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Discovered equation example:
pause_score = 0.1430 (constant baseline term)

+0.0878 signalyg ey — 0-2199 In(1 + signal g memy)
+0.0103 In(1 + down_nuc — up_nuc)
— 0.0745 ln(l + Signale%)

Term-Level Credit for
Scientific Equation Search

Repeat until: total budget = 30 expansions.

MCTS Nodes are equations
Dataset & Problem _
. Selection Expand Simulation Backprop
<Train / Val / Test> Reward = -Val
L MSE
Scientific Context UCT

1) Term Generation (LLM)

LLM generates candidate basis
functions { y;(x) }; history and
context provided

Example

[1/Vv, loglp(v), cbrt(v),
er{-vv}, v-:log v]
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2) Candidate Evaluation &
Influence Computation

Design matrix @ from all
candidates; fit linear model
weights w on Train

Compute Aj on Validation: Aj=
MSE(full) - MSE(w; < 0)
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3) Term Pruning

Deterministic (default): retain top
K best terms by A

or
LLM: Uses (wj, Aj) and history to Val MhSIE
select terms; history and context per child
provided )
KEEP: v, v-log v
DROP: others
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Superior Performance Across Diverse Scientific Tasks

(b) LLM-SRBench Evaluation.

Structural Fidelity vs. Predictive Accuracy
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Discovery Confirmed by Wet-Lab Experiment

The Discovered Equation: IGSR converged on the following model. Notably, the system incorporated the new signals \
(H3K27ac and CpG_methy 1) while discarding previous markers like H3K4me3, yet achieving a superior MSE of 0.0102 CTD base
(compared to 0.0111 in prior experiments). The terms contributing to the novel DNA methylation hypothesis are highlighted

in Violet.

pause_score = 0.1430 (constant baseline term)
— 0.2199 In(1 + signalcyg ey )

+0.0878 sighal e methy!

+ 0.0103 In(1 + down_nuc — up_nuc)

— 0.0745 In(1 + signalyy,,)

— 0.0732 In(1 + signalyysgorac)

+ 0.0172 1 gene region=Tss} - SIENAly3K77c
+ 0.0474 1 fexony - In(1 + signalysgyr,.)

+0.0274 1y —czy — 0.0143

+ 0.0112 ln[l + gene_length]
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Wet-Lab Verification of IGSR Hypothesis

» IGSR Prediction: The discovered equation contained
methylation terms with negative coefficients, predicting
that methylation suppresses pausing.

» Experimental Observation: Pharmacological deple-
tion of DNA methylation (using 5-azacytidine) caused a
marked increase in transcriptional pausing.

» Conclusion: The wet-lab results support the IGSR-
derived hypothesis that intragenic CpG methylation fa-
cilitates elongation by suppressing pausing, demonstrat-
ing the framework’s ability to drive expanding scientific
knowledge.
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