S E
MR TR S . ERRIDAIERREFREATFES
BF AT EqE
Peihua Ma’, Xiaoxue Jia', Bei Fan', Bogiang Li?¢, Tao Lin3, Jiping Sheng* Cheng-l Wei>, Yingjian Lu®,
Yizhou Ma’, Lin Chen8, Songtao Jiu?, Fengzhong Wang'*

RERIVBFERR =N TR, RURNESBAFEIITERKEE, J£x 100193, FE
RERZREDIRE, EYEZHESREEYERERARL RS, Jt5x 100093, HE
FERWVAFEZ S, tRTRERRERABTAEERSRZ, jtx 100193, f1E
FEARKEZRIYERFNARFR, JE5 100872, HE
XEDEZAFRR I RRIVSBRATBEXREFRSREMFER, TEZMMEx® 20742, XE
ARMEXRFRMMFESTESRE, IR 210003, FE
HEZEHTIRAZEEARFOESIN T TELRE, EHFTIR 6700 AA, =
CHTINERFIE T RFUFE. KFEIRESEYIEFRE, MK 637459

. EBRBRERVSEYFHREVEIFR, L£ig 200240, FE

WoooNoYU s WN =

W l L E Y Science

Peihua Ma, Xiaoxue Jia, Bei Fan, Boqiang Li, Tao Lin, Jiping Sheng, Cheng-I Wei, et al. 2026. From prediction to actionable

mechanisms: Explainable multi-omics Al for farm-to-fork postharvest preservation. iMeta 5: ¢70139.
https://doi.org/10.1002/imt2.70139



https://doi.org/10.1002/imt2.70139

U

MRER: KERFES "FETTGN" HHH

-

Temperature/humidity & 0/CO, /ethylene *@ _ .
fluctuation ®) atmf)sphere W - P- Vibration/mechanical damage

Orchard Packhouse somng and gradlng Refrigerated transportation Warehouse/dlstnbutlon centel

T AFEEAMIIRGARESR?

. ElSHER
13.3% >25% AIEEETRNRGS

WRESERT RAERGRE  ESER {(BiAAE 3{ ﬁ FF
ﬁ#@?)\*% Ejj K IIZI:II \#_-’IJ:;E% o ))
” il jj1-|_/ iZ: / LI\ ij o



=K

@ 13EEXAl-readyHIEES

BEETEY. MEWE. INEEES
Bl /SeE gz,

@ BEEIRBLIC PN EIRERE

FA SHAP, GNN 0/ SseERiRR] K
IX=NRE-F

® ZIFAHEERIRE TR

EREPREREIRIR. &%, £
FERTTR.

>

SHAP/feature Intrinsic pathway-
aftribution constrained models

AMA Ry

Graph neural Counterfactual
network explanation
explanation
® -
X2 ®-+®
Mechanistic Actionable
interpretation hypothesis

Plausible - Trustworthy - Actionable



Farm-to-fork

LS

,/ (S (s
“ il
Prediction ‘@ Mechanism =mp @ Intewe@

Graphical abstract. WRIAZIE R, XAIEEZEZEMR. KBRS TRETR,

Peihua Ma et al. From prediction to actionable mechanisms: Explainable multi-omics Al for farm-to-fork postharvest preservation. iMeta, 2026. 4



E1: HRRZEERREHFREFHIXAIRESR

Vi T N
e : Temperature/humidity & O,/CO,/ethylene
Farm-to-Fork Supply Chain W @ fluctuation B Zatmdsphere A~ @ Vibration/mechanical damage
L Ochard Packhouse sortlng and gradlng Refngerated transportatlon Warehouse/dlstnbutloncentel )

Postharvest deterioration accumulates along the full supply chain s —— =)
——r Validation | A
Microbiome

Dal Validated
o5 SHAP/local «@» l|akehouse q Pathway- z :
Z’ §' @@ E feature t‘L— e ’ constrained ’ k action policy
- !il attribution L - “' intrinsic model ‘ J

Host omics Environmental RGB Hyperspectral Thermal /

(trans%riglntome, sensor imaging imaging  imaging / & ™\
metabolome,
proteome) M — Packaging P Intervention
____________________________ IA IR %) < > properties Counterfactual
S ~ @ Postharvest (OTRend WiIR) / intelr(\)/geir;tion
Logistics . Q3
Key genes eveg\t logs Spectroscopy /[) _£ - QXAI >\b/ < & T ,
= / N A, Pl | p \
" [Holobiont : C;@Zgowume'facwa Explanation

&

microbe-environment biological plausibili mlcroblqme
interactions gaudﬁ,ng e explanations

prts st > GNN
Deteriorat ‘ explanation | explanation |
eterioration ~ Pathway and
emerges from host- = ( r ] Stabilitv/faithfulness/ | - obinion

Host-mlcroblome interactions —

| G
R = E— XAl transforms predlctlons into mterpretable mechanisms - ?

S
Feature — Mechanism —» Intervention —» Validation & Prediction

Black-box
( Feature e Mechanistic assumption 0 Intervention o Validation lﬁ/\/ spoilage-risk
ron S forecast
@ Lipid oxidation marker 2= B @ A5 X\ "
% Defense metabolite cluster =) =P (¢ | % ) 4 N
1 ig«?; Microbial interaction signature (,I:f? ) = Antioxidant  Elicitor  Biocontrol Gene editing Storage  Sensory  Microbial = Sequening
(st coating spray  consortium  target trials evaluation test /qPCR

y : -

————————————————————————— Model refinement r=---=reo-ss=remsrrcrcrmmonoonsme?

J

Postharvest Al matures from prediction to
mechanistic decision support through XAl

ERERANES). SESHE. XARRRRER, TRERERFIIGIEDIR.

Peihua Ma et al. From prediction to actionable mechanisms: Explainable multi-omics Al for farm-to-fork postharvest preservation. iMeta, 2026. 5



E2: NEMRAFGURIXANGLZRS TR

Vi
. h Multimodal dat inputs
Postharvest chain
§ Host Raw data
] omics
= [l
\ v P P Microbiome
‘P P profiles
A\ Imaging and
m U\'/\A spectroscopy aEmamn
Orchard Packhouse Cold Refrigerated Consumer ‘ (L]
handling storage transport endpoint B Packaging and BE S
) == logistics variables

UHIVGHIUVIIAL M VULPULW

Conventional Al-based postharvest prediction >

Conventional Al outputs

Risk
Feature matrix é — é prediction
Shelf-life
| o L
? ’ é @ estimation

® @ 2 sorting/
classification
(Black box)
Operational
decision

Enrched data and multiscale context

e i Sl
5 g"’@ Holobiom ‘ifs;iis
¢ aware omics
| S}

=) Metadata&
\%, logistics
(&) history

Multiscale perspective

% Data lakehouse

\ m Supply chain

J \"'\. 6 Organ/fruit
/ \##  ricoiome
@% Molecule

>

SHAP/feature
attribution

s

Intrinsic pathway-
constrained models

Graph neural

Counterfactual
network explanation
explanation

®—®

Bz ®-—®
Mechanistic { Actionable
interpretation hypothesis

¢ ombe® £
OO+—00

Plausible - Trustworthy - Actionable

Elicit Modified- Temperature/
t ItCI or t atmosphere humidity
feaimern packaging adjustment

v

Experimental validation
LG/GC-MS Sequencing or gPRC

AL gl

Wet-lab assay

>

Optical observation

L /7
000000
000000 (0
000000
000000 70

B 7 EHREAIFNRFE SXABRENAIEIRIL. TR AIstinieiEnie.

Peihua Ma et al. From prediction to actionable mechanisms: Explainable multi-omics Al for farm-to-fork postharvest preservation. iMeta, 2026.



e BE— NH — TR — B

Feature =» Mechanism -» |ntervention =* Validation
{ 4 N\ S—
O Feature o Mechanlstlc assumptlon (O Intervention fo Validation )

@ Lipid oxidation marker - » S )+ *@% — =
4 Defense metabolite cluster -» "% = .é ; & o s L /
A . J) ¥ Anfoxidant  Elicitor Biocontrol  Gene editing Storage Sensory  Microbial  Sequening

?'.o

» Microbial interaction signature : ]

\ ® 9 & ; ) coating spray consortium target trials evaluation test IgPCR
\. J. N y,

\

N e e o e MOdE] TRINEMBNL = = i oo e ‘

XA TR IR TR
BIERR 20 3 Fmeit

B, 2R, Rup. =8 BEERSL. BofEMRiss. BFERS WIS, ESR. &R, SEe W, e, M. R

4
It
-
L

KT T RRRH — B CAHAN - RE E4



—

FNNSERZUER

O MFEMZEINE: ARSI, SFERRRE.
O MEURZILEIE: ZHF5I8UEAEA.
O MNEBFERTTE): REEI RSB REERTR,

Peihua Ma, Xiaoxue Jia, Bei Fan, Boqgiang L1, Tao Lin, Jiping Sheng, Cheng-I Wei, et al. 2026. From prediction to actionable
mechanisms: Explainable multi-omics Al for farm-to-fork postharvest preservation. iMeta 5: ¢70139.
https://doi.org/10.1002/imt2.70139



https://doi.org/10.1002/imt2.70139

ey

iMeta( & ): EMHEFTAERRERTE iMetaWILEY

WILEY

iMeta (7= ) BATI @AM ZME I E B H AR, R CeIIEI’JE%/E—T—ﬁH?U Eﬁim,ﬁu@% THER, X
i_l%%:ﬂnmﬁﬁﬂ « AEMGRKETS. B SCIE. PubMedZFWR, &EWEAF (IF)33.2, iIdlE£IkE
65, REES, ﬁ[i‘%ﬂ%?lcmp, CNS FRERFE, IVEFY 21 X, BIBELERPNMLI 87 X,

iMetaOmics (7R#B¥ ) , EAiL IF>15 X415 NC/SA V&Y | EF 45 HATI, B ESCI. PubMedFWR,
iMetaMed ( ZEZR ) 1 IF>15 WEFZEHTI, WDEiE!

I : http://www.imeta.science @ office@imeta.science
H R4t : https://wileyonlinelibrary.com/journal/imeta imetaomics@imeta.science

iMeta: https://wiley.atyponrex.com/journal/IMT2 ®
. 1:25—1 iMetaOmics: https://wiley.atyponrex.com/journal/IMQO2 ' E{gﬁ- ?‘ iMeta

iMetaMed: https://wiley.atyponrex.com/journal/IMM3




	幻灯片 1
	幻灯片 2
	幻灯片 3
	幻灯片 4
	幻灯片 5
	幻灯片 6
	幻灯片 7
	幻灯片 8
	幻灯片 9

