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ABSTRACT

The carboxy-terminal domain (CTD) of Rpb1, the largest subunit of RNA polymerase II
(RNAPII), is a tail-like extension that enables RNAPII to interact with a myriad of factors
essential for transcription and co-transcriptional RNA processing. It is characterized by tandem
heptad repeats, the consensus sequence of which is YSPTSPS. Different combinations of
phosphorylated residues have been found to correlate with different stages of the transcription
cycle. To enhance our understanding of the functionally enigmatic nonconsensus heptads, two
distinct generations of CTD mutant transgenic fly lines were generated by the Gilmour lab. The
first generation expressed both endogenous RNAPII and a CTD mutant version of the
polymerase. The second generation, designed to determine rescue ability, co-expressed short
hairpin RNA against endogenous Rpb1 mRNA (shRpb1) and a shRpb1-resistant version of CTD
mutant RNAPII. In addition to helping construct several plasmids to create these CTD mutants, I
also characterized previously generated mutants by beta-galactosidase (β-gal) staining assay and
quantitative real-time PCR (qRT-PCR). The ΔHepexp mutant, characterized by the deletion of a
highly conserved, eight-repeat region containing the only two conserved heptads of the
Drosophila CTD, was of particular interest because it is lethal in adult flies. My β-gal assays and
qRT-PCR analysis showed the ΔHepexp mutation had largely no effect on hsp70 reporter gene
expression or endogenous hsp70 mRNA synthesis, respectively. This suggests the defect
associated with ΔHepexp may involve a gene (or genes) other than hsp70.

ii

TABLE OF CONTENTS
LIST OF FIGURES ..................................................................................................... iii
Chapter 1 Introduction ................................................................................................. 1
1.1 Transcription: from DNA to RNA ............................................................................. 1
1.2 RNA polymerase II & its carboxy-terminal domain .................................................. 2
1.3 The CTD Mutants ...................................................................................................... 9
1.4 Study Objectives ........................................................................................................ 13

Chapter 2 Methods ....................................................................................................... 14
2.1 Construction of pΔGly & pΔHep ri-res ..................................................................... 14
Initial cloning strategy .............................................................................................. 14
Revised cloning strategy .......................................................................................... 15
2.2 Construction of pW81-Gibbs (ri-res) ......................................................................... 15
2.3 Transformation & Colony PCR ................................................................................. 16
2.4 CTD mutant fly lines .................................................................................................. 16
2.5 Beta-galactosidase staining assay .............................................................................. 17
2.6 qRT-PCR .................................................................................................................... 17
RNA Isolation .......................................................................................................... 18
cDNA Synthesis ....................................................................................................... 19
qRT-PCR .................................................................................................................. 19

Chapter 3 Results & Discussion .................................................................................. 21
3.1 Construction of pΔGly & pΔHep ri-res ..................................................................... 21
Initial cloning strategy .............................................................................................. 22
Revised cloning strategy .......................................................................................... 25
3.2 Construction of pW81-Gibbs (ri-res) ......................................................................... 27
3.3 Colony PCR ............................................................................................................... 28
3.5 β-galactosidase staining assay optimization............................................................... 30
3.6 Analysis of the effects of CTD mutations on heat shock induction of an hsp70-betagalactosidase reporter gene ...................................................................................... 32
3.7 Analysis of the effects of CTD mutations on expression of the endogenous hsp70 gene
using qRT-PCR ........................................................................................................ 45
3.8 Conclusions & prospective research .......................................................................... 49

REFERENCES ............................................................................................................ 51

iii

LIST OF FIGURES
Figure 1.1 Diagram of RNAPII and the unique CTD of its Rpb1 subunit ............................... 3
Figure 1.2 Sequences of CTDs from baker’s yeast (S. cerevisiae), Drosophila, and humans (H.
sapiens).11 ......................................................................................................................... 4
Figure 1.3 Sequence of D. melanogaster CTD. ....................................................................... 5
Figure 1.4 Sequences of the first (column 1) and second (columns 2-4) generation CTD deletion
mutations .......................................................................................................................... 12
Figure 1.5 Alignment of complete CTD sequences from D. melanogaster (D.mel), C. elegans
(C.ele), zebrafish (D.rer), mouse (M.mus) and human (H.sap) ....................................... 13
Figure 2.1 yw; Z243,1824 Rp49 standard curves .................................................................... 21
Figure 3.1 Schematic of the initial cloning strategy for constructing ri-res versions of pΔGly risen and pΔHep ri-sen ....................................................................................................... 22
Figure 3.2 Agarose gel electrophoresis results of pΔGly ri-sen and pΔHep ri-sen single and
double digestion with AgeI (A) and AgeI and MluI (B) .................................................. 24
Figure 3.3 Agarose gel electrophoresis results of the PCR amplification of the ri-res segment
from pUAST attB PolII ri-res WT ................................................................................... 25
Figure 3.4 Schematic of the revised cloning strategy for constructing ri-res versions of pΔGly risen and pΔHep ri-sen ....................................................................................................... 26
Figure 3.5 Agarose gel electrophoresis results of the PCR amplification of the CTD regions of
pΔHep ri-sen and pΔGly ri-sen ........................................................................................ 27
Figure 3.6 Agarose gel electrophoresis results of the PCR amplification of the Gibbs-C and NW81 fragments from pUAST attB PolII ri-res WT.......................................................... 28
Figure 3.7 Agarose gel electrophoresis results of colony PCR ................................................ 29
Figure 3.8 β-gal staining assay optimization trials .................................................................. 31
Figure 3.9 Categorization of unlabeled gland images based on staining intensity and
corresponding score values .............................................................................................. 37
Figure 3.10 X-gal stained yw salivary glands .......................................................................... 38
Figure 3.11 X-gal stained yw; Z243,1824 salivary glands ...................................................... 39
Figure 3.12 X-gal stained yw; Z243,1824 × Rpb1res salivary glands ...................................... 40
Figure 3.13 X-gal stained yw; Z243,1824 × Rpb1hu salivary glands ....................................... 41

iv
Figure 3.14 X-gal stained yw; Z243,1824 × ΔHepexp salivary glands ..................................... 42
Figure 3.15 X-gal stained yw; Z243,1824 × W81 salivary glands .......................................... 43
Figure 3.16 X-gal stained yw; Z243,1824 × W81add salivary glands....................................... 44
Figure 3.17 qRT-PCR analysis of endogenous hsp70 mRNA levels in salivary glands from
control (yw; Z243,1824 – blue) and CTD mutant lines (yw; Z243,1824 mated with Rpb1res
[red] or ΔHepexp [green]) .................................................................................................. 48
Figure 3.18 Heat shock -induced fold change in endogenous hsp70 mRNA synthesis ........... 49

v

LIST OF TABLES
Table 2.1 PCR primers ............................................................................................................. 20
Table 3.1 Scores assigned to β-gal -assayed salivary glands based on staining intensity........ 37

1

Chapter 1
Introduction

1.1 Transcription: from DNA to RNA
In 1958, co-discoverer of the genetic code Francis Crick proposed the concept of the
‘central dogma’ of molecular biology.1,2 This now well-known (and slightly modified from the
original) hypothesis describes the ‘flow’ of genetic information in biological systems: it proceeds
from DNA, through RNA (via transcription), to protein (by translation).3 Transcription, the first
step in gene expression, consists of five steps: preinitiation, initiation, promoter clearance,
elongation, and termination.3,4 Pre-initiation involves the assembly of a myriad of general
transcription factors (GTFs) and RNA polymerase II (RNAPII) into the preinitiation complex
(PIC) at the promoter.4 One of these GTFs, designated TFIIH, phosphorylates the Ser5 residues
of RNAPII’s carboxy-terminal domain (CTD).5 This induces a conformational change by which
RNAPII is released from the PIC.3 After transcribing 20-60 nucleotides, RNAPII pauses along
its DNA template in an event called promoter proximal pausing.5 During this pause, a 5’-cap is
added to the nascent RNA, and paused RNAPII (complexed with several other proteins,
discussed later) is phosphorylated.5 Then RNAPII ‘escapes’i this paused state and enters
productive elongationii.5 The polymerase continues to encounter (and overcome) ‘roadblocks’ –

i
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pause escape – release of RNAPII from its paused state into productive elongation
productive elongation – efficient progression of RNAPII through the gene body
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namely nucleosomes – as it progresses along the body of gene.5 Termination of transcription
involves polyadenylation and remains only modestly understood in eukaryotes.4

1.2 RNA polymerase II & its carboxy-terminal domain
Eukaryotes rely on three different types of RNA polymerases to transcribe genes from
DNA into RNA.6 RNAPI, found in the nucleolus, transcribes rRNA genes; nucleoplasmlocalized RNAPIII transcribes genes that code for small RNAs like tRNAs and some snRNAs.7,8
RNAPII, also in the nucleoplasm, transcribes protein-coding genes, snoRNA genes, miRNA
genes, siRNA genes, and the majority of snRNA genes.7,8 This enzyme is composed of 12
subunits, the largest of which is encoded by the RpII215 gene and called Rpb1 (Fig. 1.1).8,9,10
Unlike its counterparts in RNAPI and RNAPIII, Rpb1 is characterized by a unique tail-like
CTD.9,11 This CTD, which extends from Rpb1’s globular domain, serves as a tether on which the
machinery involved in transcription and RNA processing assembles.10 It has three regions: a
flexible linker, heptad repeats, and a C-terminal nonrepeat ‘tip’ (Fig. 1.1).10
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Figure 1.1 Diagram of RNAPII and the unique CTD of its Rpb1 subunit
Grey and red circles represent other subunits of the polymerase.

The heptad repeat region consists of multiple tandem repeats, the consensus sequence of
which is Tyr1-Ser2-Pro3-Thr4-Ser5-Pro6-Ser7 (YSPTSPS).9 The total number of repeats in this
region – moreover, the number of repeats that follow the consensus sequence – varies widely by
organism (Fig. 1.2).9,10 The CTD of Saccharomyces cerevisiae (baker’s yeast), for example, has
27 repeats, 19 of which follow the YSPTSPS consensus sequence; the Homo sapiens (human)
CTD contains 52 repeats, 21 of which follow this sequence.10 Yet only two of the 42 repeats3 in
the Drosophila melanogaster CTD match the consensus.10,11 Across 12 species of Drosophila,
the entire CTD sequence is highly conserved (Fig. 1.3).
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as reported by Zehring et al.11

S. cerevisiae
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

FGVSSPG
FSPTSPT
YSPTSPA
YSPTSPS
YSPTSPS
YSPTSPS
YSPTSPS
YSPTSPS
YSPTSPS
YSPTSPS
YSPTSPS
YSPTSPS
YSPTSPS
YSPTSPS
YSPTSPS
YSPTSPS
YSPTSPS
YSPTSPA
YSPTSPS
YSPTSPS
YSPTSPS
YSPTSPS
YSPTSPN
YSPTSPS
YSPTSPG
YSPGSPA
YSPKQDEQKHNENENSR

D. melanogaster
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

YSPTSPN
YTASSPGGASPN
YSPSSPN
YSPTSPLYASPR
YASTTPN
FNPQS TG
YSPSSSG
YSPTSPV
YSPTV Q
FQ SSPS
FAGSGSNI
YSPGNA
YSPSSSN
YSPNSPS
YSPTSPS
YSPSSPS
YSPTSPC
YSPTSPS
YSPTSPN
YTPVTPS
YSPTSPN
YS ASPQ
YSPASPA
YSQTGVK
YSPTSPT
YSPPSPS
YDGSPGSPQ
YTPGSPQ
YSPASPK
YSPTSPL
YSPSSPQ
HSPSN Q
YSPTGST
YSATSPR
YSPNMSI
YSPSSTK
YSPTSPT
YTPTARN
YSPTSPM
YSPTAPSH
YSPTSPA
YSPSSPTFEESED

H. sapiens
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

YSPTSPA
YEPRSPGG
YTPQSPS
YSPTSPS
YSPTSPS
YSPTSPN
YSPTSPS
YSPTSPS
YSPTSPS
YSPTSPS
YSPTSPS
YSPTSPS
YSPTSPS
YSPTSPS
YSPTSPS
YSPTSPS
YSPTSPS
YSPTSPS
YSPTSPS
YSPTSPS
YSPTSPS
YSPTSPN
YSPTSPN
YTPTSPS
YSPTSPS
YSPTSPN
YTPTSPN
YSPTSPS
YSPTSPS
YSPTSPS
YSPSSPR
YTPQSPT
YTPSSPS
YSPSSPS
YSPTSPK
YTPTSPS
YSPSSPE
YTPTSPK
YSPTSPK
YSPTSPK
YSPTSPT
YSPTTPK
YSPTSPT
YSPTSPV
YTPTSPK
YSPTSPT
YSPTSPK
YSPTSPT
YSPTSPKGST
YSPTSPG
YSPTSPT
YSLTSPAISPDDSDEEN

Figure 1.2 Sequences of CTDs from baker’s yeast (S. cerevisiae), Drosophila, and humans (H. sapiens).11
Consensus heptads are bolded.
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D. melanogaster
1
YSPTSPN
2
YTASSPGGASPN
3
YSPSSPN
4
YSPTSPLYASPR
5
YASTTPN
6
FNPQS TG
7
YSPSSSG
8
YSPTSPV
9
YSPTV Q
10 FQ SSPS
11 FAGSGSNI
12 YSPGNA
13 YSPSSSN
14 YSPNSPS
15 YSPTSPS
16 YSPSSPS
17 YSPTSPC
18 YSPTSPS
19 YSPTSPN
20 YTPVTPS
21 YSPTSPN
22 YS ASPQ
23 YSPASPA
24 YSQTGVK
25 YSPTSPT
26 YSPPSPS
27
PGSPQ
28 YTPGSPQ
29 YSPASPK
30 YSPTSPL
31 YSPSSPQ
32 HSPSN Q
33 YSPTGST
34 YSATSPR
35 YSPNMSI
36 YSPSSTK
37 YSPTSPT
38 YTPTARN
39 YSPTSPM
Figure
1.3 Sequence of D. melanogaster CTD.
Amino
acids shaded in blue are conserved across 12 species of Drosophila. Red-shaded amino acids vary in one or two species.
40 YSPTAPSH
Consensus
heptads are bolded.
41 YSPTSPA
42

YSPSSPTFEESED
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Each of the seven consensus amino acid residues can undergo reversible posttranslational modification(s): Tyr1, Ser2, Thr4, Ser5, and Ser7 can be phosphorylated; Ser5,
Ser7, and Thr4 can also be O-glycosylated; and Pro3 and Pro6 can participate in cis-trans
isomerization.9 A myriad of modification combinations are possible, though phosphorylation and
glycosylation are mutually exclusive.12 Phosphorylation in particular has been implicated in
regulating transcription – certain combinations of phosphorylated repeat residues correlate with
distinct stages of the transcription cycle.4,6 This correlation has been called the CTD code.13 It
explains how the CTD is able to interact with so many factors during transcription and involves a
number of enzymes, namely kinases (code ‘writers’) and phosphatases (code ‘erasers’).9 The
current CTD code model is as follows: the CTD is not phosphorylated when RNAPII is recruited
to a gene, characterized by Ser5P during initiation, and marked by Ser2P during productive
elongation.14 Yet this model is lacking – the complete modification status of the CTD at every
stage of the transcription cycle remains unknown.14,15
The CTD phosphorylation pattern(s) that accompany the steps of promoter proximal
pausing are particularly enigmatic. Promoter proximal pausing is when, early in elongation (after
transcription of the first 20-60 nucleotides of RNA), RNAPII pauses on the nascent transcript
between the promoter and the first nucleosome.15 This phenomenon is widespread in metazoans
and occurs in D. melanogaster but not S. cerevisiae.15 Several in vitro studies have identified
factors that can stall RNAPII in early elongation.5 Hojoong Kwak and John T. Lis summarize the
postulated mechanisms by which pausing might occur in vivo into three (likely intertwined)
models, one of which (the “interaction model”) entails the phosphorylation of RNAPII’s CTD.5
This model involves binding factors that interact with, and induce the pausing of,
elongation-mode RNAPII.5 Two such factors are 5,6-dichloro-1-β-D-ribofuranosylbenzimidazole
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(DSIF) and negative elongation factor (NELF).16 Together, DSIF and NELF have been found to
significantly reduce RNAPII’s elongation rate. Both factors can also bind RNA (the NELF-E
subunit contains an RNA recognition motif, and DSIF has been reported to bind short, nascent
RNA as it emerges from the elongating RNAPII complex).5 Yamaguchi et al. discovered that, in
vitro, DSIF and NELF can only associate with and repress elongation by unphosphorylated
RNAPII; this inhibitory effect was not observed on phosphorylated RNAPII.17 DSIF/NELF mediated inhibition is alleviated, possibly in conjunction with other factors, by positive
transcription elongation factor b (P-TEFb, a complex of Cdk9 and Cyclin T).17 This role of PTEFb was elucidated through studies involving flavopiridol, a potent and highly specific P-TEFb
inhibitor.18 When D. melanogaster Kc cells were exposed to flavopiridol before RNAPII entered
productive elongation, the polymerase could not carry out transcription beyond 150 nucleotides
of the hsp70 transcription start site.18 When flavopiridol was added after RNAPII had already
entered productive elongation, the enzyme continued transcribing, even in the presence of
inhibitor.18 This indicates P-TEFb is vital to RNAPII’s escape from the paused state into
productive elongation in vivo.18
P-TEFb phosphorylates both DSIF (Spt5 subunit) and NELF (NELF-E subunit),
prompting NELF to dissociate and DSIF to assume an elongation-promoting state.15,19
Simultaneously, P-TEFb phosphorylates Ser2 of RNAPII’s CTD as well.20 However, whether
this modification is required for, or plays a role in, pause escape is not known.20 Other findings
further obfuscate the exact function of P-TEFb – it can phosphorylate Ser5 of the CTD in vitro.5
The recent discovery of Ser2 kinases Cdk12 and Cdk13 challenges P-TEFb’s activity
altogether.19 Though the function of Cdk13 has yet to be ascertained, Cdk12 can phosphorylate
the Ser2 residue of RNAPII’s CTD in the context of a human cell line.19,21 This seemingly
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incongruous observation epitomizes the extent to which the CTD code remains undeciphered.
Importantly, this code only describes a correlational relationship between CTD phosphorylation
pattern and transcription cycle stage – no causal link has been found.
Like the amino acid residues of consensus repeats, nonconsensus heptad residues can also
undergo post-translational modification(s).22 In humans, for example, Lys7 can be acetylated,
mono-, di-, or tri- methylated, ubiquitinated, SUMOylated, and neddylated.22 Yet the functional
significance of these modifications – as well as that of the nonconsensus repeats themselves –
remains unknown.8 It is known, however, that nonconsensus heptads are not functionally
equivalent to consensus heptads – a CTD comprised only of nonconsensus heptads is lethal in
yeast.8,23 Conversely, in the context of cultured cell lines, a CTD composed entirely of consensus
heptads (55) functionally replaces endogenous RNAPII in terms of growth and viability.24 This
indicates nonconsensus heptads are not required for cell growth in culture.8 Still, these repeats
may regulate growth and development; Litingtung et al. discovered that mice homozygous for a
deletion of 13 nonconsensus heptads were smaller than their wildtype (or heterozygous)
littermates and that ~30% died in the first few weeks of life.8,25 Since the mice were normal in
morphology except for size, nonconsensus repeats likely regulate gene expression during growth
but not pattern formation, cell commitment, or differentiation.25
A number of other studies have likewise enhanced our understanding of the CTD. When
the entire CTD is deleted in vitro, for example, RNAPII is unaffected; yet a CTD-less
polymerase is lethal in yeast, Drosophila, and mice. Allison et al. found that a minimum of 9-11
consensus repeats is required for RNAPII function in S. cerevisiae.26 They also replaced the
yeast CTD sequence with that of D. melanogaster and hamster.26 While the D. melanogaster
CTD resulted in a recessive lethal mutation, the hamster CTD gave rise to viable haploid yeast.26
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This may be due to a sizeable stretch of consensus heptads (repeats 4-23) that is present in both
the yeast and hamster CTD but absent from the CTD of D. melanogaster (i.e. this region might
be essential for RNAPII function).26 Marilyn L. West and Jeffry L. Corden later refined the
minimum number of consensus repeats required for yeast growth – though at a reduced rate – to
8.23 Similar experiments were also carried out using rodent cells and D. melanogaster.9,27
Bartolomei and colleagues examined the effect of CTD length on murine RNAPII function and
concluded the following: 36-78 repeats encode a functional enzyme, 29, 31, or 32 repeats a
defective RNAPII, and 25 or fewer repeats an inactive enzyme.27 It was the work of June W.
Brickey and Arno L. Greenleaf on the D. melanogaster CTD, however, that inspired the present
project in the Gilmour lab.9 Brickey and Greenleaf generated two CTD mutant fly lines, one
lacking the CTD altogether (IIt) and one containing only the proximal half of the CTD (W81).9
The IIt mutant did not rescue a partially functional RpII215 allele, whereas W81 “partially to
completely” rescued.

1.3 The CTD Mutants
Dr. David Gilmour and graduate student Feiyue ‘Jacob’ Lu set out to elucidate the
enigmatic role(s) of the nonconsensus repeats by studying the CTD of Drosophila. Primarily,
they sought to identify regions of the Drosophila CTD that are essential to its function. This
involved the creation of two distinct generations of CTD mutant transgenic fly lines (Fig. 1.4).
The first generation of CTD mutants expressed a mutant version of RNAPII in addition to
the endogenous polymerase. I helped construct two of these mutants, designated ΔGly and ΔHep.
ΔGly, characterized by the deletion of repeats 27 and 28, was made because graduate student
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Bede Portz found this region of the CTD hypersensitive to proteases. Neighboring regions did
not exhibit this hypersensitivity, suggesting these two heptads serve a unique function. The ΔHep
mutant lacks repeats 15-18. This region contains the only two consensus heptads of the
Drosophila CTD. Thus, deleting these conserved heptads promised to elucidate their role in
RNAPII function.
The second generation of CTD fly mutants, designed to monitor the function of mutant
RNAPII alone (i.e. test for rescue), co-expressed short hairpin RNA against endogenous Rpb1
mRNA (shRpb1) and mutant, shRpb1-resistant (ri-res) RNAPII. I contributed to the construction
of one of these mutants, called W81-Gibbs. This mutant was inspired by the previously
generated W81 and Gibbs mutants. The aforementioned W81 mutant lacks the distal half of the
CTD (repeats 20-42).9 This mutation partially rescues Rpb1 knockdown, giving rise to larvae and
adult flies, but with small salivary glands. The Gibbs mutant, in which the 10 distal-most heptads
(repeats 33-42) of the CTD are deleted, was originally generated to further investigate the NMRbased observations of CTD structure made by graduate student Eric Gibbs. It yields viable adult
flies. One possible explanation for this phenotypic difference is the deletion of repeats 20-33 (i.e.
the region between the W81 and Gibbs breakpoints), which are present in Gibbs but absent in
W81 – perhaps these heptads are essential for proper RNAPII function in D. melanogaster.
I also characterized several of these shRpb1 lines: Rpb1res, Rpb1hu, ΔHepexp, W81, and
W81add. Rpb1res was generated as a ‘transgenic wildtype’ against which to compare the other
mutants. In Rpb1hu, the entire Drosophila CTD sequence has been replaced by the human CTD
sequence. This mutant shows close to complete rescue. In ΔHepexp, which yields viable larvae
but is lethal in adult flies, the ΔHep deletion is ‘expanded’ from repeats 15-18 to repeats 14-21.
This eight-repeat region is highly conserved across Drosophila, Caenorhabditis elegans, Danio
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rerio (zebrafish), Mus musculus (mouse), and humans (Fig. 1.5). The rationale for making this
mutant was the discovery by Zhiqiang Zhang and Dr. Gilmour that Pcf11, a subunit of the
cleavage and polyadenylation machinery that processes the 3’ ends of transcripts, binds to this
region of the CTD.10,28 Specifically, Pcf11 recognizes the ‘SYSPTSP’ heptad (a frame-shifted
version of the conventional consensus sequence), of which there are four in the ΔHepexp deletion
region.29 However, because this highly conserved region is bound by a number of factors, further
investigation is required to determine which is/are responsible for ΔHepexp’s lethality in adult
flies. W81 is characterized by the deletion of the distal half of the CTD. As previously
mentioned, this mutation partially rescues, resulting in larvae and adult flies with smaller than
wildtype salivary glands. In W81add, which rescues, repeats 27-32 are ‘added back’ to the region
deleted in W81.

1st gen. CTD mutants
ΔGly & ΔHep
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

YSPTSPN
YTASSPGGASPN
YSPSSPN
YSPTSPLYASPR
YASTTPN
FNPQS TG
YSPSSSG
YSPTSPV
YSPTV Q
FQ SSPS
FAGSGSNI
YSPGNA
YSPSSSN
YSPNSPS
YSPTSPS
YSPSSPS
YSPTSPC
YSPTSPS
YSPTSPN
YTPVTPS
YSPTSPN
YS ASPQ
YSPASPA
YSQTGVK
YSPTSPT
YSPPSPS
PGSPQ
YTPGSPQ
YSPASPK
YSPTSPL
YSPSSPQ
HSPSN Q
YSPTGST
YSATSPR
YSPNMSI
YSPSSTK
YSPTSPT
YTPTARN
YSPTSPM
YSPTAPSH
YSPTSPA
YSPSSPTFEESED

ΔHep
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

exp

YSPTSPN
YTASSPGGASPN
YSPSSPN
YSPTSPLYASPR
YASTTPN
FNPQS TG
YSPSSSG
YSPTSPV
YSPTV Q
FQ SSPS
FAGSGSNI
YSPGNA
YSPSSSN
YSPNSPS
YSPTSPS
YSPSSPS
YSPTSPC
YSPTSPS
YSPTSPN
YTPVTPS
YSPTSPN
YS ASPQ
YSPASPA
YSQTGVK
YSPTSPT
YSPPSPS
PGSPQ
YTPGSPQ
YSPASPK
YSPTSPL
YSPSSPQ
HSPSN Q
YSPTGST
YSATSPR
YSPNMSI
YSPSSTK
YSPTSPT
YTPTARN
YSPTSPM
YSPTAPSH
YSPTSPA
YSPSSPTFEESED

2nd gen. CTD mutants
W81 & W81add
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

YSPTSPN
YTASSPGGASPN
YSPSSPN
YSPTSPLYASPR
YASTTPN
FNPQS TG
YSPSSSG
YSPTSPV
YSPTV Q
FQ SSPS
FAGSGSNI
YSPGNA
YSPSSSN
YSPNSPS
YSPTSPS
YSPSSPS
YSPTSPC
YSPTSPS
YSPTSPN
YTPVTPS
YSPTSPN
YS ASPQ
YSPASPA
YSQTGVK
YSPTSPT
YSPPSPS
PGSPQ
YTPGSPQ
YSPASPK
YSPTSPL
YSPSSPQ
HSPSN Q
YSPTGST
YSATSPR
YSPNMSI
YSPSSTK
YSPTSPT
YTPTARN
YSPTSPM
YSPTAPSH
YSPTSPA
YSPSSPTFEESED
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W81-Gibbs
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

YSPTSPN
YTASSPGGASPN
YSPSSPN
YSPTSPLYASPR
YASTTPN
FNPQS TG
YSPSSSG
YSPTSPV
YSPTV Q
FQ SSPS
FAGSGSNI
YSPGNA
YSPSSSN
YSPNSPS
YSPTSPS
YSPSSPS
YSPTSPC
YSPTSPS
YSPTSPN
YTPVTPS
YSPTSPN
YS ASPQ
YSPASPA
YSQTGVK
YSPTSPT
YSPPSPS
PGSPQ
YTPGSPQ
YSPASPK
YSPTSPL
YSPSSPQ
HSPSN Q
YSPTGST
YSATSPR
YSPNMSI
YSPSSTK
YSPTSPT
YTPTARN
YSPTSPM
YSPTAPSH
YSPTSPA
YSPSSPTFEESED

Figure 1.4 Sequences of the first (column 1) and second (columns 2-4) generation CTD deletion mutations
Deleted regions are boxed (ΔGly & ΔHep) or highlighted in yellow. The repeats ‘added back’ to the W81 deletion in W81 add are
indicated by a dark blue bar. Consensus heptads are bolded. ΔGly is characterized by the deletion of a glycine-rich region, repeats
27-28 (pink box). In ΔHep, a four-repeat region containing the only two conserved heptads in the Drosophila CTD is deleted
(neon teal box). ΔHepexp, characterized by the deletion of heptads 14-21, is an ‘expansion’ of the ΔHep deletion. In W81, the
distal half of the CTD is deleted. This mutant was originally generated by Voelker et al. by P-element hybrid dysgenesis to
investigate its ability to rescue a lethal mutant allele of RpII215 (it did not).9,11,29 In W81add, repeats 27-32 are ‘added back’ to the
W81 deletion. W81-Gibbs lacks repeats 20-33, the region between the W81 and Gibbs mutant breakpoints.
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Figure 1.5 Alignment of complete CTD sequences from D. melanogaster (D.mel), C. elegans (C.ele), zebrafish (D.rer), mouse
(M.mus) and human (H.sap)
Conserved amino acids are highlighted in green; nonconserved amino acids are highlighted in yellow. The stretch of residues
boxed in red is that deleted in ΔHepexp.

1.4 Study Objectives
My project involved the construction and characterization of CTD mutant transgenic fly
lines. Primarily, shRpb1-resistant (ri-res) versions of the first generation shRpb1-sensitive (risen) ΔGly and ΔHep plasmids (pΔGly ri-sen and pΔHep ri-sen, respectively) were constructed.
A ri-res W81-Gibbs plasmid (pW81-Gibbs ri-res) was also made. However, these lines were not
further analyzed because they all rescued the lethality caused by the shRpb1.
Second generation CTD mutants were characterized by beta-galactosidase (β-gal)
staining assay and quantitative real-time polymerase chain reaction (qRT-PCR). These β-gal
assays, performed on salivary glands isolated from either not heat shocked (NHS) or heat
shocked (HS) larvae, were used to determine if the CTD mutations affect gene expression. An
hsp70 promoter-β-gal coding sequence fusion gene (Z243) served as a reporter. Since the Z243
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transgene does not undergo RNA splicing, the possibility of splicing-induced defects interfering
with mutant analysis was eliminated. qRT-PCR was used to measure the level of endogenous
hsp70 mRNA produced in mutant salivary glands. hsp70 was used as an ‘example’ gene to
determine whether any of the CTD mutations alter gene expression. The ΔHepexp line was
selected for qRT-PCR analysis because it is lethal in adult flies.

Chapter 2
Methods

2.1 Construction of pΔGly & pΔHep ri-res

Initial cloning strategy

A stretch of nucleotides (677 bp) containing the ri-res sequence was PCR amplified from
the previously constructed ‘pUAST attB PolII ri-res WT’ plasmid. The PCR product was run on
an agarose gel and the desired ri-res fragment gel purified following the QIAEX II Agarose Gel
Extraction Protocol. pΔGly ri-sen and pΔHep ri-sen were each restriction digested with AgeI.
Each digest contained 1 μL of AgeI (5 U), 5 μL of 10X NEB Buffer 1, 0.5 μL of BSA (10
mg/mL), 3 μL of plasmid DNA (3 μg/mL), and 40.5 μL of dH2O. Digests were incubated at
37°C for 5 hours, followed by 65°C for 20 min, and run on an agarose gel. The desired products
were gel purified (QIAEX protocol) and ethanol precipitated to alter buffer conditions. Next, the
AgeI-digested plasmids were cut with MluI. These digests contained 1.5 μL of MluI (15 U), 5 μL
of 10X NEB Buffer 3.1, 0.5 μL of BSA (10 mg/mL), 3 μL of plasmid DNA (3 μg/mL), and 40
μL of dH2O. They were incubated at 37°C for 5 hours, followed by 80°C for 20 min. Complete
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digestion was verified by agarose gel electrophoresis. The desired fragments (designated DD
pΔGly and DD pΔHep) were gel purified using the QIAEX protocol. The ri-res fragment was
fused to each of the purified DD pΔGly and DD pΔHep fragments by In-Fusion cloning.

Revised cloning strategy

After the above cloning strategy failed to yield transformants, a different approach was
employed. First, the ΔGly and ΔHep CTD sequences were each PCR amplified from pΔGly risen and pΔHep ri-sen, respectively. After gel purification of the PCR products via the QIAEX
protocol, each CTD mutant fragment was joined to the XbaI/BstAPI pUAST attB PolII ri-res
WT fragment (described later) by In-Fusion cloning.

2.2 Construction of pW81-Gibbs (ri-res)
Two regions of the WT Rpb1 CTD were PCR amplified from pUAST attB PolII ri-res
WT: the stretch of nucleotides corresponding to region between the N-terminus and the W81
breakpoint (generating the N-W81 fragment) and the stretch of nucleotides corresponding to the
region between the Gibbs breakpoint and the C-terminus (creating the Gibbs-C fragment). The
PCR products were run on an agarose gel, and the desired fragments were gel purified following
the QIAEX protocol. These N-W81 and Gibbs-C fragments, together with the XbaI/BstAPI
pUAST attB PolII ri-res fragment, were combined by In-Fusion cloning.
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2.3 Transformation & Colony PCR
pΔGly ri-res, pΔHep ri-res, and pW81-Gibbs ri-res were transformed into Stellar
Competent Cells using the manufacturer’s protocol (Clontech Laboratories, Inc. of Takara Bio).
Cells were plated on LB-AMP media. Transformants were identified by colony PCR followed by
agarose gel electrophoresis. Plasmids were isolated and purified following Dr. Gilmour’s mini
alkaline plasmid preparation protocol (modified 5/31/12). Purified plasmid DNA was
concentrated for sequencing by ethanol precipitation.

2.4 CTD mutant fly lines
The fly lines analyzed in this study are characterized by the conditional co-expression of
short hairpin RNA against endogenous Rpb1 mRNA (shRpb1) and a ri-res CTD mutant version
of RNAPII. The conditional nature of this co-expression was achieved by mating UASRpb1RNAi,UAS-Rpb1mutant flies (established through a series of crosses) to yw; Z243,1824 flies.
The Z243,1824 line is characterized by two transgenes, Z243 and 1824. Z243, a reporter gene
provided by John T. Lis, contains the hsp70 promoter fused to the lacZ gene (which encodes
beta-galactosidase [β-gal]).12 1824 is from the Bloomington stock center and expresses Gal4
exclusively in the salivary glands. Thus, this mating gives rise to progeny in which endogenous
Rpb1 mRNA is depleted, and mutant RNAPII expressed, in the salivary glands.
shRpb1 expression was necessarily localized to the salivary glands because its ubiquitous
expression is lethal during development. When conditionally expressed in the salivary glands,
this shRpb1 induces a mutant phenotype of small glands. The essentiality of a given CTD region
was therefore determined by a mutant’s ability to rescue this knockdown phenotype.
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2.5 Beta-galactosidase staining assay
The beta-galactosidase staining assay was adapted from Zink and Paro.9,31 Third instar
larvae from control and CTD mutant RNAi fly lines were separated by sex, heat shocked at 37°C
for 30 min, and recovered at 22°C for 30 min in a thermocycler. Larvae not subjected to heat
shock served as negative controls. Larvae were kept on ice and transferred, one at a time, to
room temperature dissection buffer (130 mM NaCl, 5 mM KCl, 1.5 mM CaCl2) for salivary
gland dissection. Isolated glands were immediately placed on ice. Glands were then incubated in
1% gluteraldehyde solution (diluted in dissection buffer) at room temperature for ~5 min.
Subsequently, these fixed glands were transferred to 100 μL of X-gal staining solution. X-gal
staining solution was prepared by diluting 100 μL of X-gal (20 mg/mL) with 1 mL of stain
solution (10 mM NaPO4 [pH 7.2], 150 mM NaCl, 1 mM MgCl2, 5.7 mM K4[FeII (CN)6], 6 mM
K3[FeIII (CN)6], 0.3% Triton X-100), pre-warmed at 37°C for 5 min. Glands were incubated in
this X-gal staining solution, with gentle rotation, for 1 hour and 10 min. They were placed in a
drop of 100% glycerol and photographed under a stereo microscope.

2.6 qRT-PCR
qRT-PCR was carried out following a procedure based on graduate student Mike
Gleghorn’s rotation work detecting Rp49 and the manufacturer’s (Ambion) protocol, with slight
adaptations by Feiyue Lu.
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RNA Isolation

Larvae were either not heat shocked or heat shocked at 37°C for 30 min in a
thermocycler. Heat shocked larvae were immediately placed on ice. Glands were dissected at
room temperature and immediately transferred to 100 μL of dissection buffer on ice. These
isolated glands were briefly spun to the bottom of the tube, and 90 μL of supernatant were
removed (discarding 45 μL at a time, followed by centrifugation, prevented inadvertent removal
of glands that had dislodged from the ‘pellet’). 100 μL of TRIzol reagent (Ambion) were added,
and the mixture was homogenized using a pellet mixer. The homogenate was placed on a shaker
for 15 min. Next, 20 μL of chloroform were added. The tube was shaken vigorously for 15 sec
and incubated at room temperature for 3 min. It was subsequently microfuged at 4°C for 15 min.
The upper aqueous phase (containing RNA) was transferred to a fresh tube, and its volume was
measured. 0.6 volumes of isopropanol were added, and the tube was inverted several times to
mix. The sample was incubated at room temperature for 10 min. Then it was microfuged at 4°C
for 10 min to precipitate RNA. The supernatant was removed, and the pellet was washed with
100 μL of cold 75% ethanol. The sample was vortexed briefly, followed by microfugation at 4°C
for 5 min. This wash was repeated a second time. After the pellet was allowed to air dry, it was
dissolved in 10 μL of diethylpyrocarbonate (DEPC) water. This DEPC water -dissolved RNA
was triterated and incubated at 55°C for 10 min in a thermocycler, followed by incubation at
60°C for 30 min in a thermoshaker. RNA was quantified using a Nanodrop Spectrophotometer.
Standard dilutions of 1000, 100, 10, 1, 0.1, and 0.01 ng of RNA were prepared. The experimental
sample was diluted to 200 ng.
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cDNA Synthesis

cDNA synthesis involved the preparation of two master mixes (MM), designated
‘Primer’ MM and ‘Enzyme’ MM. For a single reaction, Primer MM contained 1 μL each of 10
μM oligo(dT) primer (Integrated DNA Technologies), 150 ng Random primer (Invitrogen), and
10 mM dNTP, as well as 5 μL of DEPC water. 8 μL of this Primer MM were added to 0.2 mL
tubes. Next, 2 μL of RNA was added to each tube. Samples were heated to 65°C for 5 min in a
thermocycler, then kept on ice while Enzyme MM was prepared. For a single reaction, this MM
contained 4 μL of 5X-MMLV enzyme buffer, 2 μL of 0.1 M DTT, 0.2 μL of rRNasin, 0.5 μL of
MMLV-RT (Promega), and 3.3 μL of DEPC water. 10 μL of this Enzyme MM were added to
each Primer MM/RNA -containing 0.2 mL tube. Samples were incubated at 37°C for 1 hour,
followed by 75°C for 10 min.

qRT-PCR

Two qRT-PCR master mixes were prepared: one for the experimental sample (hsp70
primers) and one for the endogenous control (Rp49 primers). For a single reaction, each MM
contained 10 μL of 2X SensiMix SYBR No-ROX Kit (Bioline), 0.5 μL of primer #1 (10 μM),
0.5 μL of primer #2 (10 μM), and 5.0 μL of dH2O (Table 2.1). 16 μL of this MM was loaded into
each of 96 wells of a semi-skirted qRT-PCR plate. Then 4 μL of each cDNA was added to its
corresponding well.
qRT-PCR data analysis involved the generation of NHS and HS Rp49 standard curves
using the yw; Z243,1824 dilution series (Fig. 2.1). Since NHS and HS curves were nearly
identical, the best-fit line equation of either graph could be used, without a correction factor, to
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calculate relative amounts of Rp49 and hsp70 mRNA. The best-fit linear regression equation for
the second NHS trial (NHS #2) Rp49 standard curve, y = -3.481269x + 23.381392, was used to
compute the amount of HS Rp49 mRNA synthesized; the best-fit line equation of the NHS #2
hsp70 standard curve (not shown), y = -3.103097x + 28.15037, was used to quantify HS hsp70
mRNA produced.

Experiment
ri-res Rpb1
fragment PCR
ΔGly/ΔHep
CTD PCR
N-W81
fragment PCR
Gibbs-C
fragment PCR
Colony PCR

qRT-PCR

Primer
RNAi Res In-Fusion 1
RNAi Res In-Fusion 4
CTD In-Fusion 1
CTD In-Fusion 2
CTD In-Fusion 1
W81/Gibbs R
CTD In-Fusion 2
W81/Gibbs F
CTD PCR Screen F
CTD PCR Screen R
Hsp70 + 825/897 F
Hsp70 + 825/897 R
Rp49-A
Rp49-B

Table 2.1 PCR primers

Sequence
5’-GACAGCTGAAACCGGTTACATCCAGC
5’-CCTGTTGGAAACGCGTCTCGATTTCTC
5’-CGCCTTCGGCTGCATCGG
5’-ACAAAGATCCTCTAGAGGTACCCTCGAGC
5’-CGCCTTCGGCTGCATCGG
5’-ATCCTGTGGGTGTGTAGTTCGGACTCGTTG
5’-ACAAAGATCCTCTAGAGGTACCCTCGAGC
5’-ACACACCCACAGGATCGACCTATTCGGCGA
5’-CCACAGTCGACGGGTTACTC
5’-GACTGTAGTGCGATGGAGCC
5’-GGTGAGCGCAATGTGCTTATC
5’-AGCGCACCTCGAACAGAGAT
5’-TACAGGCCCAAGATCGTGAA
5’-ACGTTGTGCACCAGGAACTT
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Figure 2.1 yw; Z243,1824 Rp49 standard curves
NHS and HS Rp49 standard curves were generated using the 10-fold dilution series for each trial.

Chapter 3
Results & Discussion

3.1 Construction of pΔGly & pΔHep ri-res
Since the first generation CTD mutants ΔGly and ΔHep did not express short hairpin
RNA against endogenous Rpb1 mRNA (shRpb1), the plasmids from which they were derived
(pΔGly ri-sen and pΔHep ri-sen, respectively) each harbored a ~20 bp segment sensitive to the
RNAi. Thus, to make second generation versions of these transgenic fly lines, shRpb1-resistant
(ri-res) plasmids had to be constructed. This required ‘editing’ the original plasmids. The cloning
process was facilitated by Dr. Gilmour’s previous construction of a plasmid containing a ri-res
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version of WT RNAPII (designated ‘pUAST attB PolII ri-res WT’). He created this ri-res
construct by introducing silent mutations into the second exon of WT Rpb1. This allowed the
mutant RNAPII’s ability to rescue endogenous Rpb1 knockdown to be tested. Though the initial
cloning strategy failed to yield transformants, it was revised and ultimately proved successful.
The results of both cloning procedures are detailed below.

Initial cloning strategy

Our initial attempt to generate pΔGly and pΔHep (both ri-res) involved excising the risen sequence from each of the corresponding first generation plasmids. This excised region was
replaced with the pUAST attB PolII ri-res WT -derived ri-res sequence (Fig. 3.1).

pUAST attB PolII ri-res WT

pΔGly/pΔHep ri-sen

MluI
WT RNAPII
ri-res sequence
5’-TTGGCAGTTCAACTCGTTGTT

AgeI
ri-sen sequence

ΔGly/ΔHep RNAPII

5’-TTGCCACTTTGACAGCTTGTT

Figure 3.1 Schematic of the initial cloning strategy for constructing ri-res versions of pΔGly ri-sen and pΔHep ri-sen
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First, pΔGly and pΔHep (both ri-sen) were digested with AgeI (Fig. 3.2A). Lane 1
contains a single band that corresponds to undigested pΔGly ri-sen. This band appears roughly in
line with the 10 kb ladder band, which indicates the 14,822 bp plasmid is supercoiled. AgeIdigested pΔGly ri-sen is shown in lane 2, with a single band just above that of the undigested
plasmid. This slightly larger band represents linearized pΔGly ri-sen (i.e. a successful single
digestion). Though lane 3 should contain undigested pΔHep ri-sen, no band is visible. This is
curious and perhaps the result of a pipetting error. Lane 4 shows the results of pΔHep ri-sen
single digestion. The presence of a single band above the 10 kb ladder band is indicative of a
successful reaction – pΔHep ri-sen is 14,786 bp in size and, when linearized, should run
alongside the correspondingly sized DNA ladder band.
After the ~11 kb bands in lanes 2 and 4 were gel purified and the resulting DNA ethanol
precipitated to alter buffer conditions, the AgeI-digested plasmids were cut with MluI. Agarose
gel electrophoresis verified the success of these double digests (Fig. 3.2B) – both lanes 1 and 2
contain two bands. The ~680 bp bands represent the ri-sen sequences, and the ~11 kb bands
correspond to the residual, linearized plasmids.
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pΔGly ri-sen
AgeI

A.

pΔHep ri-sen

-

+

-

+

1
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3

10 kb

1,000 bp
500 bp

Figure 3.2 Agarose gel electrophoresis results of pΔGly ri-sen and pΔHep ri-sen single and double digestion with AgeI (A) and
AgeI and MluI (B)
Lane 5 of gel A contains NEB 10 kb DNA ladder. Lane 1 of gel B contains DD pΔHep ri-sen, lane 2 DD pΔGly ri-sen, and lane 3
NEB 10 kb DNA ladder. Each AgeI digest contained 1 μL of AgeI (5 U), 5 μL of 10X NEB Buffer 1, 0.5 μL of BSA (10
mg/mL), 3 μL of plasmid DNA (3 μg/mL), and 40.5 μL of dH2O. Digests were incubated at 37°C for 5 hours, followed by 65°C
for 20 min. AgeI-digested plasmids were ethanol precipitated to alter buffer conditions. Each MluI digest contained 1.5 μL of
MluI (15 U), 5 μL of 10X NEB Buffer 1, 0.5 μL of BSA (10 mg/mL), 3 μL of plasmid DNA (3 μg/mL), and 40 μL of dH2O.
Digests were incubated at 37°C for 5 hours, then at 80°C for 20 min.

The next step in constructing ri-res versions of pΔGly and pΔHep entailed PCR amplification of
the ri-res fragment from pUAST attB PolII ri-res WT. This yielded the desired 677 bp product (Fig. 3.3).
The subsequent cloning steps were performed by Dr. Gilmour. However, the failure of colony PCR to
yield transformants prompted the development of an alternative cloning strategy.
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1

2

500 bp

Figure 3.3 Agarose gel electrophoresis results of the PCR amplification of the ri-res segment from pUAST attB PolII ri-res WT
Lane 1 contains the 677 bp ri-res fragment; lane 2 contains NEB 100 bp DNA ladder.

Revised cloning strategy

Our revised approach to constructing ri-res versions of pΔGly ri-sen and pΔHep ri-sen
involved excising the CTD of WT RNAPII from pUAST attB PolII ri-res WT by restriction
enzyme double digestion. Since XbaI and BstAPI recognition sites flank this region, these
restriction enzymes were used. The resulting pUAST attB PolII ri-res WT fragment, flanked by
XbaI and BstAPI sticky ends (and designated the XbaI/BstAPI pUAST attB PolII ri-res WT
fragment), was re-circularized by insertion of the ΔGly or ΔHep CTD sequence (Fig. 3.4).
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pUAST attB PolII ri-res WT

pΔGly/pΔHep ri-sen

XbaI
BstAPI

ΔGly/ΔHep RNAPII

shRpb1-resistant
sequence

WT RNAPII

ri-sen sequence

Figure 3.4 Schematic of the revised cloning strategy for constructing ri-res versions of pΔGly ri-sen and pΔHep ri-sen

ΔGly and ΔHep CTD sequences were each PCR amplified from their respective plasmids
to yield the desired ~1.1 kb bands (Fig. 3.5). After gel purification, each mutant CTD was joined
to the XbaI/BstAPI pUAST attB PolII ri-res WT fragment by In-Fusion cloning.
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3
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Figure 3.5 Agarose gel electrophoresis results of the PCR amplification of the CTD regions of pΔHep ri-sen and pΔGly ri-sen
Lane 1 contains NEB 100 bp DNA ladder, lane 2 ΔHep CTD, and land 3 ΔGly CTD.

3.2 Construction of pW81-Gibbs (ri-res)
The W81-Gibbs (ri-res) mutant was made to determine if deleting the region between the
W81 and Gibbs breakpoints caused the W81 fly line to be defective (i.e. have small salivary
glands). PCR amplification of the N-W81 and Gibbs-C regions yielded the expected 541 and 314
bp products, respectively (Fig. 3.6). These fragments were gel purified and joined to the
XbaI/BstAPI pUAST attB PolII ri-res WT fragment by In-Fusion cloning.
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Figure 3.6 Agarose gel electrophoresis results of the PCR amplification of the Gibbs-C and N-W81 fragments from pUAST attB
PolII ri-res WT
Lane 1 contains Gibbs-C fragment, lane 2 N-W81 fragment, and lane 3 NEB 100 bp DNA ladder.

3.3 Colony PCR
pΔGly ri-res, pΔHep ri-res, and pW81-Gibbs (also ri-res) were transformed into Stellar
Competent Cells, and colonies were selected for by inoculation on LB-AMP plates.
Transformants were identified by colony PCR and subsequent agarose gel electrophoresis (Fig.
3.7). The primers used in this PCR screen (Table 2.1) amplified the Rpb1 CTD region spanning
the ΔGly and ΔHep deletions, thereby resulting in a distinctly sized band for each of the four
genotypes. Lanes 1-3 of gel A contain candidate pW81-Gibbs (ri-res) transformants. All three
lanes harbor the desired 460 bp band. A WT candidate transformant, represented by a 733 bp
band, is shown in lane 5. Lanes 1 and 2 of gel B contain pΔHep ri-res candidate transformants, as
evidenced by the 649 bp band in each lane. pΔGly ri-res candidate transformants appear in lanes
4 and 5. Each of these two lanes contains the desired 685 bp product, indicating the
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corresponding bacterial cells took up pΔGly ri-res. These two gels indicate successful
transformation reactions. Mini alkaline plasmid preparation was performed to prepare the
plasmids for sequencing.

A. 1

2

3

4

5

B.

1

2

3

4

5

\

500 bp
500 bp

Figure 3.7 Agarose gel electrophoresis results of colony PCR
Lanes 1-3 of gel A contain three different pW81-Gibbs (ri-res) transformants. NEB 100 bp DNA ladder is in lane 4, and a WT
transformant is shown in lane 5. Lanes 1 and 2 of gel B contain two different pΔHep ri-res transformants. Lane 3 contains NEB
100 bp DNA ladder, and two different pΔGly ri-res transformants appear in lanes 4 and 5.

The Rpb1 gene in each of the plasmids was sequenced and then submitted to Rainbow
Transgenics to be microinjected into Drosophila embryos for transformation into the attP site of
fly line 86Fb. Subsequent matings to generate homozygous flies containing the mutant Rpb1 and
shRpb1 transgenes were performed by Feiyue Lu.

30

3.5 β-galactosidase staining assay optimization
Various conditions of the β-gal assay were tested to develop the protocol used in this
study (Fig. 3.8). The method and duration of heat shock, inclusion of a recovery period, and
duration of X-gal incubation were manipulated. Initial trials were performed on the salivary
glands of third instar larvae from first generation CTD mutants. These fly lines express CTD
mutant RNAPII in addition to the endogenous polymerase. yw; Z243,1824 × W81 larvae were
heat shocked at 37° for 30 min and recovered at 22°C for 30 min using a thermocycler. The
isolated salivary glands were incubated in X-gal for 30 min (Fig. 3.8A). In a second trial, larvae
subjected to the same HS conditions were kept on ice while awaiting salivary gland isolation,
and glands were incubated in X-gal for 2 hours (Fig. 3.8B). Neither of these incubation times
proved optimal; the 30 min incubated glands were severely under-stained, while the glands
incubated for 2 hours were oversaturated with blue color.
Subsequent optimization trials were carried out on the salivary glands of Rpb1res larvae
(Fig. 3.8C-E). During this round of trials, a different heat shock method was tested: larvae were
placed in a drop of 0.7% NaCl on a sheet of Parafilm, which was warmed to ~37°C by water
bath. In the first trial, larvae were heat shocked for 15 min and the isolated glands incubated in
X-gal for 1 hour (Fig. 3.8C). In the second trial, larvae were heat shocked for 30 min, kept on ice
while awaiting salivary gland isolation, and incubated in X-gal for 2 hours and 35 min (Fig.
3.8D). Heat shock by water bath proved less effective at inducing a heat shock response than the
thermocycler, as evidenced by the considerably weaker staining after ~2 hours (Fig. 3.8 B & D).
Thus, water bath incubation was abandoned as a means of heat shock induction. The initial
protocol was revisited (i.e. larvae were heat shocked at 37° for 30 min and recovered at 22°C for
30 min in a thermocycler), with the larvae kept on ice while awaiting salivary gland isolation and
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the X-gal incubation period changed to 1 hour and 10 min (Fig. 3.8E). These conditions proved
optimal among those tested, as glands were moderately stained but not oversaturated with blue
color.

A.

C.

B.

D.

E.

Figure 3.8 β-gal staining assay optimization trials
yw; Z243,1824 × W81 larvae were heat shocked at 37° for 30 min and recovered at 22°C for 30 min using a thermocycler, not
kept on ice while awaiting salivary gland isolation, and incubated in X-gal for 30 min (A) or kept on ice and incubated in X-gal
for 2 hours (B). Rpb1res larvae were placed in a drop of 0.7% NaCl suspended on a sheet of Parafilm and heat shocked by water
bath. Larvae were subjected to a 15 min HS and glands incubated in X-gal for 1 hour (C) or a 30 min HS followed by X-gal
incubation for 2 hours and 35 min (with larvae kept on ice while awaiting dissection) (D). Alternatively, Rpb1res larvae were heat
shocked at 37° for 30 min and recovered at 22°C for 30 min using a thermocycler, kept on ice while awaiting salivary gland
isolation, and incubated in X-gal for 1 hour and 10 min (E).

Initial β-gal assays showed significant variability in staining intensity between pairs of
salivary glands of any given genotype (not shown). To investigate a postulated correlation
between staining intensity and sex, yw; Z243,1824 larvae were separated by sex before being
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assayed. Surprisingly, the glands of HS female larvae were markedly darker than those of HS
male larvae (Fig. 3.11 A & B). This seemingly sex-linked difference is curious, as none of the
genes in the Z243 construct are derived from the X chromosome. This observation prompted
larvae to be separated by sex before being assayed.

3.6 Analysis of the effects of CTD mutations on heat shock induction of an hsp70-betagalactosidase reporter gene
To determine whether the CTD mutations affected the induction of an hsp70-betagalactosidase reporter gene upon heat shock, β-gal staining assays were performed. Reporter
gene expression was visualized by incubation with X-gal, a compound hydrolyzed by β-gal to
produce a blue color. The intensity of this blue color correlates with the level of hsp70 reporter
expression; the more intense (darker) the blue staining, the greater the expression of the reporter
gene.
These β-gal assays were carried out on the salivary glands of third instar larvae from fly
lines co-expressing short hairpin RNA against endogenous Rpb1 mRNA (shRpb1) and a CTD
mutant RNAPII that were mated with yw; Z243,1824 flies (Figs. 3.10-3.16). The yw fly line,
which lacks both the Z243 and 1824 transgenes and should therefore not produce β-gal protein
regardless of conditions, served as a negative control (and to determine the level, if any, of
background staining). The yw; Z243,1824 line served as a positive control. To generate negative
controls for both sexes of each genotype, larvae were separated by sex, not heat shocked, and
assayed independently.
The results of this inherently qualitative assay were analyzed somewhat quantitatively.
Unlabeled gland images were categorized by gland staining intensity, and each group was
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assigned a score from 0-4 (Fig. 3.9 & Table 3.1). A score of 0 indicates no staining (translucent
glands) and no expression of the hsp70 reporter gene. A score of 1 reflects basal level expression
of the reporter (pale pink glands), ‘2’ slightly above basal expression (blue glands, nuclei mostly
visible), ‘3’ moderate expression (deep pink tissue and dark blue nuclei), and ‘4’ strong hsp70
reporter expression (ubiquitously dark blue glands, discrete nuclei not visible). Glands too
variable in staining to be classified were placed in a red asterisk (*) group.
yw glands from male and female larvae remained translucent under both NHS and HS
conditions. Each of these four groups was assigned a score of 0. This was expected because the
yw fly line does not contain the hsp70 reporter gene. All of the other lines (yw; Z243,1824,
Rpb1res, Rpb1hu, ΔHepexp, W81, and W81add) contained this hsp70 reporter and thus exhibited
basal expression when not subjected to heat shock, regardless of sex. Each of these NHS groups
received a score of 1. HS male yw; Z243,1824 glands, characterized by deep pink tissue and dark
blue nuclei, were assigned a score of 3. HS female glands of this genotype showed markedly
more intense staining; they were dark blue throughout (with their similarly-hued nuclei
indistinguishable from the surrounding tissue) and accordingly designated a ‘4.’ Staining
intensity and pattern were very consistent within each sex of the yw; Z243,1824 fly line, with all
male glands meeting ‘3’ criteria and all female glands fitting those required for a ‘4.’ This
characteristic will be called ‘sex-consistent staining.’
Conversely, the Rpb1res line exhibited highly variable staining upon heat shock, with both
males and females being placed in the ‘*’ group. This was surprising, as these flies express a
transgenic version of WT RNAPII and were expected to be similar to the yw; Z243,1824 line in
terms of hsp70 reporter gene expression. Due to this expectation, a second set of HS assays
(‘Trial 2’) was performed on Rpb1res male and female glands. The results of trial 2 validated
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those of the initial experiment, with HS male glands appearing deep pink-purple in color with
dark blue nuclei (to receive a score of 3), and HS female glands too variable in staining to be
categorized (to be placed in the ‘*’ group). In light of these highly variable results, perhaps the
expectation that hsp70 reporter expression would be similar in the yw; Z243,1824 and Rpb1res
fly lines was misguided; the Rpb1res line contains two transgenic constructs that the yw;
Z243,1824 line does not: short hairpin RNA against endogenous Rpb1 mRNA (shRpb1) and a
transgenic version of WT RNAPII. This is revisited later in this section.
HS Rpb1hu male and female glands were deep pink with dark blue nuclei and each
received a score of 3. HS ΔHepexp male glands varied too greatly from each other to be
categorized (*), while HS female glands of this genotype were ubiquitously dark blue and
designated a ‘4.’ W81 was the only CTD mutation to result in smaller than wildtype salivary
glands. The β-gal assay, by enabling these small glands to be assayed for hsp70 reporter
expression, proved particularly valuable to this study (qRT-PCR analysis of the W81 line was
impractical because the glands did not yield sufficient RNA). Though HS W81 male glands were
too variable in staining to classify (*), HS female glands of this genotype showed slightly above
basal expression of the hsp70 reporter gene and received a score of 2. HS W81add male glands
were deep pink with dark blue nuclei and designated a ‘3.’ HS W81add female glands were dark
blue throughout and assigned a score of 4.
Several trends can be extrapolated from these observations. First, ectopic expression of
Rpb1 seems to correlate with significant staining variability. While the yw; Z243,1824 glands
(which express endogenous Rpb1) showed sex-consistent staining, HS Rpb1res (males and
females in trial 1), ΔHepexp (males), and W81 (males) fell into the ‘*’ group. This renders the
shRpb1 and/or CTD mutant RNAPII – the two transgenic constructs present in the second
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generation CTD mutants but absent from the yw; Z243,1824 fly line – potential candidates for
inducing variability in hsp70 reporter gene expression. To determine if the CTD mutant RNAPII
transgene is culpable, β-gal assays should be carried out on the first generation CTD mutants.
Each of these fly lines expresses a CTD mutant version of RNAPII but no shRpb1. If these
assays show sex-consistent staining for each of the first generation fly lines, it can be concluded
that the shRpb1 is the variability-inducing construct. Alternatively, variable staining within each
sex would point to the CTD mutant RNAPII transgene as the inducer of variable hsp70 reporter
expression. Another rationale for the correlation between the ectopic expression of Rpb1 and
staining variability could be the differential knockdown of endogenous Rpb1 mRNA and/or the
differential expression of the CTD mutant RNAPII transgene.
A second trend evident from my β-gal assays is that HS female glands, including those of
the CTD mutants, generally showed greater hsp70 reporter gene expression than male glands.
The molecular basis for this difference in expression is unclear and should be further investigated
in all genotypes.
The development of blue color in the salivary glands upon incubation with X-gal depends
on the production of stable lacZ mRNA, followed by the synthesis of β-gal protein. This requires
the transcription and RNA processing of the hsp70 reporter into stable mRNA, followed by its
translation into β-gal protein. The CTD of RNAPII has been shown to interact with a plethora of
factors involved in both transcription and RNA processing.10 In the context of this experiment,
only the RNA processing steps of 5’-capping and polyadenylation are relevant; the hsp70
reporter, which consists of the hsp70 promoter and β-gal coding sequence, does not contain
introns and is consequently not subjected to splicing. Each of the second generation CTD
mutants exhibited some level of blue color, reflecting the production of both stable hsp70-β-gal
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mRNA and β-gal protein. This means none of these mutations removed regions of the CTD that
interact with factors involved in the transcription, 5’-capping, or polyadenylation of the hsp70
reporter gene. That is, all of the CTD mutant RNAPIIs properly transcribed and processed the
hsp70 reporter. Though this proper RNAPII function coincides with the Rpb1res, Rpb1hu, W81,
and W81add mutants’ abilities to rescue endogenous Rpb1 knockdown, it is inconsistent with
ΔHepexp’s lethality in adult flies. This discrepancy is discussed in the subsequent section.
A unique aspect of β-gal staining observed in these, as well as previously performed
assays, was the uniformity of both staining intensity and pattern between the two individual
glands of any given pair. This suggests hsp70 reporter gene expression is determined by events
early in Drosophila salivary gland development – events, perhaps, such as epigenetic regulation.
In a given genotype, the hsp70 reporter might be sensitive to this regulation, prompting its
corresponding genomic region to be packaged into heterochromatin. The transcriptional
inaccessibility of this region is maintained as salivary gland cells grow and divide. This results in
a population of salivary gland cells expressing very similar levels of β-gal protein and in turn a
pair of glands exhibiting uniform staining.
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Figure 3.9 Categorization of unlabeled gland images based on staining intensity and corresponding score values
Unlabeled images of larval salivary glands were categorized by staining intensity, and each group was assigned a score from 0-4.
‘0’ indicates no staining (translucent glands) and no expression of the hsp70 reporter gene. A score of 1 represents basal level
expression of the reporter (pale pink glands), ‘2’ slightly above basal expression (blue glands, nuclei mostly visible), ‘3’
moderate expression (deep pink tissue and dark blue nuclei), and ‘4’ strong hsp70 reporter expression (ubiquitously dark blue
glands, discrete nuclei not visible). Glands too variable in staining to be categorized were placed in a red asterisk (*) group.

yw

males, NHS
females, NHS
males, HS
females, HS

yw; Z243,1824

0
0
0
0

1
1
3
4

Rpb1res
Trial 1
Trial 2

1
1
*
*

ΔHepexp

Rpb1hu

3
*

1
1
3
3

Table 3.1 Scores assigned to β-gal -assayed salivary glands based on staining intensity
A second NHS trial was not carried out on Rpb1res glands (gray cells).

1
1
*
4

W81add

W81

1
1
*
2

1
1
3
4
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A. yw males, HS

B. yw females, HS

C. yw males, NHS

D. yw females, NHS

Figure 3.10 X-gal stained yw salivary glands
HS & NHS male (A & C) and female (B & D) glands. Third instar larvae from yw flies were separated by sex, heat shocked at
37°C for 30 min, and recovered at 22°C for 30 min in a thermocycler. Alternatively, larvae were not heat shocked. Larvae were
kept on ice and transferred, one at a time, to room temperature dissection buffer for salivary gland dissection. Isolated glands
were immediately placed on ice. Glands were then incubated in 1% gluteraldehyde solution (diluted in dissection buffer) at room
temperature for ~5 min. Subsequently, these glands were transferred to 100 μL of X-gal staining solution. Glands were incubated
in this X-gal staining solution, with gentle rotation, for 1 hour and 10 min. They were preserved in a drop of 100% glycerol.
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A. yw; Z243,1824 males, HS

B. yw; Z243,1824 females, HS

C. yw; Z243,1824 males, NHS

D. yw; Z243,1824 females, NHS

Figure 3.11 X-gal stained yw; Z243,1824 salivary glands
HS & NHS male (A & C) and female (B & D) glands.
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res

A. Rpb1

males, HS Trial 1

res

B. Rpb1

females, HS Trial 1

C. Rpb1res males, HS Trial 2

D. Rpb1res females, HS Trial 2

E. Rpb1res males, NHS

F. Rpb1res females, NHS

Figure 3.12 X-gal stained yw; Z243,1824 × Rpb1res salivary glands
HS & NHS male (A & C) and female (B & D) glands.
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hu

A. Rpb1hu males, HS

B. Rpb1 females, HS

C. Rpb1hu males, NHS

D. Rpb1hu females, NHS

Figure 3.13 X-gal stained yw; Z243,1824 × Rpb1hu salivary glands
HS & NHS male (A & C) and female (B & D) glands.
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A. ΔHep

exp

males, HS

C. ΔHepexp males, NHS

B. ΔHep

exp

females, HS

D. ΔHepexp females, NHS

Figure 3.14 X-gal stained yw; Z243,1824 × ΔHepexp salivary glands
HS & NHS male (A & C) and female (B & D) glands.
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A. W81 males, HS

B. W81 females, HS

C. W81 males, NHS

D. W81 females, NHS

Figure 3.15 X-gal stained yw; Z243,1824 × W81 salivary glands
HS & NHS male (A & C) and female (B & D) glands.
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A. W81

add

males, HS

C. W81add males, NHS

Figure 3.16 X-gal stained yw; Z243,1824 × W81add salivary glands
HS & NHS male (A & C) and female (B & D) glands.

add

B. W81

females, HS

D. W81add females, NHS
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3.7 Analysis of the effects of CTD mutations on expression of the endogenous hsp70 gene
using qRT-PCR
Of the Rpb1hu, ΔHepexp, W81, and W81add second generation CTD mutants, only
ΔHepexp, because of its inability to rescue endogenous Rpb1 knockdown, was analyzed by qRTPCR. This aimed to determine whether the lethality induced by the ΔHepexp mutation in adult
flies was related to its ability to synthesize endogenous hsp70 mRNA. hsp70 served as an
‘example’ gene – the level of hsp70 mRNA synthesized upon heat shock reflected RNAPII’s
ability to interact with transcription and RNA processing (specifically 5’-capping and
polyadenylation) factors. Rp49, a housekeeping gene unaffected by heat shock, served as a
control gene. The yw; Z243,1824 and Rpb1res fly lines served as positive controls. Thus, qRTPCR was carried out on RNA isolated from the salivary glands of the yw; Z243,1824, Rpb1res,
and ΔHepexp lines. Endogenous hsp70 mRNA levels were measured relative to Rp49 mRNA. An
important caveat to consider is that, unlike in the β-gal assays, larvae were not separated by sex.
This was because RNA isolation was performed first, before the apparent correlation between
sex and hsp70 reporter gene expression was realized.
qRT-PCR showed that heat shock induced greater synthesis of hsp70 mRNA than did
NHS conditions in all three genotypes (Fig. 3.17). In both heat shock trials (designated HS #1
and #2), yw; Z243,1824 salivary glands synthesized more hsp70 mRNA than those of either the
‘transgenic wildtype’ (Rpb1res) or ΔHepexp mutant. In HS trial #1, the ΔHepexp mutant glands
synthesized more hsp70 mRNA than Rp1res glands; in the second HS trial, Rpb1res glands
produced relatively higher levels of hsp70 mRNA.
Heat shock induction of hsp70 mRNA synthesis was also visualized in terms of fold
change (Fig. 3.18). Heat shock induced a ~1,000-fold increase in hsp70 mRNA levels in yw;
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Z243,1824 glands in both HS trials. While heat shock induced a ~120-fold increase in hsp70
mRNA synthesis in Rpb1res glands in trial #1, the second trial showed a ~105-fold increase. Heat
shock induced a ~185-fold increase in hsp70 mRNA production in ΔHepexp glands in trial #1 and
a ~100-fold increase in trial #2. The 10-fold difference in fold change between the yw;
Z243,1824 line and the fly lines expressing transgenic Rpb1 (Rpb1res and ΔHepexp) can be
attributed to the relatively higher levels of hsp70 expression in the latter two lines prior to heat
shock induction. This greater expression of hsp70 under NHS conditions might be the result of a
modest stress response induced by the Gal4-mediated overexpression of Rpb1. If this proves a
complication in future experiments, NHS expression of hsp70 might be tempered by using a
different Gal4 driver (i.e. other than the 1824 transgene). A different driver, however, may
reduce the level of shRpb1 expressed. The inconsistency in Rpb1res and ΔHepexp’s fold changes
between HS trials #1 and #2 reflects one of the shortcomings of my qRT-PCR analysis – an
insufficient number of biological replicate trials.
Though additional HS trials are required to obtain statistical significance, ΔHepexp’s
marked increase in hsp70 mRNA levels upon heat shock suggests this mutation does not affect
the synthesis of hsp70 transcript. This corroborates my β-gal assay results for this CTD mutant,
which showed moderate (‘3’) to highly variable (‘*’) expression of the hsp70 reporter gene. The
results of these two experiments indicate ΔHepexp’s lethality in adult flies is unrelated to hsp70
expression. Still, these experiments focused only on the hsp70 gene; perhaps it is the
transcription and/or RNA processing of another gene (or other genes) that is/are affected by the
ΔHepexp mutation. Since each gene undergoes differential regulation, it is impossible to
extrapolate these results to all genes of the Drosophila genome. Experimental approaches that
might reveal the gene(s) affected by the ΔHepexp mutation are described in the following section.
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The shortcomings of my qRT-PCR analysis include an insufficient number of biological
replicate trials, narrow scope, and mixing of male and female salivary glands. Primarily,
additional HS trials must be performed to definitively conclude that the ΔHepexp mutation does
not affect the transcription and/or RNA processing of the hsp70 gene (i.e. to obtain statistical
significance). The narrow scope of my qRT-PCR analysis neglected the effect(s) of the ΔHepexp
mutation on the synthesis of other salivary gland mRNAs – one or several of which might be
why this CTD mutant induces lethality in adult flies. Another shortcoming of this experiment is
that larvae were not separated by sex. The seemingly sex-linked difference in hsp70 reporter
gene expression observed in my β-gal assays renders this an important change to the present
qRT-PCR protocol. It may be, however, that this sex-linked difference is unique to the hsp70
reporter gene. For example, the transposon sequences immediately flanking the promoter of this
transgene and/or the location of the Drosophila genome into which it was integrated might cause
this difference. This renders qRT-PCR analysis of salivary gland RNA isolated from sexseparated yw; Z243,1824 larvae a worthwhile set of experiments to conduct.
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Figure 3.17 qRT-PCR analysis of endogenous hsp70 mRNA levels in salivary glands from control (yw; Z243,1824 – blue) and
CTD mutant lines (yw; Z243,1824 mated with Rpb1res [red] or ΔHepexp [green])
Salivary glands were either not heat shocked (NHS) or heat shocked (HS) at 37°C for 30 min. Total RNA was isolated, followed
by cDNA synthesis. hsp70 was detected by qRT-PCR and expressed relative to Rp49, whose expression is unaffected by heat
shock.
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yw; Z243,1824

Rpb1res

ΔHepexp

Figure 3.18 Heat shock -induced fold change in endogenous hsp70 mRNA synthesis

3.8 Conclusions & prospective research
The results of my β-gal assays and qRT-PCR analysis suggest the adult lethality induced
by the ΔHepexp CTD mutation is not associated with the expression of the endogenous hsp70
gene. This leaves open a rather broad range of possibilities that might explain why the ΔHepexp
mutant is defective. The defect might stem, for example, from gene-specific RNAPII
malfunction at either the transcriptional or RNA processing level.
As previously noted, the ΔHepexp mutation might affect the transcription of a gene (or
genes) other than hsp70 – namely, genes vital to Drosophila development. This could be
determined by chromatin immunoprecipitation sequencing (ChIP-Seq). ChIP-Seq could be used
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to identify the genome-wide binding sites of each Rpb1res and ΔHepexp RNAPII. In this context,
binding sites represent genes transcribed by the given polymerase. This would provide a
‘catalog’ of genes transcribed by each Rpb1res and ΔHepexp RNAPII. Comparing these two
‘catalogs’ would reveal which gene(s) is/are transcribed by the Rpb1res polymerase, but not by
ΔHepexp RNAPII. The gene(s) not bound (i.e. neither transcribed nor processed) by the ΔHepexp
polymerase might be implicated in its adult lethality.
Alternatively, ΔHepexp’s inability to rescue Rpb1 knockdown might be the result of a
defect in the RNA processing (5’-capping, splicing, and/or polyadenylation) of a
developmentally significant mRNA. If ΔHepexp RNAPII cannot facilitate the addition of a 5’-cap
and/or poly(A) tail to a nascent transcript, the resulting mRNA will be unstable and degraded. To
determine whether ΔHepexp RNAPII differs from the Rpb1res polymerase in its ability to process
particular mRNAs, RNA sequencing (RNA-Seq) could be employed. RNA-Seq would catalog
and quantify all of the stable mRNAs synthesized in both Rpb1res and ΔHepexp salivary glands.
Any transcripts present in Rpb1res glands but absent from ΔHepexp glands would point to premRNAs whose processing is affected by the ΔHepexp mutation. By revealing the gene(s) affected
by this CTD mutation, these techniques will propel us ever-forward in understanding this
enigmatic domain of RNAPII.
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