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Introduction _ Resus

Numerous StUdleS In ammal mOdel SyStemS fOl' Huntlngton S dlsease have Test data for this analysis are the STRIATUM RNASeq data from “Allelic Series” mouse model strains Progressive disease associated dysregulation for selected genes is apparent in declining
I I I I I I I i i i i i expression from WT 2M across increasing AXQ Bins
de:gcnbed |a|tge gene expre.s,smn effectls |nlvar|0L.js tissues, espema”y |n. the described in Langfelder et al, Nature Neurosciences, 2016, available in GEO as GSE65774. (Key differential expression parametors are preconted in embedded tables)
striatum region of the brain. In studies involving samples across either
. . . __Drd1 - Allelic Series ":gem Drd2 - Allelic Series ”f*’m
different age groups or other disease related factors (such as Q-length) it Progression in the Allelic Series by Age across Q-lengths NS i RS e -~ __|i&
can be of interest to characterize how these factors affect dysregulated N == =5 orenan Sl ¥ E!EC#, RS
genes or prOte|nS over the course Of d|Sease progreSS|On We descnbe here Disease Progression classification gene counts for Allelic Series progression by Age at Q80, Q92, Q111, Q140, and Q175 from 2M E._”_ L % E ggg E; | E ggg
. . . . . to 6M and 6M to 10M represented as stacked percentage bar plots. X-axis indicates cumulative percentage of HD signature genes, : gﬁé . ! : g}ié
a BayeS|an approach that utlllzes dlffel'entla| gene eXpreSSIOn results from numbers of genes in each progression class are indicated, progression classes are colored as indicated in legend. {é@ IO SR é&*"b & * aurs {é""‘b R IR, Q{\*"b & » QL
' ' ' ) ' +°° +°Q +°° +°¢ +°° & +°¢ +°° +°¢ +°‘¢ +°° &
disease and progression related contrasts to classify each gene’s trajectory e T or v e e
\ ora =lengins, majority or genes are
through the course of the disease model. For example, the method can 080 - 21 to 6, N | ; - Emergent (“Emerg”, orange) in 2M to 6M - |
describe genes in terms of when their dysregulation appears and the extent Q%0 - &M to 10w i S — i Lo Tl Tl L e e
. . . . . . or o progressions, fraction o AQ-Bn3loBind-Mddelsts  Pogemien 053  2%4e05 021 509 257 462 T e T Ty B e
to which their dysregulation continues to advance or is sustained. The Q111 - 2M to oMy wo | g e e oy orey)
method is based on a previously published method to measure reversal or oo [ ] - e Pde10a - Allelic Series penk - Alelc Series
rescue of gene dysregulation (Marchionini, et al, JCI Insight, 2022). Q° \_ x P o oo o mogressons cton o ] %ﬂ %3 == | o, "y . g
. . . . 140 - 6M to 10M; 944 935 mergent genes (“Emerg”, orange 3 . Q.Length 3 Q.Length
Examples will focus on well characterized published data sets. We will decreases withncreasing Q-Jengthfrom S A E?Eé; 4 . a0 # =3 Qa ik ARY:
explore the implications for marrying these results to transcriptome-wide o | - - : o : %45 : o
. . . . 175 - 6M to 10M- 679 1610 ol e n 5 ; : i — 1 M Si7s L. c s 5 R . i . 0175
effects from disease model intervention studies. PR P & o &
red Fraction of Progressing genes (“Prog”, v v v v v L v v v v
Progression Class M Prog - N-Prog - P-Reg red) decreases slightly with increasing
Emerg Il F-Reg Bl S-Reg Q-length from Q111 — Q175.
Description of the Method T T o o ma o
Example single gene plots from Allelic Series progression by age analysis showing Progression and B Y MR L 7 NN ) M °:°:';E; E:E “ ’:: 3 4

Negligible Progression classes.
Blue arrows indicate trajectory of progressive dysregulation.

o Studies amenable to this analysis involve HD model systems that span
multiple ages, Q-lengths or other disease parameters. pen - Allelic Series ol - llelc Series
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Overlay Progression classes with Reversal/Rescue results

[ ] [ ]
[ ]
16.0 b
o The analysis paradigm is based on three differential expression . o S, * !
. S ! ' S * Phenotype REVERSAL/PREVENTION/RESCUE results from the LacQ140 Huntingtin lowering model described in
Contl‘aStS € oo + £ ° Marchionini, et al, JCI Insight, 2022. Percentage of reversed genes is presented along with nhumbers for HD Signature
. . . ; \ ; ol genes and genes that are overall reversed. Start and end points represent administration of perturbation and age of
O HD Slgnature ContraSt: HD MOdEI VS Wlld Type at d Stal'tlng ~ 145 . ~ harvest. Y-axis labels represent shorthand notation for the three Huntingtin lowering scenarios.
~ = —p E=
pa rameter Val ue 14.0 * Are different Allelic Series AXQ Disease Progression categories more amenable to reversal/rescue/prevention than others?
_ B e O B O
o Eg: Q111 at 6M vs WT at 6M A & &P & S

o HD Progression contrast: HD Model at the next parameter value o 0616 - LacQi4o RNASeq| Quum—) 1149/2711 (42%)
vs HD Model at the starting parameter value 0[12]12 - LacQ140 RNASeq — 1042/2989 (35%)

O Eg : Q 1 1 1 at 1 0 M VS Q 1 1 1 at 6 M Q175 - 2M to 6M Progression -0.64  4.11e-02 -066  -399 1171  -324 Q175 - 2M to 6M Progression -0.58  5.44e-03 -1.35  -456 -1666  -21.93 8[4] 12 - Lach40 RNAseq 1 ﬂ 2 80/2 989 (9%)

Q175 - 6M to 10M  Negligible Progression -1.24 6.24e-226 -0.25 -32.40 -4.72 =132 Q175 - 6M to 10M  Negligible Progression -1.88 3.54e-103 0.11 -21.93 1.36 -15.64
T T T T T T T

o Next HD Signature contrast: HD Model at the next progression Age in Months
parameter value vs Wild Type at the next progression parameter Progression in the Allelic Series, Q-length as a

Value Are different Allelic Series AxQ Disease Progression categories more amenable to reversal/rescue/prevention than

O Eg Q1 11 at 1OM VS VVT at 10M) SuU rrOgate for Age others in LacQ140 Huntingin lowering model?

Overlay Allelic Series AxQ progression classifications with LacQ140 reversal/rescue/prevention classifications and test

Scenario

Disease Disease Aging Disease Aging Emerging Disease Disease Aging Disease Aging Emerging

! “ " : . . .. .
o This contrast captures genes that “Emerge” as HD signature _ _ — — __ using Chi-square (P-values indicated in plot headers)
Disease Progression classification gene counts for Allelic Series progression using Q-length as a surrogate for age at 6M and
10M represented as stacked percentage bar plots. X-axis indicates cumulative percentage of HD signhature genes, humbers of
genes between 6 months and 1 O months genes in each progression class are indicated, progression classes are colored as indicated in legend. 0[616 - LacQ140 RNASeq
Early Early-Middle Middle-Late Late
P = 3.3e-01 P =4.le-13 P = 1.3e-21 P = 1.5e-13

250+

o Disease progression probabilities and classifications are determined o
. . . . Q20 - Q80 - 6M- 5 1
using a Bayesian approach originally designed for gene-by-gene g0z - Q111 - om. |
“reversal/rescue/prevention” as described in Marchionini, et al, JC/ Q80 - Q92 - 6M |l ; HD Signatures for Q20 & Q80 contain
1309 416 relatively small numbers of genes. 2004
1182 I ‘\1515 / 100+

Insight, 2022. qu11- qu40- oM

For this early intervention for
Huntington lowering:
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50+
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29 Early-Middle, Middle-Late and Late

“Progression” genes are MORE
likely to be reversed, Negligible
Progression genes are LESS likely
to be reversed. (red boxes)

N Genes

vg e
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Q140 - Q175 - 6M+

Q20 - Q80 - 10M 10 / \ O-
Q80 - Q92 - 10M- 193 12 2 For Q92 — Q175 progression, fraction of
Q92 - Q111 - 10M| - 1438 | 2 Negligible progression genes (“N-Prog”,
RNASeq Log2 Fold Change B ) 7 grey) increases while fraction of
Q111 Progression from 6 Months to 10 Months : — _ Q111 - Q140 - 10M- . 738 I </—mg//§ Emergent genes (“Emerg”, orange) Progression Class
Difference in Differences plots such as this show how decreases.
C © o A individual genes respond in Q140 - Q175 - 10M- I 752 I 1914 I Expected J Observed
= HD Signature in Striatum (x-axis): , : : : ,
. Q111 vs WT at 6M 0% 25% steoz 75% 100%
g 5 * HD Progressionin Striatum (y-axis):
= + Q111 at 10M vs Q111 at 6M Progression Class M rroo N-Prog =~ P-Reg 2[10]12 - LacQ140 RNASeq
P Emerg ] F-Reg [l S-Reg . .
o . . “ . Early Early-Middle Middle-Late Late
o Data for this example use striatal data from the “Allelic P = 9.8e-01 P = 6.8e-02 P =3.7e-06 P=1.1e18 For this early intervention for
o Series” data from Langfelder, et al (2016), | > . L
S GSE65774 200 E: Huntington lowering:
S o ° FDR < 0.05 Astrocyte and Canonical MSN cell type marker genes from DropViz, disease progression classification gene counts for Allelic S .
5 0 ° Both Genes in quadrants Aand B represent genes whose Series progression using Q-length as a surrogate for age at 6M and 10M represented as stacked percentage bar plots. X-axis 200- z n’"dd'e'l-a’fe a,r:d Late
© 0 o Disease Contrast expression effect in the HD signature PROGRESSES indicates cumulative percentage of HD signature genes, numbers of genes in each progression class are indicated, progression " 2 ‘Progression” genes are MORE
ag o Progression Contrast (effects are in the SAME direction) classes are colored as indicated in legend. o . b likely to be reversed, Negligible
O i 8 Progression genes are LESS likel
c Neither Genes in quadrants C and D representgenes whose g to b% reverseg (red boxes) y
-g expression effectin the HD Signature REGRESSES (effects 200+ o )
0 in the OPPOSITE direction) A 2
v o arein Q20 - QB0 - 6M | 3 Note that in the effect is |
3 ! 10 I 100, g ote thatin the SHee” 1 eSS
a Genes that are colored BLUE and are close to the X-axis 080 - Q92 - 6M = pronounced in this 12M cohort
% -2 e represent genes that NEITHER PROGRESS NOR REGRESS Q111 - G140 - 6M1 = I 5 2 0 than in the 6M cohort shown
Q140 - Q175 - 6M - | 54 69
o e o Q20 - Q80 - 10M 4 above.
o Genes that are colored GREEN and are close to the Y-axis — Q92— 10M.] 6
B g D represent genes that were not part of the HD signature at 6 Q92— Q111 - 10M1 49 ]
months but EMERGE as HD signature genes at 10 months Q111 -G140-10M1 I 42 i 49
. . Q140 - Q175 - 10M | 58 4 77
-2 0 2 < : : ; 1 :
HD Disease Contrast - Log2 Fold Change == == Fraction of Gene Setogz-:ﬁnes in HD Signature == = Progression Class
Diﬁerer_lce observed at ‘_IOM in relative B Expected [l Observed
EmnonieMEN proportions of Progressions,
NS | - 0 Emergent genes, and Negligible
Q80 - 092 - 6M 1 7 Progressions between Astrocyte and
- —6M- 49 39 i
23;7:::72: | 5 o Canonical MSN cell type markers 814112 - LacQ140 RNASeq
02000 10M el G0 Sl Early Early-Middle Middle-Late Late e
—_— 28 P = 1.0e+00 P ="1.3e-01 P = 3.4e-01 P = 5.8e-03 or this fate Intervention for
Qe2 - Q111 - 10M/ 121 | 6004 Huntington lowering:
Q111 -Q140 - 10M 24 138 E
RNASeq Log2 Fold Change Q140 - Q175 - 10M | 21 166 Q )
Q111 Progression from 6 Months to 10 Months — 0.00 025 050 075 1,00 4001 5 Overall reversal is very low and
REGRESSION quadrants further subdivided Fraction of Gene Set Genes in HD Signature Z there is a preference for reversal of
A 4 (0]
C * GREEN shaded area — Full Rggressmn _ nprog I F-res o 73 Emergent genes at the expense of
/ * ORANGE shaded area — Partial Regression Progessionass B ¢ s [ oo [l 570 % 0 = Negligible Progression genes (blue
* PURPLE shaded area — Super Reggression O 07 box)
Q =
2 2; 3
© <
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. Progression in the Allelic Series using the product of .
3 < U.
< ° o Both Individual gene Log2FCs (point) and
2, o Disease Contrast Standard Error (error bars and ellipse) Age a n d Q- I e n gt h
= o Progression Contrast establish probability that a given gene
S | R e o e, Neither (point) falls within a given regression Progression Class
AL 5 % U0 T ey category (area of the plot).
5 ........ * In order to define a framework to which results from various HD intervention studies can be compared, we multiply Age * I Expected [l Observed
S ° T P By e | e Q-Length to define an “AxQ” value
g i e O — AXxQ is discrete owing to fixed Age and Q-Length values in the Allelic Series
T — AxQ scores were binned into FIVE groups as indicated in the table below by intervals of 300
Y & + HD Signature contrasts are defined as AxQ Bin X vs WT 2M Summar and Conclusions
B * Progression contrasts are defined as follows: y
— Bin 2 vs Bin 1 - “Early”

o pResss onirestfegr reid thenes _ Bin 4 vs Bin 3 - “Middle-Late” o Transcriptome progression signals can be described through adaptation
— Bin 5 vs Bin 4 - “Late” . ‘e
of the posterior probability method used for reversal/rescue
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20 ago Qo2 Qi Q120 a7 o Applied across various progression parameters
Test data for this analysis are the STRIATUM RNASeq data from “Allelic Series” mouse model strains 2M | AQ0300,Bin1 | AxQ0300,Bin1 | AxQ0-300,Bin1 | AxQ0300,Binl | AxQ0-300,Bin1 | AxQ 300600, Bin2 O Age
described in Langfelder et al, Nature Neurosciences, 2016, available in GEO as GSE65774. 6M | AxQ0-300,Binl | AxQ300-600,Bin2 = AxQ300-600,Bin2 | AXQ600-800,8in3 | AxQ600-900,Bin3 | AxQ 900-1200, Bin 4
10M AxQ 0-300, Bin 1 _ AxQ 900-1200, Bin 4 | AxQ 900-1200, Bin 4 AxQ >1200, Bin 5 AxQ > 1200, Bin 5
: " d d g g o Q-length as a surrogated for Age
(Define HD Signature\ (Assign HD A (Determine each A 4 A *
within each Progression classes gene’s individual Disease Progression classification gene counts for Allelic Series progression using AxQ bins, represented as stacked percentage O Age Q'length (AXQ)
experiment from HD « Progression posterior probability bar plots. X-axis indicates cumulative percentage of HD signature genes, numbers of genes in each progression class are indicated,
Disease comparison « Emergent for each class progression classes are colored as indicated in legend. . .
« Abe(FC) > 1.15 and « Full regression Sum up 1o Assign progression o Results can be overlayed with Reversal/Rescue calculations
adjusted p-value < 0.05 * Partial regression determine overall category to that with
* Super regression . the highest ignature Progression i cation . ] . .
+Neglgie regression Probabilty probabilty e o Reversal is possible for genes in all progression classes
* Progression/regression : i ] Bin 1-2 progression is driven entirely by . . .
AxQ - Bin 1 to Bin 2 - Early 870 < « w .
genes have an overall Emergent genes (‘Emerg’, orange). o For early intervention: trend towards more effective
bability > 0.95 . .
\ J \ A il /o \ y : reversallrescue/prevention of Middle-Late and Late Progressors as
* AxQ - Bin 2 to Bin 3 - Early-Middle; 1445 742 1_________‘§ For Bin 2-3, 3-4, and 4-5 progressions the . L .
@ fracti f Negligibl i i
Progression effect is viewed as a multiple of the disease effect (in log-fold-change), i.e., A_progression = aA_disease. 7 ::;;::3;;Stai?;%er?p%?{?Zg_]S ® Compared tO eStablIShed H D genes (Negllglble Prog reSSIOnS) and
If a < 0, then the disease effect is regressed; while if a > 0, the disease effect is progressed. x : : :
The PP method examines 5 possible cases for a, for example: AxQ - Bin 3 to Bin 4 - Middle-Late/ 1900 / Early and Early-Mlddle Progressors (thIS reSUlt has been Observed In
Progression: a > 0.2 For Bin 2-3, 3-4, and 4-5 progressions the I
Super-regre§sion: a<-1.3 fraction of Progression genes increases Othel’ StUd|eS nOt ShOWﬂ here)
Partial regresaion: 07 < a < 0.2 detvosees (P g erg crange - - -
el rearension: 0.3 <0 202 g redi Emerg’, orange). o For late intervention: trend towards more effective
1 Emergent genes are those that are not part of the starting HD Signature but then appear in the HD Signature at the Fred reversal/rescue/preventlon Of Late Emergent genes over Other
next disease progression parameter. progression Class M E;zgrg L E::g’g L ;FF‘;: Cl 3sses
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