
Supplementary Figure S1.  Standstill mutants exhibit persistent growth defects and eventual embryonic 
death.  Wildtype (A-C) and standstill mutant embryos (D-F) were incubated under normal growth 
conditions to 24hpf (A,D), 48hpf (B,E), and 72hpf (C,F), and images were taken under brightfield 
microscopy.  Wildtype embryos develop normally into larvae while cdc25a-/- mutant embryos develop 
poorly with tissue necrosis, improper somitogenesis, decreased pigmentation, heart edema and eventual 
death by 5dpf. 
 
Supplementary Figure S2.  In situ hybridization of cdc25a in 36 hpf zebrafish embryos.  In situ 
hybridization with an antisense riboprobe specific for zebrafish cdc25a detects robust expression of 
cdc25a in the eye and brain of 36 hpf wt zebrafish (A).  Expression is lacking in cdc25a-/- mutants (B). 
 
Supplementary Figure S3. Knockdown of cdc25a by a translation-blocking morpholino phenocopies the 
standstill phenotype.  Compared to control morpholino-injected embryos (A), cdc25a-ATG morpholino-
injected embryos (B) exhibit characteristic morphologic defects and severely reduced numbers of pH3-
positive cells. 
 
Supplementary Figure S4.  Zebrafish exhibit a robust cell-cycle arrest following treatment with ionizing 
radiation, as evaluated by anti-pH3 immunohistochemistry. Widespread cell cycle arrest after 16 Gy 
ionizing irradiation begins as soon as 15 minutes post-irradiation and starts to recover by 120 minutes 
post-irradiation. 
 
Supplementary Figure S5.  Inhibition of ATM with the ATM inhibitor KU55933 leads to 
radiosensitivity in zebrafish.  2 hpf wildtype zebrafish embryos were left untreated (A,B), treated with 
5uM KU559333 (C,D) or 10uM KU55933 (E,F), then mock-irradiated (A,C,E) or irradiated with 8 Gy of 
ionizing radiation (B,D,F) at 6hpf and fixed at 48hpf.  Brightfield images of representative fish were 
taken to demonstrate morphologic effects.   
 
Supplementary Figure S6.  Inhibition of DNA damage response pathways with caffeine leads to 
increased cell proliferation in cdc25a-/- embryos.  12hpf WT (A,C) or cdc25a-/- (B,D) zebrafish embryos 
were left untreated (A,B) or treated with 5mM caffeine (C,D) overnight and stained for pH3.  cdc25a-/- 
mutant embryos treated with caffeine exhibit increased cell cycle proliferation. 
 
Supplementary Figure S7. The G1/S checkpoint is not activated in cdc25a-deficient embryos.  (A) 
Quantification of pH3 foci in cdc25a/control MOs vs cdc25a/cdkn1a MOs.  Knockdown of cdkn1a does 
not restore cell proliferation in cdc25a-deficient embryos.  (B) cdc25a knockdown similarly impairs cell 
proliferation in the p53M214K/M214K mutant background, which is deficient for p53 activity. 
Immunohistochemical staining for p-Rb in wildtype (C) and cdc25a mutant (D) zebrafish shows presence 
of phosphorylated Rb protein, indicating that G1/S cyclin/Cdk complexes are active.  (E) Immunoblot for 
p-Chk1 in nuclear extracts of control morphants and cdc25a morphants. p-Chk1 is induced by control MO 
injection, likely reflecting some degree of genotoxic stress due to morpholino injection. The reduced 
amount of p-Chk1 in cdc25a morphants may be due to decreased replication stress, as would be expected 
when cells are not proceeding through the cell cycle. Immunoblotting for Proliferating Cell Nuclear 
Antigen (PCNA) was performed as a loading control. 
 
Supplementary Figure S8.  Loss of proliferation precedes the appearance of γH2AX. Zebrafish embryos 
from 90% epiboly to the 14-somite stage were tested for cell cycle arrest and the appearance of γH2AX 
by immunohistochemical staining. After imaging, all embryos were genotyped.  In these lateral views, the 
embryo proper appears as a thin rim of tissue above the yolk mass.  Cell cycle arrest occurs as early as 
80% epiboly in cdc25a-/-   mutants, and is clearly apparent in the embryos by the 6-somite stage (top). 
Meanwhile, an increase in the number of γH2AX foci does not appear until the 14-somite stage (arrows). 



A small number of γH2AX foci are present in mutant and wildtype embryos before this time, likely 
indicating developmental apoptosis or low levels of replication stress, expected to occur in a small 
number of cells of a large rapidly proliferating population. 
 
Supplementary Figure S9.  Overexpression of Cdc25A does not lead to decreased ATM function. To 
test whether Cdc25a may regulate ATM directly, A549 non-small lung cancer cells were mock-
transfected (lanes 1-3) or transfected with a plasmid encoding mouse Cdc25A under a CMV promoter 
(lanes 4-6). Transfected cells were either mock-irradiated (lanes 1, 4), irradiated with 400R ionizing 
radiation (lanes 2, 5), or irradiated with 800R ionizing radiation (lanes 3, 6) and lysed. Increased Cdc25A 
protein does not lead to decreased ATM activity, as measured by its auto-phosphorylation or 
phosphorylation of CHK2. 
 
Supplementary Figure S10.  Deleterious effects of ATM knockdown.  Single cell embryos were injected 
with ATM morpholino or control MO and observed.  (A) Representative images of morphologic defects 
seen in the ATM morphants but not in the controls including microcephaly, shortened body axis and 
pericardial edema.  (B) Survival analysis.  82% of control MO injected embryos survived to 20 days vs. 
38% of ATM MO-injected (p< 0.0001 by Log-Rank (Mantel-Cox) test with χ2=39.26 and d.f.=1) 
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