Multi-omics analyses reveal early metabolic imbalance and mitochondrial stress in

brd1/rd1

neonatal photoreceptors leading to cell death in Pde6 mouse model of retinal

degeneration
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Supplementary Figure 1. Differential gene expression in rd1 rod photoreceptors at pre-
degeneration stages.

A. Enrichment plot of top 10 KEGG pathways that are most impacted by differential gene
expression at pre-degeneration stages in rd1 rods.

B. Volcano plots of metabolic genes (as annotated in Reactome) at P2, P4, and P6. Colors
represent significance and direction of differential expression (rd7 vs WT): red —
significantly over-expressed; blue - significantly under-expressed; and, grey — not
significant.

C. Calcium-related and signaling genes show divergent expression in rd1 rod photoreceptors
at neonatal stages. Red and blue lines denote gene expression in rd7 and WT rod
photoreceptors, respectively.

D. Heatmaps of selected clusters - C1, C2 and C3, showing atypical gene expression trends
between rd1 and WT rods. Log CPM (Icpm) values are row scaled to z-scores for plotting.
Color scale bar is same as in Figure 1D.

E. Pathway annotation (KEGG) of clusters of differentially expressed genes between rod
photoreceptors from rd7 and WT retina. The dot plot shows the top 10 most impacted

pathways per cluster.



-log10 (FDR)

-log10 (FDR)

-log10 (FDR)

-log10 (FDR)

-log10 (FDR)

Supplementary Figure 2

Carbohydrate Metabolism at P2 Carbohydrate Metabolism at P4 Carbohydrate Metabolism at P6 Carbohydrate Metabolism at P8 Carbohydrate Metabolism at P10
o Myof : : Agl o Myof : : . 81, Myof : : . : : : : JAdl
1 1 1 1 1 1 1 1 - 1 1
1 1 1 1 Agl 1 1 MyOf 1 1 8 1 1
1 1 1 1 1 1 1 1 1 1
6 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 ) 1 1 1 1
: : : : :  Ad 6 : : : :
1 1 1 1 6 1 1 1 1 1 1
1 1 4 4 1 1 1 1 1 1 6 1 1
1 1 1 1 1 1 1 1 1 1
: : : : *Pppir3e I I I ; : : .
44 1 1 E:‘ 1 1 E:‘ 1 1 E:‘ Ppp1 r3e 1 1 ° E:‘ Ppp1 r3e 1 1 .S|k1
- - : . e ) I e
° I | 52 1 1 1(2 | | 9 ntp 5 | 9 4- . . 9533
Pl 1| g ] g |1 My g Copgp1® " g |
1 1 T 1 1 T 1 1 T |mpa1 1 1Ag T 1 1
1 1 2 1 1 1 1 L] 1 1 1
| L Ssas e e Myof+Entpds: D4, Sika
27 . . | | . . Gstol . 2- NudtS~Mtmr7, 1 Slc3a2 , St8sia2 e Pppir3c PikibDe! " Atf3
! pﬁ“M | Peppe 1 leTiger | EntpdS\i 1 Slc5a3 Hk2-Ghst h '/Kldst7 Acacb GIb13  Amy1, F’ﬂ<9. Acadfy °
................... M) T st POQY 1T | pdeorgate - !Hhod B3s | Fagy "MW 7!  Riget ‘Hepd
[ » & 1 ¥ &Hn I - e | A0 0 R a. | | Y I T/====-==¢ -l ——rye T Y e —
: : : : i ; . .
1 ! 1
01 1 1 01 1 1 01 1 1 01 : 1 01 1 1
4 2 0 2 2 0 2 4 2 0 2 3 2 1 0 1 2 3 4 2 0 2
log2 FC log2 FC log2 FC log2 FC log2 FC
Lipid Metabolism at P2 Lipid Metabolism at P4 Lipid Metabolism at P6 Lipid Metabolism at P8 Lipid Metabolism at P10
: | e Abhd4 : e : | . : : . : : . Eif2ak3
! ! ! ' Abhd4 ! ' Samd8 ! ! Plppr1 ! !
2.0 : : s : : : : : : 15+ : :
| N
: , *Lpcat2 : : : : 751 : : : :
1 1 1 1 1 1 1 1 1 1
.Adora‘l 1 1 1 1 ° 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
1 1 1 1 Samd8 1 1 1 1 ACO'[.'I 1 1
! | »Samds 3 : . ! ! : : ! !
1 1 A t1 1 1 chat2 1 1 1 1 10 1 1
CO —~ —~ - —~ —~~ -1
: b ¢ | : : T 4 : : mdhg | 5 501 Socs5 | : i : :
. 1 1 L\L/ 1 1 L\L/ 1 1 Py L\L/ 1 1 L\L/ 1 1
104+ = e e e ?ciro]lpj . _: ______ o Dher24 | o : : =) : : o =) : : =) : : Plppr1
; ! 2 7 ; ; S Disp3 ! ' Abhd4 5 PIa€I2: ! 3 ! ! .
: : | : | Acer2 Acot! | : | Pippri | fidh11 B | | Pip4p1 Pla2gde| : | Pipskia
I I Ccn1 Bmprib 1 1 . 1 1 Impa1 .\.l ! Pin4k2a ! ! S Sik1
1 1 ®o0® 1 1 Aldh3a2Rdh8 21 Faf15 1 1 Gba pcat2 2.5 1 1 ° P 51 ElovI1 1 1 e Samd8
1 1 Disp3 1 1 g 1 o 7 Acaala—e lvd 1 Pisd Mtmr7 |
054 . . P g 12 Acsli * Lpl Ltadh, '® xGer2 ~Echi . o | Abcd2 | Aldha2
' 1 1 L R A I T YT ST T T T T T ® I I e D|Sp30 Fitm2 ¢ r(SamdS E bh 6| Acadm
) ! ! - Ptprnz\ebﬁgz ‘o a297 Acot1 Pctpﬁ..\' PQ gri Kcnmat gipy ! {j{
! ; ; i 4 | o __._H odd: ___._ ,.,‘?F:.ﬁﬂtmﬂ f e G\tm7 ! 833 o-gRdh1
! ' ! e A I S Rest® v ____ bhﬁﬁ‘@p_d_ Acotl_ |
B 1
0.0 1 1 01 1 | 01 1 ; 0.0 1 1 01 1 1
-2 0 2 -2 0 2 -3 -2 -1 (I) 1 2 -2 0 2 -2 -1 0 1 2 3
log2 FC log2 FC log2 FC log2 FC log2 FC
Mitocarta at P2 Mitocarta at P4 Mitocarta at P6 Mitocarta at P8 Mitocarta at P10
5. . ; ; JRpI35a | ; o, RpI35a | | . Thnsl, il | | Rpl35a, |
1 1 1 1 1 1 1 1 1 1
Rpl35a ! ! , ! . . Mrpl27 Ndufs2 1 | - -
: : : : ° 1 : : : : . : :
! ! 5 I I Ndufs2 | : Dnajc28 | ! 61 Ndufs2 ' !
41 1 1 1 1 1 1 ° 1 1 1 1
1 1 1 1 1 1 S|C25a33 1 1 1 1
1 1 1 1 1 1 1 1 1 1
} } 1 1 1 1 1 1 1 1
34 ® J | | = 1 1 = 44 1 1 = Sfxn2 1 1 = 1 1 Atp23
Ndufs2 1 - = ! ! & Mrpl27 1 - & o : 5 ' ' Thgtl ¢
. ! ! L 4- Ndufs2 ! ! ™ ° ! ! L Dn?jaB: :C.)oq9 TR ! ! 9
N— . N N N
! ! = ! ! = ! . = o Rdh11— g ! = ! 1Co Aldh3az
! ! o Dnajc28 ! 'Coq9 o ! 1 Dmpk o Ak4 Fam136a1 1 D Dnajc28 ! ! Sdhc
54 1 1 o ° 1 1 o i 1 1 Guk ° o 1 1 S|c25a33 o ° 1 1
I I 1 I I 1 Dnajc28 I u 1 ° I I I ° I 1 Slc2Ba33
| . ®Coq9 ! IA ap1,Slc25a33 ° | | ° Acaai ° | | Mal Pisd Mrpl27 ! | °
Mrpl27&p ol ! o Akap1 5] Rps18 ! ' 2od5 . Dmpk et ; ! '\.Thg1l iy “: :S%D y 2- Gdap1\ : :.‘ Cog5
BB A S . Dmpk w2z ob o Bnaiad wipso o 1goas e nd g Teom Abcc2 SRI2~g ) B
: : MNd3| | Atpboy | | AfnSasChhds| |- AL s R R S SRk Lo EELE R R Lyrm7_Mettige_ ' 1@ldc Ech? |
: - | | | |
01 1 1 01 1 1 01 1 1 01 1 1 01 1 1
2 1 0 1 2 2 1 0 1 2 2 1 0 1 2 2 -1 0 1 2 3 5.0 25 0.0 25
log2 FC log2 FC log2 FC log2 FC log2 FC
Transcription Factors & Protein Kinases at P2 Transcription Factors & Protein Kinases at P4 Transcription Factors & Protein Kinases at P6 Transcription Factors & Protein Kinases at P8 Transcription Factors & Protein Kinases at P10
° : : ° : : 20 1 ° : : ° : : : : ° Eif2ak3
T T i - |
1o [ [ 1 1 154 1o
1 1 1 1 1 1 1 1 1 1
* Zfp973 Ak *Zip973 K o Lo . o
1 1 1 1 1 1 1 1 1 1
154
3 oL e | N S |
1 1 1 1 p 1 1 o 1 1 1 1
81, ZIp966 o 87 ° o _ ® zipg7z 1 _ | zfpoge 4P966 bl —~ 10- Zfp973 i
| z 1k z . | z 1 Tsee | B ‘ T
. o s |1 Zfp949 C Lo m Bub1b L . 2 24p982 i 1Sike  Sox30
[ —~ 11 e ~ 104 [ ~ 1 1 ~ o Zipgg7 ' ' ® 4
«fp982 o = - 982 o o = 11 Zfp949 © 10+ S 1 1 o Zf.p966 .p (I o o
| | (@)} 1 1 [@)) 1 1 [ ] [@)) 1 1 [e)) 1 1
2ipo67 ! | 8 : | Hmgatb| & i a2 & epwen® AW h & | . | gene N
° . Hmgaib o o o T.ShZZ * Duxbl1 BUblb e Zfp967 , | Duxbl1 o
4 i 11 Zfp949 . 41 pr968 o pr967. | o o 1 1 Sox30 . ° zmges » i Bubib « . Siki Hmgatbe
] ° o 1o Sox30 o ® Zfpo67' ! * Hmgaib I Creb5  7fp729a S 4IPS "o rony )8
Zfp968 Qtx2' ! TSh22 ° D wbl1 pr965 o o 5] 11 Zfp605 pr968 ° | ' Tox 30 A430033KO04RIR! ! 78141
D .bH KIf9 \: (SOXSO Tg|f2—p32 u Lhx4 . [ pr61 Tg|f2—p82 [ | / Gucy2f 54 1 OX ) 1 1 Mapkapk3
ux I Zf 1 l® 1 1 1 I Zf 984 1 1 [ ]
ZN: p64 Thd_ Giis1 757! ' @ 2P pmpk Zfp968 :Qd.m ! :D?p/ . Tgif2—ps2 A430033K044?k.3' & T ?boxG . P984, 1 o
Ebf3—eS! A Dmpk Bubifyg® = "?‘.Gﬁf\ﬁm% Foxm1 - -*l\l/rllvlknm ! E2251 ZIp99T o %, 5 ! h'.- .
""""""" . em o | 777N Y 4 I D R » _ 1l __1__ L ___ g% e e L S R
01 (R 01 [ 01 [ 01 01 1 1
-5 0 5 10 -5 0 5 10 -5 0 5 -5 6 5 -5 0 5
log2 FC log2 FC log2 FC log2 FC log2 FC
Calcium related genes at P2 Calcium related genes at P4 Calcium related genes at P6 Calcium related genes at P8 Calcium related genes at P10
1 1 1 1 1 1 1 1 1
Pde6b: | e Ccl28 | | o Ccl28 : : | | Strp4 | | | o Prnp
67 1 1 1 1 1 1 127 1 1 1 1 Gngt2
1 1 4 1 1 1 1 1 1 1 1 4
1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
i Pgee, 1 Qo $100a10 A L 6- -
1 1 1 1 4 - b 1 1 1 1 1 1
E E 34 E E Sic24a2 E E Pde6b E E E E L
i i e eLgmn
‘ o = | = Pdcgb | | = ° R = e
| | DD: | | DD: e, i Prnp d DD: | | DD: Kcne2 | |
1 1 TH 1 1 Prnp I 1 d Capnil| T 1 1 TR o 1 1 c ° -
1 1 ~ 1 | ] ~ 1 1 ~ 1 1 ~ 1 1
| | e | | e | | D.mpk e | | e | | amk=g
Colz8 L Sfrpa g R 5 e 2 N 5 1 Anxas
C r = = i = L
‘ ] - ' S0 Dmek - Gstol} |0 Cngat ' SRS ' . Gna2Scga3l | Capnite
21 Adorai Hen1! ' Chrnb4 ! ! ; Sfrp4 Pde4d/?\b4' "DOC Ano2 4- I 1 Gngt2 Ccl28 > i ! bimG
e Cadps || e Cxcr4’C?a’sT-§0J | 1 Pgpdoc - Srpa Ends; | Anof Masp2 o) Sledga2’fdelbl L T
Anxar I I Dmpk RN NS A A S S o Cd8® . 1 Pt il Ccl28  Canl|  * e Cadps/.FZr ! amkk1
Bnip | |Atf4l ° ] ® of 0o, | ] & C Pr_\@._ _L___ &' I_a_29_7 __________ | de5 Cd8g4 o ® @ / | 1 ® \Capni0
______ Goa———e ® 1___e__°___GCapnil_ Lo CT CucalbCd3? Bcan &fabt kP
l l l : : N Clb'l *Txnip | beeooo - e %o _L_ o8 _____
1 1 1 i C@iewbma 1 ° | :
1 1 L I I e -—-— -ﬂ L5 PSR
01 1 1 01 1 1 01 1 1 01 1 1 0+ 1 1
5.0 25 0.0 2.5 5.0 6 4 2 0 2 4 -3 0 3 6 2 0 2 4 6 5.0 25 0.0 25 5.0



Supplementary Figure 2. Transcriptional deregulation in selected pathways before rod
photoreceptor degeneration in the rd7 retina. Volcano plots summarizing differential
expression of selected pathways — Carbohydrate metabolism, lipid metabolism, mitocarta,
transcription factors and protein kinases, and calcium related genes, at P2, P4, P6, P8 and P10,
in rod photoreceptors from rd71 retina before degeneration. Colors represent significance and
direction of differential expression (rd7 vs WT): red — significantly over-expressed; blue —

significantly under-expressed; and, grey — not significant.
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| Symbol | Description I FC
CARS8 Carbonic anhydrase 8 100
HDDC3 HD domain containing 3 A 14.322
CD99L2 CD99 antigen-like 2 12285
ACOT1 Acyl-CoA thioesterase 1 . 519
SUPV3LA1 Suppressor of var1, 3-like 1 4.98
Top overexpressed proteins (P10)

I Symbol | Description | FC I
HDDC3 HD domain containing 3 15.838
cDo9L2 | CD99 antigen-like 2 6.042
ACOT1 Acyl-CoA thioesterase 1 4.416

SUPV3L1 Suppressor of var1, 3-like 1 (S. cerevisiae) 31387
RNF146 Ring finger protein 146 2.999
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Top underexpressed proteins (P6)

| Symbol | Description | FC
AMY2A5 Amylase 2a5 0.055
CALM1 Calmodulin 1 0.127
PDE6B Phosphodiesterase 6B, cGMP-specific, rod, beta - 0.138
AQP4 Aquaporin 4 0.219
CRYAA Crystallin, alpha A 0.228
Top underexpressed proteins (P10)
I Symbol | Description | FC
PDEBB Phosphodiesterase 6B, cGMP-specific, rod, beta  0.041
AMY2A5 Amylase 2a5 . 0.089
PDEGA Phosphodiesterase 6A, cGMP-specific, rod, alpha  0.135
CRYGS | Crystallin, gamma S 0284
RAB33B  RAB33B, member RAS oncogene family ~ 0.293
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Supplementary Figure 3. Proteomic changes in the rd1 retina and decreased activity of
mitochondrial NADH-dehydrogenase complex (Complex I).
A. A list of the top five over- and under-expressing proteins at P6 and P10 in the rd1 retina.
B. Ridge-plots of significantly differential pathways at P10 from gene set enrichment analysis.
The top (red fill) and bottom (blue fill) panels represent over- and under-enriched
pathways, respectively. Each ridge shows distribution of fold change of leading-edge
proteins of the respective significant pathway.
C. Enrichment curve from fgsea analysis for a curated list of OXPHOS proteins in rd1 vs WT
retina at P6 and P10, respectively.
D. Reduced Complex | activity in the rd7 retina before photoreceptor degeneration. Complex
| activity assayed in mitochondrial enriched WT and rd1 retinal lysates, n=3 or 4 for each

group. Data are represented as mean + SEM. Student t test, * p<0.05, ** p<0.01.
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Supplementary Figure 4. Aberrant flux in central carbon metabolism continues at P10.

A. Plot showing metabolite abundance profiles of the rd7 retina relative to WT, at P10. Red
labels denote top abundant metabolites in the rd7 retina, while blue labels denote most
depleted metabolites.

B. Sum of metabolites involved in glycolysis and PPP in the WT and rd7 retina at P10.

Color and significance features are same as Figure 4C.
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Supplementary Figure 5. Lower Mit/Nu DNA ratio in rd71 retinas. Mit/Nu DNA ratio was

measured in WT and rd1 retinas from P2 to P10. Student t test, ** p<0.01.



upplementary Figure 6

TEM of rd1 retina showing ONL, Outer segment and RPE




Supplementary Figure 6. TEM ultrastructure assessment of photoreceptor inner segments
and mitochondria in rd1 photoreceptors from P6 to P14. Photographs were taken at 10,000X

and 30,000X. White square box indicates zoomed in area. Scale bar = 2 mm.



SUPPLEMENTARY DATA LEGENDS

Supplementary Data 1. Gene expression quantification of flow sorted rod photoreceptors
from WT and rd7 retina. RNAseq summary in counts per million (CPM) and statistical test results
for significantly differentially expressed genes between flow sorted rod photoreceptors from WT

and rd1 retina.

Supplementary Data 2. Proteomic quantitation and differential analysis of WT and rd1
retina. Peptide detection summary and abundance ratio for retinal proteins detected in the mass

spectrometry experiment.

Supplementary Data 3. Retinal metabolome landscape in WT and rd71. Summary of

comparative analysis of metabolomic profiles from WT and rd1 retina.



	SupplementaryLegends
	SFig1.JiangMondal Cell Metab.Aug2021
	SupplementaryLegends
	SFig2.JiangMondal Cell Metab.Aug2021
	SupplementaryLegends
	SFig3.JiangMondal Cell Metab.Aug2021
	SupplementaryLegends
	SFig4.JiangMondal Cell Metab.Aug2021
	SupplementaryLegends
	SFig5.JiangMondal Cell Metab.Aug2021
	SupplementaryLegends
	SFig6.JiangMondal Cell Metab.Aug2021
	SupplementaryLegends

