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Caption: Supplemental Figure S1. Acute perturbation of Engl ¢ neurons in adult mice in a
hypercapnic protocol resulted in increased oxygen consumption and reductions in apnea
frequency, periodic instability and volume instability under room air conditions, and
reduced respiratory rate, minute ventilation, and Vg/Vo, under hypercapnic conditions.
Baseline respiratory parameters were measured pre-CNO under room air and hypercapnic (5%
CO3) conditions, followed by CNO injection (10 mg/kg) and another exposure to room air and
hypercapnia. After CNO administration, under room air conditions Engl"*; P_hM4D animals
showed increases in oxygen consumption (D) and reductions in apnea frequency (F), periodic
instability (H) and volume instability (I) with no significant changes in respiratory rate (A), tidal
volume (B), minute ventilation (C), V&/Vo, (E), or sigh frequency (G) as compared to pre-CNO
measurements and sibling controls. Under hypercapnic conditions, Engl“®; P_hM4D animals
showed a reduced rate (A), minute ventilation (C), and Ve/Vo, (E) with no significant changes in
other respiratory parameters. No significant changes were seen in temperature (J). Statistical
significance was determined using a linear mixed-effects regression model with animal type
(experimental or control) and CNO treatment (pre or post) as fixed effects and animal ID as a
random effect. *p<0.05, **p<0.01, ***p<0.001.
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Caption: Supplemental Figure S2. Acute perturbation of Engl ¢ neurons in adult mice in a
hypoxic protocol resulted in increased tidal volume, minute ventilation and oxygen
consumption and reductions in periodic instability and volume instability under room air
conditions, and reduced Vg/Vo, under hypoxic conditions. Baseline room air respiratory
parameters were measured pre-CNO, followed by CNO injection (10 mg/kg) and another
exposure to room air and a single exposure to hypoxia (10% O,). No pre-CNO 10% O,
measurement was made to avoid potential confounds of hypoxic plasticity on the post-hypoxic
response. After CNO administration, under room air conditions Engl“’°; P_hM4D animals
showed increases in tidal volume (B), minute ventilation (C), and oxygen consumption (D) and
reductions in periodic instability (H) and volume instability (I) with no significant changes in
respiratory rate (A), Ve/Voa (E), or apnea (F) or sigh frequency (G) as compared to pre-CNO
measurements and sibling controls. Under hypoxic conditions, Engl“*; P_hM4D animals
showed a reduced V&/Vo, (E) with no significant changes in any other respiratory parameters. No
significant changes were seen in temperature (J). Statistical significance was determined using a
linear mixed-effects regression model with animal type (experimental or control) and CNO
treatment (pre or post) as fixed effects and animal ID as a random effect. *p<0.05, **p<0.01,
*x%p<0.001.
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Caption: Supplemental Figure S3. Acute perturbation of HoxA2-Cre neurons in adult mice
in a hypercapnic protocol resulted in no respiratory changes and a reduced body
temperature 30 minutes after the end of the assay. Baseline respiratory parameters were
measured pre-CNO under room air and hypercapnic (5% CO,) conditions, followed by CNO
injection (10 mg/kg) and another exposure to room air and hypercapnia. After CNO
administration, under both room air and hypercapnic conditions HoxA2-Cre; P_hM4D animals
showed no significant change in respiratory rate (A), tidal volume (B), minute ventilation (C),
oxygen consumption (D), Ve/Vo, (E), apnea (F) and sigh frequency (G), or periodic (H) and
volume instability (I) as compared to pre-CNO values and sibling controls. HoxA2-Cre;
P _hM4D animals did show a significant reduction in temperature 30 minutes after the end of the
respiratory assay as compared to sibling controls (J). Statistical significance was determined
using a linear mixed-effects regression model with animal type (experimental or control) and
CNO treatment (pre or post) as fixed effects and animal ID as a random effect. *p<0.05,
*%p<0.01, ***p<0.001.
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Caption: Supplemental Figure S4. Acute perturbation of HoxA2-Cre neurons in adult mice
in a hypoxic protocol resulted in no respiratory changes under room air, increases in
respiratory rate, tidal volume, minute ventilation, and Vg/Vo, under hypoxic conditions,
and a reduced body temperature 30 minutes after the end of the assay. Baseline room air
respiratory parameters were measured pre-CNO, followed by CNO injection (10 mg/kg) and
another exposure to room air and a single exposure to hypoxia (10% O3). No pre-CNO 10% O,
measurement was made to avoid potential confounds of hypoxic plasticity on the post-hypoxic
response. After CNO administration, under room air conditions HoxA2-Cre; P_hM4D animals
showed no significant change in all measured respiratory parameters as compared to pre-CNO
values and sibling controls. Under post-CNO hypoxic conditions, HoxA2-Cre; P_hM4D animals
had increased respiratory rate (A), tidal volume (B), minute ventilation (C), and Vg/Vo, (E) with
no significant change in oxygen consumption (D), apnea (F) and sigh frequency (G), or periodic
(H) and volume instability (I) as compared to sibling controls. HoxA2-Cre; P_hM4D animals
also showed a significant reduction in temperature 30 minutes after the end of the respiratory
assay as compared to sibling controls (J). Statistical significance was determined using a linear
mixed-effects regression model with animal type (experimental or control) and CNO treatment
(pre or post) as fixed effects and animal ID as a random effect. *p<0.05, **p<0.01, ***p<0.001.
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Caption: Supplemental Figure SS5. Acute perturbation of EngC"" neurons in adult mice in a
hypercapnic protocol resulted in a reduction in respiratory rate, tidal volume, minute
ventilation, and Vg/Vo, under room air conditions, and a reduction in respiratory rate,
tidal volume, minute ventilation and V/ Vo, under hypercapnic conditions. Baseline
respiratory parameters were measured pre-CNO under room air and hypercapnic (5% COy)
conditions, followed by CNO injection (10 mg/kg) and another exposure to room air and
hypercapnia. After CNO administration, under both room air and hypercapnic conditions
Egr2“®; P_hM4D animals showed a significant reduction in respiratory rate (A), tidal volume
(B), and minute ventilation (C), with no changes in oxygen consumption (D), apnea (F) and sigh
frequency (G), or periodic (H) and volume instability (I) as compared to pre-CNO values and
sibling controls. Egr2Cre; P_hM4D animals showed a trend toward reduced Vi/Vo, (E) under
room air conditions and had a reduced V&/Vo, under hypercapnic conditions. Egr2<"*; P_hM4D
animals also showed a significantly higher temperature pre-CNO in the beginning and middle
and post-CNO at the end of the assay as compared to sibling controls (J). Statistical significance
was determined using a linear mixed-effects regression model with animal type (experimental or
control) and CNO treatment (pre or post) as fixed effects and animal ID as a random effect.
*p<0.05, **p<0.01, ***p<0.001.
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Caption: Supplemental Figure S6. Acute perturbation of EngC"" neurons in adult mice in a
hypoxic protocol resulted in a reduction in Vg/Vo, under room air, and a reduction in
respiratory rate, tidal volume, minute ventilation, and Vi/Vo, under hypoxic conditions.
Baseline room air respiratory parameters were measured pre-CNO, followed by CNO injection
(10 mg/kg) and another exposure to room air and a single exposure to hypoxia (10% O,). No pre-
CNO 10% O, measurement was made to avoid potential confounds of hypoxic plasticity on the
post-hypoxic response. After CNO administration, under room air conditions Egr2“"; P hM4D
animals showed a significant reduction in V&/Vo, (E) with no significant changes in respiratory
rate (A), tidal volume (B), minute ventilation (C), oxygen consumption (D), apnea (F) and sigh
frequency (G), or periodic (H) and volume instability (I) as compared to pre-CNO values and
sibling controls. Under post-CNO hypoxic conditions, Egr2“"¢; P_hM4D animals had a reduced
respiratory rate (A), tidal volume (B), minute ventilation (C), and V&/Vo, (E) with no significant
change in other respiratory parameters as compared to sibling controls. No significant changes
were seen in temperature (J). Statistical significance was determined using a linear mixed-effects
regression model with animal type (experimental or control) and CNO treatment (pre or post) as
fixed effects and animal ID as a random effect. *p<0.05, **p<0.01, ***p<0.001.
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Caption: Supplemental Figure S7. Acute perturbation of HoxB1 ¢ neurons in adult mice in
a hypercapnic protocol resulted in a reduction in respiratory rate, minute ventilation,
oxygen consumption and an increase in Vg/Vo, under room air conditions; a reduction in
respiratory rate, minute ventilation and V/V o, under hypercapnic conditions, and
decreased temperature at the end of the assay and 30 minutes post. Baseline respiratory
parameters were measured pre-CNO under room air and hypercapnic (5% CO,) conditions,
followed by CNO injection (10 mg/kg) and another exposure to room air and hypercapnia. After
CNO administration, under room air HoxBI"*; P_hM4D animals showed a significant reduction
in respiratory rate (A), minute ventilation (C), oxygen consumption (D) resulting in a
significantly increased Vg/Vo, (E) with no changes in tidal volume (B), apnea (F) and sigh
frequency (G), or periodic (H) and volume instability (I) as compared to pre-CNO values and
sibling controls. Under hypercapnic conditions, HoxBI“°; P _hM4D animals showed
significantly reduced respiratory rate (A), minute ventilation (C), oxygen consumption (D), and
Ve/Voz (E) and increased periodic (H) and volume instability (I) as compared to pre-CNO values
and sibling controls. HoxBI“°; P_hM4D animals also showed a reduced temperature
immediately at the end of the assay and 30 minutes after the end (J). Statistical significance was
determined using a linear mixed-effects regression model with animal type (experimental or

control) and CNO treatment (pre or post) as fixed effects and animal ID as a random effect.
*p<0.05, **p<0.01, ***p<0.001.
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Caption: Supplemental Figure S8. Acute perturbation of HoxB1 ¢ neurons in adult mice in
a hypoxic protocol resulted in a reduction in respiratory rate, tidal volume, minute
ventilation, and oxygen consumption under room air, reduced respiratory rate, minute
ventilation, and oxygen consumption, under hypoxic conditions, and lower temperature
immediately at the end of the assay and post 30 minutes. Baseline room air respiratory
parameters were measured pre-CNO, followed by CNO injection (10 mg/kg) and another
exposure to room air and a single exposure to hypoxia (10% O,). No pre-CNO 10% O,
measurement was made to avoid potential confounds of hypoxic plasticity on the post-hypoxic
response. After CNO administration, under room air conditions HoxBI“"; P_hM4D animals
showed a significant reduction in respiratory rate (A), tidal volume (B), minute ventilation (C),
and oxygen consumption (D) with no significant changes in Vi/Vo, (E), apnea (F) and sigh
frequency (G), or periodic (H) and volume instability (I) as compared to pre-CNO values and
sibling controls. Under post-CNO hypoxic conditions, HoxBI“"*; P_hM4D animals had a
reduced respiratory rate (A), minute ventilation (C), and oxygen consumption (D) and increased
periodic (H) and volume instability (I) as compared to sibling controls. HoxBI“"; P_hM4D
animals also showed a reduced temperature immediately at the end of the assay and 30 minutes
after the end (J). Statistical significance was determined using a linear mixed-effects regression
model with animal type (experimental or control) and CNO treatment (pre or post) as fixed
effects and animal ID as a random effect. *p<0.05, **p<0.01, ***p<0.001.
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Caption: Supplemental Figure S9. Acute perturbation of HoxA4-Cre neurons in adult mice
in a hypercapnic protocol resulted in increased respiratory rate, minute ventilation, and
oxygen consumption under room air; increased minute ventilation and oxygen
consumption under hypercapnic conditions; and a reduced temperature 30 minutes after
the end of the assay. Baseline respiratory parameters were measured pre-CNO under room air
and hypercapnic (5% CO,) conditions, followed by CNO injection (10 mg/kg) and another
exposure to room air and hypercapnia. After CNO administration, under room air conditions,
HoxA4-Cre; P_hM4D animals showed a significant increase in respiratory rate (A), minute
ventilation (C), and oxygen consumption (D) with no changes in tidal volume (B), Ve/Vo: (E),
apnea (F) and sigh frequency (G), or periodic (H) and volume instability (I) as compared to pre-
CNO values and sibling controls. Under hypercapnic conditions, HoxA4-Cre; P_hM4D animals
showed a significant increase in minute ventilation and oxygen consumption with no changes in
other respiratory parameters. HoxA4-Cre; P_hM4D animals also showed a reduced temperature
30 minutes after the end of the assay (J). Statistical significance was determined using a linear
mixed-effects regression model with animal type (experimental or control) and CNO treatment
(pre or post) as fixed effects and animal ID as a random effect. *p<0.05, **p<0.01, ***p<0.001.
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Caption: Supplemental Figure S10. Acute perturbation of HoxA4-Cre neurons in adult
mice in a hypoxic protocol resulted in increased respiratory rate, tidal volume, minute
ventilation, oxygen consumption, and Vg/Vo, under both room air conditions; no change
under hypoxic conditions, and a reduced temperature immediately following and 30
minutes after the end of the assay. Baseline room air respiratory parameters were measured
pre-CNO, followed by CNO injection (10 mg/kg) and another exposure to room air and a single
exposure to hypoxia (10% O,). No pre-CNO 10% O, measurement was made to avoid potential
confounds of hypoxic plasticity on the post-hypoxic response. After CNO administration, under
room air, HoxA4-Cre; P_hM4D animals showed a significant increase in respiratory rate (A),
tidal volume (B), minute ventilation (C), oxygen consumption (D) and Vg/Vo, with no changes in
apnea (F) and sigh frequency (G), or periodic (H) and volume instability (I) as compared to pre-
CNO values and sibling controls. HoxA4-Cre; P_hM4D animals also showed a reduced
temperature immediately after the end of the assay and 30 minutes after the end of the assay (J).
Statistical significance was determined using a linear mixed-effects regression model with
animal type (experimental or control) and CNO treatment (pre or post) as fixed effects and
animal ID as a random effect. *p<0.05, **p<0.01, ***p<0.001.
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