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0 Query decomposition

Drosophila in the lab?

-:::- Conducted 3 searches - Screened 40 papers

v Conducted 3 searches

e Retrieve & rank \ Q Drosophila gut microbiota strain-level variation fitness experiml...
Q  Drosophila melanogaster bacterial strain effects host fitness dev...
Q  Drosophila microbial strain variation fitness Lactobacillus strain

View all searches

v Screened 40 papers

Merge & screen
e 9 N

# Paper
O 1 Horizontal gene transfer-mediated bacterial strain variation affe...
[:] 2 Taxon-specific effects of Lactobacillus on Drosophila host devel...
O 3 Microbiota influences fitness and timing of reproduction in the ...
Select for full-text View & 90 pepers
reading

\ v Retrieved 10 of 20 full texts

0 Pathogenic fungi-induced susceptibility to parasitoids by mutual ...

[:] A suite of selective pressures supports the maintenance of alleles ...

View all 20 papers

e Generate answer
\ v Generating answer

= Reading papers, extracting evidence, and synthesizing answer...
e, a0 o)

Microbial strain effects on Drosophila fitness

Reading full texts

Can microbial strain-level difference effect the fitness of fruit flies

10 of 20 retrieved
Academic - 15 results K4
Academic - 15 results (4
Academic - 15 results 4

Sort by: Relevance v

Year
2020
2019

2021

Source
Wang et al. 4
Lee et al.

@
Matthews etal. (4

Fultet @
Fultext @

Answer Sources 20 Notes

Yes. Differences between microbial strains can
substantially affect the fitness of laboratory Drosophila—
including development rate, adult size, survival, fecundity,
and total reproductive output.

The clearest strain-level example comes from experiments
with closely related Gluconobacter isolates. Germ-free flies
mono-associated with different isolates produced
significantly different numbers of offspring—up to a 2.8-
fold difference—even after accounting for bacterial load.
Strains carrying a complete thiamine-biosynthesis
pathway produced more offspring, and adding thiamine
partially rescued the lower-fitness strains. Wang et al. 2020

This is not limited to Lactobacillus. Among Lactobacillus,
five L. plantarum strains and several related species
differed markedly in their ability to accelerate larval
development; one L. plantarum strain rarely promoted
development despite belonging to the same species as
more beneficial strains.  Lee et al. 2019

Across 14 bacterial species, microbes also changed the
timing of fly survival and reproduction, with the fitness
consequence depending on how survival and fecundity
were balanced.  Matthews et al. 2021

The effect is context-dependent. In one experiment, the
same bacterial treatments produced different—and
sometimes opposite—effects when flies were raised on
standard laboratory medium versus fresh grape.

Guilhot et al. 2019
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ChatGPT

@ Newchat How long does it take to recover from a distal fibula
o fracture? check trustful sources
®) Worked for 52s >

7~

.

For a traumatic distal fibula fracture—the common lateral malleolus/ankle
fracture—the best-supported rule of thumb is about 6 weeks for the bone to

unite, but full recovery takes longer. (© east sussexHeal..  +2

For an isolated, stable fracture such as a Weber A or stable Weber B:

* ~6 weeks: typical bony healing/union. NHS sources consistently give
about 6 weeks; the general NHS guidance for ankle fractures gives
6-8 weeks.

¢ 6-12 weeks: walking, ankle mobility, strength, and balance progressively
return. In a 2026 Royal Berkshire protocol for stable Weber B fractures,
patients discard the boot at about 6 weeks and then start normal footwear
plus strengthening and range-of-motion rehabilitation. @ Royal Berkshire N...

oz East Sussex Heal... +2

* ~3 months: a reasonable ballpark for getting back toward more demanding
activities, although running, hiking on uneven ground, jumping, or sport
should depend on strength, mobility, pain and your clinician’s assessment
rather than the calendar alone. (@ East Sussex Heal...  +2

¢ 3-6 months: mild aching and swelling are still quite common even when the
fracture itself has healed. Several NHS fracture services explicitly state that

pain/swelling may persist for 3-6 months. = East Sussex Heal...  +2

¢ Occasionally 6-12 months: some residual swelling can last this long. Royal
Berkshire’s current stable-Weber-B guidance says pain/swelling may persist
for 3-12 months and swelling alone can remain for up to a year without
necessarily indicating failed healing. @ Royal Berkshire N...
So the important distinction is:
bone healed ~ 6 weeks = reasonably functional = 2-3 months - feels
completely normal sometimes 3-6+ months.

c Consensus

How long does it take to recover from a distal fibula fracture?

All Papers Insights Topics

Results 3.4M Relevance Date + Open access

e

Most distal fibula fractures recover within six to twelve weeks, though
full athletic return may take longer.

Recovery duration from a distal fibula fracture depends on whether the injury is an isolated,
non-displaced crack or part of an unstable fracture pattern requiring surgical fixation

CHAN 2021 WERNER 2017 . Clinical trials and cohort studies indicate that radiographic
bone union typically occurs within 7 to 14 weeks, while functional return to baseline activities
ranges from 1 to 4 months CHAN 2021 ENCINAS 2023 ZHA0 2022  +1 MORE

Recovery Timelines for Distal Fibula Fractures

Evidence Strength Claim

“ ‘ .“' Conservative management of stable Weber A fractures yields return to
desk-based work in 3.1 weeks, physical activity in 10.8 weeks, and full

Strong

symptom-free status at an average of 14.8 weeks. CHAN 2621
Radiographic bone union across operative distal fibular plating and
intramedullary nailing constructs is achieved between 9 and 15 weeks.

Stang ZHAO 2022 SINGH 2026 SZET02025  +2 MORE
Return to athletic competition takes approximately 7 to 11 weeks for
> isolated lateral malleolar injuries, but extends to 17 weeks or more for
Moderate

complex ankle fracture patterns.
[) WERNER 2017

(£ PORTER 2008 MARZILLI 2022

~\

Adapted from screenshots of ChatGPT and Consensus
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ChatGPT C Consensus

Can microbial strain-level difference affect the fitness of Can microbial strain-level difference affect the fitness of fruit flies Drosophila in the lab? n
fruit flies Drosophila in the lab?
All Papers Insights Topics
Worked for 1Tm 37s >
Yes. Microbial strain-level variation can affect Drosophila melanogaster fitness Results 2.8M Relevance ¥ Date ¥ Open access
in laboratory experiments, and there are some unusually clean demonstrations " =5
of this. The effects can appear in offspring number, developmental rate, body size, 1 Horizontal gene transfer-mediated bacterial strain variation affects
fecundity, lifespan, and nutritional performance. host fitness in Drosophila
Wang et al. 2021 - BMC Biology
i : A : ] o N Yun Wang et al.
Horizontal ge'_"e trar'foer'med'ated bacterial strain variation The thiamine biosynthesis pathway contributes to variation in offspring production
affects host fitness in Drosophila in Drosophila, potentially enhancing host adaptation.
Wang et al. 2021 - BMC Biology PDF 99 4 quotes Cross-sectional study
Yun Wang et al. L y
Mono-associated flies with closely related Gluconobacter isolates differed
L strongly in offspring production... o 2 Genetic Influences of the Microbiota on the Life Span of Drosophila melanogaster

2020 - Applied and Environmental Microbiology
Bacterial genes influence fruit fly longevity, with methionine restriction and glucose
and vitamin B6 metabolism playing stronger roles than methionine metabolism.

Other relevant studies

[ PDF 99 6 quotes Non-randomized experiment

Adapted from screenshots of ChatGPT and Consensus
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Abstracts can miss relevant evidence

1.0 Abstract + full text
| —o
el
0.9 1
v 0.8
©
©0.7
§ ' Abstract only
0.6
0.5
04 ! T T T T
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Candidate depth K

Adapted from Y. Wang, G. Shaulsky, T. Curk, B. Zupan, Benchmarking Literature Retrieval for a Model Organism: A Dictyostelium
Case Study, accepted at Discovery Science 2026 (LNCS, Springer).




Abstracts can miss relevant evidence

10l Abstract + full text
' —
i
0.9
v 0.8
©
0.7
§ ' Abstract only
06 Prof. Gad Shaulsky
Tomorrow 9:45 - Deciphering Dictyostelium Biology:
0.5 From Genetic Pathways to Al Systems for Knowledge
and Discovery
04 ! T T T T
0 200 400 600 800 1000

Candidate depth K

Adapted from Y. Wang, G. Shaulsky, T. Curk, B. Zupan, Benchmarking Literature Retrieval for a Model Organism: A Dictyostelium
Case Study, accepted at Discovery Science 2026 (LNCS, Springer).



Two key stages of RAG

Generator
(Language Model)

l
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Document store

>

@ Generate answer

B

Retrieved Documents

p) Find evidence:

Retrieval + Reranking




@ Find evidence: retrieval and reranking

[ Sheey J EXAMPLE
i

| BoondQ || BgendQ 200 candidate papers
;k' i Found by retrieval

N = |
oy

Rerank
Assess relevance more closely
Rerank
o= !
Reference query
Top 20 for generation
penerate lllustrative numbers
[ Answer ]

He et al.,arXiv:2505.01146 (2025).



@ Generation: Turning Evidence into Answers

Generator

!

i R E Turning evidence into an answer

- Which LLM?

Document store Retrieved Documents

- What instructions?

- One step or multiple steps?



-i' & ScholarQA

F A A Allen Al project

‘ | l l l Build answer outline & synthesize |  [OIVAIIVA]

extracted quotes to outline. E.g., Long-form answer report

What are some recent search tools used for interacting with LLMs?

Perpaper, =i = =T — SRk
aggregate ’ _E e o - 3 BaCkground L“ section | | itroductionto Non-Linear Search Paradigms

| jpassdages: ‘T 5 T e section W | e inlmesipmer sty (1
= : t I r e 1 o ‘ Graph-Based & Visual Interfac
l l l " Bu“eted [ ] “ —— -> Summary ! Gra_sh-basiz nnter;mga::i‘ezigo;i?: ei::‘t)o‘or . [8]
INPUT i SeCtlonS ° “ —_ = : | paragraphs | =% | | cmctiomanddiscoverreiatedwork,
TO 50‘ranked : l [ ] L —_— 3 : il st oy Multi-Level & Hierarchical Exploration Systems
p : Pel’ paper, — I“ = L‘T —— i 0 ’ Multi-level and hierarchical exploration systems enable [12]
Passa es ; — ~ more comprehensive and efficient query refinement,
8 | perpassage, == [— | | — Summary [ ¢ | = .
| % paragraphs \ 99 ToolA  Iterativesearch semanticranking (3]
"usn \ — S —— ToolB  Graph-basedexploration (8]
: Tool C Multi-level navigation [12)

[ Extract evidence ] [ Organize content 1 [e Write the report }

Key idea: generation can be a pipeline, not just one prompt.



Evaluation: Important, but Often Overlooked




Evaluation: Important, but Often Overlooked

Did we find the right evidence?

Did we generate a good answer?
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Retrieval evaluation

Established metrics

Recall Precision Ranking

Did we find the relevant How many results are Are the best papers
papers? relevant? near the top?



Generation evaluation

Different methods capture different aspects of answer quality

Evaluation Dimension Evaluation
Method
Attribution Citation Correctness Linguistic Quality Preservation Relevance
Number of Metrics per Number of Metrics per Number of Metrics per Number of Metrics per Number of Metrics per Number of Metrics per
@ Evaluation Method ____Evaluation Method Evaluation Method ~_Evaluation Method Evaluation Method ___Evaluation Method
2 357 1 35 35 35 35 35
< 301 30 30] 30 30
- 25* 25 25 1 25 25
,-E 201 20 20 20
n 15

15
10
5
0

10
‘N
0 - = .|

RAGAS Answer-
Relevancy (2)

_—

MAUVE (21)

=
=il

o~
8
™
-
)
-—
-~

w

-t

5 ALCE ALCE ALCE G-Eval
o G-Eval G-Eval

Schreieder et al., ACL 2026.
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Generation evaluation

No single agreed standard

Accuracy Coverage Citations
Factual correctness Key information Claims supported by
Included evidence

Q LLM judges c‘ Human evaluation

Increasingly used Still the gold standard
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0 Query decomposition

Drosophila in the lab?

-:::- Conducted 3 searches - Screened 40 papers

v Conducted 3 searches

e Retrieve & rank \ Q Drosophila gut microbiota strain-level variation fitness experiml...
Q  Drosophila melanogaster bacterial strain effects host fitness dev...
Q  Drosophila microbial strain variation fitness Lactobacillus strain

View all searches

v Screened 40 papers

Merge & screen
e 9 N

# Paper
O 1 Horizontal gene transfer-mediated bacterial strain variation affe...
[:] 2 Taxon-specific effects of Lactobacillus on Drosophila host devel...
O 3 Microbiota influences fitness and timing of reproduction in the ...
Select for full-text View & 90 pepers
reading

\ v Retrieved 10 of 20 full texts

0 Pathogenic fungi-induced susceptibility to parasitoids by mutual ...

[:] A suite of selective pressures supports the maintenance of alleles ...

View all 20 papers

e Generate answer
\ v Generating answer

= Reading papers, extracting evidence, and synthesizing answer...
e, a0 o)

Microbial strain effects on Drosophila fitness

Reading full texts

Can microbial strain-level difference effect the fitness of fruit flies

10 of 20 retrieved
Academic - 15 results K4
Academic - 15 results (4
Academic - 15 results 4

Sort by: Relevance v

Year
2020
2019

2021

Source
Wang et al. 4
Lee et al.

@
Matthews etal. (4

Fultet @
Fultext @

Answer Sources 20 Notes

Yes. Differences between microbial strains can
substantially affect the fitness of laboratory Drosophila—
including development rate, adult size, survival, fecundity,
and total reproductive output.

The clearest strain-level example comes from experiments
with closely related Gluconobacter isolates. Germ-free flies
mono-associated with different isolates produced
significantly different numbers of offspring—up to a 2.8-
fold difference—even after accounting for bacterial load.
Strains carrying a complete thiamine-biosynthesis
pathway produced more offspring, and adding thiamine
partially rescued the lower-fitness strains. Wang et al. 2020

This is not limited to Lactobacillus. Among Lactobacillus,
five L. plantarum strains and several related species
differed markedly in their ability to accelerate larval
development; one L. plantarum strain rarely promoted
development despite belonging to the same species as
more beneficial strains.  Lee et al. 2019

Across 14 bacterial species, microbes also changed the
timing of fly survival and reproduction, with the fitness
consequence depending on how survival and fecundity
were balanced.  Matthews et al. 2021

The effect is context-dependent. In one experiment, the
same bacterial treatments produced different—and
sometimes opposite—effects when flies were raised on
standard laboratory medium versus fresh grape.

Guilhot et al. 2019



Microbial strain effects on Drosophila fitness

€ Elicit

0 Query decomposition

Can microbial strain-level difference effect the fitness of fruit flies
Drosophila in the lab?

\ -:::- Conducted 3 searches - Screened 40 papers - Reading full texts - 10 of 20 retrieved

v Conducted 3 searches

™ N Q Drosophila gut microbiota strain-level variation fitness experim... Academic - 15 results K4
Q  Drosophila melanogaster bacterial strain effects host fitness dev... Academic - 15 results (4
Q  Drosophila microbial strain variation fitness Lactobacillus strain Academic - 15 results 4

Select for full-text
reading

e Generate answer

View all searches

v Screened 40 papers Sort by: Relevance v

Paper Year Source
O 1 Horizontal gene transfer-mediated bacterial strain variation affe... 2020 Wang et al. (4
O 2 Taxon-specific effects of Lactobacillus on Drosophila host devel... 2019 Lee et al. (B4
O 3 Microbiota influences fitness and timing of reproduction in the ... 2021 Matthews etal. (4

View all 40 papers

\ v Retrieved 10 of 20 full texts

0 Pathogenic fungi-induced susceptibility to parasitoids by mutual ...

Full text Q
Fultext @

[:] A suite of selective pressures supports the maintenance of alleles ...

View all 20 papers

\ v Generating answer

= Reading papers, extracting evidence, and synthesizing answer...
[ =)

Answer Sources 20 Notes

Yes. Differences between microbial strains can
substantially affect the fitness of laboratory Drosophila—
including development rate, adult size, survival, fecundity,
and total reproductive output.

The clearest strain-level example comes from experiments
with closely related Gluconobacter isolates. Germ-free flies
mono-associated with different isolates produced
significantly different numbers of offspring—up to a 2.8-
fold difference—even after accounting for bacterial load.
Strains carrying a complete thiamine-biosynthesis
pathway produced more offspring, and adding thiamine
partially rescued the lower-fitness strains. Wang et al. 2020

This is not limited to Lactobacillus. Among Lactobacillus,
five L. plantarum strains and several related species
differed markedly in their ability to accelerate larval
development; one L. plantarum strain rarely promoted
development despite belonging to the same species as
more beneficial strains.  Lee et al. 2019

Across 14 bacterial species, microbes also changed the
timing of fly survival and reproduction, with the fitness
consequence depending on how survival and fecundity
were balanced.  Matthews et al. 2021

The effect is context-dependent. In one experiment, the
same bacterial treatments produced different—and
sometimes opposite—effects when flies were raised on
standard laboratory medium versus fresh grape.

Guilhot et al. 2019
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Microbial strain effects on Drosophila fitness

Can microbial strain-level difference effect the fitness of fruit flies
Drosophila in the lab?

3'% Conducted 3 searches -

Screened 40 papers Reading full texts

v Conducted 3 searches

\ Q  Drosophila gut microbiota strain-level variation fitness experiml...

Q  Drosophila melanogaster bacterial strain effects host fitness dev...

Q  Drosophila microbial strain variation fitness Lactobacillus strain

View all searches

10 of 20 retrieved
Academic - 15 results @
Academic - 15 results (4
Academic - 15 results 4

v Screened 40 papers

#
B 2
E. 2
@) 3

Paper
Horizontal gene transfer-mediated bacterial strain variation affe...
Taxon-specific effects of Lactobacillus on Drosophila host devel...

Microbiota influences fitness and timing of reproduction in the ...

View all 40 papers

\‘ v Retrieved 10 of 20 full texts

0 Pathogenic fungi-induced susceptibility to parasitoids by mutual ...
[:] A suite of selective pressures supports the maintenance of alleles ...

View all 20 papers

v Generating answer

= Reading papers, extracting evidence, and synthesizing answer...

Sort by: Relevance v

Year
2020
2019

2021

Source
Wang et al. 4
Lee et al.

&
Matthews etal. (4

Full text °
Fultext @

Answer Sources 20 Notes

Yes. Differences between microbial strains can
substantially affect the fitness of laboratory Drosophila—
including development rate, adult size, survival, fecundity,
and total reproductive output.

The clearest strain-level example comes from experiments
with closely related Gluconobacter isolates. Germ-free flies
mono-associated with different isolates produced
significantly different numbers of offspring—up to a 2.8-
fold difference—even after accounting for bacterial load.
Strains carrying a complete thiamine-biosynthesis
pathway produced more offspring, and adding thiamine
partially rescued the lower-fitness strains. Wang et al. 2020

This is not limited to Lactobacillus. Among Lactobacillus,
five L. plantarum strains and several related species
differed markedly in their ability to accelerate larval
development; one L. plantarum strain rarely promoted
development despite belonging to the same species as
more beneficial strains.  Lee et al. 2019

Across 14 bacterial species, microbes also changed the
timing of fly survival and reproduction, with the fitness
consequence depending on how survival and fecundity
were balanced. Matthews et al. 2021

The effect is context-dependent. In one experiment, the
same bacterial treatments produced different—and
sometimes opposite—effects when flies were raised on
standard laboratory medium versus fresh grape.

Guilhot et al. 2019
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Retrieval: finding candidate papers through prebuilt indexes

S
£ a4 Hybrid Retrieval combines
e || e |

- Keyword search: matches words

e.g acute myocardial infarction -> acute myocardial infarction

Semantic search: matches meaning

e.g acute myocardial infarction <-> heart attack

E & o

[ Gl ] He et al.,arXiv:2505.01146 (2025).
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@® Reranking: bringing the most relevant papers to the top

@ |
o TS EXAMPLE
Expand Q Expand Q
| \AJ [A}m | 100 candidate papers
Retrieval Found by retrieval
i) |
Rerank
W 7
‘ Rk Assess relevance more closely
= o= |
Reference query
: Top 20 for generation
@ Generate
\ 4

[ el } He et al.,arXiv:2505.01146 (2025).




Reference query

= . Reference query
Genemfe : ;
' @ Generate : L Evaluator if needed

; \ 4 § \ 4
e S B

Naive 5 Advanced : Modular

Figure 1: Basic biomedical RAG framework. = S M AS H
o



|wo-stage retrleval: retrlleval ana reran!!ng

Our pipeline follows this design

Retrieval B Reranking
Query | | Retrieval Retrieved | | | Cross- postk Reranked |
! fusion idocuments | encoder ;:;?:n documents| !

___________________________________________________________________________________

github.com/fulaibaowang/RAG-script
s
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C Consensus B & IB References 5 Generated answer (excerpt)

Query rewriting e
rain-Level variation in Host Fithess
Can microbial strain-level difference affect the fitness of fruit flies Drosophila in the lab?
A microbial GWAS using Gluconobacter isolates from
88 Pro - 4steps v wild-caught flies found significant variation in offspring
number conferred by closely related strains, tracing the
Rétrieveat i5 1.4M © 50 © 20 © difference to horizontal gene transfer of the thiamine
SCa Retrieved Eligible Included biosynthesis pathway [ wanG 2021
Q  microbial strain-level differences affect the fitness of fruit flies Drosophila in the lab 2259K 7 Notably, the two strains differing in fitness benefit had
Q identical 16S rRNA sequences, demonstrating that strain-
microbial strain differences affect Drosophila melanogaster fitness under laboratory conditions 1.2M level functional variation is invisible to standard taxonomic
Rank + ellgibllity ® Read Abstractsand PDFs 20 v profiling WANG 2021
filter
Microbial Community Dynamics in Natural Drosophila melanogaster Populatio...  LEMOINE 2025
Host Species and Environmental Effects on Bacterial Communities Associate... ~ STAUBACH 2012 Species Interactions and Community Context
Different Long-Term Nutritional Regimens of Drosophila melanogaster Shape |... JELENA 2025

Beyond individual strains, microbe-microbe interactions
. How gut transcriptional function of Drosophila melanogaster varies with the ... BOST 2018 shape host fithess as stronaly as any sinale species.

Read included e P

A combinatorial study of five core gut bacteria found that

evid ence Interspecies Interactions Determine the Impact of the Gut Microbiota on Nutril... NENELL 2013
higher-order interactions (three to five species) occurred
i i - ifi i 4 ; i i
Environment and diet shape the geography-specific Drosophila melanogaster GALE 202 in 13-44% of possible cases and were often as important
Acetic acid bacteria promote Drosophila fitness under nutritional stress MATTHEWS 2020 as individual species effects [5) couLp 2018
Host genotype and diet interact to shape microbiome function in fruit flies WANG 2021

Acetobacter and Lactobacillus species differ in their
Extract and Strain-specific effects of Acetobacter on Drosophila development and survival ~ KEEBAUGH 2018 nutritional contributions. Acetobacter species drove the
largest reductions in development time and triglyceride
levels, while most Lactobacillus species had no effect
on these traits in monoculture  [5) NeNeLL 2013

SyntheSlze Microbiome composition rather than taxonomy predicts Drosophila lifespan GOULD 2018



Summary

Corpus

What can the tool search? Coverage and full-text access matter.

Retrieval and reranking

Well-established methods for finding and prioritising relevant evidence.

Generation
Different ways to turn evidence into answers; no single recipe or agreed

measure of quality.



