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SUPPLEMENTARY DATA

Experimental Procedures

Yeast Strains

All strains used in this study are listed in supplemental Table S1. Strains containing 

deletions of EDC3, UPF1, DCP1, XRN1, SKI2, SKI7, CCR4, or RRP6 were constructed 

by gene replacement (Guthrie and Fink, 1991), using DNA fragments harboring the 

corresponding null alleles. Each genomic DNA deletion was confirmed by PCR analysis. 

Strains containing deletions of DHH1, PAT1, LSM1, or LSM7 were purchased from 

Open Biosystems. Strains harboring the temperature-sensitive rpb1-1, prt1-1, or sup45-

2 alleles were constructed by the pop-in and pop-out technique (Guthrie and Fink, 

1991). Strains harboring the temperature-sensitive yra1-1 allele were constructed by 

plasmid shuffling (Guthrie and Fink, 1991).

Plasmids

All plasmids used in this study are listed in Table S2. YRA1 exon1, intron, or exon2 

chimeric alleles were all constructed through in vivo recombination in yeast cells as 

described previously (He et al., 1996). YRA1 alleles harboring deletions of exon1, 

intron, or exon2 sequences, or containing insertions of a stem-loop structure, were 

generated by PCR and molecular cloning. YRA1 alleles harboring mutations in the

YRA1 translation initiation codon, the 5’ splice site, the branch-point region, or the 3’ 

splice site were generated using the QuikChange Site-DirectedMutagenesis Kit 

(Stratagene). All YRA1 alleles were confirmed by DNA sequencing. 

F) Supplemental Text and Figures
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Oligonucleotides

The oligonucleotides used in this study were obtained from Operon, Inc., and are listed 

in Table S3.

Cell Growth Conditions

Cells were grown in YPD medium (Microarray analysis and Figures 1, 2, 3B, and 6), or 

in synthetic complete (SC) medium lacking tryptophan (Figures 3C, 4, 5A, 5B, 5C, and 

5D-right side), histidine (Figure 7A and 7C), uracil and tryptophan (Figure 5D-left side), 

or histidine and tryptophan (Figure 7D and 7E) to select for plasmids. Cultures (10 ml)

not involving drug treatment or temperature shifts were grown at 30C to an OD600 of 

0.7 and harvested by centrifugation. Cell pellets were frozen on dry ice and then stored 

at -80C until RNA was isolated. Cultures involving drug treatment were grown at 30C 

to an OD600 of 0.7 in a large volume and then concentrated five-fold in the same 

medium. Where appropriate, the following were added to concentrated cultures: 

cycloheximide (100 µg/ml), leptomicin (100 ng/ml), or thiolutin (15µg/ml). Drug-treated 

cells (2ml) were harvested at different time points. For temperature shifts, cells were 

first grown at 25C and then treated as described previously (He and Jacobson, 1995).

Microarray Analysis

Five independent expression profiling experiments were carried out for isogenic wild-

type (HFY114) and edc3Δ (CFY25) strains using Affymetrix Yeast Genome S98 Arrays. 

Microarray procedures, including RNA isolation, cRNA preparation, microarray 

hybridization, and data analysis, were as previously described (He et al., 2003), with the 
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following modifications: First, all microarrays were analyzed with Affymetrix Microarray 

Suite 5.0 software. Second, a transcript was considered to be differentially expressed if 

it met two of three previously defined criteria, i.e., it must have an absolute change 

threshold of 200 units and a change P value ≤0.05. The entire data set can be found at:

http://jacobsonlab.umassmed.edu/cgi-bin/pubcontents.cgi?pubcontents=2006-Feng. 

Yeast Two-hybrid Analysis

Two-hybrid interactions between full-length Crm1p fused to the LexA DNA- binding 

domain and full-length Edc3p fused to the Gal4p activation domain were assayed as 

described previously (He et al., 1997). 

Results

Identification of Transcripts Differentially Expressed in edc3Δ Cells

Five independent expression profiling experiments were carried out with EDC3 and

edc3Δ strains and differentially expressed transcripts were initially identified based on 

three stringent criteria. First, the hybridization signal values of a specific transcript in the 

wild-type and the edc3Δ strains had to have a relative change of at least 2-fold and an 

absolute change of at least 200 units. Second, these changes had to be reproducible in 

at least 80% of the independent replicate experiments. Third, these changes had to 

demonstrate statistically significant P values ≤0.05. To our surprise, this data analysis 

revealed that, among the 7839 potential transcripts analyzed, only a single transcript 

http://jacobsonlab.umassmed.edu/cgi-bin/pubcontents.cgi?pubcontents=2006-Feng
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met these criteria. In edc3Δ cells, the EDC3 mRNA itself was decreased more than 10-

fold relative to its level in wild-type cells (Table 4S), consistent with the fact that the 

edc3Δ strain harbors a complete EDC3 deletion. Although this observation validated the 

overall experiment, we reasoned that our stringent criteria may have overlooked at least 

two classes of transcripts. For example, highly expressed transcripts are prone to signal 

saturation and intron-containing transcripts might be missed since the oligonucleotide 

probes on our arrays do not differentiate intron-containing pre-mRNA signals from 

mRNA signals. We, therefore, lowered the analysis stringency by eliminating the 

minimum 2-fold change requirement and reanalyzed our data. This new analysis 

identified four additional differentially expressed transcripts in the edc3Δ strain: two 

transcripts showed increased expression and two others showed decreased expression 

(Table 4S). One of the up-regulated transcripts is encoded by the RPS28B gene and 

codes for a 40S ribosomal protein (Lecompte et al., 2002). The other up-regulated 

transcript is encoded by the YRA1 gene and codes for an hnRNP-like protein (Yra1p) 

involved in an early stage of mRNA export (Portman et al., 1997; Strasser and Hurt, 

2000). The two down-regulated transcripts, encoded by the URA1 and URA4 genes, 

may well reflect our use of the URA3 gene as a selectable marker for replacement of 

the EDC3 coding region. URA1, URA3, and URA4 all code for enzymes involved in 

uracil biosynthesis (Denis-Duphil, 1989) and the decreased expression of URA1 and 

URA4 transcripts in the edc3Δ strain is presumably related to the expression of URA3, 

not to the deletion of EDC3. 
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Inactivation of Yra1p Promotes YRA1 Pre-mRNA Splicing

To further understand the role of Yra1p in its autoregulation, we examined the effects of 

mutations in the YRA1 gene on levels of YRA1 pre-mRNA and mRNA in an edc3Δ

background. We reasoned that some loss of function mutations may also fail to 

autoregulate. We first analyzed yra1-1, a ts allele whose encoded protein contains 

multiple amino acid substitutions and is defective in mRNA export even when cells are 

grown at room temperature (Strasser and Hurt, 2000). As shown in Figure 2S, when 

cells were grown at 25C (t=0) or were shifted to 37C for 30 min, edc3Δyra1-1 cells 

accumulated significantly lower levels of YRA1 pre-mRNA than edc3ΔYRA1 cells. In 

contrast, under these two growth conditions, edc3Δyra1-1 cells accumulated 

significantly higher levels of YRA1 mRNA than edc3ΔYRA1 cells. The lower YRA1 pre-

mRNA to mRNA ratios in edc3Δyra1-1 cells indicate that the yra1-1 allele is defective in 

autoregulation and suggest that Yra1p regulates its own expression by inhibiting YRA1

pre-mRNA splicing.
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FIGURE 1S
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Figure 1S. Inactivation of Ra1t1p or Depletion of Rrp6p Does Not Affect the 

Accumulation of YRA1 Pre-mRNA. A. Effect of inactivation of Rat1p on levels of 

YRA1 pre-mRNA and mRNA. Rat1-1 or rat1-1xrn1Δ cells were grown in SC minus 

uracil medium at 25C and then shifted to 37C for 30, 60, and 120 min. The levels of 

YRA1 pre-mRNA and mRNA were analyzed by northern blotting. B. Effect of depletion 

of Rrp6 on the levels of YRA1 pre-mRNA and mRNA. Cells of the indicated genotypes 

were grown in YEPD medium and the levels of YRA1 pre-mRNA and mRNA in these 

cells were analyzed by northern blotting. Note that rrp6Δ cells accumulated higher 

levels of YRA1 mRNA than RRP6 cells. The simplest explanation for this observation is 

that, in wild-type cells, a fraction of the YRA1 pre-mRNA that is committed to the 

splicing pathway is degraded by the nuclear exosome. 
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FIGURE 2S
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Figure 2S. Inactivation of Yra1p Promotes YRA1 Pre-mRNA Splicing. Cells of the 

indicated genotypes were grown in SC minus uracil medium at 25C and then shifted to 

37C. The levels of YRA1 pre-mRNA and mRNA were analyzed by northern blotting.
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FIGURE 3S

LEXA(DB)
-CRM1

GAL4(AD)
fusion

EDC3

NONE

Figure 3S. Crm1p Interacts With Edc3p in the Yeast Two-hybrid System. Yeast 

plasmids harboring LexA(DB)-CRM1 and Gal4(AD)-EDC3 fusions were co-transformed 

into the L40 tester strain. Transformants were selected and the β-galactosidase activity 

of individual transformants was assayed on plates containing X-Gal. 
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Figure 4S

M-Y-Y
2 3 41
M-Y-Y
2 3 41

Y-M-Y
2 3 41
Y-M-Y
2 3 41

Y-Y-M
2 3 41
Y-Y-M
2 3 41

M-Y-Y pre-mRNA

M-Y-Y mRNA

SCR1 RNA

Y-M-Y pre-mRNA

SCR1 RNA

Y-Y-M pre-mRNA

Y-Y-M mRNA

SCR1 RNA

A

B

C

Figure 4S. Cis-acting Determinants of YRA1 Expression. Alterations of YRA1 pre-

mRNA and mRNA expression mediated by: (A) replacing YRA1 exon1 with MER2

exon1, (B) replacing the YRA1 intron with the MER2 intron; and (C) replacing YRA1

exon2 with MER2 exon2 were analyzed. YCp low-copy plasmids harboring a chimeric 

allele (depicted above the corresponding blots) were introduced into wild-type (1), upf1Δ 

(2), edc3Δ (3), or upf1Δ edc3Δ (4) strains and the levels of the respective pre-mRNAs 

and mRNAs encoded by these alleles were analyzed by northern blotting. Blots A, B, 

and C were hybridized to MER2 exon1, intron, or exon2-specific probes, respectively. 

The positions of chimeric pre-mRNAs and mRNAs are indicated. Y: YRA1, and M: 

MER2. Blots were hybridized to a SCR1 probe to serve as a loading control.
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Table 4S. Transcripts Differentially Expressed in edc3Δ Cells

Five independent expression profiling experiments were carried out with wild-type (EDC3) and 

edc3Δ strains. Our data analysis indicates that only five transcripts (represented by seven probe 

sets) are differentially expressed in the edc3Δ strain. The raw signal values of each of these 

probe sets in different experiments (A, B, C, E, and G) are shown in the table.
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Table 5S. Micorarray Data

This table is located at 

http://jacobsonlab.umassmed.edu/cgi-bin/pubcontents.cgi?pubcontents=2006-Feng. 
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