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Abstract: Publicly available transcriptomic datasets from zebrafish exposed to three representative per- and polyfluoroalkyl
substances (PFAS)—PFHxS, PFOA, and PFOS—were systematically integrated with behavioral data to elucidate comparative toxic
potencies and neurotoxic mechanisms. Transcriptomic point-of-departure (tPOD) modeling identified PFOS as the most potent
compound (120-h tPOD = 0.3241umol/L), followed by PFHxS (0.3735umol/L) and PFOA (0.4506pmol/L). Developmental
stage—dependent increases in PFAS tolerance were observed. Behavioral meta—analysis revealed a characteristic biphasic
“stimulation-inhibition” response pattern across all three PFAS, with enhanced locomotor activity at low concentrations and
suppression at higher doses. Behavior-anchored transcriptomic profiling demonstrated that PFAS exposure broadly perturbed
metabolic homeostasis and neural signaling pathways, with PFOS eliciting more pronounced disruptions in signal transduction and
immune regulatory networks. Single-cell transcriptomic analysis further indicated that PFOS substantially altered neuronal subtype
composition, suggesting that augmented excitatory synaptic activity may underlie the observed behavioral phenotypes.
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Fig.2 PFAS-induced biphasic behavioral responses and associated gene expression dynamics in zebrafish
(a~c) Pt f14)) £/ 6~120hpf B T =7l PFAS JG 1032 S BEAR A o LI 12 454180, (d~e) PRy faL)fALE 6~120hpf B2 55 T —Fl PFAS J5#65¢
HIEFARILIEN 3T, (g~)B T Pearson AH I MESIEIR G 54T A8 M0 S 25 A G OB BRI (~1)XT FIT 075326 )k LR S0 AT B P 20 o L 3 D 4 AN B e,
J#7R PFAS AbBRZ (T2 28) 53 AL (R 2R )AE SRt 1k ) 7

06~24 Q6~48 06~120
I 18] (hpf)

SUERIE PR 5 B R A B B(KEGG) & S 70 Hr
45 R WO PFHXS  1FAH SCBEH i) 3 PR 32 2 4 TR
W AH DG %, 40 B 4K i (Carbohydrate metabolism)Fl
A T AR (Lipid metabolism); iy B AH S A5 B U1 58 ff
T2 MLt 5 5% T i B S AN i iz I
5 PFOA 41 1 1T AH AR He 1 5 DA s 4R T B ARt

(Carbon metabolism). ¥ [ fift / # 5 2= (Glycolysis/
Gluconeogenesis) % HE 1 A Ui A1 24 JE 1R 5 J AH DG il
%, SRR SRR U 8 1 0 L A A R e s/ R R
P A FUCEE, AT AR R H TR AR
A5 DA SR WAL A S e P R (] 3A). X s IR
A LLF H PFHXS F1 PFOA 1% 3% K 3 fit 40 #7485



12 4

TR RO MR R = MR A S YRR 22 5

7013

053 AR, e AT BE Al AU A0 40 L T A 5 A
ek,

X T PFOS, IEAH AR R [ KL DA Dy e 3= 5 4 T
Ca™". Notch. 41 PXl 1 e ik 2% 25 22 Fh 41 7] /M P
5 5 T B, 7 S A SRR ) B T R AR e
925 V2l 3a). Notch Tl B AF 4 & B I R Hp (1) GBS
AT HL 2 0T e S T A 48 70 A W I I T) 7
TTE, 5 S 5 R 0o A R S 4 T S PO,
B A 5 1) L A 40 s AR 2 R A4 T g % )
1P R PROS TR IS “ Mgt~ ” oy
[ Rl e A B e AR G R = PFAS 7R3
lARU 2 T AE e — o 3Lk (e R & W 5 (s
AR R IR R A

BEDIAAR I _ANI2H 53 (GO_CC)Jy thridk— 45

7N =Bl PFAS A G 3 PR R IA 75 W 41 Mo &5+ e A I
(K7 [ (K 3b).PEHXS H1 PFOS [ 1F A 56 5L K 2 5
AR TP TOAH 580, 20 Sl LA e i 0 5 i ) 465 4
h G e A 72 S RT g T PFHxS 32 224 T il
255 R W, PFOS W44 5 fir 42 52 F1 m] 98 1
YK B 43 A 22 S A 0 Tk 5 Ml i/ 5 ek S B
FEREE B WAL ML N PFOA [IEAR G
DN R T AR (LR A SR A P R
S B 28, 32 7 0 B3 PR AE F TT e 1) 45 4 4 5 g
LG IR AT AR SO S T PFHXS 32 B0 A% b
M5 B B 2546, PFOA. 4111 2 W st A 1 42 B 45 1Ak S
i JE I AH S 45460, 1 PROS ) 5k 22 300041 28 e 4
R JR 48, 7R =38 70 40 M D BB A WL b A7 AR B
BER.

(a) KEGG_PFHxS KEGG_PFOA KEGG_PFOS
ey - st
wauzg [ s Notehfs 2% [
m AHFEREES skt s I /s [ bl - 7% 40 7t
sz mapic | sy [ ks e [
st | perryy | Y|
pe e s e ey
I 4k A I— it I e feife
. I = 5 1A e I < 0 [ L
W RS 15 e [
I I choe 5 e
[ [ By [
[ s [ e [ Ly
3 2 1 0 1 2 3 4 6 5 4 3 2 1 0 1 2 3 6 4 2 0 2 4 6
-log,,(qvalue) -log,,(qvalue) -log,((qvalue)
(b) GO _CC PFHxS GO _CC _PFOA GO _CC_PFOS

o]

count

Hth e
{ P i

j
L
qvalue

PRI | g e 12| mmR

CHE P B il s
BERSY | WERS

LREAI | itk

PeRkATIE | 4R 3oL a0 P, RERLEY | R
FIESCRSRS | MLLL &
U e - LEtTEy %
AREFE | mMLLI2 wfE PITIBE (LRI ’:.im
HBMEGH | gon sam | =

K3 PFAS Bk MAT AN (KD e HT
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