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Takeaways

We identify the problem of representation for protocol design and
develop an encapsulated representation for protocol design.
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Takeaways

We identify the problem of representation for protocol design and
develop an encapsulated representation for protocol design.

We propose a data-driven algorithm that automatically generates the
representation for protocol design specialized for the domains.

Our approach possesses the potential to function as an auxiliary
module for LLMs, enhancing their capability on protocol design.




Thank you!
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