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Supplementary Figure 1. Characterization of the CDK122 HEK293 cell line.

A. Cartoon depicting the creation of CDK122s by altering the ‘gate-keeper’ residue in
the kinase active site (top). CRISPR/Cas9 genome engineering was used to mutate F
(TTT) to G (GGT) (bottom). Sanger sequencing tracks of gDNA and cDNA from CDK12
WT HEK293 control and CDK122s are shown. B. Time-course of the growth of viable
HEK293 and CDK122s cells after seeding, as measured using alamarBlue HS. n = 6
biological replicates. C. Western blots of parental HEK293, and CDK122s cell whole cell
extracts with the antibodies noted at the right. Tubulin and histone H3 were used as
loading controls. D. Relative protein levels of CDK12, Cyclin K, and loading controls in
CDK122s cells compared to HEK293 cells. Error bars = s.e.m. (n = 2 biological
replicates). Statistical test: two-tailed unpaired t test, ns = not significant. E. Time-
course of the growth of viable HEK293 and CDK123s cells after seeding using
alamarBlue HS. Error bars= s.e.m. (n = 6 biological replicates). Statistical test: two-
tailed unpaired t test, *** p < 0.001. The noted concentrations of NM were added at the
36 hours’ time point as indicated by the arrows. F. Time-course of the growth of the
HEK293 and CDK122s cells measured by xCelligence (n = 6 biological replicates). NM
was added 36 hours after seeding, indicated as the O hour time point on the figure and
indicated by the arrows. G. Western blots of parental HEK293, and CDK122s cell whole
cell extracts treated with DMSO or 7.5 yM NM for 15 or 30 minutes with the antibodies
noted in the middle. Histone H3 was used as a loading control. H. Quantitation of
protein levels of CDK12, Cyclin K, and histone H3 in HEK293 and CDK122s cells after
NM treatment relative to the control. Error bars= s.e.m. (n = 3 biological replicates).

Statistical test: two-tailed unpaired t test, ns = not significant.
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Supplementary Figure 2. Characterization of the CDK122s HEK293 cell line.

A. ChIP-gPCR of pol Il on KPNB1 after treatment of HEK293 cells with DMSO or 7.5
MM NM for 15 minutes. A schematic of KPNB1 is shown above. B. Meta-analysis of
Pol 1l ChiP-seq of scaled expressed genes performed on the parental HEK293 cells
treated with DMSO (black) or with 7.5 yM NM (blue) for 15 minutes. C. Log fold
change upon 7.5 yM NM treatment for 15 min (left) 30 min (right) versus mean of
normalized counts across replicates in parental HEK293 cells. D. Meta-analysis of
TT-seq data of expressed genes after treatment of HEK293 cells with DMSO (black)
or 7.5 yM NM (blue) for 15 or 30 minutes. E. Simulated metagene profiles of
expected RNA synthesis (TT-seq signal) in steady-state (left) and upon changes in
elongation rate for 15 minutes (middle) and 30 minutes (right). F. Simulated
metagene profiles of expected RNA synthesis (TT-seq signal) upon changes in
initiation frequencies, 0.5X (left), 1X (middle), and 2X (right), and elongation rate for
15 minutes (top) and 30 minutes (bottom). In comparison to the steady state
elongation rate profile (black), altered % elongation rate profile (blue) shows lower
coverage of different magnitude for above stated initiation frequencies. With an
initiation frequency 2X (right) the altered elongation rate profile (blue) shows a higher
coverage close to the transcription start site which decreases along the gene body

for the given time window.



Read density (FPKM)

TSS

E +2kb  +4kb  +Gkb +18kb +20kb +22kb -4kb  -2kb y +fkb +i1-kb

TSS+

KPNB1
pA

pA- pA+ pA+ pA+

TSS+ TSS+ pA- pA-
A 02kb  32kb 202kb  48kb 29kb 04kb 14kb26kb 4 1kb
Total pol Il ChlP-seq in CDK12as
Expressed genes = 11,249
80 : . 1.0
: — DMSC 15 min
; : Il DMSO
NM1Smin oslll O NM 15 min
60 E NM 30 min
S 0.6
o
40 < 0.4
’
~ o3
= *
20 S
£ 021 *
0 T : 1 0.14 * %
25 TSS poly(A) site +2.5 i iﬂi i *x
Distance from TSS or poly(A) site (kb) 0.0 . T T :
x 4v # . - X x X
& «gex F F FFFQ
C D
Expressed genes n= 9,647: > 6.5kb
9 1007 mNET-seq total pol Il
80+ )| Expressed genes n= 9,647: > 6.5kb
& S el .
® £ 40 i — DMSO 15 min
ge_ : & gl ;1 — NM 15 min
5 2 f
@D el
@
Foo- 2
— DMSO 15 min
od — ~— NM 15 min :
-1 TSS +2 +4 +6 A TSIS +'2 +l4 +|6
Distance from TSS (kb) Distance from TSS (kb)
E
chrlz = 5kb
— —_— -— KPNB1 | {
3132 [bMSO 15 min
= <
53
20 0 wtbubd N
£ 2 3132 |Nm 15 min
== ‘
. O
2 kb
chrl - | i
— s D HX9
937| DMSO 15 min
=
53
g8 0
g2 | %7 Nm15min
E= ’
- 0
chr21 —p
—&——8——8——=m. PRMT2 : 5kb :
518 DMSO 15 min
=3
& “93 Slg
< 2 NM 15 min
(o]
== ‘
0

Supplementary Figure 3



Supplementary Figure 3. CDK12 inhibition affects elongation of transcription

beyond the EEC.

A. Meta-analysis of Pol Il ChIP-seq of scaled expressed genes performed on the
CDK123s cells treated with DMSO (black) or with 7.5 uM NM (blue) for 15 minutes. B.
ChIP-gPCR of pol Il on KPNBL1 after treatment of CDK122s cells with DMSO or 7.5
MM NM for 15 or 30 minutes. Error bars= s.e.m. (n = 3 biological replicates).
Asterisks indicate statistical significance (* p < 0.05), based on unpaired, two-tailed
Student’s t test. A schematic of KPNB1 is shown on the top C. Meta-analysis of TT-
seq data for the first 6 kb of expressed genes > 6.5 kb in length after treatment of
CDK122s cells with DMSO (black) or 7.5 yM NM (blue) for 15 minutes. D. Meta-
analysis of mNET-seq data for the first 6kb of expressed genes > 6.5 kb in length
after treatment of CDK122s cells with DMSO (black) or 7.5 yM NM (blue) for 15
minutes. E. Total pol Il mMNET-seq profiles across the 3’end of KPNB1, DHX9, and

PRMT2.
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Supplementary Figure 4. CDK12 inhibition does not affect transcription of

histone genes.

A. Meta-analysis of TT-seq data of intronless, histone, and snRNA genes after
treatment of CDK122s cells with DMSO (black) or 7.5 yM NM (blue) for 15 or 30
minutes. B. Meta-analysis of total pol Il MNET-seq data of intronless, histone, and
SnRNA genes after treatment of CDK122s cells with DMSO (black) or 7.5 yM NM
(blue) for 15 minutes. C. ChIP-gPCR of pol Il, Ser2P (ab5095), and Ser5P (ab5131)
on the gene body of five different histone genes after treatment of CDK122s cells with
DMSO or 7.5 yM NM for 15 minutes. Error bars= s.e.m. (n = 3 biological replicates).
Asterisks indicate statistical significance (ns: not significant), based on unpaired, two-

tailed Student’s t test.



T8 KPNB1

PA
ﬁ +2kb  +4kb +6kb+18kb+20kb +22kb -4kb -2kb y +.i2kb +|4kb

TSS+ TSS+ TSS+ pA- PpA- pA- pA+ pA+ pA+
ChIP-qPCRs 0.2kb  3.2kb 202kb  4.8kb 2.9kb  0.4kb1.4kb2.6kb4.1kb
= DMSO 15 min
o NM 15 min
= = =
g6 31 31 =3
< | Ser2P MABI0602 2 ' Ser2P ab5095 Sekk ' Ser5P MABI0603 2 Ser5P ab5131
= s - =
Q‘\i 4 Q\i 8 5 fadaiad °\°1 0 dekx
S 0 6 af -
Q 3 © ™
= D, =] o
22 ® Zo. S0,
= Q 2 = o
o a_ o w0
N 3o 0 T
$7@e°’fb‘l«q}*ca‘*ph@b‘~“$m %o"’lr’bsb%m'b‘@- %D' ml&’f:‘h’l‘«"%*"’q‘gb‘-‘"b‘&#
w‘-&fb,@ v A q,%uq,q'\q, ST W a7 oF N o)
,@”,\%6 F Q?. FEra & 59% FIFEE G FTFTFF
B
ChIP-gPCRs
= DMSO 15 min
o NM 15 min
Ser2P MABI060/pol 11 Ser2P ab5095/pol Il Ser5P MABI060/pol Il Ser5P ab5131/pol Il
% 50 * % 80 Eo 5 dedede =
k& o
o o * 2 o *hk
© ¥ S 60 ® Kok w3
:6-" :6-' ..9 4 * "5 fadkad
g} hag - had *k %
o o 40 o o 2
N 2 N P I
[ [ Q 2 ©
w W 2 w w1
o o o a
™ ® wm =
e ° he s ] 090 W© hal ® o S O 0 © b s I hel oo S WO W W° b I B o} hel o ’ S O 0 © b s B hel
T W AP o G ol P o T i W AP o G ol P o
& VoY w° A% oF W P "c"xfbﬂ’ Y ¥ AP oF AP P ‘\e’xfbr" oY »° a7 oF AF 4 "e'xqu’ D7 »F a¥ oF NF 4P
‘\%@&%‘9: Q\"' QY‘ QV" st Q‘?- ‘\G')a)«%csx Q?' QY‘ Q?" st Q‘?- «%@&é_;‘ Q\"' Q‘?‘ QV" Q?- Qv- ‘\G')a)«%csx Q?' QY‘ QV" QY* Q?-
C
Total pol Il Ser5P (ab5131) RNGTT
0.87 0.3 0.04 - *
M DMSO =
O NM 15 min g % *
. o —~
= o6- E NM 30 min c S 003+
2 S c
2 E 0.2+ <
X IS S
=~ 0.4 8 £ o002+
5 s 0
o Z
e v 0.1 x
0.2 & 0.01 ]
0.0- L 0.0 L 0.00-
Neg KPNB1 CCND2 Neg KPNB1 CCND2 Neg KPNB1 CCND2
D Ser5P (ab5131) / total pol Il RNGTT / (Ser5P / total pol II)
= 107 W DMSO * = 0157
3 0 NM 15 min * 3
= 08 E NM 30 min 5
S S
g 0.6 5
[
8 n
S o2 Z
: »—
s 5
Q
Z
P 02+ g
S 2
04 <
0.0- @
KPNB1 CCND2 KPNB1 CCND2

Supplementary Figure 5



Supplementary Figure 5. CDK12 regulates phosphorylation of the CTD of

engaged pol Il.

A. ChIP-gPCR of Ser2P and Ser5P after treatment of CDK122s cells with DMSO or
7.5 yM NM for 15 minutes. Error bars= s.e.m. (n = 3 biological replicates). Asterisks
indicate statistical significance (* p < 0.05; ** p < 0.01; *** p < 0.001), based on
unpaired, two-tailed Student’s t test. A schematic of KPNB1 is shown above. B. Ratio
of the ChIP-qPCR for Ser2P and Ser5P to pol Il after treatment of CDK122s cells with
DMSO or 7.5 yM NM for 15 minutes. Error bars= s.e.m. (n = 3 biological replicates).
Asterisks indicate statistical significance (* p < 0.05; ** p < 0.01; *** p < 0.001), based
on unpaired, two-tailed Student’s t test. C. ChIP-gPCR of total pol Il, Ser5P, and
RNGTT on the TSS of KPNB1 and CCND2 after treatment of CDK1223s cells with
DMSO or 7.5 yM NM for 15 or 30 minutes. Error bars= s.e.m. (n = 3 biological
replicates). Asterisks indicate statistical significance (* p < 0.05), based on unpaired,
two-tailed Student’s t test. D. Ratio of the ChIP-qPCR of Ser5P to pol Il or of RNGTT
ratioed to Ser5P/pol 1l after treatment of CDK122s cells with DMSO or 7.5 uM NM for
15 or 30 minutes. Error bars = s.e.m. (n = 3 biological replicates). Asterisks indicate

statistical significance (* p < 0.05), based on unpaired, two-tailed Student’s t test.
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Supplementary Figure 6. CDK122 inhibition causes changes to CTD

phosphorylation.

A. Western blots of CDK122s cell chromatin extracts. Cells are either treated with 7.5
MM 1-NM-PP1 or DMSO for 15 and 30 minutes as noted. The antibodies used are
indicated on the left. Histone H3 was used as a loading control. B. Quantitation of
protein levels of total pol I, Ser2P, Ser5P and histone H3 in CDK122s cells relative to
DMSO controls. Error bars = s.e.m. (n = 3 biological replicates). Statistical test: two-
tailed unpaired t test, ns = not significant, * p < 0.05, ** p < 0.01, *** p < 0.001. C.
Western blots of chromatin extracts of DMSO-treated and NM-treated parental
HEK?293 cells with the antibodies noted on the left. Histone H3 was used as a loading
control. D. Quantitation of protein levels of total pol Il, Ser2P, Ser5P and histone H3
in HEK293 cells relative to DMSO controls. Error bars = s.e.m. (n = 3 biological
replicates). Statistical test: two-tailed unpaired t test, ns = not significant. E. Co-
immunoprepication of total pol Il (MABIO601) followed by western blot with total pol Il

(MABI0601), Ser2P (ab5095), and Ser5P (ab5131) antibodies.
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Supplementary Figure 7. CDK12 activity is required for stable association of

elongation factors with chromatin.

A. Meta-analyses of LEO1 ChlP-seq ratioed to the total pol Il signal across scaled
expressed genes for the different length classes noted. B. Meta-analyses of SPT6
ChIP-seq ratioed to the total pol Il signal across scaled expressed genes for the
different length classes noted. C. CDC73 and SPT6 ChIP-gPCR unratioed (top) or
ratioed to pol Il (bottom) across KPNB1 gene after treatment of CDK122s cells with
DMSO or 7.5 uyM NM for 15 minutes. Error bars = s.e.m. (n = 4 biological replicates).
Asterisks indicate statistical significance (* p < 0.05, ** p < 0.01), based on unpaired,

two-tailed Student’s t test.
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Supplementary Figure 8. CDK12 activity is required for stable association of elongation

factors with chromatin.

A. Western blots of CDK122s cell nucleoplasmic extracts. Cells are either treated with 7.5 pM 1-
NM-PP1 or DMSO for 15 minutes as noted. The antibodies used are indicated on the right.
Nucleolin was used as a loading control. B. Quantitation of nucleoplasmic protein levels of
SPT6, LEO1, CDC73, and nucleolin in CDK122s cells relative to DMSO controls. Error bars =
s.e.m. (n = 3 biological replicates). Statistical test: two-tailed unpaired t test, ns = not significant,
*p < 0.05, C. Western blots of HEK293 cell chromatin extracts. Cells are either treated with 7.5
MM 1-NM-PP1 or DMSO for 15 and 30 minutes as noted. The antibodies used are indicated on
the right. Histone H3 was used as a loading control. D. Western blots of HEK293 cell
nucleoplasmic extracts. Cells are either treated with 7.5 yM 1-NM-PP1 or DMSO for 15 minutes
as noted. The antibodies used are indicated on the right. Nucleolin was used as a loading
control. E. Quantitation of chromatin protein levels of SPT6, LEO1, CDC73, and histone H3 in
HEK293 cells relative to DMSO controls. Error bars = s.e.m. (n = 3 biological replicates).
Statistical test: two-tailed unpaired t test, ns = not significant. F. Quantitation of nucleoplamsic
protein levels of SPT6, LEO1l, CDC73, and nucleolin in HEK293 cells relative to DMSO
controls. Error bars = s.e.m. (n = 3 biological replicates). Statistical test: two-tailed unpaired t
test, ns = not significant. G. Western blots of HEK293 (left) or CDK122s (right) cell whole cell
extracts. Cells are either treated with 7.5 yM 1-NM-PP1 or DMSO for 15 and 30 minutes as
noted. The antibodies used are indicated in the middle. B-tubulin was used as a loading control.
H. Quantitation of whole cell extract protein levels of SPT6, LEO1, CDC73, and B-tubulin in
HEK293 (left) or CDK122s (right) cells relative to DMSO controls. Error bars = s.e.m. (n = 3

biological replicates). Statistical test: two-tailed unpaired t test, ns = not significant.
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Supplementary Figure 9. CDK12 inhibition causes loss of detectable SPT6

associated with pol Il.

Co-immunoprecipitation of total pol 1l (MABIO601) from CDK122s cells treated with
DMSO or 7.5 uM NM for 15 minutes and washed with 150 mM (A/) or 300 mM (B/)
NacCl followed by western blot with total pol Il (MABI0O601) and SPT6 antibodies. -
tubulin and nucleolin are used as loading controls. Ratios of SPT6 to total pol Il are

indicated below each western blot.



o

Ratio CPSF73/ total pol Il

Read density (FPKM)

ChiP-seq CPSF73

: — DMSO 15 min
¢ — NM 15 min

-25

T
poly(A) site +2.5

Distance from TSS or poly(A) site (kb)

t
TSS

ChlIP-seq CPSF73 ratioed to total pol Il

107 BMSO 15 min
= — NM 15 min
°
a
<
°
R
[
0]
o
o | ot b i
9
3 WWMN
m N
0 g 1
TSS poly(A) site +2.5

Distance from TSS or poly(A) site (kb)

ChlIP-seq CPSF73 ratioed to total pol Il
10+ ) ; 10 ) : 10 . :
— DMSO 15 min 1 <9.0kb = — DMSO 15 min :9.0-21.1kb = — DMSO 15 min :21.1-41.3kb
— NM 15 min : S — NM 15 min : S — NM 15 min
o o
e e
2 2
5 ; 25— 2 5
: L L
: 0 (%)
‘ o o
[ sea s maaredll :
) )
‘ IS IS
: o o
0 T 1 0 T ] 0~ T .
TSS poly(A) site +2.5 TSS poly(A) site +2.5 TSS poly(A) site +2.5
Distance from TSS or poly(A) site (kb) Distance from TSS or poly(A) site (kb) Distance from TSS or poly(A) site (kb)
10 30 :
_ — DMSO 15 min :41.3-87.8kb _ — DMSO 15 min i>87.8kb
= — NM 15 min : = — NM 15 min :
o o
o o
< <
IS] S 207
® ®
N~ N~
@ @
o . 104
O O
2 2
T T
o4 14 :
0 T 1 0 1 1
TSS poly(A) site +2.5 TSS poly(A) site +2.5
Distance from TSS or poly(A) site (kb) Distance from TSS or poly(A) site (kb)
c KPNB1
1SS pA
a +2kb  +4kb  +Bkb +18kb +20kb +22kb -d4kb  -2kb X +2kb  +4kb
TS_S+ TS_S+ TS_S+ pA_- pA_- pA_- pA_+ p; + pA- +
02kb  32kb 202kb  48kb 29kb 04kb 14kb26kb 4 1kb
CPSF73 CPSF73/ total pol Il
0.08+ 1.25 1
*kk
B DMSO — H DMSO
[ NM 15 min 100 - [0 NM 15 min
= 0067 5
=] Q
E * ; 0.75 4 *
o — T — *%
S 0.041 * & =
o —_ o
T O 050 1 % %
0 28 —_ —
L =1
O 0.02 &
0.25 4

Supplementary Figure 10



Supplementary Figure 10. CDK12 activity is required for stable association of

the polyadenylation factor CPSF73.

A. Meta-analyses of scaled expressed genes of ChlP-seq for CPSF73 with and
without normalization to pol Il after treatment of CDK122s cells with DMSO (black) or
7.5uM NM (red) for 15 minutes B. Metagene analyses for the different length classes
noted comparing the CPSF73 signal ratioed to the total pol Il mMNET-seq signal
before and after CDK122s inhibition for 15 minutes. C. CPSF73 ChIP-gPCR unratioed
(left) or ratioed to pol Il (right) across KPNB1 gene after treatment of CDK122s cells
with DMSO or 7.5 yM NM for 15 minutes. Error bars = s.e.m. (n = 3 biological
replicates). Asterisks indicate statistical significance (* p < 0.05, ** p < 0.01, *** p <

0.001), based on unpaired, two-tailed Student’s t test.
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Supplementary Figure 11. Ser2P is unaffected at the 3’end of long genes.

A. Meta-analyses of mMNET-seq for Ser2P (MABI0O602 and ab5095) ratioed to pol Il
across genes > 87.8 kb after treatment of CDK122s cells with DMSO (black) or 7.5uM
NM (orange) for 15 minutes. B. Meta-analyses of mMNET-seq for Ser5P (ab5131)
ratioed to pol Il across genes > 87.8 kb after treatment of CDK122s cells with DMSO

(black) or 7.5uM NM (red) for 15 minutes.



