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genotype number of 

isolates 
mean 
doubling 
time 

standard 
deviation 

sig dif 
from WT# 

adj p 
value 

sig dif 
from 
ubp10# 

adj p 
value 

WT 3 117.5 2.925   **** <0.0001 
ubp5 3 114.4 1.553 ns 0.9946 **** <0.0001 
ubp6 2 126.2 3.642 ns 0.271 **** <0.0001 
ubp7 3 117 3.168 ns 0.9999 **** <0.0001 
ubp10 2 156.7 3.771 **** <0.0001   
yuh1 3 118.7 2.101 ns 0.9995 **** <0.0001 
ubp5 ubp6 3 121.3 3.128 ns 0.9853 **** <0.0001 
ubp5 ubp7 3 114.3 1.042 ns 0.9942 **** <0.0001 
ubp5 ubp10 3 152.6 7.495 **** <0.0001 ns 0.9927 
ubp5 yuh1 3 115.6 1.453 ns 0.9992 **** <0.0001 
ubp6 ubp7 3 125.8 1.539 ns 0.2016 **** <0.0001 
ubp6 ubp10 4 128.2 3.597 * 0.0204 **** <0.0001 
ubp6 yuh1 3 125.3 3.977 ns 0.2708 **** <0.0001 
ubp7 ubp10 4 158.7 0.9206 **** <0.0001 ns 0.9992 
ubp7 yuh1 3 120.2 1.537 ns 0.9987 **** <0.0001 
ubp10 yuh1 3 162.1 0.3686 **** <0.0001 ns 0.8901 
ubp5 ubp6 ubp7 3 122.1 3.726 ns 0.9212 **** <0.0001 
ubp5 ubp6 ubp10 3 128.4 2.988 * 0.0313 **** <0.0001 
ubp5 ubp6 yuh1 3 123 2.186 ns 0.7634 **** <0.0001 
ubp5 ubp7 ubp10 2 146.1 1.273 **** <0.0001 ns 0.1651 
ubp5 ubp7 yuh1 3 122.2 7.23 ns 0.9071 **** <0.0001 
ubp5 ubp10 yuh1 5 151.7 9.374 **** <0.0001 ns 0.8898 
ubp6 ubp7 ubp10 5 129 3.893 ** 0.0052 **** <0.0001 
ubp6 ubp7 yuh1 5 127.6 2.581 * 0.0225 **** <0.0001 
ubp6 ubp10 yuh1 4 131.9 3.575 *** 0.0004 **** <0.0001 
ubp7 ubp10 yuh1 6 160.9 3.992 **** <0.0001 ns 0.9632 
ubp5 ubp6 ubp7 
ubp10 3 127.1 4.693 ns 0.0824 **** <0.0001 
ubp5 ubp6 ubp7 
yuh1 3 122.7 1.758 ns 0.8093 **** <0.0001 
ubp5 ubp6 ubp10 
yuh1 2 128 4.879 ns 0.0983 **** <0.0001 
ubp5 ubp7 ubp10 
yuh1 4 152.7 5.128 **** <0.0001 ns 0.9857 
ubp6 ubp7 ubp10 
yuh1 4 132.9 3.873 *** 0.0001 **** <0.0001 
ubp5 ubp6 ubp7 
ubp10 yuh1 3 129.1 2.96 * 0.0172 **** <0.0001 

 
#Significance calculated by one-way ANOVA; ns, not significant 
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In all experiments, cell cycle positions were confirmed by flow cytometry. Cells were 

fixed and labeled with Sytox Green (Invitrogen) as previously described (Landry et 

al, 2012). Samples were analyzed using a FACScan (Becton Dickinson) and data 

analyzed with FlowJo (Tree Star, Inc.) software. 

Equivalent optical densities of cells were collected and lysed as previously described 

(Landry et al, 2012). In these experiments, cell pellets were lysed in cold TCA buffer 

(10 mM Tris pH 8.0, 10% trichloroacetic acid, 25 mM ammonium acetate, 1 mM 

EDTA). After incubation on ice, lysates were then centrifuged and the pellets 

resuspended in Resuspension Solution (0.1 M Tris pH 11.0, 3% SDS). Samples 

were heated to 95°C for 5 minutes, allowed to cool to room temperature, and 

clarified by centrifugation. Supernatants were added to 4X SDS-PAGE Sample 

Buffer (0.25 M Tris pH 6.8, 8% SDS, 40% glycerol, 20% β-mercaptoethanol) and 

heated to 95°C for 5 minutes. Western blotting was performed as previously 

described (Landry et al, 2012) with antibodies against Cdc28 (Cdk1) (sc-6709, Santa 

Cruz Biotechnology), Flag (Clone M2, Sigma), HA (Clone 16B12, Covance), V5 

(Invitrogen), Myc (Clone 9E10, Covance).  
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RNA was digested with DNaseI (New England Biolabs) and precipitated. 1-2 μg of 

RNA was then reverse transcribed using Random Primers (Invitrogen), followed by 

digestion with RNaseH (New England Biolabs). For qPCR, RT samples were mixed 

with 2X SYBR Fast Master Mix Universal (Kapa Biosystems) and indicated primers 

(Landry et al 2014) and reactions were carried out on a Mastercycler ep realplex 

(Eppendorf) or a Roche LightCycler 96. mRNA levels for each sample were 

calculated by first subtracting any signal from the no reverse transcriptase control 

reactions and then normalizing each value to corresponding value for ACT1. Fold 

change was calculated by comparing to mRNA levels in wild type cells.  

Cells were grown to mid-log phase and 5-fold dilutions were plated on rich media 

plates with 2% dextrose, rich media plates with 2% dextrose and benomyl, synthetic 

complete plates lacking histidine with 2% dextrose, or synthetic complete plates 

lacking histidine with 2% galactose and incubated at 30°C. Plates were removed 

from the incubator when colony sizes of control strains were comparable. 

Equivalent optical densities of cells were fixed using 1/10th volume of Fix Solution 

(11% formaldehyde, 0.1 M NaCl, 1 mM EDTA, 50 mM HEPES-KOH pH7.6) for 10 

minutes and the reaction was then quenched by the addition of 1/5th volume 2.5 M 

glycine for 5 minutes. Cells were pelleted, washed twice with cold TBS and lysed in 
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1X Lysis Buffer (25mM HEPES-KOH pH7.6, 400mM NaCl, 0.2% Triton X-100, 1mM 

EDTA, 10% glycerol, 1 μg/ml leupeptin, 1 μg/ml bestatin, 1 mM benzamidine, 1 

μg/ml pepstatin A, 17 μg/ml PMSF, 5 mM sodium fluoride, 80 mM β-

glycerophosphate and 1 mM sodium orthovanadate) by bead beating cold for 5 

minutes. Cell lysates were washed 3 times with FA Buffer + PIC (50 mM HEPES-

KOH pH 7.6, 150 mM NaCl, 1 mM EDTA, 1% Triton X-100, 0.1% Na deoxycholate, 

1 μg/ml leupeptin, 1 μg/ml bestatin, 1 mM benzamidine, 1 μg/ml pepstatin A, 17 

μg/ml PMSF, 5 mM sodium fluoride, 80 mM β-glycerophosphate and 1 mM sodium 

orthovanadate), resuspended in 1mL FA Buffer + PIC and sonicated in a Bioruptor 

(UCD-200) for 30 minutes. Cell lysates were centrifuged and supernatant was 

transferred to a new tube, a fraction of the lysate was aliquotted into 2X Stop Buffer 

(20 mM Tris-HCl pH8.0, 100 mM NaCl, 20 mM EDTA, 1% SDS) and the remainder 

incubated overnight with magnetic beads pre-coupled to the specified antibody. 

Lysates were then washed 2X with ChIP Buffer + PIC (20 mM Tris-HCl pH 8.0, 150 

mM NaCl, 2 mM EDTA, 1% Triton X-100, 1 μg/ml leupeptin, 1 μg/ml bestatin, 1 mM 

benzamidine), 2X with High Salt ChIP Buffer + PIC (20 mM Tris-HCl pH 8.0, 650 mM 

NaCl, 2 mM EDTA, 1% Triton X-100, 1 μg/ml leupeptin, 1 μg/ml bestatin, 1 mM 

benzamidine) and 4X with RIPA Buffer (10 mM Tris-HCl pH 8.0, 0.25 M LiCl, 1 mM 

EDTA, 0.5% NP-40, 0.5% Na deoxycholate). Crosslinking was reversed by mixing at 

65°C for 30 minutes in 2X Stop Buffer. 200 μL TE was added to lysates and samples 

were treated with Proteinase K for 4 hours at 65°C. Samples were then 

phenol:chloroform:isoamyl alcohol extracted using phase-lock tubes. Chromatin was 
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resuspended in 10 mM Tris-HCl pH 8.0 + 1μg/mL RNase A and incubated at 37°C 

for 20 minutes. qPCR was then performed as described above compared to a 

dilution series made from the input DNA as the standard curve.  
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