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Figure 1: The Nuclear to cytoplasmic (N/C) ratio regulates cell cycle and transcription

(A) Cell cycle elongation and transcription activation (as illustrated by a cartoon of the knirps
transcription pattern) are both delayed by reduction of the N/C ratio through reduction in ploidy.
Haploid embryos undergo one additional fast cell cycle to restore the correct N/C ratio before
cell cycle slowing, and all previous nuclear cycles (NCs) are correspondingly shortened (haploid
NC14 is equivalent to wild-type NC13 and so on). Transcription is similarly delayed. (B) Since
the N/C ratio affects both cell cycle and transcription it is difficult to disentangle which event is
upstream or if both sense the N/C ratio independently. Shorter cell cycles necessarily entail less
time for transcription within a given cycle.



FI g Lﬂ?ﬁv eprint doi: https://doi.org/10.1101/766881; this version posted September 13, 2019. The copyright holder for this preprint (which was
e

ied by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available
under aCC-BY-NC 4.0 International license.

knirps (N/C-dependent)

WT

Haploid

NC13 NC14 NC13 NC14
knirps snail
500 - 400 -
NC11 NC12 NC13 NC14 NC11 NC12 NC13 NC14
400{——WT —— WT Haploid
— Haploid > 300 -
= =2
< 300 w/‘\ <
> | | 2 200- A WMWW
2 200 : ' @
g f g
= c J
£ 100l f} £ 100 |
9 VA1 S0 A0 S0 I8 S S A B
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
Time (min) Time (min)
500_kmrps 400_snall
w11 w12 w13 w14 W11 w12 w13 w14
400 __wr Haploid 300 | —+—WT

)

I Haploid

U
w
o
o

(

!
v

Intensity (A
N
3
Intensity (A.U.)
N
8
== %

0 T T r : — T ! 0 : T . : - . .
0O 10 20 30 40 50 60 70 80 0O 10 20 30 40 50 60 70 80
Time (min) Time (min)



https://doi.org/10.1101/766881
http://creativecommons.org/licenses/by-nc/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/766881; this version posted September 13, 2019. The copyright holder for this preprint (which was
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available
under aCC-BY-NC 4.0 International license.

Figure 2: Total transcriptional output depends on the N/C ratio

(A) Representative images of total RNA output for previously categorized N/C-ratio-dependent
gene, kni, in wild-type (WT) NC13-NC14 and haploid NC13-15. Color legend represents total
cumulative output per nucleus per cycle (A.U.). Inset shows endogenous kni pattern and dotted
box indicates the area under analysis. Scale bar represents 10 um (B) Same as A except for
previously categorized N/C-independent gene, sna. (C) Average kni-MS2 signal for all
transcribing nuclei aligned by nuclear cycle. Haploids have shortened interphase and lower total
transcriptional output compared to WT. Data represented as mean + SEM. Grey boxes
represent mitoses. (D) Same as C except for N/C-independent gene, sna. (E) kni-MS2 signal for
all transcribing nuclei aligned by the N/C ratio. Data represented as mean + SEM. Grey boxes
represent mitoses. (F) Same as F except for sna. 6 WT and 4 haploid, and 4 WT and 3 haploid
biological replicate embryos were analyzed for kni-MS2 and sna-MS2, respectively.
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Figure 3: The N/C ratio modulates nuclear transcriptional output through cell cycle
duration

(A) Schematic of different parameters that could affect transcriptional output per nucleus when
controlled for cell cycle duration. If the transcriptional output post initiation was directly
responsive to the N/C ratio one or more of these parameters would be changed. (B)
Comparison of interphase duration (line plots) and kni transcription duration (boxplots) of WT
(blue), haploid (yellow), and short-cycle-diploid (green) embryos. Line plots display interphase
length for WT, haploid, and short-cycle-diploid embryos. Data represents mean and SEM.
Dashed line corresponds to WT NC14 and haploid NC15 interphase length, which was not
plotted to better highlight differences in the earlier cell cycles. Boxplots show minimum (10%),
lower (25%), median, upper (75%), and maximum (90%) quantiles. Outliers are shown as ‘+’.
(C) Same as B except for sha. short-cycle-diploid embryos slightly longer cell cycle duration
compared to haploid, though comparable transcriptional windows. (D) Boxplots of total kni
transcripts produced per nucleus for WT, short-cycle-diploid, and haploid embryos within the
first 2.5 minutes after transcription initiation. Boxplots show minimum (10%), lower (25%),
median, upper (75%), and maximum (90%) quantiles. Outliers are shown as ‘+’. Outliers above
the dashed line were collapsed to preserve scaling of Y-axis. Number of outlier values over the
cut-off are given after ‘+’.(E) Same as D except for sna. (F) Average kni-MS2 signal for all
transcribing nuclei in haploid and short-cycle-diploid embryos. Data represent mean + SEM.
Grey boxes represent mitoses. (G) Same as F except for sna. 47 NC11, 184 NC12, 658 NC13,
and 1051 NC14 nuclei from 6 replicate kni-MS2 WT embryos were analyzed. 42 NC11, 121
NC12, 393 NC13, 755 NC14, and 1218 NC15 nuclei from 4 replicate kni-MS2 haploid embryos
were analyzed. 25 NC11, 68 NC12, and 267 NC13 nuclei from 4 replicate kni-MS2 short-cycle-
diploid embryos were analyzed. 109 NC11, 163 NC12, 272 NC13, and 1283 NC14 nuclei from 4
replicate sna-MS2 WT embryos were analyzed. 58 NC11, 153 NC12, 239 NC13, 375 NC14,
and 1259 NC15 nuclei from 3 replicate sna-MS2 haploid embryos were analyzed. 146 NC11,
175 NC12, and 139 NC13 nuclei from 4 replicate sna-MS2 short-cycle-diploid embryos were
analyzed.


https://doi.org/10.1101/766881
http://creativecommons.org/licenses/by-nc/4.0/

bioﬂ preprint doi: https://doi.org/10.1101/766881; this version posted S mber 13, 2019. The copyright holder for this preprint (which was
nat certified by peer review) is t r, who has granted bioRxi¥=eflicense to display tlﬁp Hig ;rtlity. It is made available
ﬁir{ under aCC-BY-NC 4.0 International license. mligfa

Figure 4

WT

Haploid

NC13 NC14 NC15

2

1000 - 1000 - fruhstart
= mwr 5 mwr
° Haploid [&) Haploid
= 800 { M Short diploid 2 800 {M Short diploid
2 2
2 600- - 2 600
@ I ? Iz
c = n
S 400- I £ 400-
%‘ III % II::
= 2001 I £ 200 =
Q BLil & =
0-_=-‘_iii O-——-—-i.
NC11 NC12 NC13 NC14 NC15 NC11 NC12 NC13 NC14 NC15
E 800 - fruhstart output first 2.5 min F ) fruhstart transcription duration
= WT 52 40 -e- Interphase //
7004 - Haploid i . == Transcription y
= Short diploid + . B + 25 1EwWT / I
—~ 6004 : * + : = Haploid /
= 500. N % % 'S 20 { M Short diploid /
$ + Sl /'
2 400 : S 15 I
7 =
AT, 14
= |
= 2004 ! ) =
i . & g[S Y B
0 gl .
NC11 NC12 NC13 NC14 NC15 NC11 NC12 NC13 NC14 NC15
G 550 fruhstart
NC11 NC12 NC13 NC14
—— WT
=9 200 1 Haploid
j —+— Short diploid
< 150
2
% 100 - . y
= /
50
/
0 ; . ~ . . ,
0 10 20 40 50 60 70 80

Time (min)


https://doi.org/10.1101/766881
http://creativecommons.org/licenses/by-nc/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/766881; this version posted September 13, 2019. The copyright holder for this preprint (which was
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available
under aCC-BY-NC 4.0 International license.

Figure 4: A subset of genes respond directly to the N/C ratio

(A) Example images where active nuclei are false colored in blue or yellow for WT and haploids
respectively. Active nuclei are defined as nuclei where the total MS2 intensity crossed a
threshold for more than 30% of a given cycle’s duration. Scale bar represents 10 pm. (B) Same
as A except for another previously defined N/C-dependent gene, fruhstart (frs / Z600). Unlike
kni, the increase in the number of active nuclei for frs is delayed in haploids. (C) Plot of total
active nuclei for kni in WT, short-cycling-diploid, and haploid embryos by cell cycle. Grey bars
represent all nuclei in the frame, colored bars represent total actively transcribing nuclei. Data
represented as mean + SEM. (D) Same as C except for frs. (E) Boxplots of total frs transcripts
produced per nucleus for WT, short-cycling-diploid, and haploid embryos in the first 2.5 minutes
after transcription initiation. Boxplot shows minimum (10%), lower (25%), median, upper (75%),
and maximum (90%) quantiles. Outliers are shown as ‘+’. (F) Comparison of interphase duration
(line plots) and frs transcription duration (boxplots) of WT (blue), haploid (yellow), and short-
cycling-diploid (green) embryos. Line plots display interphase length for WT, haploid, and short-
cycling-diploid embryos. Data represents mean + SEM. Dashed line corresponds to NC14 and
NC15 interphase length of WT and haploid, respectively, truncated to better highlight
differences in the earlier cell cycles. Boxplots of frs transcription duration per nucleus. Boxplot
shows minimum (10%), lower (25%), median, upper (75%), and maximum (90%) quantiles.
Outliers are shown as ‘+'. Total period of active transcription scales with interphase duration.
(G) frs-MS2 signal for all transcribing nuclei in WT, short-cycle-diploid, and haploid embryos.
Data represented as mean = SEM. Grey boxes represent mitoses. 23 NC11, 55 NC12, 791
NC13, and 1921 NC14 nuclei from 5 replicate frs-MS2 WT embryos were analyzed. 10 NC11,
17 NC12, 177 NC13, 1355 NC14, and 1510 NC15 nuclei from 4 replicate frs-MS2 haploid
embryos were analyzed. 24 NC11, 97 NC12, and 546 NC13 nuclei from 4 replicate frs-MS2
short-cycle-diploid embryos were analyzed.
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