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4: Experimental design and single-microbe RNA sequencing of the human gut microbiome

(A) ; , (B)
Donor selection and sample collections Single-microbe RNA sequencing
ET-P donor = In hquse metagenomic & — X T
=) . Public data — 1 — -
P. copri =
P. hominis Donor . ) RT, Round 1 pre-index
P. timonensis selection Fecal samples Microbe fixation barcoding ‘
ET-B donor ‘ || Beads D) Species-function characterization
Ls
g‘ d°";" Night Moming rh;c,obes / Functional redundancy and heterogeneity Dynamic metabolic activity association Cell fates in distinct ecosystem
B: :;I::l:owens L e o ‘ Phosphoenolpyruvate(PEP)
; B8 = o [ Provoteta copr Prevotellamassiia oD
ET-F donor TP3 - TP1 - Oil -~ Q o
v Library conslru_ction and Droplets collection, & Oxaloacetate +————————s Pyruvate m; 3
formi sequencin i [ T
M. ﬁlnﬁonfvls qu g round 2 barcoding - mxcrrguudg: . / [por | g: —— ;
(Characteristic ‘ ‘ 2 2 2 9o .. @ [ [ ~J-
Species of AN} Fecal samples S Microbe 1 3 8 8 8 3 ‘\ Fumarate Lactate Formate Acetyl-CoA | 8-
Sample = - —— Microbe 1 ! [cat |
Enterotypes: coNection N — — Microbe 2 — [ | .. 1IN - - /\ : — 2
ET-P: Prevotella v > an s> Microbe 3 | [ I uccinal Acetate wl &
ET-B: Bacteroides = o Mcre s - . 5 = 1 # 2| i\{/l 3 §
ET-F: Firmicutes — - — ] : * Acetaldehyde | - 12 |&
L oSt ~ae)  RWRCODS VI = -] [ yiav J§ ® —T "' Carbohydrate
Sample collection in 3 time-points Raw sequencing Assign reads to Mapping to UHGG database, Ethanol | Butyrate ™1 TPz 1P3 ™1 TPz 1P3 metabolism cells
reads each barcode generate expression matrix Propionate
(©) Integrated analysis ) Experimental verification
/ i g / Multiple growth condition Growth rate measurement Animal studies \
ustering and taxonomic Functional gene identification Metabolic capacity c i i i
A ell trajectory dissection
annotation evaluation Control Phytic acid == Mineral
E=a a I
= o 'J Control
Myo-inositol = |Growth 24h e,
—,;;') . @® . | v s - _, sample
-+ . =a i Phytic
) Y - J Starvation 8 L ( % i
: 2 ‘& o ‘ | © Phytic amd/ '
, ‘“’ j "',‘f” » i =
AT, P ‘ o SCFAs
o [ e J Phytic acid+
? s < w funiformis L Time (h) M.funiformis

/

Figure 1 Overview of the experiment design and single-microbe ribonucleic acid (RNA) sequencing of the human gut microbiome.



Single-microbe transcriptional landscape reveals species-specific functional characterizations in

the human gut
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Figure 2 Single-microbe transcriptional landscape of the human gut and the species-specific functional characterizations.



4: Functional redundancy and complementarity of SCFAs related central carbon metabolism
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Figure 3 Functional redundancy and complementarity of short-chain fatty acids (SCFAS) related central carbon metabolism.
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Heterogeneity and covariations of single-microbe metabolic functions in the human gut
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Figure 4 Heterogeneity and covariations of single-microbe metabolic functions in the human gut.
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Diurnal dynamic activities associated with sub-population functional heterogeneous
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Figure 5 Single-microbe RNA sequencing captures the diurnal dynamic activities of the human gut microbiome.



state transitions of Megamonas funiformis in distinct colon ecosystems
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Figure 6 Functional trajectory analysis uncovering M. funiformis’s state transitions in distinct colon ecosystems.



e

~N

<]

M. funiformis improve mineral absorption through exogenous phytic acid degradation
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Figure 7 M. funiformis improve mineral absorption through exogenous phytic acid degradation.



« Summary

 Single-microbe RNA sequencing enables precise resolution of microbial dynamic
transitions across distinct ecological niches, significantly advancing our
understanding of inter-individual 'species-function' heterogeneity in the gut
microbiome.

1 The developed single-microbe RNA sequencing and analytical framework provides
an efficient strategy for identifying keystone functional species with both biological
significance and clinical relevance in gut microbial ecosystems

 We identified a novel function of M. funiformis in enhancing mineral absorption
through exogenous phytic acid degradation
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