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Approximately five to eight percent of domestic rams demonstrate a sexual attraction

towards other rams, directing no sexual behaviors towards estrous ewes.  It has been

observed that these male-oriented rams (MORs) have a greater abundance of prolactin

mRNA than female-oriented rams in the medial preoptic area of the anterior

hypothalamus (MPOA-AH), a region critical for the expression of sexual behavior in

mammalian species.  We hypothesize that this difference in prolactin expression may

arise from subtle differences in the transcriptional control sequences within the gene’s

promoter.  While the ovine promoter sequence is not yet known, comparable regions in

the human demonstrate the presence of many direct and inverted repeated sequences.

Preliminary analysis of the sheep promoter region by bubble and inverted PCR, as well as

boomerang DNA amplification, has generated data consistent with inverted repeats.

Results generated by analysis using these DNA amplification techniques will be

described.  In addition, future research aims regarding sequencing and further

characterization of the ovine promoter will be discussed.

Key Words: prolactin, bubble PCR, inverted PCR

Corresponding e-mail address: TaralynTan@gmail.com



©Copyright by Taralyn Tan
May 23, 2008

All Rights Reserved



Characterization of the Ovine Prolactin Promoter

by

Taralyn Tan

A PROJECT

submitted to

Oregon State University

University Honors College

in partial fulfillment of
the requirements for the

degree of

Honors Baccalaureate of Science in Biochemistry/Biophysics (Honors Scholar)

Presented May 23, 2008
Commencement June 2008



Honors Baccalaureate of Science in Biochemistry/Biophysics project of Taralyn Tan
presented on May 23, 2008.

APPROVED:

                                                                                                                                                
Mentor, representing Biochemistry/Biophysics

                                                                                                                                                
Committee Member, representing Animal Sciences

                                                                                                                                                
Committee Member, representing Biochemistry/Biophysics

                                                                                                                                                
Chair, Department of Biochemistry/Biophysics

                                                                                                                                                
Dean, University Honors College

I understand that my project will become part of the permanent collection of Oregon
State University, University Honors College.  My signature below authorizes release of
my project to any reader upon request.

                                                                                                                                                
Taralyn Tan, Author



Acknowledgements

I would like to thank Dr. Stormshak (“Stormy”) for being an excellent mentor in the

laboratory.  Thanks for making it so much fun!  Thank you for your confidence in me,

and for inspiring me to pursue my own career in research.

Thank you Kevin for all of your PCR expertise, and for being such a great friend and

mentor throughout my collegiate career.  I would not be where I am today without your

unyielding guidance and support.  I’m glad you managed to put up with me for four

whole years.

Thanks Indira for having the answer to any question, be it regarding my research or just

life in general.  Thanks for all the little things I can carry with me throughout my career –

I know not to say “PCR reaction,” and I am cautious with “homology.”  I have really

appreciated your friendship and all of the couch conversations in your office!

I’d like to thank everybody in the Stormshak Lab who made my experience so enjoyable

and enriching.  Thanks Cecily, Caitlin, Reed, Jared, and Colleen.  I also wish to extend

my gratitude to Dr. Charles Roselli at Oregon Health and Science University for his

collaboration.

Finally, thanks to the NIH and HHMI for funding my research.



TABLE OF CONTENTS

   Page
INTRODUCTION ……………………………………………………………………..1

Male-Oriented Rams ……………………………………………………………..1
Prolactin ……………………………………………………………………..4
PCR Methods ……………………………………………………………………..6

MATERIALS AND METHODS ……………………………………………………12

Bubble PCR ……………………………………………………………………12
Inverted PCR ……………………………………………………………………14
Genomic PCR / Boomerang DNA Amplification ……………………………15

RESULTS AND DISCUSSION ……………………………………………………16

Bubble PCR ……………………………………………………………………16
Inverted PCR ……………………………………………………………………26

CONCLUSION ……………………………………………………………………40

REFERENCES ……………………………………………………………………42



LIST OF FIGURES

Figure     Page

1. Sexual Preference Testing…………………………………………………………………………………2

2. The Ovine Sexually Dimorphic Nucleus……………………………………………………………….…3

3. Prolactin Expression……………………………………………………………………………………….4

4. PCR………………………………………………………………………………………………………...7

5. The Bubble Hybrid………………………………………………………………………………………...7

6. A Summary of Bubble PCR………………………………………………………………………………9

7. Inverted PCR Primer Orientation………………………………………………………………………..10

8. A Summary of Inverted PCR……………………………………………………………………………11

9. Initial Results of Bubble PCR…………………………………………………………………………...16

10. BglII Digestion………………………………………………………………………………………….17

11. Bubble PCR Results Using New DNA………………………………………………………………...19

12. The Effects of Introns on Bubble PCR………………………………………………………………...21

13. BamHI and BclI Digestions and Bubble Ligations……………………………………………………22

14. Ligations with Varying Bubble Concentration………………………………………………………...23

15. Bubble PCR Digestions and Modified Ligations……………………………………………………...24

16. Bubble PCRs and Positive Control PCRs……………………………………………………………..25

17. Inverted PCR Primer Design…………………………………………………………………………...26

18. Inverted PCR Primer Pairs……………………………………………………………………………..26

19. The Effects of Introns on Inverted PCR…………………………………………………………….…27

20. Inverted PCR Results (NcoI) ………………………………………………………………………….28

21. Inverted PCR Results (PvuII) ………………………………………………………………………....29

22. Direct and Inverted Repeated Sequences within the Human Prolactin Region……………………...30

23. Inverted Repeated Sequences in DNA………………………………………………………………...30

24. Summary of Boomerang DNA Amplification………………………………………………………...32

25. Single-Primer DNA Amplifications…………………………………………………………………...33

26. Base-Pairing of Inverted Repeats……………………………………………………………………...33



LIST OF FIGURES (CONTINUED)

Figure    Page

27. DNA to be Sequenced…………………………………………………………………………………..34

28. Digestion of Single-Primer Amplification Products…………………………………………………..36

29. Alternate Prolactin Primers………………………………………………………………………….…38

30. Amplification from Two Sets of Prolactin Primers…………………………………………………...39



Characterization of the Ovine Prolactin Promoter

Introduction

Male-Oriented Rams

Approximately 5-8% of domestic rams demonstrate a sexual partner preference for other

rams.  These animals are classified as male-oriented rams (MORs), to distinguish them

from rams that exhibit sexual behaviors towards ewes, the so-called female-oriented rams

(FORs) [1].  In partner preference tests, MORs will not mount ewes in estrus [2].  The

domestic ram is not the only species that demonstrates male homosexual behavior.  In a

review of mammalian homosexual behavior, Dagg identified 63 species in which males

mount other males [3].  However, the ram is currently the only animal model for which

an exclusive male-male sexual partner preference has been recorded [1].

Sexual partner preference tests are executed as follows: four sheep, two males and two

estrous females, are restrained at the neck in a four-way stanchion.  In this set-up, the

four animals are facing each other, as illustrated in Fig. 1.  The positions of the male and

females animals are held constant during a specific testing session, but are rotated in

subsequent tests.  During each trial, the test ram is brought into the pen containing the

stanchion and monitored for a fixed period of time (usually 10 minutes).  During this

time, various sexual behaviors are recorded and noted as being directed towards a ram or

a ewe.  These behaviors include anogenital sniffs, foreleg kicks, mounts, ejaculations,

and the flehmen response.  Flehmen refers to the curling of the ram’s lips to bring
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chemicals found in the

ewe’s urine to sensors

near its nose.  As

mentioned previously,

MORs direct these

s e x u a l  b e h a v i o r s

towards the rams in the

stanchion.

MORs and FORs are

indistinguishable by their physical appearances, and no social factors have been identified

that can alter or predict the rams’ sexual preference [4].  Sexual partner preference has

been shown to be independent of rearing conditions, as MORs have been identified from

groups of rams that were reared both in the presence and in the absence of ewes [1].  In

adult rams, the behavior does not appear to be under hormonal control.  The basal level of

testosterone in the rams does not differ with sexual orientation [5].  Furthermore, while

castration has been shown to reduce the frequency of mounting for both MORs and

FORs, it has no effect on partner preference [6].

Despite the absence of outward differences between MORs and FORs, these groups do

exhibit morphological differences in the brain.  In particular, they differ in a cell group

located in the medial preoptic area of the anterior hypothalamus (MPOA/AH) known as

the ovine sexually dimorphic nucleus (oSDN) (Fig. 2).  The oSDN is a cell group that is

Fig. 1 Sexual Preference Testing  A diagram of the apparatus used in
partner preference testing.

ram

ram

ewe ewe
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Fig. 2 The Ovine Sexually Dimorphic Nucleus A schematic
cross-sectional view of the ovine brain, showing the
approximate location of the oSDN relative to the third
ventricle, anterior pituitary gland, and hypothalamus.

Hypothalamus
(Medial preoptic area)

Anterior pituitary

(Frontal View)

III Ventricle

significantly larger in rams than in ewes.  Sexually dimorphic nuclei have been identified

for a number of species, including rats and humans. These nuclei are larger in males as

compared to females [7].  The particular location of these sexually dimorphic nuclei in

the brain is fairly conserved.  In the rat, the sexually dimorphic nucleus is located in the

preoptic area.  In humans, the

third interstitial nucleus of the

anterior hypothalamus (INAH3)

has been shown to differ in size

with sexual orientation [4].

The MPOA/AH is a region of

the brain that is critical for the

expression of mammalian

sexual behavior.  In many

species, including rats and monkeys, it has been shown that lesions of the MPOA result

in defective male copulatory behavior [2].  Within this steroid-sensitive region,

testosterone is converted to estradiol by cytochrome P450 aromatase.  This represents a

significant component of the mechanism by which masculine sexual behaviors develop

[8].  In regards to MORs and FORs, Resko et al identified a reduction in aromatase

activity in MORs that was specific to the preoptic area of the brain [2].

The oSDN itself differs among FORs, MORs, and ewes.  The volume of the oSDN is

largest in FORs, followed by MORs, and is smallest in ewes.  The nucleus also contains a
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significantly higher number of neurons in FORs as compared to MORs, and a higher

number in MORs as compared to ewes.  A differential in levels of aromatase is also

present in the oSDN, as levels of aromatase mRNA were significantly higher in FORs

than in ewes.  Aromatase mRNA levels in MORs were intermediate between the FORs

and ewes [4].  The presence of aromatase in this sexually dimorphic region of the brain

suggests that androgen metabolism occurs within the nucleus, and this may have

important ramifications for brain development and the development of sexual preference.

Prolactin

A microarray analysis led to the measurement of mRNA levels in the ovine brain

showing the prolactin gene to be overexpressed in MORs, as compared to FORs, in the

MPOA/AH (Roselli and Stormshak, unpublished) (Fig. 3).  Ewes showed the highest

levels of prolactin.  This pronounced

difference identified prolactin as a

potential target for the generation

and/or regulation of sexual preference.

Further evidence supporting the

hypothesis that prolactin is involved in

the generation of homosexual

behavior in the ram was the pattern of

gene expression in sheep fetuses.

Roselli et al showed the configuration of prolactin-expressing neurons in the MPOA/AH

to be immediately around the oSDN, completely encircling the nucleus [9].  Due to its

Fig. 3 Prolactin Expression A Northern blot showing
the overabundance of prolactin mRNA in the
MPOA/AH of MORs, as compared to FORs (Roselli
and Stormshak, unpublished).
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proximity to the oSDN and the aromatase neurons, prolactin is a prime candidate as a

gene potentially involved in the sexual partner preference observed in MORs.

The prolactin gene, though named for its ability to promote lactation in mammals, has

over 300 separate biological activities [10].  In addition to the promotion of mammary

gland development and lactation, many of prolactin’s functions relate to reproduction.  In

humans, an excess of prolactin (hyperprolactinemia) has the effect of altering womens’

menstrual cycles, lowering their libido, and in some instances resulting in infertility.  In

men, the most common symptom is erectile dysfunction [11].  Conversely, an absence of

prolactin also has negative effects on reproduction.  Prolactin knock-out mice, for

example, are sterile [12].

Prolactin is a polypeptide hormone that was originally identified as being synthesized in

the anterior pituitary gland.  Since then, it has been recognized that a number of

extrapituitary tissues synthesize and secrete prolactin, including the hypothalamus, as

mentioned earlier.  The primary structures of hypothalamic and pituitary prolactin in the

rat are identical, and therefore it appears that a single prolactin gene is responsible for

pituitary and extrapituitary expression [13].  However, many experiments have

demonstrated that hypothalamic prolactin synthesis is independent of pituitary synthesis

[10].  In the human, two promoter regions for the prolactin gene have been identified.

The proximal promoter directs pituitary expression, whereas extrapituitary transcription

is controlled by a distal promoter that is 5.8 kb upstream of the pituitary transcription
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start site [12].  Distal enhancer sequences have been identified for the bovine and rat

prolactin genes, located approximately 1.5 kb from the transcription start site [14].

In the sheep, only the prolactin coding sequence is known.  Neither introns in the gene

nor the promoter region has been sequenced.  The promoter region is an important target

for the investigation of the overabundance of prolactin mRNA in the MPOA/AH of male-

oriented rams, as the promoter region serves as a control for the transcription of a gene

into mRNA.  It is within the promoter that certain DNA sequences, called response

elements, facilitate the binding of particular proteins.  These proteins, which regulate

transcription of the gene, are collectively known as transcription factors.

Thus, the goal of the present investigation was to characterize, and ultimately sequence,

the ovine promoter region.  Once the sequence is obtained, the DNA sequences of the

prolactin promoter in MORs and FORs can directly be compared.  In the absence of

sequence differences in the promoter, the investigation can then focus on the specific

transcription factors that bind the promoter.  Differences in binding between MORs and

FORs may be observed.

PCR Methods

In order to characterize the ovine prolactin promoter, the promoter sequence must be

amplified from sheep genomic DNA.  The standard method of DNA amplification is the

polymerase chain reaction (PCR).  In this method, a known sequence of DNA is used as a

template for amplification.  Two oligonucleotide primers are designed, one at each end of
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the target sequence, and the

DNA is exponentially

amplified through multiple

cycles of the reaction (Fig.

4).  For the current investigation, however, traditional PCR could not be utilized.  The

target sequence (the ovine prolactin promoter) is not known, and therefore the upstream

primer could not be designed.  Instead, a number of variations on PCR can be made.

Two are described below.

Bubble (Vectorette) PCR [15]

In this method, the genomic DNA is digested with a restriction enzyme that is not known

to cut the DNA within the prolactin gene.  Following digestion, a “bubble” (or vectorette)

is ligated to the restriction fragments.  The “bubble” is a hybridization of two

oligonucleotides.  It is so named

because of its appearance – the ends

of each oligonucleotide strand are

designed to be complementary to

one another, while the middle is not.

This causes the DNA to bow out, as

shown in Fig. 5, upon hybridization

of complementary regions of the top and bottom strands.  The top and bottom strands are

designed as sequences of approximately 60 base pairs that do not show significant

similarity to any known regions within the sheep genome.  An additional feature of the

       Top strand

     Bottom strand

Fig. 5 The Bubble Hybrid A hybridization of two
oligonucleotides, it is designed to be complementary
only at the ends.

complementary

5’
3’

3’
5’

not
complementary

Fig. 4 PCR The polymerase chain reaction to amplify a known
sequence of DNA, showing the primers on the template DNA.

Known Sequence
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bubble construct is that one end is designed to have an overhang sequence common to the

one left by the restriction enzyme chosen to cut the DNA.

Following the ligation of the bubble construct onto the restriction fragments, PCR can be

performed.  The target fragment for amplification is one that contains the prolactin

coding region, as well as some upstream region (presumably containing the prolactin

promoter).  The two PCR primers are designed as follows: the reverse primer (facing in

the direction of the promoter sequence) is designed from the known, prolactin coding

sequence.  The forward primer (facing towards the prolactin coding region) is designed to

be identical to the non-complementary region of the top strand of the bubble construct;

that is, ab initio there is no complementary sequence on which the forward primer can

prime.  During the amplification reaction, the reverse primer creates a strand that is

complementary to the top of the bubble.  Only after this occurs can the primer designed

from the bubble sequence prime.  This confers selectivity to the protocol, because only

the fragment containing the prolactin gene (and hence, the reverse primer) will be

amplified, allowing the second primer to create the double strand of DNA.  A summary

of this process is depicted in Fig. 6.
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Fig. 6 A Summary of Bubble PCR.

Inverted PCR [16]

Inverted PCR is a second method for DNA amplification that entails restriction digestion

and ligation steps prior to the PCR.  In this method, the two primers for PCR are designed

from the known, prolactin coding sequence.  Unlike traditional PCR, however, the

primers face the opposite directions from one another initially.  (Note: despite their

orientations relative to each other, the “reverse” primer still refers to the primer facing the



10

direction of the promoter region, and the “forward primer” is facing towards the coding

region of prolactin.)  Additionally, the primers are designed to flank a restriction enzyme

cut site within the prolactin coding region.  This is depicted in Fig. 7.

The first step in the process is to digest the genomic DNA with a restriction enzyme

(different from that depicted in Fig. 7) that does not cut within the known prolactin

region.  As in bubble PCR, the fragment of interest is (ideally) one that contains the

prolactin coding region and some upstream sequence containing the prolactin promoter

region.  Following digestion, a ligation reaction is performed, whereby the restriction

fragments are allowed to self-ligate.  Due to the fact that a unimolecular reaction follows

first-order kinetics, but a bimolecular reaction follows second-order kinetics, it is more

probable that a single fragment will ligate to itself, forming a circularized piece of DNA,

rather than ligate to a second molecule in solution.  The circularized DNA fragments are

then digested with a second restriction enzyme – the enzyme around whose cut site the

primers were designed.  Consequently, the DNA is linearized, and importantly, the

primers then face towards each other.  The promoter region is consequently oriented

between the primers, and PCR can be performed on the DNA.  This method is

summarized in Fig. 8.

Fig. 7 Inverted PCR Primer Orientation The primers are designed from the prolactin
coding region, flanking a restriction enzyme site.  The primers face away from one
another.

known
coding
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Fig. 8 A Summary of Inverted PCR.
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Materials and Methods

Bubble PCR

A DNA “bubble” hybrid of approximately 60 base pairs was designed to have

complementary sequences at each end, but a non-complementary sequence in the middle.

The sequences of the top and bottom oligonucleotides are given below, respectively, with

complementary sequences shown in italics.

   5’   TGGCGATACGACGTGACTTGGTCAGTTCCGTACCGAGCCATTAAGCGGCATATCGCGTCA 3’

3’AGACCGCTATGCTGCACTGAATTCCAATTTAACGTTAGATCCAATTCGCCGTATAGCGCAGTCT

AG 5’

At one end, the hybrid contained a GATC overhang (shown above in boldface).  The

double-stranded bubble was hybridized by boiling a mixture of the top and bottom

strands, then slowly cooling to room temperature.  The protocol was later expanded to

include additional heating steps at 65 OC, followed again by slow cooling.

Ovine genomic DNA (Zyagen, San Diego, CA) was digested with one of three enzymes

(BamHI, BclI, or BglII; Invitrogen, Carlsbad, CA) that produced a bubble-compatible

GATC overhang.  Digestions were performed at 37 OC for 90 minutes, with the

appropriate buffer, and then stored at 4 OC.

DNA was subsequently purified with a LiCl/ethanol (EtOH) precipitation. 1/10 volume

8.0 M LiCl and 2.5 volumes 100% EtOH were added to the reaction, and held at –80 OC

for 30 minutes.  The sample was centrifuged at 13,000 rpm for 10 minutes at 4 OC,
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washed with 70% EtOH, and centrifuged again under the same conditions.  DNA was

dried, then reconstituted in 10 mM Tris, pH 7.5.

The bubble hybrid was ligated to the digested DNA in a seven-fold molar excess, using

one unit of T4 DNA Ligase (Invitrogen) per microgram of DNA digested.  In subsequent

trials, the molar excess of bubble construct was increased to as much as 1500.  Ligation

reactions were performed at 16 OC for 16 hours, then held at 4 OC.  A second LiCl/EtOH

precipitation was performed.

For the bubble PCRs, one primer was designed from the ovine prolactin coding region

(GenBank, accession: NM_001009306).  This primer was designated as “coding reverse

primer,” and the sequence was: 5’ ACACCATGACTGCCCGGTCAA 3’.  The second

PCR primer was designed to be the same sequence as the non-complementary portion of

the top strand of the bubble construct.  (The designations “top” and “bottom” are

illustrated in Fig. 5.)  This primer was designated as “sense top bubble primer,” and its

sequence was: 5’ GGTCAGTTCCGTACCGAGCCA 3’.

Reactions were performed with Platinum Taq Polymerase (Invitrogen).  Cycling

conditions were 94 OC denaturation, annealing temperatures ranging from 57 OC to 61 OC,

and 72 OC extension.  Magnesium concentration was titrated between 0.5 mM and 2.0

mM for optimal performance.  PCR products were analyzed on an agarose + ethidium

bromide (EtBr) gel (electrophoresis grade).
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In addition to the bubble PCRs, positive control PCRs known to give amplification were

also performed.  These utilized two primers designed for the ovine prolactin coding

region.  The first was “coding reverse” (the same primer used in the bubble PCRs), and

the second was “coding forward” (5’ GGACAGCAAAGGTTCAGCGCA 3’).

Inverted PCR

This technique requires two steps of DNA digestion.  In the first digestion, approximately

2 µg ovine genomic DNA (Zyagen) were treated with a variety of restriction enzymes

(New England Biolabs (NEB), Ipswich, MA), using 5-20 units of enzyme per reaction.

Each reaction contained a single enzyme, with the appropriate NEB buffer. DNA was

digested for 90 minutes at 37 OC, and purified via LiCl/EtOH precipitation.  Purified

DNA fragments were ligated with 5 units T4 DNA Ligase (Invitrogen) at 16 OC for 16

hours, and then purified by a second LiCl/EtOH precipitation.  For the second digestion,

each reaction was treated with 10-20 units of PvuII or NcoI (Invitrogen), indicated in Fig.

8 as “E2”.  PCR was performed on purified DNA, using primers Inv2forward (5’

T G A A G A C A A A G A A C A A G C C C A  3 ’ )  a n d  I n v 1 r e v e r s e  ( 5 ’

AGCAAAGGTTCAGCGCAGAA 3’) designed from ovine prolactin mRNA (GenBank,

accession: NM_001009306).  Products were visualized on a 0.8% agarose + EtBr gel

(electrophoresis grade).
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Genomic PCR / Boomerang DNA Amplification

PCR was performed on undigested ovine genomic DNA (Zyagen).  Two-primer PCR

amplification conditions included Inv2forward+Inv1reverse or Inv1forward+Inv2reverse.

Two single-primer boomerang DNA amplifications were performed.  The first reaction

used the Inv2forward primer, and the second reaction used the Inv1reverse primer.

Products were visualized on a 1% agarose + EtBr gel.  Many duplicate single-primer

reactions were subsequently performed, then separated on a 1% low melt agarose + EtBr

gel.

The fragments were excised, purified, and submitted for sequencing.  The initial method

for purifying the fragments prior to sequencing was phenol/chloroform extraction and

subsequent LiCl/EtOH precipitation.  Subsequent purifications utilized the QiaQuick Gel

Extraction Kit (Qiagen, Germantown, MD), followed by digestion by HaeIII or HpaII

(Invitrogen & NEB) at 37 OCfor 90 minutes.  DNA was purified from the digestion

reactions by LiCl/EtOH precipitation.  Sequencing reactions were performed by the

Center for Gene Research and Biotechnology (CGRB) core laboratories, Oregon State

University.
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Fig. 9   Initial Results of Bubble PCR Key: 1) uncut genomic
DNA, 2) 1:10 dilution uncut DNA, 3) ligation, 4) BamHI
digest, 5) Control PCR using BamHI-digested DNA and the
primers “coding reverse” and “coding forward”, 6) Same
control reaction as lane 5, but using 1/10 amount of DNA, 7-
10) Bubble PCRs using BamHI-digested DNA and the primers
“coding reverse” and “sense top bubble”.

INS 1:

8500 bp

2000 bp

Results and Discussion

Bubble PCR

The initial method chosen to amplify the ovine prolactin promoter was bubble PCR.  This

procedure, as previously described, entails 1) the hybridization of the top and bottom

DNA strands to form the bubble complex, 2) digestion of genomic DNA, 3) ligation of

the bubble hybrid to the restriction fragments, and 4) PCR.  The DNA template for the

first set of PCRs was ram

genomic DNA that had been

purified in the lab from whole

blood.  This DNA was

subsequently digested with

BamHI and ligated to the

bubble hybrid.  The PCR

primers for the bubble PCRs

were “coding reverse” and

“sense top bubble.”  These

reac t ions  y ie lded  no

amplification, as analyzed on a

2% agarose gel (Fig. 9).

The bands in lanes 5 (positive control PCR using BamHI-digested DNA and two primers

within the prolactin coding region) and 10 (bubble PCR) are approximately 9 kilobases
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F i g .  1 0  B g l I I
Digestion Uncut and
BglII-digested genomic
DNA.

(kb) in length, which is the same size as the DNA band produced by simple digestion of

the genomic DNA with BamHI (no PCR) (lane 4).  At higher brightness, this 9 kb band

was also visible in lanes 6-9 (data not shown).  Therefore, the 9 kb band shown in lane 10

does not appear to be unique to the bubble PCR, and it is not indicative of PCR

amplification.

In addition to the final PCR products, uncut genomic template (purified in the lab from

ram’s blood), digested genomic DNA (with BamHI) and the ligation reaction were both

analyzed on the gel (Fig. 9).  From this analysis, it appeared that the digestion did not go

to completion.  If the DNA is incompletely digested (the

enzyme did not recognize every site), the resulting restriction

fragments will be very large.  Since the distance between the

two PCR primers (“top sense bubble” and “coding reverse”)

would be very large, PCR amplification would be inefficient.

A different enzyme was purchased (BglII), and restriction

digestion reactions were performed.  The results were analyzed

on a 2% agarose gel.  The results are shown in Fig 10.  Again,

the DNA was not completely digested, as indicated by the

relative migration of the digested (cut) and undigested (uncut)

DNA bands on the gel.  When genomic DNA is completely

digested by a single restriction enzyme, the ensuing band pattern

on the gel will resemble a smear.  This is because the enzyme
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will cut the DNA into a large number of fragments of different sizes, which are

distributed on the gel.  The largest fragments have the slowest migration, and are located

near the top of the gel.  The smallest fragments migrate the fastest, and are located farther

down the gel.  In Fig. 10, it is apparent that the treated DNA did not yield a significant

smear.

The DNA template used for the initial bubble PCR trials was genomic DNA purified in

the laboratory from whole ram blood.  Spectroscopic analysis yielded a λ260/280 ratio of

1.598, which is indicative of protein contamination.  “Pure” DNA gives a ratio of 1.8.

When purer DNA could not be obtained from whole blood, sheep genomic DNA was

ordered (Zyagen, San Diego, CA).  This DNA had a λ260/280 ratio of 1.8.  Using this

new DNA, the bubble PCR protocol was repeated, using either BamHI or BglII as the

restriction enzyme.  The products from the restriction digestions, ligations, and PCRs

were analyzed on a 0.8% agarose gel.  (The agarose concentration was lowered to allow

for faster migration of the DNA and better resolution of larger fragments.)  The results

are shown in Fig. 11.          

The smearing resulting from the restriction digestions (lanes 3,4) indicated that both the

BamHI and BglII digestions were successful, and that the genomic DNA was cut

completely.  Between the digestions (lanes 3,4) and the ligations (lanes 5,6), there

appeared to be a significant loss of DNA.  This was attributed to incomplete dissolving of

the DNA following the LiCl/EtOH precipitation that occurred between the digestion and

ligation reactions.  Poor precipitation of the DNA might also account for the loss of DNA
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Fig. 11 Bubble PCR Results Using New DNA Key: 3)BamHI-digested DNA (no amplifcation), 4)
BglII-digested DNA (no amplification), 5) BamHI-digested DNA ligated to bubble, 6) BglII-
digested DNA ligated to bubble, 7) positive control: undigested DNA with coding forward + coding
reverse primers, 8) positive control: BamHI-digested DNA with coding forward + coding reverse
primers, 9) positive control: BglII-digested DNA with coding forward + coding reverse primers, 10-
13) bubble PCRs (10,12 = BamHI-digested DNA, 11,13 = BglII-digested DNA, all used coding
reverse + sense top bubble primers).

between the digestions and ligations.  The LiCl/EtOH precipitation was also performed

after the ligation, prior to the PCR, and its purpose was to purify the DNA from any

residual contaminants from the previous reaction.

The ligation reactions also showed a decrease in smearing.  This would not be expected

t o  occur if the ligation step merely involved attaching a bubble construct of

approximately 60 base pairs onto each of the restriction fragments that make up the

smears in lanes 3 and 4.  Therefore, one would expect to see a similar smear in lanes 5

and 6, with only the difference that each fragment would be slightly larger, due to the
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addition of one (or multiple) bubble constructs.  Given the limit of resolution on a 0.8%

agarose gel, however, as well as the number of fragments, this slight difference in size

might not be perceivable.  The reduced smearing following ligation suggests that the

restriction fragments simply ligated to themselves, rather than to the bubble construct.

This incomplete ligation with the bubble could be the reason that the PCRs did not yield

amplification, as shown in lanes 10-13.

Finally, the gel shows three control reactions, located in lanes 7-9.  PCR was performed

on uncut, BamHI-digested, or BglII-digested genomic DNA, using two primers designed

from the prolactin coding region.  The undigested and the BamHI-digested reactions

yielded a band of amplification of approximately 400 base pairs, but this band was absent

from the reaction using BglII-digested genomic DNA as the template.  This suggested the

presence of a BglII restriction site within an intron of the prolactin gene, which falls

between the two PCR primers.  In this case, the bubble hybrid would be ligated to a

restriction fragment that contained part of the prolactin gene, but not the promoter region

(Fig. 12).  Therefore, the use of BglII was discontinued.
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Given the results summarized above, another set of reactions was prepared with the

following modifications.  To address the loss of DNA following the LiCl/EtOH

precipitation, the digested DNA was allowed to hydrate overnight at 4OC prior to ligation.

High concentration ligase was used to address the incomplete ligation.  Finally, since

BglII was no longer an appropriate candidate for bubble PCR, BclI was used alongside

BamHI.  The results of the restriction digests and ligations are shown in Fig. 13.

The reduction of the DNA smears after ligation to more condensed bands suggested that

the bubble construct had not properly ligated to the restriction fragments.  Rather, the

DNA fragments seemed to be ligating to themselves as before.  This is indicated by the

Fig. 12 The Effects of Introns on Bubble PCR If BglII recognizes a cut site within an intron of the
prolactin gene between the two control primers (coding forward and coding reverse), the control
PCR will not give amplification.  Additionally, bubble amplification cannot be used to amplify the
prolactin promoter.
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Fig. 13 BamHI and BclI Digestions and Bubble
Ligations.

fact that the DNA fragments in the

ligation lanes are larger than those in

the restrict ion digest  lanes.

Presumably, the larger bands would be

comparable in size to the uncut

genomic DNA, if it had been analyzed

on the gel.  The bands between 400 and

600 base pairs were most likely

concatamers of the bubble construct.

Though it is difficult to quantify the

amount of DNA present in each of the

lanes, overnight dissolving of DNA

following the LiCl/EtOH precipitation

did appear to remedy the problem of

losing DNA between the digest and ligation.

To address the problem of inefficient bubble-restriction fragment ligation, a search of the

literature was performed and revealed a protocol for vectorette (bubble) PCR used by the

Hiroshi Akashi laboratory in the Biology Department at Pennsylvania State University

[18].  This protocol called for a 1500 molar excess of bubble hybrid to digested DNA in

the ligation reaction.  By contrast, I had been using a 7 molar excess of bubble construct.

Additionally, the Akashi protocol included a slightly different procedure for the

hybridization of the bubble construct.  Ligations with a higher molar excess of bubble

800 bp
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Fig .  14  Ligations with Varying Bubble
Concentration BamHI and BclI ligations, using 750
and 1500 molar excess bubble construct.

construct (1500 and 750 excess) were

performed, and the results were

analyzed on a 0.8% agarose gel (Fig.

14).

The lack of condensed bands near the

top of the gel suggested that the

restriction fragments were not simply

ligating to themselves.  The smearing

between approximately 300 and 900

base pairs was attributed to bubble

concatamers, as earlier restriction

digestions with BamHI and BclI

yielded no visual DNA bands smaller than approximately 800 base pairs.

Due to a lack of appreciable smearing between 900 base pairs and 2 kilobase pairs, a

number of ligation reactions with varying concentrations of ligase were tested.  These

reactions were analyzed on a 0.8% agarose gel, shown in Fig. 15.  The DNA smearing

resulting from the ligation reactions strongly resembled that from the restriction

digestions, suggesting that the ligations were successful.  That is, the bubble construct

was successfully ligated to the restriction fragments.
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Fig. 15 Bubble PCR Digestions and Modified Ligations
Ligations contained varying ligase concentrations and bubble
excesses.  Key: 2) BamHI digest, 3-8) BamHI ligations, 9) BclI
digest, 10-12 & 14-16) BclI ligations.

Further evidence of this was the slight increase in size following ligation of the 800 base

pair fragment produced during the BamHI digestion.  This band arose from the presence

of repetitive sequences in the

genomic DNA (and hence, a

large quantity of bands of the

same size following digestion

with BamHI).  The size

increase of approximately 100

base pairs in this band

suggested that the fragments

ligated to a single bubble

hybrid at each end.

Bubble PCR was performed on

the ligated DNA mixture from

the optimized conditions, and the results are illustrated in Fig. 16.  Neither bubble PCR

(BamHI-digested DNA or BclI-digested DNA) yielded an obvious product.  It was

concluded that the strong band resulting from the reaction using BamHI–digested DNA

as the template was not the result of amplification, but rather, was the one kilobase band

present in the BamHI-digestion (Fig. 13).
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Fig. 16  Bubble PCRs and Positive Control
PCRs From left to right: 1)+Bam = PCR with
BamHI-d iges ted  DNA and  coding
forward/coding reverse primers (not bubble
PCR), 2)+Bcl = PCR with BclI-digested DNA
and coding forward/coding reverse primers (not
bubble PCR), 3) Bubble PCR with BamHI-
digested DNA as template, 4) Bubble PCR with
BclI-digested DNA as template.

1 kb

600 bp

New primers were designed from the prolactin coding region, and bubble PCRs were

initiated again.  For this approach the cycling conditions to optimize the PCR

amplification were varied.  The denaturation, annealing, and extension lengths were

varied from 30 seconds to 2 minutes, and the final extension was increased from 5 to 7

minutes.  Additionally, the magnesium chloride concentration in the PCRs was varied

(0.5 mM – 2.0 mM).  Further, two sets of Bubble PCRs were performed using either

BstY1 or Sau3AI.  These enzymes both cut the DNA to leave a GATC overhang,

providing alternatives to the previously

mentioned enzymes like BamHI.  After

these modifications also failed to yield

amplification, the strategy for obtaining

the ovine prolactin promoter region shifted

to inverted PCR.
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Inverted PCR

Two sets of primers were designed for inverted PCR (Inv1reverse, Inv2reverse,

Inv1forward, Inv2forward) from the ovine prolactin coding region (GenBank, accession:

NM_001009306).  Their positions relative to the NcoI and PvuII restriction enzyme sites

are illustrated in Fig. 17.

A schematic representation of the primer orientations is given in Fig. 18.  As illustrated

in this figure, the forward

and reverse primers are

oriented in the opposite

directions of one another.

NcoI and PvuII were

identified as the two

Fig. 17 Inverted PCR Primer Design Location of inverted PCR primers and relevant enzyme sites
within the ovine prolactin coding region.

Fig. 18 Inverted PCR Primer Pairs A representation of the
orientations and relative locations of the two primer sets for inverted
PCR.  Note that for each pair (forward and reverse), the primers face
outward.
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candidates for the second digestion in the inverted PCR protocol, as they were the only

enzymes that cut near the 5′ end of the prolactin coding region (near the promoter).  If

primers are designed around an enzyme site (E2) too far from the prolactin promoter,

there is a greater probability that intron sequences lie between them.  If one of these

introns contains a site for the enzyme used in the first digestion (E1), it would be

impossible to amplify the promoter region (Fig. 19).  The reason for this is that following

the first digestion with E1, the inverted PCR primers and the prolactin coding region

would be located on different fragments.  Even with primers and a second digestion site

near the 5′ end, a degree of uncertainty regarding intron sequences and cut sites remains.

Thus, inverted PCR was attempted using a number of different enzymes (with a six-base

recognition site) for the first digestion.

Fig. 19 The Effects of Introns on Inverted PCR This depicts the consequence of having an
enzyme site (E1) within an intron located between the inverted PCR primers and the prolactin
promoter region.  Upon digestion, the primers and the promoter are located on two different
fragments, and therefore the primers cannot be used to amplify the promoter region.
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Fig. 20 Inverted PCR Results (NcoI) Inverted PCRwere performed, using one of
a variety of enzymes for the first digestion (as indicated).  All reactions were cut
with NcoI as the second enzyme.

The initial inverted PCRs were prepared with the primer set Inv2forward and

Inv1reverse, and NcoI as the second enzyme.  These reactions yielded numerous bands of

amplification, shown in Fig. 20.  Though there was some variation between the different

reactions, most of the amplified bands were common to most or all of the reactions.  This

would not be the predicted outcome, as each of the different enzymes used for the first

digestion recognize cut sites at different places in the genome.  Therefore, each digestion

should yield fragments of different sizes on amplification, barring any bizarre

coincidences.  Each individual PCR, which uses the fragments resulting from one of the

digestions as the template for amplification, should yield products of different lengths.

Additionally, one would expect only one band of amplification per reaction, as the

primers are targeted only to prime the prolactin coding region.
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Fig. 21 Inverted PCR Results (PvuII) Inverted PCRs
with first/second enzymes indicated.  “genomic inverse
PCR” refers to uncut DNA with the inverted PCR primers.

Given these observations, one possible explanation was that the bands arose as a result of

repeated sequences in which NcoI cuts.  To investigate this possibility, an NcoI-specific

problem, the inverted PCRs were repeated, using PvuII as the second enzyme instead of

NcoI.  The amplification results

are given in Fig. 21.

A slightly different pattern of

amplification was produced using

PvuII as the second enzyme,

compared to NcoI, though there

were still multiple products for

each reaction.  Additionally, there

was not much variation between

the different reactions, which each used a different enzyme for the first digestion.

Therefore, the multiple bands of amplification could not be attributed to repetitive

sequences containing an NcoI site.

Why the two inverted PCR primers were yielding amplification from undigested genomic

DNA could not be explaine.  However, from perusing some of the scientific literature

regarding the prolactin gene, a new hypothesis was formulated that was consistent with

the present data.  Through the characterization of the human prolactin gene, Truong, et al

identified a number of direct and inverted repeated sequences in the promoter and coding

regions of the gene [19].  These are shown in Fig. 22.  The ovine prolactin coding region
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Fig. 23 Inverted Repeated Sequences in DNA 1) double-
stranded DNA (top), 2) single stranded after denaturation (middle),
and 3) formation of a stem-loop structure and acting as a primer to
give amplification (dashed line, bottom.)

also contains an inverted repeated sequence of 22 bases.  This suggests that the repeated

sequences found by Truong et al in the human prolactin promoter might be common to

the ovine prolactin promoter, as well.

Inverted repeated sequences are sequences of DNA that can base pair with each other if

one of the sequences is rotated 180O and placed on the complementary strand (Fig. 23).

For instance, CAT is an

inverted repeat of ATG.  If

inverted repeated sequences

are present, they can base-

pair with each other after

the double-stranded DNA is

denatured during PCR.

Complementary sequences

will preferentially base-pair

Fig. 22 Direct and Inverted Repeated Sequences within the Human Prolactin Region, taken from
Truong et al [19].  Direct repeats are shown in top line, and inverted repeats are shown in middle line.
Boxes with different patterns represent different sets of repeats.
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intramolecularly, compared to intermolecularly, due to the favorable kinetics of a

unimolecular reaction.  This intramolecular pairing results in the formation of the single-

stranded DNA loop shown in Fig. 23.  Furthermore, TAC, which has paired

intramolecularly with ATG, can serve as a primer for amplification (indicated by the

dashed line).

A technique that takes advantage of this property of inverted repeated sequences is

boomerang DNA amplification (BDA).  BDA differs from the polymerase chain reaction,

in that it only requires the use of one primer, but still gives amplification.  Genomic DNA

is first digested with a restriction enzyme.  A synthetic DNA hybrid is then ligated to the

restriction fragments.  In the bubble PCR method, a bubble hybrid with complementary

and non-complementary regions was attached.  In BDA, a double-stranded “adapter”

containing an inverted repeated sequence is attached. During the amplification reaction, a

single primer designed from a known sequence of DNA primes the DNA. Replication

from the primer passes through the target DNA, around the loop of the adapter, and

“returns.”  The return process replicates the complement to the primer strand and thus

regenerates a site that can be primed and replicated, allowing for amplification.  A

summary of boomerang DNA amplification is shown in Fig. 24.
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Fig. 24 Summary of Boomerang DNA Amplification (courtesy Kevin Ahern, Oregon State
University)

Thus, if inverted repeated sequences exist downstream of the genomic primer target,

replication from a single primer will “return” when the sequences pair intramolecularly

and give amplification.  This could explain the amplification shown in Figs. 20, 21.

To test the hypothesis that inverted repeated sequences were causing the observed

amplification, single primer reactions (just Inv2forward or Inv1reverse) were performed,

using uncut genomic DNA.  A single primer, in theory, will not yield visible, exponential

amplification.  However, as just mentioned, base-pairing inverted repeated sequences act

as a second primer (Fig. 23), allowing for amplification to proceed at an exponential rate.
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Fig. 26 Base-pairing of Inverted Repeats A possible structure that
could result from the base-pairing of intermolecular inverted
repeated sequences.

Fig. 25 Single-Primer DNA Amplifications
HindIII/PvuII inverted PCR, uncut genomic
DNA with two primers (2F+1R and 1F+2R),
and uncut DNA with one primer (2F and 1R).
“F” = forward primers (1,2), “R” = reverse
primers (1,2).

This experimental set-up is a variation of

BDA, in that an inverted repeat does not

need to be ligated to the existing DNA

sequence.

The results of the single-primer reactions

are shown in Fig. 25.  Both of the single

primer reactions did yield amplification,

supporting the hypothesis of inverted

repeats in the prolactin region of the

genome, giving rise to the observed bands.

The presence of multiple inverted repeats in

the ovine prolactin promoter would also explain the multiple bands of amplification

observed in Figs. 20, 21.  In addition to the loop structure illustrated above, many

different structures can be formed by intramolecular and intermolecular base-pairing of

the inverted repeated sequences.  Fig. 26 illustrates just one of the many structures that

might be formed in this

manner.  As the PCR

progresses, more strands of

DNA containing inverted

repea t s  a re  made .

Therefore, more molecules
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of DNA will be adopting each of the various structures, and there are more opportunities

to prime different products.  This would explain the similar bands for different inverted

PCRs employing different restriction enzymes.  The inverted repeats would yield the

same basic products in each reaction, except in the case where the enzyme selected for

the first digestion interrupts a pair of repeated sequences.  In this instance, there would be

the absence of a band that is common to the other reactions.  In fact, this was seen in

some of the reactions shown in Fig. 20, 21.

The single-primer reactions were repeated, and the resulting products were purified from

an agarose gel.  The numbering scheme for the multiple amplification bands is given in

Fig. 27.  The band numbered one was the most well-defined band, and was initially

submitted for sequencing.  Since this band was amplified using the Inv2forward primer,

the direction of amplification

would be towards the prolactin

coding region.  Therefore,

sequence obtained from this

fragment could localize the

amplification to the prolactin

gene.

The sequencing reaction using

this purified product did not produce readable sequence.  Inverted repeats, hypothesized

to be contained within the fragment sent to be sequenced, might create difficulties during

Fig. 27 DNA to be Sequenced The numbering of bands for
purification.  The forward primer (2F) produced bands 1-3,
and the reverse primer (1R) produced bands 4a,4b,5-7.

1600 bp

1000

500
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the sequencing reaction and separation.  During the reaction, complementary sequences

within a DNA molecule (such as inverted repeated sequences) can base-pair in a

unimolecular hybridization.  In contrast, annealing of the sequencing primer to the DNA

molecule is a bimolecular hybridization event.  Thus, stem-loop structures (Fig. 23) will

form preferentially over primed sequences.  This reduces the amount of priming that will

occur and the amount of sequence that can be read.  Additionally, self-annealing

sequences may be difficult to denature during gel separation, giving anomalous sizes.

An aliquot from band one was submitted for sequencing a second time.  For this trial, the

sample contained four times the required amount of DNA template and primer.

Additionally, the number of cycles during the sequencing reaction was doubled.  With a

higher concentration of primer/template, and more cycles, there is a greater chance that

the primer can out-compete the intramolecular pairing of inverted repeated sequences to

give readable sequence.   In addition to band 1, two other samples (bands 5 and 6) were

sent to be sequenced.  None of these reactions produced readable sequence, even with the

adjustments.  Therefore, a new strategy was adopted.

If intramolecular base-pairing of inverted repeated sequences was interfering with the

sequencing reactions, then if the fragments could be digested in such a way as to dissect

the loop-structures free of the priming region, sequence might be obtained.  This is

because the primers would have direct access to their complementary regions of the

amplified DNA, and the unimolecular (intramolecular) hybridization would be

eliminated.
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Fig. 28 Digestion of Single-Primer Amplification
Products Digested/uncut bands, purified from gel
shown in Fig. 22.  From left to right: band 2
uncut/cut HpaII, band 3 uncut/cut HaeIII, band 4a
uncut/cut HinfI, band 4b uncut/cut AluI.

Four of the purified bands (bands 2,3,4a,4b) were digested with different four-base

cutting enzymes.  The reactions exhibited visible patterns of digestion, shown in Fig. 28.

Due to evidence that suggested the amplified products could be digested, more single-

primer PCRs were performed.  The bands were again purified, and digested with HaeIII

or HpaII.  Following recovery of the DNA after the digestion, only three of the samples

contained enough DNA to be sequenced.  Bands 2, 3, and 6, all digested with HaeIII,

were submitted for sequencing.

This second strategy, however, again failed to yield readable sequence.  This might have

been due to incomplete digestion of the DNA, in which case intramolecular base-pairing

of inverted repeated sequences could still interfere with the sequencing reaction, or self-

pairing may give anomalous sizes.  Additionally, the amplification bands that were

excised from the agarose gel were very close together.  Therefore, contamination of

neighboring bands might have occurred during excision and interfered with reading of

sequence.  The neighboring bands were

all produced using the same primer,

thus because the primer used for

sequencing was the same primer

(Inv2forward or Inv1reverse) used in

the single-primer PCR, all of the

contaminating bands could be primed

during the sequencing reaction.  If there

are multiple DNAs present that can be
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primed by the sequencing primer, the output sequence will not be readable.

After the unsuccessful sequencing reactions, the problem remained that the single-primer

amplifications, though in support of the inverted repeat hypothesis, did not conclusively

demonstrate that the bands observed from the amplification arose from within the

prolactin gene and promoter regions.  Beyond sequencing, one method to determine

whether the primers used for inverse PCR (Inv2forward and Inv1reverse) were actually

priming within the prolactin region of the genome is to design two different primers,

independent of Inv2forward and Inv1reverse, from the prolactin coding sequence.  These

new primers should also be designed to face the opposite directions relative to each other,

so that any amplification resulting from a reaction containing the two new primers would

be due to either priming elsewhere in the genome, or to the presence of inverted repeated

sequences within the prolactin gene and promoter.

To discern between these two possible means of amplification, a PCR using undigested

genomic DNA with the original primers (Inv2forward+Inv1reverse) can be compared to a

PCR using undigested genomic DNA with the new primers.  If the two reactions produce

bands of similar size, then the amplification is most likely due to the presence of inverted

repeated sequences within the prolactin gene and promoter.  This is because it would be

unlikely that two different sets of primers would yield non-specific amplification

products of the same size if each was randomly mis-priming alternate sites in the

genome.
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Fig. 29 Alternate Prolactin Primers The location of the original set
of primers (solid arrows), compared to the alternate set of primers
(dashed arrows).

A second set of primers located within the prolactin coding region was already available

because two different sets of primers had been designed for the inverted PCR protocol.

These alternate primers, Inv1forward and Inv2reverse, also face outwards from each

other.  Inv1forward is completely independent (primes a completely different sequence)

of the forward primer used in the single-primer reactions (Inv2forward).  The alternate

reverse primer (Inv2reverse) and the reverse primer used in the single-primer reaction

(Inv1reverse) overlap for 10 bases, though this similarity should not be significant

enough to cause non-

specific priming in the

same regions of DNA

under the annealing

conditions employed.

The primers are shown in

Fig. 29.  The original primer set is designated with solid lines, while the alternate set of

primers is designated with dashed lines.
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Fig. 30  Amplification from Two Sets of Prolactin Primers Inverted PCR primers on uncut, genomic
DNA, shown at two different intensities.  Original pair (2F+1R) and new pair (1F+2R) produce
corresponding bands (indicated with arrows).

As illustrated in Fig. 25, an initial reaction using the alternate set of primers (Inv1forward

and Inv2reverse) yielded only very faint bands.  This reaction was performed again,

however, and it was performed alongside a PCR with the initial set of primers

(Inv2forward and Inv1reverse).  These two PCRs were analyzed side-by-side on an

agarose gel, and the results are shown in Fig. 30.

Several bands of amplification correspond between the two reactions, some with slight

size differences.  Corresponding bands between the two reactions are marked with arrows

in Fig. 30.  These data support the conclusion that priming is occurring within the

prolactin gene and promoter region.

 600 bp

100 bp
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Conclusion

The ovine prolactin coding sequence is known, but the promoter region is unknown.

Bubble PCR aimed at amplifying this region did not yield detectable product.  Inverted

PCR resulted in numerous bands of amplification.  However, not only were most bands

common across different reactions (using a DNA template that had been digested with

different enzymes), the same bands were also produced by a standard PCR using

undigested genomic DNA and the two outwardly directed inverted PCR primers.  This

amplification could not be explained by traditional PCR methods, as the two primers

were not designed to direct replication towards each other.

Amplification by two outward-facing primers on undigested DNA is consistent with the

hypothesis that inverted repeated sequences are present within the prolactin coding region

and promoter.  Further support for this hypothesis was amplification from undigested

DNA template using only one of the inverted PCR primers in a reaction.  Additionally, a

second set of primers complementary to sequences within the prolactin coding region,

independent of those used for inverted PCR, also gave amplification.  The ensuing

pattern of bands of amplification was similar to that generated by the original set of

primers.  Since both sets of primers faced outwards, and both were complementary to

sequences within the prolactin coding region, a similar pattern of amplification suggests

that the DNA amplification was localized to the prolactin gene, and due to the presence

of inverted repeated sequences.
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Sequence data could not be obtained, presumably due to the interference of stem-loop

structures with the sequencing reactions.  These structures result from intramolecular

base-pairing of inverted repeated sequences.  For future sequencing attempts, one

strategy is to create a genomic library for the sheep.  Ovine genomic DNA can be

fragmented to a common size, then ligated to a vector.  This is then grown in E. coli and

plated to give a lawn of colonies in which every sequence in the genome is represented.

The plate is then pressed to a nitrocellulose membrane.  The sequence of interest is

detected with a radioactive probe.  In this instance, the probe would be designed from the

prolactin coding sequence.  Once the probed colony is detected, the membrane is

compared to the original plate and the colony of interest is located.  This colony can then

be isolated, and the DNA of interest can be purified and sequenced.
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