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Supplemental Experimental Procedures

Yeast cultivation, genetic and cell biology methods.

Double mutant strains were generated by crossing single mutants, using standard
methods. Genotypes were verified by phenotype and sequence analysis. HU sensitivity
was tested by plating ten-fold serial dilutions on YPAD plates containing 10, 50 and 100
mM HU (Figure 5B). To measure recombination frequency, strains transformed with
recombination substrates were grown for 3-4 days at 30° C. Recombination events
occurring during this time were scored by comparison of total cell numbers (selected for
the plasmid only) and the recombinants (selected for plasmid and the recombined LEU2
gene). Six colonies of at least three independent transformants were analyzed. For the
senl-1 mutation, transformants from two different spores were analyzed. Recombination
substrates used are described in Supplementary Table Il. GFP-based recombination was
assessed in a FACScalibur of cells transformed with either pGLG alone (-AID) or co-
transformed with pGLG and pGAID (+AID). After over night induction of AID and GLG
in galactose, 10° cells were counted. AID dependent mutation was scored after counting
5-FOA resistant cells transformed with the pLAUR which encodes for URA3 in frame to
LacZ in absence or presence of pGAID. Image analysis of Rad52-GFP transformed cells
was performed using epifluorescence microscopy.

DNA immunoprecipitation (DIP) analysis.

Sonicated genomic DNA was resuspended in water and 200 pg DNA diluted into 400 pl
FA1 buffer (0.1 % SDS, 1 % Triton, 10 mM Hepes pH 7.5, 0.1 % sodium deoxycholate,
275mM NaCl) and immunoprecipitated with 5 pg S9.6 purified antibody for 90 minutes
at 4° C. This was washed and eluted following regular ChIP protocols. For RNase H
sensitivity experiments 200 ug DNA was incubated with 40U of RNase H (NEB) at 37°C
for 2h. Reaction was stopped by adding EDTA to 10mM concentration. DNA incubated
in the absence of RNase H was used as a control. Samples were diluted 10x with FA1 and
DIP was performed as described above.

In vitro 3* end processing reactions.

These were performed as previously described (Kessler et al., 1996; Zhao et al., 1999),
except that cells were grown in YPAD at 25° C and shifted to 37° C for 90 (rnal4-1) or
180 (all other strains) min. The CYCL1 substrates were kindly provided by Bernhard
Dichtl as described (Minvielle-Sebastia et al., 1998).



3’-end RACE

This was performed by amplifying total RNA prepared as for Northern blot analysis by
reverse transcription, employing linker-coupled phased oligo dT. Specific products were
amplified using a specific forward primer and the linker sequence as reverse primer. PCR
products were separated on 2 % agarose gels.

RNA expression analysis by microarray. Total RNA was extracted from WT (WF1A)
and senl-1 (WF1B) cells, grown for 150 min at 30° C in 500 ml synthetic complete
medium by acid phenol chloroform extraction. 20 pg total RNA was annealed with 1.72
pug random hexamer and 0.034 pg oligodT and transcribed by Superscript RT 11
(Invitrogen) in presence of Actinomycin D as described in Xu et al., (2009). cDNA
fragmentation, biotinylation and array hybridization was performed according to
Affymetrix protocols #900671, #900720 and #900301. Micro-array hybridizations were
normalized as previously described (Huber et al., 2006) and the transcript boundaries and
annotations were used as published (Xu et al., 2009). Statistical assessment of differential
expression between wild-type and SEN1 mutant was done using the moderated t-test as
implemented in the R-package, Limma (Smyth, 2004) and p-value adjusted for multiple
testing (Benjamini and Hochberg, 1995). DDCC GO annotation was originally retrieved
from www.mips.gsf.de and manually curated (van Attikum et al., 2004)

Microarray bioinformatics.

All microarray data are accessible at Array Express (http://www.ebi.ac.uk/arrayexpress).
The array design is available under A-AFFY-116. We employed the genomic DNA
hybridizations of Mancer et al. (2008) (E-TABM-470): recombination_060501_YJM789,
recombination_060502_YJM789,recombination_060503_YJM789,recombination_06050
4 YIJM789. cDNA hybridizations are available under the accession number E-TABM-
863 (Transcription profiling of yeast SEN1).



https://nexus.ox.ac.uk/owa/redir.aspx?C=ad4c990b8dee4456a0146831069fcc76&URL=http%3a%2f%2fwww.mips.gsf.de
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Figure S1. PolyA Site Selection Is Unaffected in senl-1 Cells, Related to Figure 1
3’ RACE analysis of polyadenylated RNAs (using indicated ACT1 primer) produced
from ACT1 showing that polyA site selection is unaffected in senl-1 in contrast to rnal4-

1 cells.
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Figure S2. Affect of Transcript Cleavage on senl-1 Induced TAR, Related
to Figure 2

Diagram of recombination substrates GLRz and GLmRz and the quantification of
recombination events. WT and senl-1 cells were grown for 4 days at 30° C (selected for
plasmid and supplemented with 2 % galactose), before recombinants were selected on
leucine deficient plates.



WT WT | seni-1|senl-1
+AID +AID
Mutations at C 1 1 1 12
Mutations at G o 2 2 6
Mutations at WRC 0 0 i 12
Mutations at GY'W 0 1 0 5
Polnt mukations 2 3 3 24
Total sequenced| 14 10 47 57

Figure S3. Strand Specific Identification of Point Mutations on URA3, Related to

Figure 3
The point mutations depicted in Figure 3C occurred in the AID specific sequence motifs;

W=AorT,R=AorG,Y=CorT.
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Figure S4. R-Loops Accumulate in senl-1 Cells, Related to Figure 4

A. ChIP analysis over PMAL1 with 8WG16 (Pol Il) and S9.6 (RNA:DNA hybrid)
antibodies. See diagram for primer positions. Chromatin was isolated from cells grown at
37° C for 150 min or 90 min (rnal4-1).

B. DIP on pGLacZ showing lack of R-loop accumulation over non-transcribed ori region
of plasmid. Growth conditions and DIP analysis were performed as described in Figure
4A and Experimental Procedures. Diagram indicates primer positions.

C. DIP signals originating from LGZ2 and LGZ5 are reduced by RNase H digestion.

Prior to immunoprecipitation chromatin was incubated at 37° C for 1h in the presence or
absence of RNase H.
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Figure S5. Transcriptome Analysis of senl-1 and Specificity of senl-1 Genetic
Interaction to MRX, Related to Figure 5

A. Table to summarize differentially expressed (DE) genes in senl-1. First row shows
total numbers of transcripts by type in the S. cerevisiae genome (CUTs; ORF-Ts, ORF
transcripts; SUTSs, Stable Unannotated Transcripts as defined in Xu et al.(2009)). Second
row shows those significantly differentially expressed of each class (P < 0.01). See Table
SIV for complete data set

B. Identification of DE genes that have been classified to be involved in DNA damage
and cell cycle progression (DDCC, as compiled in von Attikum et al. (2004) P < 0.01,
Supplemental Methods). Thus, of 727 DDDC genes only 34 are DE. DDCC genes are
therefore significantly depleted in DE genes (Fisher’s test, P < 2 x 10).

C. Other mutants of NRD, such as nrd1-102 show no synthetic interaction with MRX.



Table S1. Strains Used in This Study, Related to the Experimental

Procedures
Strain Genotype Reference
AYW3-1B Mat a ade2-1 his3 ura3trpl canl-100 leu2-k::ADE2- | (Santos-Rosa
URA3::leu2-k and Aguilera,
1995)
Datl-1 Mat o leu2A1 ura3-52 trpl 463 ratl-1 N.J. Cole
DUY1339 Mar o leu2-3 ura3-52 pep4-3 rpbl-1 senl-1 (Ursic et al.,
2004)
FD-4A Mat a leu2 ura3 ratl-1 senl-1 (Kawauchi et al.,
2008)
FD-4B Mat o leu2 trplA63 ura3 senl-1 (Kawauchi et al.,
2008)
FD-4C Mat a leu2 ura3 ratl-1 (Kawauchi et al.,
2008)
FD-4D Mat a leu2 trplA63 ura3 (Kawauchi et al.,
2008)
FWYI Mat a leu2-3,-112 ura3-52 pep4-3 trpl senl-1 (Ursic et al.,
1997)
u768-1C Mat a ade2-1 his3-11,15 leu2-3,112 trpl-1 wura3-1 | (Aguilera and
hrplA::HIS3 can1-100 Klein, 1990)
JDY-1C Mat a his3 leu2 met15A0 trp1463 ura3 nrd1-102 (Rondon et al.,
2009)
KS2B Mat a ade3::GAL HO his3-11,15 leu2::SFA ura3-1 trpl-1 | This study
yKu704::KAN senl-1
KS4A Mat a-inc ade3::GAL HO his3-11,15 leu2::SFA ura3-1 | This study
trpl-1 yKu704::KAN senl-1
MFAC Mat a his3A leu2 ura3 trpl-1 mus814::KAN senl-1 This study
MF5B Mat o his34 leu2 ura3 mus814::KAN senl-1 This study
mftlA Mat a ade2-1 his3-11,15 leu2-3,112 trpl-1 ura3-1 canl- | (Gomez-
100 mfylA::KAN Gonzalez  and
Aguilera, 2007)
Mrell- Mat a ade2-1 his3-11,15 leu2-3,112 trpl-1 ura3-1 canl- | (Moreau et al.,
H125N 100 mrell-H125N 1999)
MRS3A® Mat a his3-11,15 leu2-3,112 ura3 trpl-1 This study
MRS3B? Mat a ade2-1 his3-11,15 leu2-3,112 ura3 trpl-1 senl-1 This study
MRS3C? Mat a his3-11,15 leu2-3,112 ura3 trpl-1 This study
MRS3D? Mat o ade2-1 his3-11,15 leu3-3,112 ura3 trpl-1 senl-1 This study
RF1B Mat o his3-11,15 leu2-3,112 trpl-1 ura3-1 canl-100 | This study
ade3::GALHO rad524::KAN senl-1
RF3A Mat a his3-11,15 leu2-3,112 trpl-1 ura3-1 canl-100 | This study
ade3::GALHO rad524::KAN senl-1
RF7C Mat a his3-11,15 leu2-3,112 trpl-1 ura3-1 canl-100 | This study
(ade3::GALHQO)? rad524::KAN senl-1
SLEU2K 9A | Mat a his3 leu3 trp1-1 leu2K::ADE2-URA3::leu2k senl-1 This study
SS2A Mat o ade2-1 his3 lys24 leu2 trp1-1 ura3 sgs1A::KAN senl- | This study
1




SS8B Mat a ade2-/ his3 leu2 ura3 sgsiA::KAN senl-1 This study
SSrlD Mat o his3A leu2 ura3 trpl-1 srs24::KAN senl-1 This study
SSr2B Mat a his34 leu2 ura3 trpl-1 srs2A::KAN senl-1 This study
U674 Mat a-inc ade2-1 ade3:: GAL-HO his3-11,15 leu2A::SFA | (Malagon  and
trpl-1 ura3-52 rad504::KAN Aguilera, 2001)
W303-1A Mat a ade2-1 his3-11,15 leu2-3,112 trpl-1 ura3-1 canl- | A. Aguilera
100
WF1A Mata his3-11,15 leu2-3,112 ura3-1 trpl-1 This study
WF1B Mat a his3-11,15 leu2-3,112 ura3-1 trpl-1senl-1 This study
Wn8b Mat a his3 leu2-112,3 ura3 trp1-1 nrd1-101 This study
WRS52-4B Mat a-inc ade2 ade3:: GAL HO leu2A: SFA his3-11,15 | (Gonzalez-
trpl-1 ura3-52 rad504::KAN Barrera et al.,
2003)
WSKU Mat o-inc ade3::GAL HO his3-11,15 leu2::SFA ura3-1 | Cortés-Ledesma
trpl-1 yKu70::KAN & A. Aguilera in
preparation.
WSM11 Mat a-inc ade2-1 ade3::GAL HO his3-11,15 leu2::SFA | (Gonzalez-
trpl-1 ura3-1 mrellA::KAN Barrera et al.,
2003)
Y01331 Mat o his341 leu2A0 met15A0 lys2A0 ura340 srs2A::KAN | Euroscarf
Y04222 Mat a his341 leu240  metl5A0 1y2sA0  ura340 | Euroscarf
mus814.:KAN
Y10775 Mat o his3A1 leu2A0 met1 SA0 lys2A0 ura3A40 sgs1A::KAN Euroscarf
YPN103 Mat a ade2 canl-100 his3-11,15 leu2-3,113 trpl-1 ura3-1 | (Conrad et al.,
nab3-11 2000)
A3YBA IB Mat a his3 leu3 leu2K::ADE2-URAZ::leu2k This study




Table S2. Plasmids Used in This Study, Related to the Experimental

Procedures

Plasmid Backbone Marker Reference

pLAUR pCM184 TRP1 (Jimeno et al,
2002)

P414GalAID | pRS414 TRP1 (Gomez-Gonzalez
and Aguilera,
2007)

pLNA pRS314 TRP1 (Prado et al,
1997)

PLNAT pRS314 TRP1 (Prado et al,
1997)

pL pRS316 URA3 A. Aguilera

pLYANS pRS316 URA3 A. Aguilera

pLLacZ pRS314/pSCH204 | TRP1 (Chavez and
Aguilera, 1997)

pLPHO5 pRS314 TRP1 (Prado et al.,
1997)

pGLLacZ pRS314 TRP1 (Piruat and
Aguilera, 1998)

pGLPHO5 pRS314 TRP1

P415GLG pRS415GALlL LEU2 (Gomez-Gonzalez
and Aguilera,
2007)

pKGG pRS426 URA3 (Morillon et al.,
2003)

PN46 yPLacl11 LEU2 (Nedea et al,

Sen1(323) 2008)

PN55 yPLacl1l LEU2 (Nedea et al.,

Senl1(1212) 2008)

PN4 yPLacl11 LEU2 (Nedea et al,

Vector 2008)

pRad52-GFP | pWJ1344 LEU2 (Lisby et al.,
2001)

pYRNH201 | BG1805 URA3 Openbiosystems

pYSenl pYES?2 URA3 This study

pYES2 pYES2 URA3 Invitrogen
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Table S3. Primers Used in This Study, Related to the Experimental

Procedures

Adapter
HIS 5°
KGG 3’
KGG 5’
LacZ 3067 3
LacZ 959 5°
LGZ33
LGZ55
LGZ2 3
LGZ25
LGZ0 5
LGZ0 3’
Mucl F
Mucl R
P2R

P5F

P5R

P6F

P6R

P7F

P7R

POF

PO9R

Phased oligodT
adapter
scR1 3’
ScR1 5’
SNR13 3’
SNR13 5’
Telomere VI 3°
Telomere VI 5°
URA 3’

TTCGTATACCCGGGTACCAA
GGCACTGCCATTTTACCAAG
CAAGAAGGATAGTAAGCTGGCAAAGTC
CATCCTATGGAACTGCCTCGG
AGGGCACGCTGATTGAAG
CGACGGATCCCCTTTTTG
GCCCTCCTCCTTGTCAATATTAATG
GTTCATAGGGTAGACGAAACTATATACGCAATC
GCATCGATAGCAGCACCACC
GTCTGCCCCTAAGAAGATCGTCG
CCCTGCCGCTTACCGGATAC
TAGTTACCGGATAAGGCGCAG
CTAAGGAAAAGCCTACACCCCCAACC
GGAGTAGTAGTCTTCTTAGTGCATGTCTTAGATGTGG
CTTCTTTCTTCTTTTCAAAACTTCATCGGAAG
GGCTCCTGGTCTATCTGCTATTATTGATGC
CAATCCATAGACCCAAGAAGATTTCCAAATG
GAGCCAACAAGAATAAGCCGCTTATTTCC
GAAAAAGTACCATCCAGAGAAACCAATTATATCAAATC
GAATCGTCTTTATTATGGTCAAGGCTTTACGTC
GAGTGTCTGTATGGGCGCATAAACGTAAG
GGCGAAATTTGCCCGGTTTTGTC
GAAAATTCAGCGGAAACAGCGTGATGAG
TTCGTATACCCGGGTACCAATTTTTTTTTITTTITTITTTV

CACAATGTGCGAGTAAATCCTG
GGCTGTAATGGCTTTCTGGTG
GGTCAGATAAAAGTAAAAAAAGGTAGCTTGAG
GGAAGTTTTTTCCTTTTTATATGATGAATATG
CTCGTTAGGATCACGTTCGAATCC
GCGTAACAAAGCCATAATGCCTCC
CCACATCATCCACGGTTCTA

11
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