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Abstract 

Bone Morphogenetic Protein 1 (BMP 1) functions in normal embryological development. 
The goal of this research was to obtain the sequence of salamander BMPl. Following 
sequence determination, an in situ probe for BMPJ activity would be generated to 
ascertain if this gene plays similar roles in Salamander limb regeneration, a system that 
has been demonstrated as comparable to normal embryological limb development. A 
Salamander eDNA library was obtained as a potential source for salamander BMPl. No 
BMPI sequence from this eDNA library was detected. This led to the pursuit of 
alternative gene sequences that could be of potential interest in the study of salamander 
limb regeneration. Two library recombinants were generated containing genes of 
potential interest to the study of salamander limb regeneration as determined by their 
sequence similarity to established genetic sequences. Rec9 contained an insert most 
similar to the Gallus gallus chondroitin sulfate N-acetlygalacosylaminyltransferase 2 
gene. Rec21 most closely resembled Xenopus (Silurana) tropicalis oncomodulin. 
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Introduction 
Questions surrounding urodele amphibian limb regeneration have been 

attracting the curiosity of research scientists for hundreds of years, and indeed the 

field of experimental biology began in eighteenth (Spallanzani, 1765) and early 

nineteenth (Todd, 1823) century investigations into limb regeneration. Tweedy 

John Todd, for example, was the first person to describe the growth of the 

regenerate and demonstrate that limb regeneration was inhibited when he 

experimentally severed the nerve supply to the limb (Todd, 1823). Amphibian limb 

regeneration, involving the epimorphic dedifferentiation of mature adult cells into a 

mass of undifferentiated blastema cells capable of proliferating and later 

redifferentiating to restore missing tissues is unquestionably an awe-inspiring 

biological process deserving of the investigations that it has received. Despite the 

intense scrutiny that this biological system has received in the last 60 years, only 

recently have advances in our understanding of the molecular mechanisms of 

development made possible a more fundamental understanding of the controls of 

amphibian limb regeneration (Wardle, et al., 1999). 

The urodele or tailed amphibians, of which salamanders and newts are the sole 

members, are the only vertebrates capable of true epimorphic regeneration (Singer, 

1974). While other processes such as morphallaxis and compensatory regeneration 

are superficially similar, neither is as complex as epimorphic growth in which there 

is a complete re-initiation of the original developmental program. In the 

morphallaxis seen in hydra, cells are in a state of constant migration to the 
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extremities and constantly undergoing mitosis (Morgan, 1900). If a hydra is 

dissociated, the disorganized cells will reassemble into a complete hydra, with the 

cells differentiating according to their position in the body of the hydra. Thus every 

cell experiences a different cell fate depending on its relative position in the 

organism. In this regenerative strategy, all signals specifying cell fate are constantly 

active. This viewpoint has recently been challenged by the work of Agata et al. 

(2007) who suggest that more careful observation of hydra regeneration likely 

reclassifies this regeneration as true epimorphic regeneration. The reason that 

hydra re-growth is epimorphic is that true blastema formation, characteristic of 

epimorphic regeneration, was long overlooked by other researchers but is now 

recognized to occur during hydra regeneration. 

In the case of compensatory regeneration as observed in liver repair for 

example, simple mitotic proliferation of fully differentiated cells replaces tissue that 

has been lost; no dedifferentiation is involved. For example, liver tissue in numerous 

species is capable of regenerating, but in this case cell fate is strictly determined and 

simple mitotic signals are at play (Columbano and Shinozuka, 1996). 

Neither morphallaxis nor compensatory regeneration involves the complicated 

and overwhelming paradigm shift entailed in epimorphic ·regeneration. In this 

process the dedifferentiation of mature cell types form a population of embryonic

like blastema cells that then undergo mitosis to produce the growth of the 

regenerate, and the process of redifferentiation produces an anatomically complex 

and complete structure. It is of no small significance that this system is considered 

the pinnacle of regenerative capacity. The ability to regenerate by epimorphic 
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mechanisms is almost completely lost in mammals. Illingworth (1974) reported that 

humans to the age of about 21 have the limited ability to replace the terminal 

portion of a digit, complete with the nail bed, but regeneration of more than the 

terminal digit fails to occur. Therefore, it is of foremost practical importance to 

understand morphallaxis in its entirety. 

At this point it is worth mentioning that urodele regenerative capacity is not 

limited solely to the limb. While the regeneration of the urodele limb is useful as a 

model because its structures are so closely aligned with those of the human limb, 

regeneration in urodeles applies to any number of organ systems and skeletal 

structures, such as the tail, jaw, and parts of the eye as well as various internal 

organs. The limb is simply the most convenient means of studying regeneration as it 

lends itself well to experimental manipulation. These organisms may be resilient 

and capable of fantastic levels of regeneration but they are still limited to the same 

cellular constraints of any biological system. Deprive tissue of a blood supply and/or 

nerve supply and regeneration will not occur. It should be obvious that the removal 

of any organ required for survival will prevent regeneration. Therefore the limb is 

an appropriate model for studying regeneration because it is not essential for 

survival, the anatomy of the limb mirrors our own, and significant measures must be 

taken to prevent the limb from regenerating. 

Epimorphic salamander limb regeneration occurs in four general stages: 

wound formation with subsequent healing, dedifferentiation, mitotic proliferation, 

and the reestablishment of pattern (Wallace, 1981; Sicard, 1985). Each of these 

stages closely parallels other comparable systems; however, there are significant 
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differences at each stage that could synergistically combine to make this the sole 

system capable of this formidable cellular feat. 

Wound healing, whether in a natural setting or artificially induced in the lab, is 

initially where salamanders stand apart from other vertebrates. This difference lies 

in the formation of a unique wound epithelium. After wounding or amputation, 

rapid blood clotting occurs and within 24 hours of amputation epithelial cells 

adjacent to the wound site mobilize and migrate over the wound surface (Hay, 

1959). Because of this cell migration very little epithelial mitosis is necessary for 

wound closure to occur. Instead a single epithelial cell layer migrates from the edges 

of the wound and advances under the blood clot in an amoeboid fashion via the 

extension of pseudopodia. Once the epithelium has closed the wound surface cell 

migration continues and the epithelium gradually increases to a thickness of 3 or 4 

layers of cells. As the formation of the wound epithelium occurs, macrophages move 

into the mesodermal region of the wound to remove dead and damaged cells. One 

unique aspect of the epithelium is that migrating epithelial cells covering the wound 

lack an underlying connective tissue dermis and the resulting structure that forms 

has been called the apical epithelial cap (AEC). This epithelial migration for wound 

healing differs greatly from standard vertebrate wound healing, which in mammals 

involves the migration of a connective tissue dermis along with the epithelium to 

cover the wound site. Goss (1956) demonstrated that if the salamander amputation 

surface is covered by full thickness skin (dermis plus epithelium), the limb fails to 

regenerate. In other vertebrates the invasion of the wound site with dermis is a 
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natural phenomenon that leads to subsequent formation of scar tissue and a barrier 

to regeneration (Goss, 1956). 

As the process of wound healing continues the process of dedifferentiation, 

perhaps the most unique phase of epimorphic regeneration becomes evident. 

Dedifferentiation produces a small population of blastema cells that will eventually 

be the basis for the growth of the regenerate. While the actual mechanism of how 

cells dedifferentiate is not well understood, it is generally recognized that all cell 

types in the vicinity of the wound gradually lose their specialized histological 

characteristics and revert to an embryonic-like cell, called the blastema cell. Bone, 

cartilage, connective tissue, and muscle have all been recognized as contributing to 

the population of undifferentiated blastema cells (Hay, 1959, and Wallace, 1981). 

These dedifferentiated blastema cells, which have an enlarged nucleus and very 

little cytoplasm, enter a phase of sustained mitotic proliferation. Continued mitosis 

in the distal part of the regenerate allows the most obvious phase of growth to 

occur. During this time the limb transforms from a flattened wound surface to a 

cone shaped outgrowth that then flattens into a paddle shape and then eventually 

forms digits. The process of redifferentiation begins in the central core of the 

proximal regions of the regenerate closest to the original wound surface. The first 

indication of redifferentiation involves the formation of cartilage at the proximal 

center of the regenerate. This is followed by the gradual development of muscle and 

other necessary tissues. As pattern formation occurs in the proximal region, the 

distal tip of the regenerate continues with sustained mitosis, allowing the 

regenerate to continue growth as it returns to normal size. When growth is nearly 
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complete the dermis grows again under the epithelium and pattern formation 

completes the limb to be virtually identical to the original limb. 

Both the wound epithelium and the nerve supply have been implicated in 

exerting a positive control over the process of regeneration. A brief overview will be 

presented illustrating that these tissues control regeneration. 

Numerous novel experiments have been performed to establish the 

significance and role of the wound epithelium, especially in the formation of the 

blastema and its continued growth. Inserting the tip of the freshly amputated limb 

(which has had its epidermis stripped back for a couple of millimeters) into the 

coelomic cavity prevents epithelial wound closure and the mass of dedifferentiated 

blastema cells fails to form (Goss, 1956). However if the amputated limb tip is 

inserted into the coelomic cavity after the epithelium has closed over the wound, 

dedifferentiation and regeneration occur normally. Contact between the epithelium 

and the underlying dedifferentiated cells is therefore essential to blastema 

formation. To illustrate the importance of a dermis-free epithelium, if the wound is 

covered with full thickness skin, including dermis, the epithelium is no longer in 

contact with the underlying mesodermal cells and the formation of a blastema is 

prevented even though limited dedifferentiation still occurs (Mescher, 1976). The 

importance of contact between the epithelium and underlying cells is essential not 

just for the formation of the blastema, but for the maintenance of mitotic activity of 

the blastema cells (Globus et al., 1980) It is important to re-emphasize that the 

blastema mesenchymal cells are not separated from the wound epithelium by any 

10 



membranes, a situation which presumably allows for the diffusion of essential 

compounds between the wound epithelium and blastema cells. 

This molecular interaction between the blastema and wound epithelium, 

sometimes a one-sided interaction involving the secretion of compounds from the 

wound epithelium, is integral to regeneration and requires further examination. 

While gross anatomical experimentation has been a staple of regeneration for over a 

hundred years, molecular research and discoveries are very recent. The main 

molecular interaction lies in the wound epithelium, specifically the AEC, and it has 

been known for some time that the wound epithelium is very active in RNA and 

protein synthesis (Morzlock and Stocum, 1970). It has also long been a suspicion 

that the wound epithelium is secreting molecules that play roles both in the mitotic 

proliferation of the blastema and in the reestablishment of pattern (Globus, et al., 

1980). Retinoic acid has been established as one of the molecules synthesized by the 

wound epithelium, forming a gradient along the proximal-distal axis (Viviano, et al., 

1995). Retinoic acid is also known to stimulate the expression of homeobox (HOX) 

genes differentially; at different concentrations of retinoic acid different HOX genes 

are expressed (Conlon, 1995). This interaction is presumably playing a role in 

pattern formation because of the involvement of HOX genes. The HOX 9-13 are 

known to influence the proximal to distal pattern formation process during limb 

development. Wellik and Capecchi (2003) knocked out HOX 10 in mouse embryos 

and deleted the femur of the hind limb and the humerus of the forelimb. When HOX 

11 was knocked out the resulting hind limbs had femurs but were now missing 

tibias and fibulas (and the forelimbs had a humerus, but now Jacked the radius and 
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ulna). It is known that unlike other vertebrates, amphibians retain HOX gene 

expression into adulthood. 

Another similarity between this limb formation system and other limb 

formation systems, specifically embryological limb formation, is the feedback loop 

of Fibroblast Growth Factor (FGF) molecules. In 2001 Yokoyama, et al., 

demonstrated that in Xenopus normal embryological limb formation, mesenchymal 

cells secrete FGF10 to stimulate the formation of the apical Epithelial Cap (AEC). 

They further demonstrated that the AEC in turn expresses FGF8, which stimulates 

mitotic activity in the underlying mesenchyme, increasing the expression of FGF10. 

This feedback loop of FGF10 in the mesenchyme and FGF8 in the AEC maintains the 

mitotic activity of the developing limb, and is identically represented in limb 

regeneration. Similarly, the blastema mesenchyme is generating FGF10 and the AEC 

is generating FGF8 and this feedback loop maintains the mitotic activity of the 

regenerating limb (Han, et a!., 2000). In embryonic limb development, the lateral 

plate mesoderm is sending the FGF10 signal to make the ectoderm competent to 

form an AEC. 

The nerve supply to the limb is of equal importance to the wound epithelium. 

As demonstrated by Todd (1823) and Singer and Craven (1948) the limb will not 

regenerate without a nerve supply and these nerves appear to release one or more 

neurotrophic factors that stimulate blastema cell mitosis (Globus et a!., 1981). 

Earlier research demonstrated the nerve supply released neurotrophic factors that 

maintained mitotic activity to provide the essential cellular building blocks upon 

which to structure the regenerating limb (Singer and Craven 1948; Tomlinson, et al., 
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1981). Additionally, the nerve supply had been suggested as contributing FGF to the 

aforementioned feedback loop (Mullen et al., 1996). Experiments have shown that 

augmented nerve supply can induce limb regeneration, even in frogs, which are not 

normally known to exhibit these properties (Fowler and Sisken, 2005). FGF8 has 

also been shown to stimulate complete regeneration in Xenopus frogs, which 

normally regenerate only amorphically (Christen and Slack, 1997). 

Satoh et al. (2008) have shown the nerve supply plays a far more 

comprehensive role than earlier suspected and in fact the formation and function of 

the regenerative epithelium depends upon signaling and induction from the nerve 

supply. Recent studies have shown that molecules released by the nerve in 

conjunction with molecules from the wound epithelium are what induce the 

formation of blastema cells via dedifferentiation within the wound environment 

(Satoh, eta!., 2010). These same studies reveal that the reprogramming of cells to an 

embryonic state makes them responsive to the appropriate morphogenetic signals, 

such as BMP2 and BMP7, present in the wound tissue. The focus of this work will be 

on the significance of and regulation therein of the ECM insofar as it relates to the 

process of dedifferentiation. Of key importance to this, is the role of the wound 

epithelium. 

The wound epithelium is also secreting compounds essential to the 

deconstruction and restructuring of the extracellular matrix, events essential to the 

process of dedifferentiation (Yang and Bryant, 1994). During the formation and 

mitotic proliferation of the blastema the wound epithelium is secreting the 

proteolytic enzyme collagenase, the glycosaminoglycan hyaluronic acid, and down 
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regulating the synthesis of collagen and hyaluronidase. This pattern is believed to 

maintain the dedifferentiated state by preventing the reformation of the 

extracellular matrix. Following mitotic proliferation, during redifferentiation, this 

pattern is reversed, presumably to restructure the extracellular matrix. 

The most important step in regeneration, dedifferentiation, is where the 

extracellular matrix demonstrates its significance. Dedifferentiation has long been 

considered the "black box" of regeneration. It is a process that is lost to the 

remainder of the vertebrate phyla that few other examples can be cited except for 

an exception in some advanced stages of cancer (Yang and Bryant, 1994). The 

process of dedifferentiation involves a radical shift in cellular paradigms: 

established, differentiated populations of cells are liberated by the degradation of 

the extracellular matrix and revert to a pleuripotential embryonic mass of cells 

known as the blastema. The degradation of the extracellular matrix is an integral 

step in this process. For this to occur, the extracellular matrix must be degraded by 

matrix metalloproteinases (MMPs), presumably to liberate cells from the 

constraints of the extracellular matrix and make them more available to 

extracellular signaling pathways. Possibly, this degradation itself may release some 

of the signaling molecules, previously suspended in the extracellular matrix, to 

participate in the aforementioned pathways. These signaling pathways, when better 

understood, would represent the bulk of the regulatory genetic mechanisms of 

dedifferentiation. 

MMPs are enzymes such as collagenase, gelatinase and stromelysins whose 

activity involves the cleavage of molecules that are the fundamental units of the 
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fibrous network that is the ECM, are secreted by macrophages at the wound site. 

Earlier research revealed that blastema cells degrade the matrix upon which they 

are cultured through the activity of MMPs making it inherently difficult to culture 

blastema cells, which require an ECM (Groell, et al., 1993). 

Bone Morphogenetic Protein 1 (BMP1), a member of the astacin family of 

metalloproteases, has been described as having procollagen C protease activity and 

might also be involved in the degradation of the extracellular matrix during the 

dedifferentiation phase of regeneration. BMP1 can cleave an immature form of 

collagen into a mature form that can be integrated into the framework of the 

extracellular matrix (Scott, eta!., 2000). It is the hypothesis of this thesis that BMP1 

may be involved in regeneration via its collagenase activity as a means of assisting 

in degrading and reorganizing the ECM before the establishment of the blastema. 

BMP1 might also be involved in the development of the ECM during pattern 

formation at the end of regeneration. Prior work conducted by Moskalik (2004) 

established the presence of BMP1 in regenerating salamander tissue and that 

inhibiting BMP1 concurrently impeded salamander limb regeneration. It is the goal 

of the present research to use in situ hybridization to reveal which cell-type is 

responsible for expressing BMP1; macrophages, blastema-precursors, both, or 

neither. Additionally, in situ hybridization could further reveal the temporal 

expression of BMP1, thus revealing the stages of regeneration where it is most 

significant. 

BMP1 was the initial focus of the present research. Not only has BMP1 been 

demonstrated to show metalloproteinase activity, it may also play a role in the 
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regulation of pattern formation. Research has shown that BMP1 regulates dorsal

ventral patterning in the embryos of amphibians (Lepage, et al., 1992 and Wardle, et 

al., 1999). BMP1 regulates pattern by establishing a concentration gradient via the 

degradation of Chordin, another regulatory molecule. Chordin, and Noggin are BMP 

antagonists. BMP1, an astacin-like meta\loprotease is not an actual Bone 

Morphogenetic Protein, but it does regulate BMPs through the degradative 

regulation of BMP antagonists such as Chord in. BMPl was misnamed because it was 

a first isolated with other BMPs (Takahara, et al., 1995). BMP1 is present as a 

gradient across developing tissue and the various concentrations determine the 

level of degradation of the BMP1 antagonists. In turn, the amount BMP1 degradation 

determines the level and type of BMP expression occurring, thus defining specific 

cell fate. For example, Chordin has a dorsalizing activity by completely antagonizing 

BMP4 activity. Over expression of BMP1 completely degrades Chordin, thus 

allowing BMP4 to specify a completely ventral fate (Wardle, et al., 1999). 

BMP1 has been demonstrated to play a role in ECM structural organization, an 

event that also occurs during the dedifferentiation phase of regeneration. BMP1 has 

also been shown to play a significant role in pattern formation, a process that occurs 

during the later stages of regeneration. As was mentioned, earlier work done in this 

lab by Moskalik (2004) established the presence of BMPl in regenerating tissue. A 

dot-blot assay using an immunohistochemical marker specific for BMPl was 

performed on tissue homogenate isolated from salamander limb regenerate. This 

assay established the presence of BMP1 in the regenerate. Furthermore, agarose 

beads impregnated with a IgG antibody specific for salamander BMPl were 
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implanted in embryonic salamander limb buds with the goal of inhibiting BMPl 

activity at the developing limb, a system well-established as mirroring limb 

regeneration. Beads impregnated with anti-BMP antibodies did impede limb 

development compared to control limbs implanted with beads impregnated with an 

innocuous anti-IgG antibody. 

The goal of the current research is to isolate the salamander BMPl gene so that 

it can be cloned and used as a probe for in situ hybridization experiments. Currently, 

however, salamander BMPl gene sequence is unknown and the goal was to use 

degenerate primers designed based on the resolved sequences of available species 

to isolate potential BMP clones from a library of salamander genes. These resolved 

sequences are the genomic DNA (gDNA) sequences for Human, toad, chicken, 

mouse, and sea urchin. The aforementioned sequences were aligned and degenerate 

primers were designed based on regions of strongest genetic homology. 

Salamander gDNA isolation is experimentally cumbersome and would be 

unlikely to yield a product suitable to use as a template for in situ probe synthesis. 

Today, the experimental standard for the generation of suitable in situ probes is to 

exploit designer vector libraries. For the purposes of this work, a salamander 

embryo eDNA library was obtained from Stratagene. This eDNA library would, in 

theory, contain all the genes active at the time in embryonic development that the 

mRNAs were isolated. This library would be screened for the presence of 

salamander BMPl. This screening would be attempted in a number of ways, 

including: whole DNA isolation of the lambda phage present in the actual library, 

subcloning of the lambda phage into a bacterial vector with subsequent DNA 
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isolation of the transformed bacterial vector, and subcloning of the transformed 

bacterial vector with subsequent screening of individual recombinant subclones. 

Whole DNA isolation from salamander embryos was also performed with 

subsequent screening for the BMPl gene. The screening strategy involved the 

generation of several PCR primer combinations that would potentially clone 

elements of the salamander BMPl gene sequence. With these cloned portions of 

BMPl, an in situ probe could be generated for the detection of BMPl in regenerating 

salamander tissue. This detection would detail location and timing of BMPl gene 

expression, thus revealing a potential role for BMPl in salamander limb 

regeneration. 

At the same time additional experimental avenues were explored to look for 

regeneration-related genes. Library protocols allow for the random generation of 

single-clone stocks of bacteria that contain singular eDNA inserts. Several unique 

bacterial clones from the library were generated containing eDNA inserts for 

salamander genes. After sequencing these eDNA inserts the sequences were 

referenced to databases to determine the identity of the gene expressed. Genes with 

potential relevance to salamander limb regeneration can be selected for further 

experimentation. 
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Materials and Methods: 

1. Culturing of Bacterial Stocks 
Two bacterial cultures are required for amplification of the UNIZAPr"' eDNA 

library (Stratagene). To culture the E. coli XL1-blue strain, 10 ~I of XL1-blue frozen 

stock culture (Stratagene) was added to 10 ml of LB broth (Appendix 1) containing 

15 ~I of a 10 mgfml filter sterilized Tetracycline solution (Stratagene). To culture 

the SOLR E. coli strain, a 10 mgjml Kanamycin stock (Sigma) was used, at 75 ~I per 

10 ml of LB broth. Cultures were incubated overnight in their respective antibiotic 

at 30QC with shaking at 160 rpm. Overnight incubation was followed by a series of 

serial inoculations and subsequent incubations, to verify the validity of the bacteria 

being cultured. Following the first incubation, a second overnight broth culture of 

both SOLR and XL1-blue cells was conducted, substituting antibiotic with 100 ~I 

MgS04 (VWR Scientific) and 100 ~I 20% Maltose. The 100x MgS04 stock solution 

was diluted 100-fold, and 100 ~I was added to 9.8 ml LB broth along with 100 ~I of 

20% maltose solution. Two of these LB broths with supplements (0.2% (w fv) 

maltose and 10 mM MgS04) cultures were inoculated, each with 10 ~1 of either XL1-

blue or SOLR strains of E. coli. Cultures were incubated overnight at 30QC with 

shaking at 160 rpm. 

LB agar plates were impregnated with the necessary antibiotics for selective 

screening of the overnight cultures. The agar plates used to culture XL1-blue cells 

were impregnated with 30 ~I of Tetracycline stock (10 mgjml) and the agar plates 

used to culture SOLR cells were impregnated with 100 ~I of Kanamycin stock (10 

mgjml). The agar was streaked using established streaking protocol for colony 
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isolation by adding 100 ~I of cells from the previous overnight broth with 

supplements (0.2% (w jv) maltose and 10 mM MgS04) incubation. Plates were 

incubated inverted overnight at 37QC. 

2. Glycerol stock cultures of bacteria. 
Single colonies were isolated from the colony isolation plates to establish 

stable glycerol stocks for all subsequent protocols. Colonies were isolated and used 

to inoculate 10 ml LB broth with antibiotics, as before. These cultures were 

incubated at 37QC with shaking (160 rpm) until the bacteria were grown to the log 

phase. The log phase of the bacteria was established by measuring the cultures' 

absorbance at 600 nm. An A6oo::::: 0.8 corresponds to a culture in the log phase of 

growth. A sterile SO% glycerol/media solution was made, and 4.5 ml of this solution 

was added to each 10 ml culture. After mixing by vortexing, 1 ml aliquots were 

placed in sterile Nunc Cryovials (Nunc) and stored frozen at -8QQ(. 

3. Titering the helper phage 
XL1-blue frozen aliquots are thawed and a 100~1 inoculum was added to 10 

ml of LB broth with supplements (0.2% (w jv) maltose and 10 mM MgS04). This was 

incubated for S-6 hours at 37QC, until the observed density at 600 nm (O.D.= 600) 

was approximately equal to 1. As cells approach the desired optical density, serial 

dilutions of ExAssist Helper phage (Stratagene) glycerol stock were prepared by 

adding 10 ~l of phage stock to 90 ~I of SM buffer (Appendix 1) to make a 10·1 stock. 

Serial dilutions then followed by taking 10 ~I of the 10·1 stock and adding it 90 ~l of 

SM buffer for a 10·2 stock, and so on until 10·1 through 10·4 stocks were prepared. 

When the A6oo::::: 1.0 for the XL1-blue cells, they were centrifuged at 1000xg, the 
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supernatant was discarded, and the cell pellet resuspended in 10mM MgS04 (VWR 

scientific) until the O.D.=1.0. Using a digital micropipetter, 1 !ll of each of the serial 

dilutions of phage stock was added to a microcentrifuge tube, followed by 200 111 of 

the resuspended XL1-blue cells. This allowed for sufficient distribution of the phage 

stock into the cell suspension. This mixture was incubated at 37QC for 15 minutes. 

Prior to resuspending the cells, 3 ml aliquots of NZY top agar (Appendix 1), one for 

each mixture of phage stock and resuspended cells, were heated to approximately 

48QC and maintained at this temperature in a water bath. After the 15 minute 

incubation of the phagejcell mixture, each mixture was added to its respective top 

agar aliquot, briefly vortexed, and poured onto a pre-warmed (37QC incubation) 

NZY agar plate. The plates were rotated carefully to distribute the top agar equally, 

and allowed to set at room temperature for 10 minutes. Once set, the plates were 

inverted and incubated overnight at 37QC. 

A titer was performed by counting the plaque forming units (PFU), circular 

areas of clearing due to viral activity on the aforementioned plates, and utilizing the 

following equation: 

[
Number of plaques (pfu) x dilution factor ] 

x 1000 f.!l I ml 
Volume plated (fll) 

where the volume plated (in microliters) refers to the volume of the helper phage 

solution added to the cells. 

4. Titering the eDNA library 
To titer the eDNA library the previous titer protocol was initially observed. 

Dilutions of eDNA library are added to XL1-Blue cells at an OD6oo= 0.5. In addition to 
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NZY top agar, 15 ~I of O.SM IPTG (VWR Scientific) and 50 111 of X-gal (250 mg/ml in 

DMF; VWR Scientific) was added to the phagejcell mixture prior to addition to pre-

warmed NZY agar plates. Color detection was used to determine level of 

recombination. White or clear plaques (recombinant) should outnumber blue 

(background) plaques 10-100 fold. PFU is determined as described in the previous 

protocol. Following plaque count the volume of diluted sample containing 5 x 104 

PFU can be established, the volume necessary for sufficient infective particles for 

library amplification. 

5. Amplifying the eDNA library 
The previous titer determined 13.5 ~! of a 1:10 dilution of the initial library 

stock would yield approximately 5 x 104 PFU. To have sufficient volume of a 1:10 

dilution for this protocol, 27 ~I of initial library stock was added to 243 111 of SM 

buffer (Appendix 1). A 50 ml overnight culture ofXL1-blue cells was spun at 1000x g 

for 10 minutes and resuspended in 10mM MgS04 until the O.D. was 0.5. In 18 

microcentrifuge tubes aliquots of 13.5 111 of the 1:10 library stock dilution and 600 ~I 

of resuspended XL1-blue cells (A6oo= 0.5) were combined and incubated at 37Q( for 

15 minutes. During this incubation, eighteen 6.5 ml aliquot NZY top agar test tubes 

were heated to 48QC and 18 NZY agar plates were pre-warmed in a 37QC incubator. 

After the 15 minute incubation each of the library /cell aliquots was added to its 

respective top agar, vortexed briefly, and poured onto a pre-warmed NZY agar plate. 

The top agar was distributed equally, allowed to set for 10 minutes at room 

temperature and the plates were inverted and incubated for 8 hours at 37QC. 
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6. Recovery of Amplified eDNA library 
Following the previously described 8 hour incubation, each of the 18 plates 

was topped off with 10 ml of SM buffer. The orbital shaker containing these plates 

was moved to a cold room at 4QC with the shaker heat turned off. The plates were 

shaken overnight at 100 rpm to prevent spilling the SM buffer. The next day, the SM 

buffer was recovered and pooled together into a sterile container. The plates were 

rinsed with an additional 2 ml of SM buffer and this was added to the pooled 

volume. Chloroform was added to a final volume of 5% (v /v) chloroform (1.95 ml) 

and mixed. This was incubated at room temperature for 15 minutes and centrifuged 

for 10 minutes at 500x g to remove the cell debris. The supernatant was removed 

and 90 111 of chloroform was added for a 0.3 % v jv concentration. This suspension 

was stored overnight at 4QC. The next day, the library suspension was separated 

into 2 ml aliquots with 1.860 ml of library and 140 111 DMSO (VWR Scientific) for a 

7% v /v concentration. These aliquots could be stored at -80QC indefinitely. 

7. Amplification of ExAssist helper phage 
The stock helper phage was first titered to determine PFU of the stock 

solution, as described above. Following the titer, XL1-blue cells were grown and 

resuspended to an OD6oo of 0.3. Phage was added with a multiplicity of infection 

(MOl) of 20:1, phage:cells, which was 1.740 ml of bacteria added to 300 111 of helper 

phage. This mixture was incubated for 15 minutes at 37QC, and then incubated for 8 

hours at 37QC with shaking. After 8 hours the mixture was heated for 15 minutes at 

65QC. The mixture was spun for 5 minutes at 14,000 rpm, and the supernatant was 

separated into two 1 ml tubes. Before storage in -SOQC, 75 111 of DMSO was added to 

each tube for a final concentration of 7% v jv. 

23 



8. Generation of phagemids. 
A 50 ml overnight culture of XLl-blue cells, with supplements (0.2% (wjv) 

maltose and 10 mM MgS04), was grown at 30QC with shaking (160 rpm) and was 

subsequently spun down (1,000xg) and resuspended with 10mM MgS04 to an 

A6oo=1.0. Concurrently, a 50 ml culture of SOLR cells was inoculated with 

supplements (0.2% (w jv) maltose and 10 mM MgS04) and grown until late log 

phase at 37QC. Using a digital micropipetter, 1 111 of a 100-fold dilution of the 

amplified library was added to a sterilized test tube. Also added to this tube were 1 

111 of amplified ExAssist Helper phage and 250 111 of the resuspended XL1-blue cells. 

After 15 minute incubation at 37QC, 20 ml of LB broth with supplements (0.2% 

(w jv) maltose and 10 mM MgS04) was added. This mixture was incubated for 2.5 

hours at 37QC with shaking. After the incubation, the tube was heated for 20 

minutes at 65QC. The mixture was then spun at 1000xg for 20 minutes. The 

phagemid supernatant was decanted using a sterile Pasteur pipette and transferred 

to a sterile 50ml centrifuge tube. 

9. Blue/White screen of generated phage mid 
Using a digital micropipetter, 1 111 of phagemid and 1 111 of a 1:10 dilution of 

phagemid in LB broth were transferred to separate microcentrifuge tubes. The SOLR 

cells from protocol step 8 (above) were concentrated by centrifugation at 12,000xg 

and resuspended in MgS04 to an O.D.6oo=1.0, and 200 111 of these resuspended cells 

were added to the 1 111 phagemid aliquots. This mixture of SOLR cells and phagemid 

was incubated for 15 minutes at 37QC. Prior to beginning the protocol LB-amp-

IPTG-X-gal-agar plates were prepared. LB agar plates were impregnated with each 

reagent, 50 111 Ampicillin, 40 111 X-gal, and 30 111 IPTG, respectively, with periods of 
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37QC incubation between each addition step for drying. When the plates were 

prepared, 100 111 each of the two incubating phage/cell mixtures was added to the 

plates and streaked for colony isolation. Plates were inverted and incubated at 37QC 

overnight. Blue/white colony observation indicated a sufficient level of 

recombination. The efficacy of recombination was further established by selection 

of one white colony from a plate and one blue colony from a plate and streaking 

each of these onto an LB-amp-IPTG-X-gal plate prepared, as before. Following 

overnight incubation, as before, the plate inoculated with a white colony indicated 

recombination solely, the plate inoculated with a blue colony indicated non-

recombination solely. These results established the efficacy of recombination as 

mediated by phagemid. Phagemid can be stored for 1-2 months at 4QC, and used for 

further transformation of SOLR cells for the purpose of salamander DNA expression. 

10. Transformed Bacterial Culture for subsequent Plasmid DNA isolation. 
SOLR cells were transformed and plated with subsequent blue/white 

screening as described above in step 9. A random colony of recombinant SOLR cells 

was isolated and broth cultured as described above in step 1. This served as a 

negative control as it was a source of phagemid DNA that was statistically unlikely 

to contain the inserted gene of interest. The SOLR cells were transformed with 

phagemid, as described previously in step 9. Two 5ml overnight cultures of 

recombinant SOLR cells were grown with 25 111 of stock Ampicillin (10 mg/ml). 

These cells were added in 1.5 ml increments to 3 microcentrifuge tubes and then 

centrifuged at 10,000xg for 10 minutes. This step was repeated again to obtain 

maximum bacterial pellet; supernatants were discarded. The pellets were dried and 
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resuspended in 200 111 ice-cold lysis buffer (Appendix 3) with 2 minutes of 

vortexing. Incubate at room temperature for 5 minutes followed by adding 400 111 of 

freshly prepared denaturing solution (1ml 0.2N NaOH + 0.010g SDS) to each tube. 

These tubes were mixed by inversion and iced for 5 minutes. Following icing, 300 111 

of Potassium Acetate (PA) solution (Appendix 3) was added to each tube. The tubes 

were repeatedly inverted for 20 seconds, and then iced for 5 minutes. After icing, 

these tubes were centrifuged for 5 minutes at 12,000xg. The supernatant was 

removed to a fresh tube and 1.5 111 of RNase (Invitrogen) was added to each tube. 

These tubes were incubated for 30 minutes at 37QC. Following incubation, an equal 

volume of 25:24 phenol:chloroform (Appendix 3) was added to each tube followed 

by a minute of vortexing to mix thoroughly and centrifugation for 4 minutes at 

12,000xg. The upper aqueous phases were transferred to fresh tubes with an equal 

volume of 24:1 chloroform:isoamyl alcohol (Appendix 3) added to each tube. The 

tubes were vortexed for 1 minute to mix vigorously followed by centrifugation for 4 

minutes at 12,000xg. Following centrifugation, the top phase was removed and 

separated into multiple tubes. To these tubes was added 2-2.5x volumes of 100% 

ice-cold ethanol with subsequent mixing by inversion. The plasmid DNA was 

precipitated for 20 minutes at -80QC. To verify successful DNA isolation, the tubes 

were centrifuged for 10 minutes at 12,000xg to develop a visible DNA pellet. 

Following precipitation, the tubes were centrifuged for 10 minutes at 

12,000xg again to condense the DNA pellet. The supernatant was gently removed 

being careful not to dislodge the pellet. To wash the pellet, 1 ml of chilled 70% 

ethanol was added to each tube and then removed. Special care was taken at each 
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step not to dislodge the pellet. The pellets were air dried in a fume hood following 

washing, and then sequentially resuspended in a combined volume of 25 111 TE 

(Appendix 3). DNA concentration and purity was determined as described in step 

12. 

11. Lambda/phagemid DNA extraction 
The lambdafphagemid stock solution sample was treated as the plasmid 

sample preparation following lysis protocols described above in step 10, prior to the 

addition of the RNase. These samples were spun prior to use, to separate out the 

chloroform. In order to obtain a significant amount of DNA for further protocols, 4 

ml of lambda/phagemid stock were separated into 8 microcentrifuge tubes with 

450 111 each. Added to each of these tubes were 4 111 of RNase and 4 111 of DNase I 

(Invitrogen), followed by incubation for 30 minutes at 37QC. After incubation, 11.5 

111 of 20% SDS (VWR scientific) and 4.5 111 Proteinase K (10 mg/ml; Invitrogen) was 

added to each tube, followed by incubation for 30 minutes at 37QC. Extraction via 

phenol:chloroform proceeded as in protocol 10, with the exception of an additional 

25:24:1 phenol:chloroform:isoamyl alcohol extraction step for maximally pure 

sample. The DNA precipitation and resuspension steps were observed as in step 10. 

12. Determination of sample concentration and purity via Spectrophotometry 
Using a digital micropipetter, 4 111 of all DNA preparations were diluted into 996 111 

of TE buffer (Appendix 3) and then transferred to a spectrophotometer cuvette. TE 

buffer was used as a blank control. Absorbance was measured at 260nm and 

280nm. The absorbance of the sample at 260nm determined its DNA content. The 
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absorbance at 280nm determined protein content. In order to be suitably pure for 

PCR, the ratio of the two absorbances had to fall within a range of 1.8-1.9. 

13. Design of Degenerate PCR primers. 
Five of the resolved BMP1 sequences (Human, toad, chicken, mouse, sea urchin) 

were obtained using a BLAST search Chtt.p:J/.bl?.stn.~b_i,nlm,ni!J,g.QY/12l?_$J,~gi_) with 

BMP1 as the search term. Using the ClustalW Alignment (MacVector) program these 

sequences were aligned to determine regions of evolutionarily conserved sequence 

homology. Initially, we used the amino acid sequence of the protein sequence to 

predict the base sequences for the gene. This amino acid sequence was used to 

generate degenerate primers. The preliminary amino acid sequences used as a basis 

for primer design were the upstream AMHRWE (single letter amino acid 

abbreviations) and the downstream HYARNTF, (single letter amino acid 

abbreviations) which yielded the primers: 

5'-CA(A/G)GC(A/C)ATG(A/C)G(A/C/G/T)CACTGGGAG-3' and 

5'- CA(A/G)GC(A/C)ATG(A/C)G(A/C/G/T)CACTGGGAA-5' for AMHRWE 

and the primer, 
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Table 1. Wobble basepair key. 
Wobble 
Base Base air complement 
8 C+G+T 
0 A+G+T 
H ~C+T 
K G+T 
M I A+C 
N A+C+G+T 
R I A+G -
s C+G 
v I A+C+G-
w A+T 
y ic +T 

Wobble bases are opposite the basepair they are capable of conforming with, ie. B is 
capable of behaving as a C, G, or Tin complement to a G, C, or A, respectively. 
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Table 2. Degenerate primers designed to amplify salamander BMP1 gene. 

Primer 
Name 

Alpha 1 

Alpha 2 

Beta 1 

Beta 2 

Gamma2 

1
_.£!!!!!plimentary Sequence ___ _ 

1 TI(C/T)G(NC)CAG(C/T)AT(C/T)ATGCA(CfT)TA 

Primer 

TTYGMCAGYATYATGCAYTA 

~!\A(.!iQ)Q£18GTGTG(C/T)~g,A(f!.:!JG~C<.:..T __ _ __ ...;A.,:.:,G:..:..TC::::,RTACTIRCAC~VTg£l.J!_ •. 

; CAGGC(C/G)ATG(NC)G(NG)CACTGGGA 

iNG)AAGTI(NG)TACTC{CIT)TG(NC/GfT)CC(G/T)GG _ -

T AA TC(NG)TC(NG/T)GG(NG)TA(NG)TTT(NC/G)GG 

CAGGCSATGMGRCACTGGGA 

~AAGTTRTACTCYTGNCCKGG 

TAATCRTCDGGRTARTTVGG 

Product Size 
(bp) 

~ 
908 w/8eta 1 

The "complimentary sequences" correspond to genomics areas of high evolutionary 
conservation within available published BMP1 sequences. The basepairs in 
parenthesis represent species-specific variants. The subsequent "primers" are 
designed with wobble bases to attempt to compensate for species-specific sequence 
variation. "Product size" corresponds to the expected PCR product size. Alpha1 and 
Alpha2 were expected to yield a product of 114 7 bp. Beta1 and Beta2 would yield a 
product of 291 bp. Beta1 and Gamma2 would yield a product of 908 bp. 
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5' -GAA( A/ G /T)GTGTT(A/C/G)C(G /T) ( A/C/G /T) GC( A/G)T A( A/G)TGC-3' for the 

downstream HYARNTF sequence. The actual primers for PCR were designed with 

wobble bases (Table 1) and ordered as shown in Table 2. 

14. BMP1 PCR on Phagemid/lambda DNA and Plasmid Preparation 
Primers were received and resuspended in TE (pH 7.0) to yield a primer 

concentration of 25ng/~l. DNA preparations serving as template were diluted by 

removing 10 ~1 from the frozen stock and adding TE (pH 7.0) until reaching a 

concentration of 250 ng/~1. The following reaction conditions are established for 

each thin-walled PCR tube: 

45 ~I Platinum PCR Supermix© 
2 ~I Forward Primer (25ng/~l) 
2 ~I Reverse Primer (25ng/~l) 
1 ~I template DNA (250ngj~l) 

Eight reaction tubes of this sort were set up, four for each of the potential sources of 

recombinant DNA (include the recombinant negative control) and 2 sets of these 4 

for the two available forward primers. The thermocycling profile employed is 

illustrated in Table 3. 

15. Gel Electrophoresis of PCR products 
A 50 ml solution of lx TBE was prepared by adding 5 ml lOx TBE (Appendix 2) to 45 

ml MilliQ water. To this was added 0.75 g agarose (Sigma). This mixture was 

microwaved until the agarose was dissolved. The solution was allowed to cool for 10 

minutes at room temperature, then 2 ~I of ethidium bromide (ETbr) (VWR Scientific) 

was added with 
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Table 3. Thermocycle Profile 

Denaturation Annealing 
~min @94-;;-c - 2 min@ ssoc 

Polymerizatio~ 

4 min @ 72°C 

I .5 min@ 94°C 2 min@ 55°C 4 min @ 72°C 

#cycles 
2 
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gentle mixing to distribute. This solution was then poured into a casting tray with a 

20- well comb, and allowed 30-45 minutes to set. After the gel was set, the comb 

was gently removed and the gel was placed in the electrophoresis chamber. Running 

buffer (1x TBE) was poured into the chamber to cover the wells of the gel with 

approximately 1mm of liquid. To each of the eight PCR reactions (15 11-l aliquots) 

was added 5 11-1 of 5x loading buffer. DNA hyperladder (Invitrogen) was loaded on 

the gel for fragment size comparison. The ladder was diluted; 3 11-1 ofhyperladder 

was added to 12 11-l TE (pH 7.0), then 5 11-l of loading buffer was added. Before 

loading into the gel, the ladder was heated at 65Q( for 5 minutes. Use of a cooled 

running apparatus allowed for the gel to run for 2 hours at 150V. DNA banding on 

the gel was visualized using a UV light at 450nm. 

16. Single Clone Excision 
Library phage infection of XL1-blue cells was performed as described in "Amplifying 

eDNA library" using plates with 10-3, 10-4, and 10-s dilutions of phage. This was 

followed by subsequent blue/white screening as described above (protocol step 9). 

A sterilized glass Pasteur pipette was jabbed down into the center of recombinant 

(white or clear) plaques to remove a core of agarose. In this way, 20 cores were 

obtained and each was immersed in 500 11-I SM buffer + 20 11-l Chloroform_ These 

samples were vortexed to loosen the agar and incubated overnight at 4QC. These 

incubated cores were subsequently treated as a single-clone phage stock. 

17. Single Clone Phagemid generation 
Utilizing single-clone phage stocks obtained in protocol 16, a modified phagemid 

generation protocol followed; 200 11-l of XL1 cells resuspended in lOmM MgS04 was 
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combined with 250 111 of stock made from one of the cores and 1 111 ExAssist helper 

phage. These samples were incubated at 37Q( for 15 minutes. Following incubation, 

3 ml of LB broth with supplements (0.2% (w jv) maltose and 10 mM MgS04) was 

added. Samples were then incubated with shaking for 3 hours at 37QC. Samples 

were then heated for 20 minutes at 65Q( and spun for 15 minutes at 1000xg. The 

phagemid supernatant was decanted and could be stored for 1-2 months at 4QC. 

18. Generation of single-clone SOLR-cell stocks. 
Standard protocol for infecting resuspended SOLR cells with phagemid (protocol 9) 

was utilized; 1 111 phagemid + 200 111 SOLR cells in MgS04 (O.D.=l.O) Transformed 

SOLR cells were then streaked onto LB-amp-IPTG-X-gal agar plates for subsequent 

blue/white screens and incubated overnight at 37QC. Recombination was observed 

the next day following brief refrigeration for color intensification. Validation of 

blue/white screening was done by culturing a single recombinant colony from each 

of the plates onto additional LB-amp-IPTG-X-gal plates, as well as a single non-

recombinant colony from each of these plates onto additional plates for screening. A 

colony from the recombinant plates was used to establish glycerol stocks via the 

protocol described in step 2, as well as one glycerol stock of non-recombinants for a 

source of negative controls. 

19. Restriction Enzyme digestion of single-clone plasmid preparation 
Plasmid DNA isolation, described in protocol step 10, was performed on 

recombinant SOLR stocks to isolate the eDNA insert. The pBluescript SK- plasmid, 

the vector utilized in this particular eDNA library, possesses a single EcoRI 

restriction enzyme site and a single Xhol restriction enzyme site; both flanking the 
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eDNA insert. A double-digest was performed to excise the eDNA fragment for 

subsequent gel electrophoresis. Gel electrophoresis of this restriction enzyme digest 

separates the excised eDNA insert from the remainder of the plasmid yielding a 

characteristic gel profile. 

A 3-fold dilution of a recombinant plasmid preparation was prepared by 

adding 1 !-ll of plasmid DNA to 2 !-ll of sterile MilliQ water. Then restriction digest 

reaction was mixed as follows: 

1 !-ll of 3x diluted plasmid DNA 
16.2 !-ll MilliQ water 
2 !-ll Buffer H (Stratagene) 
0.2 !-ll BSA (Bovine Serum Albumin) (Stratagene) 
0.5 ~I EcoRI (Stratagene) 

This digest was incubated for 2 hours at 37QC. Following incubation, 1 ~I of a high 

molarity salt solution (60mg NaCI and 51.2 ~l water) was added to the mixture 

followed by 0.5 ~I of Xho1 (Stratagene). The mixture was then incubated for an 

additional two hours at 37QC. Following incubation, the digest was refrigerated. The 

following day the digest was run on a gel using the standard gel electrophoresis 

protocol (step 15). 

20. DNA sequencing of single-clone plasmid 
Concentration of recombinant plasmid DNA concentration and purity were 

determined using UV spectrophotometry as described in step 12. Samples were 

sequenced at Cornell University's core facility. Prior to sending away the samples for 

sequencing, they were diluted with sterilized DNase-free water to a concentration of 

1 ~g/10 111 as required by Cornell University. The pBluescript SK- plasmid, 
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containing the eDNA insert, is designed with ubiquitous sequencing primers, M13F, 

M13R, T3, and T7. M13F (5'- TGTAAAACGACGGCCAGTGA-3') was selected based on 

established reliability. 

21. Strata prep ™ Plasmid Miniprep Kit protocol 
Transformed SOLR cells were grown overnight with Ampicillin as described in 

protocol 9. In order to pellet the cells, 1.5 ml of the cell culture was added to a 

microcentrifuge tube and spun at maximum speed (14000xg) for 2 minutes. The 

supernatant was discarded and 100 111 of solution 1 (Appendix 3) was added to the 

microcentrifuge tube. The sample was then vortexed to completely resuspend the 

cells. Following vortexing, 100 !J.l of Solution 2 (Appendix 3) was added. The 

contents of the tube were mixed by inversion several times. Finally, 125 !J.l of 

solution 3 (Strataprep TM' Stratagene) was added with additional mixing by inversion. 

The tube was spun at maximum speed for 5 minutes, forming a compact, white 

pellet. The supernatant was transferred via pipetting to a microspin cup 

(Strata prep TM) seated in a 2 ml receptacle tube. Significant care must be taken to 

pipette directly on to the filter cartridge seated in the microspin cup without 

damaging the cartridge matrix. The receptacle tube was spun for 30 seconds. 

Following centrifugation, the microspin cup was removed, the liquid remaining in 

the receptacle was discarded, and the microspin cup was replaced. Next, 750 !J.I of 

nuclease-removal buffer (Strata prep TM) was added to the microspin cup. The sample 

was then spun for 30 seconds, and the filtrate was discarded. The sample was spun 

for an additional 30 seconds to completely remove all traces of buffer. For maximum 

efficiency, a third spin was employed. When using the kit for the first time, the 2x 
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wash buffer must be made into a 1x wash buffer by adding SO ml of ethanol; 750 111 

of this newly-prepared 1x wash buffer was then added to the microspin cup and 

spun 3 times as previously described. The microspin cup was then transferred to a 

fresh l.S ml microcentrifuge tube. The 2-ml receptacle tube was discarded. Prior to 

use Elution Buffer is heated to 60° in a water bath. Taking great care not to damage 

the fiber matrix of the microspin cup, SO 111 of warmed elution buffer was added 

directly to the top of the fiber-matrix on the bottom of the microspin cup. Maximum 

yield can only be obtained if precisely SO 111 was added directly to the filter. The 

sample was incubated for 10 minutes at room temperature and then spun for 30 

seconds to elute the plasmid DNA. Sample concentration and purity was determined 

using UV spectroscopy as described in step 12. 

21. Analyses of Cornell Sequence Data 
Raw sequence data was obtained from Cornell's Sequencing Core in the form of 

".ab1" files. FinchTV was downloaded from http:/Ldownload.cnet.com/FinchTV and 

used to visualize this sequence data. Sequences with more than 10 N's per every 100 

base pairs read, excluding the first 20 basepairs of read and the last 100 basepairs, 

were deemed "unreadable" and excluded from further analyses. Sequences with no 

read, usually beginning with a sequence of N's and resulting in a termination of read 

signal, were deemed "unreadable" and excluded from further analyses. Sequences 

with faithful read, that did not meet the aforementioned criteria to be deemed 

unreadable, were deemed "readable" and analyzed for homology with publicly 

available sequences. Each "readable" sequence was copied out of Finch TV as simple 
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text and pasted into the "Query Search" window of the BLAST nucleotide (BLASTn) 

search webpage: 

h_t.tp_;_lj_b I as_t.n ct?_i. n Irn. n.Ib:&Q_Y:LtU_g_~ t. cgi? P B.. Q G ~A f0__::: b I astn.~1U .. AS.T._P R 0 GBA M.S ::rr~ 

aBlast&PAGE TYPE= BlastSearch&SH OW D EF A UL TS=on&LJ N K LOC= blasth orne 

Search parameters were set by selecting "Others" in the Database section, and 

optimized for "more dissimilar sequences" in the Program Selection section. 
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Results: 

I. Titering and amplifying library-associated phage 
All phage provided in the library were titered before use in the transformation of 

provided bacterial strains. While the initial titers were successful and yielded 

results, shortly thereafter the titers stopped working, providing no plaques, and a 

process of systematic troubleshooting ensued. Standard Protocols were double 

checked and followed as before, yet no plaque formation was observed. One 

suspicion was that the amplification had failed. If this were the case, then retesting 

the initial stock sample should work as it had previously, but this sample also failed 

to form plaques. The Helper phage was centrifuged to prevent the 

chloroform/DMSO from interfering with the protocol; titers still failed. Plaques from 

previous titers, both of the library and the helper phage were cored and immersed 

in 200 ~I of SM buffer to recover the virus. Using these recovered phage samples as a 

source for titers, plaques still failed to form. 

At this point the bacterial cultures also began to grow abnormally. Growth was 

either severely retarded, nonexistent, or an abnormal pellet developed at the 

bottom of the culture tube. One possibility was that the amount of supplements 

added to the LB broth was greatly magnified; the lOOx stock of MgS04 might have 

been used in an undiluted form and correcting for this had a minor effect, but this 

was of little consequence to the results of growth and titer. At this point all reagents 

were remade and this too did not improve the success of bacterial or phage growth. 

Ultimately the water quality was determined to be responsible for the inability to 

grow cultures and obtain viral plaques. While all reagents had been prepared using 
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distilled water, when the reagents were remade using ultrapure MilliQ water the 

bacterial growth and phage titers returned to normal. From this point on all 

protocols involving the phage stocks and bacterial stocks were successful and 

involved reagents made with sterile MilliQ water. Following this modification, the 

titers of amplified stocks were established (Table 4). 
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Table 4. PFU jml determination of all viral strains. 

Strain Dilution Plaque Counts PFU/mJ 

VSC Helper 1 10-5 824 8.2 X 109 

ExAssist Helper 10-5 29 2.9 X 109 

----·-·--
Lambda Library Phage 1 10-3 368 3.68 X 105 
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2. BMPl PCR optimization and amplification attempts 
In order to isolate BMPl sequence from the phage library, PCR on the phage 

library utilizing degenerate primers based on available BMPl sequences was 

performed. These degenerate primers failed to yield any appreciable signal. For PCR 

to not be working, several variables, including thermal cycling profiles, DNA 

concentrations and purities, PCR reagent quality, and finally primer design were 

suspected. Protocols were repeated with doubling of primer concentrations, 

doubling of template concentrations, and a combination of both. Thermal cycling 

profiles were varied with annealing temps ranging from sooc to 62°C, and cycling 

was increased to SOx. Elongation (polymerization) times were increased in 1-

minute increments to a maximum of 7 minutes. UV spectrophotometry was used to 

verify that the DNA concentration and purity of all samples, stock DNA, primers, and 

PCR reactions were acceptable. Templates including DNA preparations representing 

the whole Lambda eDNA library, phagemids derived from the eDNA library, and 

plasmid DNA from SOLR cell preparations transformed with multiclonal phagemid 

stocks were utilized with no effect. 

The final determination was that the fault in PCR lay either in the primers or that 

this eDNA library lacked the salamander BMPl gene. However, a suitable control to 

definitively determine the fault of the PCR primers could not be established, as there 

was no DNA template generated that was assured to contain the salamander BMPl 

gene. Given the materials at our disposal, namely the eDNA library, the only control 

that could be established is a control for the PCR reaction and reagents. 

Recombinant bacterial strains from the library were generated in order to generate 
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a PCR reaction and reagent control. Using one of these strains, Rec23, a viable 

control DNA template was generated. This template was a viable control because 

the sequence was resolved and of a comparable length to the attempted BMP1 PCR 

amplification. The results of control PCR reaction are presented in Section 5, below. 

Generating recombinant strains from the eDNA library, with plasmid isolation 

and subsequent sequencing of specific inserts, yielded a DNA template with a known 

sequence. As such, 25 recombinant strains were generated from the eDNA library 

and we isolated plasmids of each strain. Prior to submission for DNA sequencing, a 

random representative sample of plasmids were restriction enzyme digested with 

enzymes specific for the library construct to determine that the correct plasmids 

were isolated. Transformation with phagemid should yield recombinant bacterial 

vectors containing an excess of recombinant plasmid, with respect to any wild type 

plasmid. Therefore, a plasmid preparation digest of these recombinant bacterial 

strains should yield a characteristic profile. 

3. Restriction Enzyme Digestion 
To establish that the plasmid preparations being submitted for sequencing were 

the desired recombinant plasmid, a restriction enzyme digest was performed. Xho1 

and EcoRI restriction sites flank the eDNA insert of the Uni-ZAP vector. A double 

digest with these enzymes should yield, in the case of the correct recombinant 

vector, a characteristic profile. Figure 1 depicts the gel profile resulting from the 

double digest of six random recombinant plasmid preps. 

As illustrated in Figure 1, digestion of the Uni-Zap Vector with Xho1 and EcoRI 

completely excised the eDNA insert from the vector backbone. This excision resulted 
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in a double band in the higher molecular weight range of the gel corresponding to 

the large secondary structure of the host digested plasmid. The highest molecular 

weight bands would be difficult to characterize as they could correspond to any 

number of phenomenon including, a nicked vector, a partially linearized vector, or 

any variation thereupon and are a common phenomenon with this type of vector 

enzyme digest. The smaller molecular weight band corresponded to the eDNA insert 

excised from the Uni-Zap Vector. 

The Uni-Zap vector can accommodate inserts up untillO kb in length. However, 

' many eDNA sequences, including the ones that follow are only 1-2 kb. The bands of 

the eDNA insert show only slight variations in size. The specific difference in lengths 

would be difficult to resolve using the standard gel electrophoresis employed here. 

The gel utilized was a 0.8% Agarose gel. At this percentage, size differences of 

approximately 200bp to lkb are easiest to perceive. However, the best resolution 

would have been achieved with longer run times and at higher percentages of 

agarose. 
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Figure 1. Double digest of recombinant plasmid isolates with Xho1 and EcoRI 

Lane order was as follows: 

1- Hyperladder 

2- Undigested plasmid DNA 

(various plasmid isolates are shown in lanes 3-8) 

3- Rec4 

4- RecS 

5- Rec9 

6- Rec13 

7- Rec17 

8- Rec24 
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23 456 78 

Figure 1. 

46 



Undigested plasmid DNA in lane 2 acted as a control, depicting the characteristic 

thick and largely unseparated banding resulting of a more dense secondary 

structure. Nonspecific digestion, indicating isolation of a wild-type plasmid, would 

yield either a smear or multiple non-specific bands. No nonspecific digestion is 

observed; therefore all samples correspond to the specific Uni-Zap vector of 

interest. This enzyme digest was utilized as a quality control measure to determine 

the nature of the plasmids being sent for DNA sequencing. Whole, undigested 

plasmids were sent to Cornell's Core Facility for sequencing. 

4. Sequence Analyses of single-clone recombinant SOLR cell eDNA plasmid 
inserts 
Sequence Data from Cornell yielded 19 readable sequences (Figures 2 -12). Raw 

sequence data obtained from Cornell was entered into the BLASTn database 

(http ://blast.ncbi .nlm .nih .govO for a search of complementary sequence data. The 

Basic Local Alignment Search Tool (BLAST) is a search utility that can be used to 

reference and match nucleic acid and amino acid sequences to published sequence 

data. It can be used to align several sequences or used to design primer pairs for the 

amplification of a desired locus. By entering the nucleic acid sequence as a "search 

term" in the BLASTn (BLAST nucleotide) search utility, and setting the "program 

selection" parameters for "discontiguous megablast" you can search all available 

genetic databases for complimentary sequences. "Discontiguous megablast" uses an 

initial seed that allows for nominal mismatching and is intended for cross-species 

comparisons. Sequence results with the highest percentage of complementation to 

the search sequence suggest a potential role for the respective gene. 

47 



Rec2. 

The parameters for readable and unreadable sequences were as follows: 

Sequences with more than 10 N's per every 100 base pairs read, excluding the first 

20 basepairs of read and the last 100 basepairs, were deemed "unreadable" and 

excluded from further analyses. Sequences with no read, usually beginning with a 

sequence of N's and resulting in a termination of read signal, were deemed 

"unreadable" and excluded from further analyses. Sequences with faithful read, that 

did not meet the aforementioned criteria to be deemed unreadable, were deemed 

"readable" analyzed for homology with publicly available sequences. The 

sequencing reaction typically decreases in faithful readability the further along it 

reads and in the beginning of the read. The sequence read for Rec2 (Figure 2) was 

acceptable according to the aforementioned parameters. This sequencing 

information produced a readable sequence for 924 bases but contained 13 

irresolvable basepair reads (depicted as balded N's ), mostly at the end of the 

reading sequence where the sequencing reaction commonly loses faithfulness. The 

Rec2 sequence was the 2nd longest obtained and far in excess of average (924bp as 

compared to SSObp). 

BLAST search data (Figure 3) indicated Rec2 expressed a eDNA insert most 

similar to reticulon 2 gene from Pongo abelii (Sumatran Orangutan) transcript. The 

blast revealed a 68% homology with 2% gaps. Reticulon genes are associated with 

the endoplasmic reticulum and are involved in neuroendocrine secretion. The next 

best choice was a transcript variant of the same uncharacterized Orangutan 

transcript. 
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5'AAATCNTATAGGGCGAATTGGGTACCGGGCCCCCCCTCGAGTTTTTTTTTTT 

TTTTTTTAGGGGTACAGGCCTTTATCAGTGACTCCAACAGAGCAAAGTTTGGG 

GAGTTCCTGTATAAATCTTTTTTAGTAGTTCTTGCCGCTGCCAGTGGTTCATCG 

AGAAGAAGGATTGGACAAGTCCCATATTTATATATATATATATAAATAAATA 

TGACGCGGGGTACAGGTCACTGTCGGTGGCTCCTGAGACGTGAATTGGGGAT 

CGCCCCAGGCTTTATTGTTCCTTCGGTTTGGTGGTCGGGAGCTTTGCTTGAAT 

CTTTGCTCGTATCTGGCTCAGGTGATTCCTCGCTAGTCCGACGTACTGATCAA 

TCTGAGTCTGGTGCTGCCTGTACAGGAGCGGCAAACTAAATGCACTTATTAC 

GCCCAGGATGAGTAGGGTGAGTCCGTTGAAGACTGCGCCGATGTAGGTGAAC 

AGGTACAAGAGGACCAGCAACTTCAAGGAGTCGACAAGGTCCTCCACCAGG 

AAGAGATGGCGCAGCGTTCTCAAGGCAGACGTCAGGTGGGCCAGCGCGAGC 

TCTGCATACTTATCCACCTGCTCTTTGGATAGAGAGACATCCTCGTCGAGGTA 

GACCTGAAAGGGATTTACTCCATCGCTCTTGCTCACGGCCTGCAATATCTTCC 

TGTACACCCTGAAGAGTGATGGTGGCACAGAGCACGAGCAGCGCCACGTAC 

GAGCACACACTGATGATGCTGAACTGCNAGAGGCCAGAGCATANACACCCA 

CCANGGCTGGTGCAAAACGATAGCCNAAGGTCTGGGGTGTTCCCGCCCAGTA 

CACCANGTCTGCAAACTGTGCTTCCCCCANTCTTCGAACTNCCTTTGCTNCGT 

CCCCCCACNTTCGGGCANCCGGGNGGGAAANCTTCT3' 

Figure 2. Rec2 raw sequence, 924 base pairs. Underlined sequence indicates used as 
BLAST search query. 
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>re£1XM_002829412.ll ~PREDICTED: Pengo abelii reticulon 2, transcript variant 3 (RTN2) 
mRNA 
Length=2041 

GENE ID: 100459744 RTN2 I reticulon 2 [Pengo abelii] 

Score= 165 bits (182), Expect 5e-37 
Identities= 327/476 (68%), Gaps= 10/476 (2%) 
Strand=Plus/Minus 

Query 300 

Sbjct 1564 

GGGAGCTTTGCTTGAATCTTTGCTCGTATCTGGCTCAGGTGATTCCTCGCTAGTCCGACG 359 
1111 II Ill I I IIII Ill I I 1 111111 IIIII II I I I I II 
GGGATTTTAGCTCGGATCTTAGCTTTGATGTGGCTCAACTGATTGGTCACCAACCCCACA 1505 

Query 360 

Sbjct 1504 

TACTGATCAATCTGAGTCTGGTGCTGCCTGTACAGGAGCGGCAAACTAAATGCACTTATT 419 
II I II II 1111111 11111111111 111111 II II I I Ill II II 
TACTGGTCGATCTGAGCCTGGTGCTGCCGGTACAGCAGGGGGATGGTGAATAGACCAATC 1445 

Query 420 

Sbjct 1444 

ACGCCCAGGATGAGTAGGGTGAGTCCGTTGAAGACTGCGCCGATGTAGGTGAACAGGTAC 479 
II IIIII IIIII II II I II 1111111 II II I I 1111 II I Ill 

ACTCCCAGAATGAGAAGAGTCAAACCATTGAAGATGGCACCCACGAAGGTCAAGATGTAG 1385 

Query 480 

Sbjct 1384 

AAGAGGACCAGCAACTTCAAGGAGTCGACAAGGTCCTCCACCAGGAAGAGATGGCGCAGC 539 
1111111 II Ill IIIII II II IIIII II 1111111111 Ill 111111 
AAGAGGAGGGCCAGCTTGAAGGAATCCACGAGGTCTTCTACCAGGAAGAAATGCCGCAGC 1325 

Query 540 

Sbjct 1324 

GTTCTCAAGGCAGACGTCAGGTGGGCCAGCGCGAGCT-CTG---CATACTTATCCACCTG 595 
I II II II I Ill II I II II Ill II II I Ill Ill 

TGCGTGGCTGCCGAGACCACGCGGG--AG-GTGATCTGCTGGGACAAACGT-TCCGTCTG 1269 

Query 596 

Sbjct 1268 

CTCTTTGGATAGAGAGACATCCTCGTCGAGGTAGACCTGAAAGGGATTTACTCCATCGCT 655 
Ill I I I I II Ill I II 111111 1111 II II II 1111111 I 
CTCCCGAGTCAGGGTGAGGTCCACATCCAGGTAGGCCTGGAAAGGGTTGGCTCCATCCCC 1209 

Query 656 

Sbjct 1208 

CTTGCTCACGGCCTGCAATATCTTCCTGTACACCCTGAAGAGTGATGGTGGCACAGAGCA 715 
I I 11111111111 I II I Ill 111111 1111 1111111 I 1111111 
CCGGTGCACGGCCTGCAGCACTTTGCGGTAAACCCTG-AGAGAGATGGTGCCGCAGAGCA 1150 

Query 716 

Sbjct 1149 

CGAGCAGCGCCACGTACGAGCACACACTGATGATGCTGAACTGCNAGAGGCCAGAG 771 
I Ill 1111111 II I Ill I 111111 II Ill 1111 IIIII 

GCAACAGAGCCACGTGCGCGGCCACGGACACGATGCTAAAGTGCAGGAGG-CAGAG 1095 

Figure 3. Rec2 BLAST sequence companson. As identified above this gene 1s most 

similar to the reticulon 2 gene of Pongo abelii. 
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Rec3. 

The sequence read for Rec3 (Figure 4) was acceptable according to established 

parameters. The sequence contained 6 irresolvable basepair reads (depicted as 

balded N's). The sequences read-out approaching the 3' end was better than average 

with only 5 N's and was the longest sequence obtained (942bp as compared to 

average=SSObp). 

BLAST search data (Figure 5) showed Rec3 was most similar to a human keratin 

13 transcript variant. The blast revealed a 73% homology with 1% gaps. The next 

best choice (73% homology, 3% gaps) was a transcript variant of the same human 

keratin 13. 

RecS. 

RecS sequence data (Figure 6) was acceptable according to established 

parameters. The sequence contained 7 irresolvable basepair reads (depicted as 

balded N's). The sequences read-out was longer than average (699bp as compared 

to SSObp). 

According to BLAST analyses (Figure 7) RecS expresses an actin insert. It 

demonstrated identical sequence homology and alignment (98% homology with 0 

gaps) with Ambystoma mexicanum (Axolotl) cardiac actin mRNA. The next best 

match was a sequence for Dania rerio (Zebrafish) actin (92% with 0 gaps). 

Rec7. 

Rec7 sequence data (Figure 8) contained no unresolved basepairs and was of 

nominal length (540bp). BLAST data (Figure 9) indicated Rec7 is expressing an 

insert most similar to Xenopus laevis (African Clawed Frog) ribosomal protein L27a. 
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The blast revealed an 81% homology with 0 gaps. The next best match (80% 

homology and 0 gaps) was a transcript for this same gene. 
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5'ATNTATAGGGCGATTGGGTACGGGCCCCCCCTCGTGCCGAATTCGGCACGA 

GGCTGTGTCTGTNACTCTCCCTCCTCTTCTCTCATCTCTCCTGCTCTCGGCACC 

ATGACCACCAGCTTCTCAAGGCAGAGCATGTCCCGAGTCTCCATGGGGGGCC 

CCCAGAAAGCCTTCAGCATGCATGGAGGCGGTGGGAGCGGCATCACCATGTC 

CACCGCTAGGCAGGTCTCCTCCGGCATTGGTGGTGGGTATGGGTCCGGCGCC 

GGTGGCCTCTTCTCATCCGGTGGTGGGTTCTCCTCTGGTGGGGGTTTCGCCTC 

CGGTGGGGGCTACTCTAGCGGAGGCTTTGGAGGTGGTTTCGGTGGCGGCTTT 

GGTGGCGGTGCCGGCGAATCCTCCGGGGGCCTCTTGGGAGGCAACGATAAGC 

ATGTGATGCAGAACTTGAACGAGCGCCTAGCCTCCTACCTGGAGAAGGTGCA 

GGCCCTAGAGTCGTCCAACACCGAGCTCGAGGGCAAGATCCGAGCCTGGTAC 

GACAAGCAAGGGGCGTCCGGAGCCACCGCCACTCAACGAGACTACGGCCAT 

TTCTACAAGACCATTGACGAGCTGAGGAACCAGATCATGGAATCCACCATTG 

GCAACTCTAAGGTGCTTCTGGAGGTGGACAACGCCAGGCTGGCGGCGGAGGA 

CTTCAAGCTGAAGTATGAGAATGAGCTGGGCATGCGCCAGAATGTGGAGCAA 

GACATCAATGGCCTACGCAGGGTCCTGGACGAGCTGACCATGTCCAGATCCG 

ACCTGGAGATGCAGATCGAGAACCTAAAAGGAGGAGCTGGCCTACCTCAAG 

AAGAACCATGAGGAGGAAATGGGTGAAATGAAAAAACAGATGTNTGGCCAG 

GTCAGTGTGGAAATGGAACGCTGCTCNAGNAAATGACNTCACCAAANGTGCT 

TAACTGA3' 

Figure 4. Rec3 raw sequence, 942 base pairs. Underlined sequence indicates used as 
BLAST search query. 
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>refiNM_002274.3I ~Homo sapiens keratin 13 (KRT13), transcript variant 2, mRNA 
Length=l693 

GENE ID: 3860 KRT13 I keratin 13 [Homo sapiens) (Over 10 PubMed links) 

Score= 343 bits (380), Expect 
Identities= 421/570 (73%), Gaps 
Strand=Plus/Plus 

2e-91 
19/570 (3%) 

Query 334 

Sbjct 298 

GGAGGCTTTGGAGGTGGTTTCGGTGGCGGCTTTGGTGGC---GGTGCCGGCGAATCCTCC 390 
II 11111111 II IIIII I Ill 1111111 II I IIIII I II 

GGTGGCTTTGGTGGGGGTTTTGCTGGTGGCTTTGTTGACTTTGGTGCTTGTGAT------ 351 

Query 391 

Sbjct 352 

GGGGGCCTCTTGGGAGGCAACGATAAGCATGTGATGCAGAACTTGAACGAGCGCCTAGCC 450 
II IIIII! I IIIII II Ill 111111111 I IIIII IIIII II 
GGCGGCCTCCTCACTGGCAATGAGAAGATCACCATGCAGAACCTCAACGACCGCCTGGCT 411 

Query 451 

Sbjct 412 

TCCTACCTGGAGAAGGTGCAGGCCCTAGAGTCGTCCAACACCGAGCTCGAGGGCAAGATC 510 
1111111111111111111 IIIII Ill I IIIII I II II 1111 111111 
TCCTACCTGGAGAAGGTGCGCGCCCTGGAGGAGGCCAACGCTGACCTGGAGGTGAAGATC 471 

Query 511 

Sbjct 472 

CGAGCCTGGTACGACAAGCAAGGGGCGTCCGGAGCCACCGCCACTCAACGAGACTACGGC 570 
II I 1111 II IIIII I I II Ill I Ill II I II 111111 II 
CGTGACTGGCACCTGAAGCA----GAGCCC--AGCTA--GCC-CTGAGCGGGACTACAGC 522 

Query 571 

Sbjct 523 

CATTTCTACAAGACCATTGACGAGCTGAGGAACCAGATCATGGAATCCACCATTGGCAAC 630 
I I 111111111111111 IIIII II II IIIII II 111111111 Ill 
CCCTACTACAAGACCATTGAAGAGCTCCGGGACAAGATCCTGACCGCCACCATTGAAAAC 582 

Query 631 

Sbjct 583 

TCTAAGGTGCTTCTGGAGGTGGACAACGCCAGGCTGGCGGCGGAGGACTTCAAGCTGAAG 690 
Ill I 111111 I IIIII 11111111111 IIIII 1111111 Ill Ill 

AACCGGGTCATCCTGGAGATTGACAATGCCAGGCTGGCTGCGGACGACTTCAGGCTCAAG 642 

Query 691 

Sbjct 643 

TATGAGAATGAGCTGGGCATGCGCCAGAATGTGGAGCAAGACATCAATGGCCTACGCAGG 750 
1111111111111111 I 111111111 111111 11111111 IIIII Ill II 
TATGAGAATGAGCTGGCCCTGCGCCAGAGCGTGGAGGCCGACATCAACGGCCTGCGCCGG 702 

Query 751 

Sbjct 703 

GTCCTGGACGAGCTGACCATGTCCAGATCCGACCTGGAGATGCAGATCGAGAACCTAAAA 810 
II IIIII IIIII II 1111 I I 1111111111111111111111 Ill II 
GTGCTGGATGAGCTCACTCTGTCTAAGACTGACCTGGAGATGCAGATCGAGAGCCT-GAA 761 

Query 811 

Sbjct 762 

GGAGGAGCTGGCCTACCTCAAGAAGAACCATGAGGAGGAAATGGGTGAAATGAAAAAACA 870 
II IIIII 111111 I 11111111111111 IIIII Ill Ill I I II II 

TGAAGAGCTAGCCTACATGAAGAAGAACCATGAAGAGGAGATGAAGGAATTTAGCAACCA 821 

Query 871 

Sbjct 822 

GATGTNTGGCCAGGTCAGTGTGGAAATGGA 900 
I II 1111111111 IIIII IIIII 
GGTGGTCGGCCAGGTCAACGTGGAGATGGA 851 

Figure 5. Rec3 BLAST sequence comparison. This gene is most similar to a Keratin 13 

gene from humans. 
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5'CGGAGAACATTTGATTTTTCATAAATAACAAAAAGTTCCAGGAAAACAAAA 

AAAAGGCCATTGATTTTCGGAGGCGCATTATCCCGTTGGCGGTGGTGGGCTG 

TGCCCGTCTGCGGTCTCGGACAAACGGACACCACACCAGTCCGGCACGGGGC 

TCCGTCTTCGCGGGTGACGCCTACTGGTTCCGCTGGCACCGATGTTGGTAGTT 

GCCAGGCTGGGAGGANAGGGTGGGTAGCTGCCTGANACGGAGCGGGGCTCC 

CAGTAAACTGCATANACATGGTCGGAGGTCGGTAAACCGCATANACATGGTC 

GGAGGTTGAGGAGCAGGTGTTGGTGGAGGGGGCCGTCTCCTTAGAAGCACTT 

CCTGTGGACGATGGAGGGACCTGCCTCGTCGTATTCCTGCTTGCTGATCCACA 

TCTGCTGGAAGGTGGACAGGGAGGCCAGGATGGAGCCNCCAATCCAGACGG 

AGTACTTGCGCTCAGGGGGAGCGATGATCTTGATCTTCATGGTGCTGGGGGC 

CAGGGCGGTGATTTCCTTCTGCATCCTGTCAGCAATACCANGGTACATGGTGG 

TACCACCGGAGAGGACGTTGTTGGCGTACAGGTCCTTGCGGATGTCAATGTC 

GCACTTCATGATGGAGTTGTAGGTGGTCTCATGGATGCCGGCATATTCCATTC 

CNA TGAAGGA TGGCTGGAAGA3' 

Figure 6. Rec5 raw sequence, 699 base pairs. Underlined sequence indicates used as 

BLAST search query. 
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>gbfAr27S076.11~76076 Ambystoma mexicanum cardiac actin mRNA, complete cds 
Lenqth•1565 

Score= 1211 bits (1342), Expect= o.o 
Identities • 686/698 (98%), Gaps* 0/698 (0%) 
Strand•Plus/Minus 

Query 1 CGGAGAACATTTGATTTTTCATAAATAACAAAAAGTTCCAGGAAAACa aaaaaaaGGCCA 60 
II I I II I I II II I I II I I I I II II I II I II I II I I Ill I I II I I I II I I 1111 I I I I I I I 

Sbj ct 153 8 CGGAGAACATTTGA.TTTTTCATAAATAACAAAM.GTTCCAGGAAAA.CMAAAAAAGGCCA 14 7 9 

Query 61 

Sbjct 1478 

Query 121 

Sbjct 1418 

TTGATTTTCGGAGGCGCATTATCCCGTTGGCGGTGGTGGGCTGTGCCCGTCTGCGGTCTC 120 
1111 1111111111111111111111111111111111111111111 1111111 111111 
TTGATTTTCGGAGGCGCATTATCCCGTTGGCGGTGGTGGGCTGTGCCCGTCTGCGGTCTC 1419 

GGACAAACGGACACCACACCAGTCCGGCACGGGGCTCCGTCTTCGCGGGTGACGCCTACT 180 
111111111 t II II t lllllllllllllllllllllllllllllllllllllllllllll 
GGACAAACGGACACCACACCAGTCCGGCACGGGGCTCCGTCTTCGCGGGTGACGCCTACT 1359 

Query 

Sbjct 

181 GGTTCCGCTGGCACCGATGTTGGTAGTTGCCAGGCTGGGAGGANAGGGTGGGTAGCTGCC 240 
1111111111 I II I I I 11 11 111111111 11 111 1111 11 111 111 1111111111111 

1358 GGTTCCGCTGGCACCGATGTTGGTAGTTGCCAGGCTGGGAGGAGAGGGTGGGTAGCTGCC 1299 

Query 241 TGANACGGAGCGGGGCTCCCAGTAAACTGCATANACATGGTCGGAGGTCGGTAAACCGCA 300 
Ill llllllllllllfllllllllllllllll 111/lllllll/llllflllllllll 

Sbjct 1298 TGAGACGGAGCGGGGCTCCCAGTAAACTGCATAGACATGGTCGGAGGTCGGTAAACCGCA 1239 

Query 301 TANACATGGTCGGAGGTTGAGGAGCAGGTGTTGGTGGAGGGGGCCGTCTCCTTAGAAGCA 360 
II 11111111111111111111111 lllllllllllllllllllllllllllllllll 

Sbjct 1238 TAGACATGGTCGGAGGTTGAGGAGCATGTGTTGGTGGAGGGGGCCGTCTCCTTAGAAGCA 1179 

Query 

S.bjct 

Query 

Sbjct 

Query 

Sbjct 

Query 

Sbjct 

361 CTTCCTGTGGACGATGGAGGGACCTGCCTCGTCGTATTCCTGCTTGCTGATCCACATCTG 420 
llllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 

1178 CTTCCTGTGGACGATGGAGGGACCTGCCTCGTCGTATTCCTGCTTGCTGATCCACATCTG 1119 

421 CTGGAAGGTGGACAGGGAGGCCAGGATGGAGCCNCCAATCCAGACGGAGTACTTGCGCTC 480 
111111111111111111 1111 111111111 llllllllllllllllllllllllll 

1118 CTGGAAGGTGGACAGGGAAGCCAAGATGGAGCCGCCAATCCAGACGGAGTACTTGCGCTC 1059 

481 AGGGGGAGCGATGATCTTGATCTTCATGGTGCTGGGGGCCAGGGCGGTGATTTCCTTCTG 540 
1111111 llllllllllllllllllllllllllllllllllllllllllllllllllll 

1058 AGGGGGAACGATGATCTTGATCTTCATGGTGCTGGGGGCCAGGGCGGTGATTTCCTTCTG 999 

541 CATCCTGTCAGCAATACCANGGTACATGGTGGTACCACCGGAGAGGACGTTGTTGGCGTA 600 
1111111111111111111 111111111 I 1111111111 I II I 1111111111111111 

998 CATCCTGTCAGCAATACCAGGGTACATGGTGGTACCACCGGAGAGGACGTTGTTGGCGTA 939 

Query 601 

Sbjct 938 

Query 661 

Sbjct 978 

CAGGTCCTTGCGGATGTCAATGTCGCACTTCATGATGGAGTTGTAGGTGGTCTCATGGAT 660 
11111111111111111111111111 1111111111111111111111111111 1111 11 
CAGGTCCTTGCGGATGTCAATGTCGCACTTCATGATGGAGTTGTAGGTGGTCTCATGGAT 879 

GCCGGCATATTCCATTCCNATGAAGGATGGCTGGAAGA 698 
1111111 1111111111 1111111111111111111 
GCCGGCAGATTCCATTCCGATGAAGGATGGCTGGAAGA 841 

Figure 7. Rec5 BLAST sequence comparison. This gene is most similar to the cardiac 

actin gene from Ambystoma mexicanum. 
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5'CCGGAGCAGCAGCGGGCAGCTGGAAAACAGCGATTTACTTCCAATCTTGGC 

ATCCAGCCAGGTTGAGCAAGACCAGGAAACTCAGAGGGCACGTCAGCCATG 

GGCACGGACGTATTGGCAAGCACAGGAAGCACCCTGGAGGCCGTGGAAATG 

CAGGTGGCATGCACCATCACAGAATTAACTTCGATAAATACCATCCGGGTTA 

TTTCGGCAAAGTTGGTATGCGGCATTTCCATCTGAAGAATAATCAGCACTTCT 

GTCCAACAATCAATCTAGATAAACTGTGGACCCTTGTTAGTGAGCAGACCAG 

GCTGAACTACGCTAAGAATCTTGAAGGCCCTGCACCCATTATTGATGTGGTGC 

ACTCGGGATATTACAAAGTCCTAGGCAAAGGCAAACTGCCCAAGCAACCTGT 

AATTGTGAAGGCTAAATTCTTCAGCAGGAGAGCAGAGGAGAAGATTAAAGG 

TGTTGGAGGAGTGTGTGTTCTGATGGCATAGCAGTGCCAGAAATTGGATGTA 

AA T AAAGTTGTGGGT AACGTTC3' 

Figure 8. Rec7 raw sequence, 540 base pairs. Underlined sequence indicates used as 

BLAST search query. 
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GENE ID: 379881 rol27a I ribosomal protein L27a (Xenopus laevis] 
(10 or fewer PubMed links) 

Score= 412 bits (456), Expect 1e-111 
Identities= 351/433 (81%), Gaps 0/433 (0%) 
Strand=Plus/Plus 

Query 64 

Sbjct 38 

TGAGCAAGACCAGGAAACTCAGAGGGCACGTCAGCCATGGGCACGGACGTATTGGCAAGC 123 
1111 11111111111 II I 11111111111 II II II II II 11111111 I 
TGAGAAAGACCAGGAAGCTACGTGGGCACGTCAGTCACGGCCATGGCCGAATTGGCAAAC 97 

Query 124 

Sbjct 98 

ACAGGAAGCACCCTGGAGGCCGTGGAAATGCAGGTGGCATGCACCATCACAGAATTAACT 183 
1111111111111111 II IIIII II III IIII I IIIII II 11111111 1111 
ACAGGAAGCACCCTGGTGGTCGTGGTAATGCTGGTGGTATGCATCACCACAGAATCAACT 157 

Query 184 

Sbjct 158 

TCGATAAATACCATCCGGGTTATTTCGGCAAAGTTGGTATGCGGCATTTCCATCTGAAGA 243 
I 11111111111 II II IIIII II 111111111111 I 1111 111111111 I 
TTGATAAATACCACCCTGGATATTTTGGAAAAGTTGGTATGAGACATTACCATCTGAAAA 217 

Query 244 

Sbjct 218 

ATAATCAGCACTTCTGTCCAACAATCAATCTAGATAAACTGTGGACCCTTGTTAGTGAGC 303 
I 11111 1 11111111 II IIIII I 11111111111111 IIIII 1111111 
AAAATCAGTCTTTCTGTCCTACTATCAACTTGGATAAACTGTGGACACTTGTCAGTGAGC 277 

Query 304 

Sbjct 278 

AGACCAGGCTGAACTACGCTAAGAATCTTGAAGGCCCTGCACCCATTATTGATGTGGTGC 363 
1111 111111111 I II IIIII 11111111111 IIIII II II 1111 II I 
AGACAAGGCTGAACCATGCAAAGAACCTTGAAGGCCCAGCACCAATCATCGATGCTGTTC 337 

Query 364 

Sbjct 338 

ACTCGGGATATTACAAAGTCCTAGGCAAAGGCAAACTGCCCAAGCAACCTGTAATTGTGA 423 
I I II 11111111 II I II 11111111 II II IIIII II II 1111111 
ATGCTGGTTATTACAAGGTATTGGGAAAAGGCAAGCTCCCTAAGCAGCCAGTGATTGTGA 397 

Query 424 

Sbjct 398 

AGGCTAAATTCTTCAGCAGGAGAGCAGAGGAGAAGATTAAAGGTGTTGGAGGAGTGTGTG 483 
I II 1111111111111111 111111111111 IIIII 1111111 II I 1111 
AAGCAAAATTCTTCAGCAGGAAAGCAGAGGAGAAAATTAAGAGTGTTGGTGGTGCTTGTG 457 

Query 484 

Sbjct 458 

TTCTGATGGCATA 496 
I I I I IIIII 
TGCTAGTTGCATA 470 

Figure 9. Rec7 BLAST sequence companson. This gene sequence 1s most similar to 

ribosomal protein L27a from Xenopus laevis. 
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Rec8. 

Rec8 sequence data (Figure 10) only contained 5 unresolved basepairs (depicted 

as balded N's). It was marginally shorter (527bp) than average (SSObp). BLAST 

search revealed that Rec8 demonstrated no close homology to any published 

sequence. Reducing search stringency failed to reveal any possible homologies. 

Using BLAST amino acid sequence prediction also failed to reveal any potential 

protein sequence homologies. 

Rec9. 

Rec9 sequence data (Figure 11) contained no unresolved base pairs and read for 

longer than average (750bp as compared to Avg=SSObp). Rec12 sequence data was 

identical to Rec9 (data not shown). Rec9 was the cleaner read and thus used for 

subsequent BLAST analyses. 

BLAST (Figure 12) revealed Rec9 expresses an insert most similar to the Gallus 

gallus (Chicken) Chondroitin sulfate N-acetylgalactosyaminyltransferase 2 

transcript. The blast revealed a 73% homology with 2% gaps. The next best match 

(74% homology and 0 gaps) was the Bas taurus (Bovine) sequence of this 

chondroitin sulfate transcript. 

Rec14. 

Rec14 sequence data (Figure 13) contained only one unresolved basepair. It was 

a longer than average read (632bp as compared to avg=SSObp). ReclO, 11, 18, 20, 

and 22 sequence data revealed that these recombinants all contained the same 

eDNA insert (data not shown). Rec14 was selected for BLAST analyses as it 

demonstrated the cleanest read. 
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BLAST (Figure 14) revealed that this recombinant contains a eDNA that 

resembles a Taeniopygia guttata (Zebra Finch) carboxypeptidase gene transcript. 

The blast revealed a 74% homology with 0 gaps. The next best match (74% 

homology and 1% gaps) was an Equus cabal/us (horse) transcript described as being 

similar to procarboxypeptidase B. 
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5'TTAAGAAGTATAACCNTTTATTATTCAATAAATAGGCAGCTAGAAGAGATC 

TTTGTACATTGTGCTGTGGTTCGGCATCATCATGTGAGGCTTGTCCTTTACCA 

GGAACGTTTTTTCCTTTTTTTTGCAGTTTTTTTTGTAAAAAAAAAAAAAGAAA 

ATTGAGAAAACGTTGCATTGCGCCGGCCCTGCAGGTTTCCGCAGNGACACTT 

TGGATACGAAGGGGGAACAATAGGAGATCAGNGCATTGTGGGTTTGATTGCC 

TCCTGGGCCCAGTGCAAGGGGTACAGGNGGCTATGTTGACAAGCCAGGTGGG 

GGAGGGACTGCAGGGGGGGAGATAGGGCTGAGGTTAGACAGACTCGCAGCT 

CAATATATTTTACAAAAGCNCAAGAAATAAATACAAAAATGAGAACCTCTTA 

AGATAAAAAGGAGGCTGTTCCTGCCAAGATCCTAAAGACACCACAGGATTGA 

AAGGCGCAAGGCCCCTTCTCACATCCCTAATACATCTTCAAGGCGTTGAAGG 

CCGGTTG3' 

Figure I 0. Rec8 raw sequence, 527 base pairs. BLAST data omitted as no homologies 

were identified. 527 base pairs. 
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S'TCGAGGA TGGTCCTTACAGTGGAAAA TCCTTCCTTTCCAAAA TACACCACA 

GTGAGGTGCGTCCTCTTGTCCTCGTGGATACACACATCCCTGAAGTTTTGCAT 

GAACTGAGAAAAGACCTCGGTCCTGCCAGATAGCGGCACGATAATATTAATG 

AGTGATCTAGAAGTGTCCAGCGTCTCACTCCTCACTTTCATCAGGGGCCCAAA 

AGGCCGAAAAAGGGTGACATGCCTGTACTCCAATCGATCTGCCTTCTTATAG 

AACAGCTCGTACTGGGTTCCCTTGTCCTTCTCCGTGCGGTAGTACCCTTCCAC 

AAAGTCATTTTCATTGAACGACTGCTTCGGGCCGCCGGCCAGATCAGCACCA 

TTGTGCCCTTCATCATCATCATCGTTTGGGTTATTGACCACCTCTAAGCCAGC 

CTCAATGGCTTCCACCAGCTCATCTCGCTTGTCCTTTCTGATTGGTTTCTCTTC 

AGGGTGCCGCGTGAGCCCCATCTCCAGTTGATAAACCTTGGTTGAGGTGAAG 

CTTTCAAAAGCCACCACGCTGTACTCACTGGGCAGTTTGACGCCTGTGCTCAC 

CTCCGCCTTGTCAATTTGGGAATGGAGGAACTCCAAGAGGTCATTGGGCGCT 

TGCTCTTTCACACCTGTGCGCACCAGCCCATTGGCAGCAGGGCCCTTCTTGTC 

TTGCACAAGCTTGAGTTTCTCGCTCATCTCTTGGAGCTCCTGCTTGAGCTGGG 

CT A TCTGCCTCTTC3' 

Figure 11. Rec9 raw sequence, 750 base pairs. Underlined sequence indicates used as 

BLAST search query. 
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>refJXM 421516.21 GIZJ PREDJCTED: Gallus qallus similar to Chondroitin sulfate GalNAcT-2 
(LOC4236'32) 1 mRNI\ 
f.ength=3893 

GENE ID: 423632 CSGALNACT2 1 chondroitin sulfate 
N-acetylgalactosaminyltransferase 2 [Gallus gallus; 

Score = 443 bits (490) 1 Expect le-120 
Identities- 526/715 (731!} 1 Gaps~ 18/716 (3~i 
Strand=Plus/MiniJS 

Query 28 CCTTCCTTTCCl\AAJ\ T 1\CACCACAGTG/\GGTGCGTCCTCTTGTCCTCGTGGJI.T JI.CACACA B 'i 
li I I I llillllllil!lll 111 11111 I I Ill 1111 II il !IIIII 

Sbjct 1500 CCATCTTGTCCAAAATACACCACCGTGAGGTGGATl\CGCTTATCCTGATGAATGCACF1CA 14 41 

Query 88 TCCCTGAAGTTTTGCAT GAACTGAGAAAAG!1CCTCGGTCCTGCCAGATAGCGGCACGA 1'A 14 7 
i!li lllllll!llll i I II II I Ill Ji ll II II 1111 II II II Ill 

Sbjct 1440 TCCCTGAI\GTTTTGCI\TAI\1\CTGTGCAAT', TGCCTCI\GTTCTTCCAGCAAGI\GGGI\CAA TA 13 81 

Query 148 ATATTAATGAGTGATCTAGAAGTGTCCAGCI;TCTCACTCCTCJ\CTTTCATCAGGGGCCCA ?0'1 
i! 11 11111 f il i i ! II I II I 1 \1 1<1111 111 111 1111 JI,JJ Ill 

Sbj ct 1380 ATG'I'TAA'l'GJI.TAGATCTAAAAA TA'J'CGACAC;;TCTCACTCTTCAC'I'TTCATGAGGG<>TCCA 13 2l 

Quory ?08 AT>.AGGCCG.I\JIAAAGGGTGACATGCCTGTACTCCAATCGATCTGCCTTCTT ATAGAACAGC 2 67 
i l I! II II I 1:1: 11111 I II II il l I Ill l ll!lllll ' llllll 

Sbjct 1320 AA'l'GGTCGGAACAAGGTGACATGTCTGTA'l'TCCGTGCCA'l'CCA'l'CTTCTTATAGAACAGC 12 61 

Quer·y 268 'r'CGTACTGGGT'!' CCCTTGT CCTTCTCCGT GCGGT AG T ACCCTTCC!ICl\PJ\G TCJI.TTTTCA 3 2 7 
11 II II II IIIII I I I II II li lllil IIIII l lllllllilllll 

Sbjct 1260 TCA1'ATTGTGTCCCCTT ATCTCTTTCTGTACGATAGTAACCTTCTACAAAGTCATTTT CG 12 C 1 

Query .128 'l'TGAACGACTGCTTCGGGCCGCCGGCCAGATCAGCACCATTGTGCCCTTCATC!\TCATCf, 387 
I I I I I I ! ! I i i I ; !I I I I I I II I ! I I I I 

Sbjct 1200 CTATACAGCTGCCTCTCTC------------CTACTCCAT------CTTCATCATCTTCT 1159 

Qunry 388 TCGTTTGGGTTATTGACCACCTCTAAGCCAGCCTCAATGGCTTCCACCAGCTCATCTCGC 4 4 '7 
I! I ! II 111 1111 I I II I liJi , Ji l !lil 111111'11 111 ! 1111 

Sbjct 1158 TCATCTGGATTA TTGAT AACTTCCAGGCCAGCCTCAATAAC'J'TCCT,CCMTTCATCTCGT l 0 ') 9 

Query 448 TT GTCCTTTCTGATTGGTTTCT CTTCA GGGT GCCGCGTGAGCCCCA TCTCC!IGTTGAT l\A :, 0 'I 
II ll il li l l ; 11111111111 11 • 1!11 lllllllllilll/111 , J I 

Sbjo::t 10 98 T'l'l\l'CCTTTCTAACc,.(;GTTTCTC'l"l'CTGGF>.TC;ccGT'.GTGAGCCCCATCTCCAGCTGGAAC 10 3 9 

Query 508 ACCTTGGTTGAGGTGAAGCTTT Oll\1\AGC CF>.CCACGCTGT ACTCACT GGGCAG TTT GACG :;, 6 7 
IIIII I J ! I !1111 1!!!111! !I 1111 ! II 111 1 1 IIIli :1 I 

Sbjct 1038 ACCTTCi\CGGACGTAMGCTTTCAAf\AGGI'.ACGACGCCGT ATTCN:TACTGCAGCTT CGCC 97 9 

Query 568 CCTGTGC'!'CACC'!:'CCGCCTTGTCAATTTGGGAATGGAGGAACTCCAAGAGGTCATTGGGC 6:~7 
II I I i i !I II IIIII l i ill i llll 1111111111 1!1 1111111 

Sbjct 978 CCC.l\CAC:'CACT~'CAGI::TTTGTCGA'l'CTGGGI'.ATGAAGGAACTCCAGGAGAT(:ATTGGAT 91 9 

Que ry 628 GCTT(;CTCT TTCACACCTGTGCGCACCAGCCCA '1' TGGCAGCAGGGCCCTTCTTGTCTT GC 6 8 '! 
llliiJi ; Jii II I li illlll I 1!11 I i i II II Ill 

Sbjct 918 GCTTGCTCTTTGGTGCCCTGGTAGTTCACACCAT'l'GACCTTGGGGCTCTTTTT!'.TCCTGC 859 

Query 688 ACAAGCT'TGAGTTTCTCGCTCJ\TCTCT TGGAGCTCCTGCTT GAGCTGGGCT ATCTC~ 7 4 3 
I I I I II; II IIIII II i l IIIII IIIII I 1111 I IIIII 

Sbjct 858 AGAGTTTTCAATTTATCACTCATTTCCTGMGCTCTTGCTTTAt\CTGGGCl\F,TCTG 803 

Figure 12. Rec9 BLAST sequence companson. This gene IS most similar to the 

chondroitin sulfate N-acetylgalactosaminyltransferase 2 gene from Gallus gallus 

(chicken). 
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S'CAGCACGTTTTTATTTTCTTTAGTAAAGTACTTCTCGTTTACACCTTTCTCCG 

AATATATTCAGAAATGTATTTGACTGCCAACATGGTCTCTTCGCACGTGGGCT 

TGATCTGAGATTCAGGCAGGGCAAAACCATACCTGCCAGTGTCACGGAGCTC 

AAAGGTAAATGCATATTTGATTCCCTGATCATACGCCCAGTCATCANAGCCA 

CCTGCGGCCGGATAGATGGTTGCTGCTCCAGGACCATACGTGTATTTCGTGCT 

GTACAAGCTGGTGAGTTCTCCGATGGCAGCCTTGGCAATCGTGTTCAGTTCAA 

CGTTGTTGCTTGGAAGGCTGTAGGTATAGGAGTAGGGGTACAGCAGCATCTG 

ACTATAGGAGTGAATGGTAAGGTATCCCTTGATAGACGAGAGGTTCCTACGA 

ATGAAATCCGCCAAGGCCTTTGTCTCCTTCTCTGACTCCGGAGCAGCACCGCA 

ATATGTGTCATCACATGGCTTCTTAGAGGCGCCAACAGTGCACCAGCCAGCA 

TTCATATTCCTGTTGGGATCTGTGCCAATGCAGTTGCTGTTAGCGTTCCGGGA 

CCGAGTCTTTCTCCACATGCGGTTATTTGTCCAGGTGTAGGCGTATCCATCGA 

C3 ' 

Figure 13. Rec 14 raw sequence, 632 base pairs. Underlined sequence indicates used as 

BLAST search query. 
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>refiXM 0021BB835.ll ~ PREDICTED: Taeniopygia guttata carboxypeptidase Bl (tissue) (LOC100222062), 
11\RNA -
Length-1254 

GENE ID: 100222062 LOCl00222062 I carboxypeptidase Bl (tissue) 
[Taeniopygia guttata] 

score- 381 bits (422), Expect 3e-102 
Identities = 425/566 (75%), Gaps 4/566 (1%) 
Strand-Plus/Minus 

Query 66 AATGTATTTGACTGCCAACATGGTCTCTTCGCACGTGGGCTTGATCTGAGATTCAGGCAG 125 
Ill IIII I II II I I II II I Ill II II I I II I I II I I I I I Ill I II II 

Sbjct 1224 AATATATTTAACAGCAAGTAAAGTCTCTTCACAGGTTGGCTTTATCTGAGATTCAGGGAG 1165 

Query 126 GGCAAAACCATACCTGCCAGTGTCACGGAGCTCAAAGGTAAATGCATATTTGATTCCCTG 185 
11111111 II II I IIIII I I II I II I II II I I I II I 1111111 II 

Sbjct 1164 AAGGAAACCATATCTCCCAGTGTCCCGGAGCTCGAAAGTGAAAGAGTACTTGATTCCTTG 1105 

Query 186 ATCATACGCCCAGTCATCANAGCCACCTGCGGCCGGATAGATGGTTGCTGCTCCAGGACC 245 
I Ill I I I II II I IIIII I I I I I I I I I II II I I I I I I I I I I I Ill IIII I 

Sbjct 1104 GTCATAAGCCCAGTCATCAGAGCCCCCTGCAGCAGGGTAGATTGTTTTTGCTCCTGGACC 1045 

Query 246 ATACGTGTATTTCGTGCTGTACAAGCTGGTGAGTTCTCCGATGGCAGCCTTGGCAATCGT 305 
I i II IIIII Ill 1111111 II II II Ill I IIIII I II II I 

sbjct 1044 GTATGTATATTTAGTGTTGTACAAACTGGACAGCTCTTTGGAAGCAGCTCTAGCTATGGA 985 

Query 306 GTTCAGTTCAACGTTGTTGCTTGGAAGGCTGTAGGTATAGGAGTAGGGGTACAGCAGCAT 365 
1111111 1 I I I II I I II II II II II I I II 1111111 I 

Sbjct 984 ATTCAGTTCCTCATAATCTGATGGCAAATTGTAAGTGTATGAATAAGGAAACAGCAGTAG 925 

Query 366 CTGAC TATAGGAGTGAATGGTAAGGTATCCCTTGATAGACGAGAG- ··GTTCCTACGAATG 4 2 3 
Ill 111111111111 II I 1111 1111111 I II II 1111 111111 

Sbjct 924 CTGGGAATAGGAGTGAATAGTCAAGTATGCCTTGATTGTAGAAAGATGTTC--ACGAATA 867 

Query 424 AAATCCGCCAAGGCCTTTGTCTCCTTCTCTGACTCCGGAGCAGCACCGCAATATGTGTCA 483 
IIIII IIIII IIIII 11111111 II IIIII II 1111 II II II Ill II 

Sbjct 866 AAATCAGCCAAAGCCTTGGTCTCCTTTTCAGACTCAGGTGCAGAGCCACAGTAAGTGGCA 807 

Query 481 TCACATGGCTTCTTAGAGGCGCCAACAGTC~ACCAGCCAGCATTCATATTCCTGTTGGGA 543 
IIIII II I I 1111111111 11111111111111111 I 1111111111111 

Sbjct 806 TCACAGGGGTGTTCTGAGGCGCCAATAGTGCACCAGCCAGCATCAAAATTCCTGTTGGGA 747 

Query 544 TCTGTGCCAATGCAGTTGCTGTTAGCGTl'CCGGGACCGAGTCTTTCTCCACATGCGGTTA 603 
IIIII 1111 1111 1111 II II II II 1111111111111111111 

Sbjct 746 TCTGTCCCAATGCAAATGCTCCCAGAATTTTTAGAGCGTGTCTTTCTCCACATGCGGTCT 687 

Query 604 TTTGTCCAGGTGTAGGCGTATCCATC 629 
llllilll IIIII illl IIIII 

Sbjct 686 TTTGTCCAAGTGTAAACGTAACCATC 661 

Figure 14. Rec14 BLAST sequence companson. This gene IS most simi lar to the 

carboxypeptidase B 1 gene from Taeniopygia guttata. 
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Rec17. 

Rec17 sequence data (Figure 15) contained no unresolved basepairs and was 

nominal in length at 579bp. Despite its clean read and nominal length, BLAST 

analyses revealed no close homologies to any published sequences. A reduction in 

search stringency also failed to reveal any sequence homology. Using BLAST amino 

acid sequence prediction also failed to reveal any potential protein sequence 

homologies. 

Rec21. 

Rec21 sequence data (Figure 16) contained 11 unresolved basepairs, which was 

acceptable under the given parameters. It read for marginally longer than average 

(SSObp) at 590bp. 

BLAST analyses (Figure 17) showed that Rec21 contains an insert that most 

closely matches Xenopus tropicalis (African Clawed Frog-Silurana) oncomodulin 

gene. The blast revealed a 75% homology with 0 gaps. The next best match was a 

transcript variant of this same oncomodulin sequence with identical homology and 

gaps. 

Rec23. 

The sequence read for Rec23 (Figure 18) was completely clean with no 

misreads. The sequence reads for longer than average (SSObp) at 652bp. The 

sequence data for Rec4 and Rec6 was identical to Rec23 (data not shown). Rec23 

was the cleanest read of the three and thus used for BLAST analysis (Figure 19). 
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This analysis revealed that Rec23 contains an insert most similar to a fragment 

of Cynops pyrrhogaster (Japanese Firebelly Newt) mRNA for newt elongation factor 

1a. The blast revealed an 81% homology with 3% gaps. The next best match (81% 

homology 
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5'CTTGAGTGAAACACTTTATTTCATGAAAGAGAGAAACAGATGAGCTTTTTA 

CATTGAATGGGAACGGTTGGTCGTGCATCCATGGCATTTGAACATAATGTGA 

TTTGACCAGGATACTTTTGACTGCAGGATTTCATTAAACATTATGTAGAAATA 

GTCATGGAAATAAAAAAGAGGCTAGAGCAGTTTGAACACATTAGAAGAGCG 

ACAATGCAGCCATGATAAAGGAAGGAGGAAGGGTTGGGGATATAACAGATT 

TAATAAAACGTCCCCTTCCTGCATAATCCCTGGAGTATATCCATACTCTGCAC 

TGATACACCTTCTCAGAGCAAATTGGACTGCATTTGCATTTTTTTGCTTGTAGT 

GCCCATGTAAACCTTTTAAGGGTAGAACTTTTGGATCTGGTAAATTGCCCTAT 

TTTAGCCATGTTCCCATTAACCCCTTTCCCTTTCAATCCTTCTTTTGCCTGGCTT 

TTTTATTCCTCTCTTTTGCATCTATCTACACAACTCACATATGACTTTTTTCTAT 

AGAACTCTTT AT AAA TCAAGAGA TGAAGCAGGAGA TTT AAGTCTTCTGCGT3' 

Figure 15. Rec17 raw sequence, 579 base pairs. BLAST data omitted as no homologies 

were identified. 

68 



5'CAAAATAGAGTGATTTATTGAANAAGTGTGTCCTGAAAGGTGCCCTGANAT 

GCGGTCTTTTTCACGGTCATTGTCGANATGAGACGGAGGTCGGCGAAGGGGC 

ACTTCCGGTGTCTGANAGAAGCCGCAGCGCCAGTCCAGTGTATAAAATGTAC 

AAATAAGCAGGTGCTTTTCAAGTAANACAGAGTGGGGTGCAAGCAGCTTGGT 

CTTCCTCTTGGGGGAGTCTTAGTTCTTGAGCAGGGCAAANAATTCATCCACTC 

CAATCTTGCCATCACCATCGGAGTCTCCAGCTGCCAAGAAGGCCTTGGTCTCG 

GCTGCGGTCAGAGCTCTTGCAGAGGAGTCGAAGTTCTGCAGGAAGAGACAGA 

GTTCTTCCTCCTCAATGTAGCCGCTGCAGTCCTGATCCAGGATGGCGAACACC 

TTCTTGCATTCATCGAGGGACTTGCCCTGNAGGCCGATCTTGGCGAANAAAG 

CCTTGTANTTGAAGGACTCGGCGGCTGAGCAGCTCTGCAGGGCGGCAGCGAT 

GTCCGCATCANACAGGATTCCAGCNAAGGCCATGGCGAAGCGTGCTTGGGTT 

CTGTCTCAAGGTGGCG3' 

Figure 16. Rec21 raw sequence, 590 base pairs. Underlined sequence indicates used as 

BLAST search query. 
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>qb I BC082747 .11 ,• .~ Xenopus tropic a lis eDNA clone IMAGE: 702S934 
Length=774 

GENE ID: 100145142 ocm I oncomodulin [Xenopus (Silurana) tropicalis] 
(10 or fewer PubMed links) 

Score= 226 bits (2SO), Expect 
Identities= 23S/310 (7S%), Gaps 
Strand=Plus/Minus 

le-SS 
0/310 (0%) 

Query 248 

Sbjct 377 

AATTCATCCACTCCAATCTTGCCATCACCATCGGAGTCTCCAGCTGCCAAGAAGGCCTTG 307 
IIIII II 11111111 11111111111111 1111111111111111 1111111111 

AATTCTTCAACTCCAATTTTGCCATCACCATCAGAGTCTCCAGCTGCCAGGAAGGCCTTG 318 

Query 308 

Sbjct 317 

GTCTCGGCTGCGGTCAGAGCTCTTGCAGAGGAGTCGAAGTTCTGCAGGAAGAGACAGAGT 367 
IIIII II I II I Ill II Ill I I 111111111 IIIII II Ill 
GTCTCAGCATCAGTTAAAGCCCTGGCACCTGCGCTGAAGTTCTGGAGGAACAGTTTTAGT 258 

Query 368 

Sbjct 2S7 

TCTTCCTCCTCAATGTAGCCGCTGCAGTCCTGATCCAGGATGGCGAACACCTTCTTGCAT 427 
II II 111111111 1111 II I 111111 111111111 I II II II I II 

TCATCTTCCTCAATGAAGCCACTCCTGTCCTGGTCCAGGATGCCAAAGACATTCTTCACA 198 

Query 428 

Sbjct 197 

TCATCGAGGGACTTGCCCTGNAGGCCGATCTTGGCGAANAAAGCCTTGTANTTGAAGGAC 487 
II I II Ill Ill IIIII II Ill II 1 1 11 Ill I 11111 1 11 
TCATCTGCAGACCTGCTGCTCAGGCCAGACTGGGCAAAGAAAGTTTTGAAGTTGAAGGAG 138 

Query 488 

Sbjct 137 

TCGGCGGCTGAGCAGCTCTGCAGGGCGGCAGCGATGTCCGCATCANACAGGATTCCAGCN S47 
I I I 1 1 1 1 1111 11 1 1 11111 1 11 11 1 1111 1 II I l l 11 111 11 11 1 I 
TCAGGGGCTTGGCAGTTCTGCAGGGCAGCAGAGATGTCAGCCTCACTCAGGATTCCACCG 78 

Query S48 

Sbjct 77 

AAGGCCATGG S57 
II 1 11 111 1 

AATGCCATGG 68 

Figure 17. Rec21 BLAST sequence comparison. This sequence is most similar to an 

oncomodulin gene from Xenopus tropicalis. 
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5'GGATGTTTTTGGTCTTTTATTTATTTTAGTGCCATTCACATGAGTATTTTTTG 

CTGCACCAATATGGCACCCATTGGCCACCTCGCACTTTAATACGCACCCCAAC 

TATGCAATTACTTTAGCGAGTACCACCAAGATCCAACCACATCAGAAACGGG 

CAGATGTGCCAATATTTTATTCAGAAATCACAGACGGGATTAACCAGAATGT 

TAAGTCACAAAATATCAGAACCTATTAGAACTCGCGCTTTCCGAAGTCTTGTC 

CCCCTTTCCTGCGGAGGCTCTTGTGGTGAACCCCAATGCTCAGTAACCAGTCC 

CTGATCAAAGAGTGTAGGTGACGATCCGAGACCAGAGGATTCTGGATACCCA 

GTGCCATCAGGGCAGCTGGGTGCGGCTGGCGCTACTTCTTACTGGCCTTGACT 

GCAGACTTGGTGACTTTGCCAGCCGTGGCCGCCTTCTTCTCGACCGCCTTGAT 

AACTCCAACAGCCACCGTCTGCCTCATGTCGCGCACAGCGAAGCGTCCGAGG 

GGAGGGTAGCTGGAGAAGCTCTCCACACACATGGGTTTGCCGGGAATCATAT 

CCACGATGGCGGCGTCACCAGACTTCAGGTTCTTGGGGTTCTCTTCCAGTTTC 

TTGCCAGA TCGTCTGTCGA TC3' 

Figure 18. Rec23 raw sequence, 652 base pairs. Underlined sequence indicates used as 

BLAST search query. 
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>dbjjAB005588.ll Cynops pyrrhogaster mRNA for newt elongation factor 1-alpha, 
part1al cds 
Lenath=950 

Score = 565 bits (626), Expect ~ 9e-158 
Identit i es= 496 / 611 (81%), Gaps 22/611 (3%) 
Strand=Plus/Minus 

Query 1 

Sbjct 925 

Query 59 

Sbjct 869 

Query 119 

Sbjct 8 14 

Query 173 

Sbjct 754 

Query 231 

Sbjct 695 

Query 289 

Sbjct 635 

Query 349 

Sbjct 575 

Query 409 

Sbjct 515 

Query 469 

Sbjct 455 

Query 529 

Sbjct 395 

Query 589 

Sbjct 335 

AAATCACAGACGGG- - ATTAACCAGAANGTTTAAGTCACAAAATATCAGAACCTATTANA 58 
111111 11 111 11 1 I 11111 1111 II 111111111 111 11 II I I I I I I I 

AAATCACAGACGGGGGAATAACCAGAATGT--AAGTCACAAAATATTAGAAC--ATCAGA 870 

ACTCGCGCTTTCCGAAGTCTTGTCCCCCTTTCCTGCGGAGGCTCTTGNGGTGAACCCCAA 118 
I I I I II 111 111 I I II II 11111111 Ill I I II II I II I I II II 
ACAAGCGCC-- - --AAGTCTAGCCTCCCTTTCCTGCGAAGGCTCTTGTGATGGACCCTAA 815 

TGCTCAGTAACCAGTCCCTGATCAAAGAGTGTAGGT-GACGATCCGAG----ACCAN-AG 172 
I I I II 11 11111 I I I I 11 11111 I I I I I I I I I I II I I I I I I l l I II 
TGCTCAGTAACCAGTCCCTGATCATAGAGTGCATGCAGGCGATCCTCGGACCACCAGGAG 755 

GATTCTGGATACCCAGTGCC-ATCAGGGCAGCTGGGTGCGGCTGGCGCTACTTCTTACT- 230 
I I I I I I 11111111 II 1111 I 11 11 11 1 1111111111111111 I 
GTCTCGGGGTCCCCAGTGCATATAAGGGAA-CTGGGTGTTGCTGGCGCTACTTCTTGCCA 696 

--GGCCTTGACTGCAGACTTGGTGACTTTGCCAGCCGNGGCCGCCTTCTTCTCGACCGCC 288 
I I I II Il l I I I II II 1111 111 I I I II I I II I 11111111 11 I I Ill II 

GAGGCCTTGATGGCGGACTTTGTGACTTTGCCAGCACTGGCAGCCTTCTTCTCAACCGCC 636 

TTGATAACTCCAACAGCCACCGTCTGCCTCATGTCGCGCACAGCGAAGCGTCCGAGGGGA 348 
II 11111111 IIIII 111111111111111111 11 IIIII II II I I II Ill 
TTTATAACTCCGACAGCTACCGTCTGCCTCATGTCGCGGACAGCAAAACGACCAAGAGGA 576 

GGGTAGCTGGANAAGCTCTCCACACACATGGGTTTGCCGGGAATCATATCCACGATGGNG 408 
II I I ll I II I 11 111 1111111 I II I 11 11111 II II Ill Ill I I II I I I I I 
GGGTAGTTTGAGAAGCTCTCCACACACATGGGTTTGCCTGGAATCATCTCAACAATGGCG 516 

GCGTCACCANACTTCAGGTTCTTGGGGTTCTCTTCCAGTTTCTTGCCAGATCGTCTGTCG 468 
I I I I I l l I I II I I II I I I I I III II I I I I I I II III II II I II I Il l 
GCATCTCCAGACTTGAGTGCTTTGGGGCTATCTTCAAGCTTCTTGCCAGATCGTCTGTCA 456 

ATCTTTTCCTTCAGTTCTGCGAACTTGCAGGCAATGTGGGCGGTGTGGCAATCCAGCACT 528 
I I II I I III I I I I I I IIIII II I I I I II 11 1111 I I 111 1111 111 11 1 II I 
ATTTTTTCCTTCAGCTCAGCGAATTTGCAGGCAATGTGAGCAGTGTGGCAATCCAACACA 396 

GGCGCATACCCTTGGCTGATCTGGCCAGGGTGGTTCAGGATAATGACCTGGGCAGTGAAG 588 
I I I I II I I II 111 1111 1 1111 1111 I IIII 111111 111 11111 11 111 1 
GGAGCGTATCCCTGACTGATCTGACCAGGGTGATTCAGAATAATGACCTGGGCTGTGAAG 336 

CTCCCGGCCTC 
I I Ill IIII I 
CTCCCAGCCTC 

599 

325 

Figure 19. Rec23 BLAST sequence companson. This sequence IS most similar to the 

elongation factor 1-alpha gene from Cynops pyrrhogaster. 
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with 1% gaps) was an Oncorhynchus mykiss (Rainbow trout) transcript variant 

described as being an elongation factor 1a fragment. 

Rec24. 

Req24 sequence data (Figure 20) contained only one unresolved basepair 

(depicted as a balded N). The sequence was marginally longer than average (SSObp) 

at 579bp. 

BLAST analyses (Figure 21) revealed that Rec24 contains an insert that is most 

similar to a fragment of Dania rerio (Zebrafish) glial fibrillary acidic protein-like 

mRNA sequence. The blast revealed a 74% homology with 0 gaps. The next best 

match was earlier published versions of this mRNA sequence. 

5. Control PCR reaction using Rec23 template 
Utilizing the sequence obtained from Cornell's core facility, a control for PCR 

conditions attempting to amplify BMPl from the library were established. Using Rec23 

DNA as a template (the first sequence successfully obtained, chronologically), 

Mac Vector was used to design optimal primers for this partially resolved insert sequence. 

In 5'-3' direction they were, TTTCCGAAGTCTTGTCCCCC and 

TCATTATCCTGAACCACCCTGG, respectively. To establish a control for the PCR 

reaction employed to attempt to amplify BMP I, the same PCR conditions as in Materials 

and Methods Step 14 was performed. PCR was performed using both standard and 

double-concentration primers (25 ng/).lL and 50 ng/).lL) and templates (1 0 ng/).lL and 25 

ng/).lL). This sample was run on an agarose gel as a control PCR reaction to determine 

that the methodology of PCR was working. Figure 22 shows the image of the gel 

corresponding to the PCR control reaction intended to amplify a 508bp region of Rec23 
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eDNA insert. A strong signal, at approximately 500bp, was shown in lane 2. The 

strongest signal obtained was with the standard template concentration and double the 
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5'GAATGCACAATTCTCTTTTATTAATACAGGAAGAGAAAGGTCCATTAACAG 

GAAATTAGCAGCAGAAAGGTGCAAGTTGGCAAAGTGAGAAAGAATGACGAT 

AAGATGGCGGGTTGTTTCGTGCAGGCTTCGGACAGTCCAGTCTCCACCAGCG 

CCACCCAGGAATGGTCCCAATATAGGATAGTGGTGATGTTTGGGTTCTTATTT 

ATCATCCAGAGACACTAGGGATGCTGAGCTGTCGTGTTTCTTCTCGAATCCTC 

GTTCANAAGTGTACGTGTAGCAGGCTCCTGAGAGTGCCTCGAGTTCAGGGAA 

CTTCAAATCTTCTGCTTCCAAAAGCTTCCTGTAGGTGGCGATCTCCACGTCCA 

GCGCCTGTTTGATGTCAAGCAGCTCCTGGTAGTTCATGATGACTTTGTGAAGC 

TCTACTTTGCCCGATTCAATGGCCGCTTCGTAGCTGGCGATCTGTGCCTGTGA 

TTCGGCTGCCCCTACACTGACGCTGGCTGAGGCCTCCGCTAGCCTGCTTTCTA 

ATGAGTAGTTCACCGAAAGCAGCGTCTGTAGCTCCATGGTCAGCCCCTGGAT 

CTC3' 

Figure 20. Rec24 raw sequence, 579 base pairs. Underlined sequence indicates used as 

BLAST search query. 
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>refiXM_002665487.ll ~PREDICTED: Dania rerio glial fibrillary acidic protein-like (LOC100329503), 
mRNA 
Length=l606 

GENE ID: 100329503 LOC100329503 I glial fibrillary acidic protein-like 
(Dania rerio] 

Score = 127 bits (140), Expect 7e-26 
Identities= 155/209 (74%), Gaps- 2/209 (0%) 
Strand=Plus/Minus 

Query 305 

Sbjct 1388 

TCAGGGAACTTCAAATCTTCTGCTTCCAAAAGCTTCCTGTAGGTGGCGATCTCCACGTCC 364 
II II I Ill II II Ill 111111 Ill 1111111111111 111111 II Ill 
TCGGGCATCTTGAAGTCGTCTCCTTCCAGAAGTTTCCTGTAGGTGGAGATCTCTACATCC 1329 

Query 365 

Sbjct 1328 

AGCGCCTGTTTGATGTCAAGCAGCTCCTGGTAGTTCATGATGACTTTGTGAAGCTCTACT 424 
I I I I 11 1 11 1 11 11 1 11 11 11 111111 11 I I I ll 11 1 1111 11 II I I 
AGGGCGAGTTTGATGTCTAGCAGCTCCTGGTAGGCCAGGATCTGTTTGTGAAGGTCAGCT 1269 

Query 425 

Sbjct 1268 

TTGCCCGATTCAATGGCCGCTTCGTAGCTGGCGATCTGTGCCTGTGATTCGGCTGCCCCT 484 
II II II II II I I I Ill 111 1 11 111 111 1 1 I I I II I II 
TTAGCCACCTCTATTGCTGATGTGAGGCTAGCGATCTGTGCCTGGTACTCAGCAACTCCA 1209 

Query 485 

Sbjct 1208 

ACACT-GACGCTGGCTGAGGCCTCCGCTA 512 
IIII I I l l I I Ill I l l II 1111 
ACACTGGACTGTGCCTG-GGCTTCTGCTA 1181 

Figure 21. Rec24 BLAST sequence comparison. This sequence IS most similar to glial 

fibrillary acidic protein from Dania rerio. 
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2 3 4 5 6 7 8 9 10 

Figure 22. Control PCR reaction ofRec23. Lanes arranged as follows: 

I. Hyperladder 

2. Rec 23 plus 2x concentration template standard concentration primer 
(amplification product is observed.) 

3. Rec 23 plus 2x concentration template 2x concentration primer (no signal is 
apparent) 

4. Rec 23 plus standard concentration template 2x concentration primer (strong 
amplification signal is observed). 

5. Rec 23 plus standard concentration template standard primer (no amplification 
product is observed). 
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normal concentration of primer (lane 4 ). PCR was finally successful, yielding the 

predicted signal at 508bp. This fragment length closely mimicked the desired length 

of the attempted BMP1 PCR product. These parameters, which had been previously 

employed to attempt BMPl PCR, should have been successful in amplifying a 

comparable size fragment of the salamander BMPl gene. This result further 

indicated that if BMPl were part of the library, or if the designed library-specific 

BMP1 primers were capable of amplifying the gene out of the library, under ideal 

circumstances the BMP1 PCR should have, but did not amplify the BMPl gene. It is 

therefore concluded that BMPl is not part of the salamander eDNA library. 
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Discussion: 
I attempted to determine the basepair sequence of the BMPl gene in the species, 

Ambystoma mexicanum (Salamander), with the goal being to use the sequence to 

generate an in situ probe to determine the spatial and temporal presence of BMPl 

gene expression in the regenerating salamander limb. I obtained a eDNA library 

representing all salamander genes expressed in the developing salamander embryo 

from Stratagene. Attempts to isolate the salamander BMPl gene sequence from the 

UniZap eDNA library were unsuccessful. Other sequence data revealed several 

salamander eDNA recombinants expressing specific salamander gene sequences. 

Sequencing of each of the available recombinants reveals that while most 

recombinant strains isolated contain housekeeping genes, others contain genes that 

may be of further interest in investigating a potential role in salamander limb 

regeneration. 

The first challenge with the eDNA library arose when I attempted to amplify 

helper phage and determine PFU counts. Following the first successful plaque count, 

all subsequent attempts to work with phage stocks, including amplification, failed. 

Troubleshooting of the failure to amplify phage stocks was traced to the bacterial 

and viral culture reagents. While many attempts failed to determine the cause of 

plaque assay failures, initial remaking of the culture reagents also failed to solve the 

problem. Continued investigation revealed the principle difference between the first 

batch of reagents and the subsequent batches of reagent was the source of water 

used in the preparation of the culture reagents. While the initial plaque assays had 

been successful using MilliQ water, subsequent failed reactions used reagents made 
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with less pure distilled water. Successful plaque assays were re-established by 

returning to MilliQ water for the preparation of all reagents. MilliQ water was used 

throughout the rest of the thesis research. 

Even with the success of library plaque assays, utilization of the library 

presented its own logistical obstacles. The basic composition of a eDNA library 

represents the genes expressed as active mRNA transcripts at the precise moment 

of library synthesis and excludes genes that are not currently being transcribed at 

the time of library construction. This means that only a portion of the expressible 

genes is represented in the eDNA library. The Uni-zap vector employed in this 

library excluded transcripts longer than what it is physically capable of containing 

(Stratagene, 2005). In this library, any transcripts larger than 10kb would be 

automatically excluded. As mentioned in the introduction, BMP1 is expressed in a 

number of transcript variants amongst a number of different species. It is possible, 

especially if the function of BMP1 in salamanders is drastically different than other 

species, that potential modifications to the Salamander BMP1 gene transcript would 

make it so large as to exclude it from the library. In order to gain an understanding 

of the general size of transcripts contained within the library, gel electrophoresis of 

enzyme digests of randomly selected recombinant plasmids was performed and 

revealed identical profiles. This could suggest either inserts of similar size or a 

contamination in the reaction or sample loading. A combination of modifications 

could be employed in the future to allow specific size differences to be resolved 

more precisely. A higher percentage (2.0% as opposed to 0.8%) of agarose and 

electrophoresis continued for a longer period of time at a lower voltage would allow 
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the resolution of small size differences between fragments. This technique is 

employed in gels utilized for Southern blotting used to distinguish size differences 

between highly similarly sized DNA bands. Length of gel runs increases DNA band 

migration. Higher percentage gels reduce the mobility of lower molecular weight 

DNA bands traveling across gel. 

When attempting to clone a gene whose sequence is unknown in the species in 

question, one is forced to rely on sequence from species where it has been resolved. 

BMP genes had not been isolated from the salamander but its gene sequence has 

been identified in human, toad, chicken, mouse, and sea urchin. Designing primers 

based on these available sequences is problematic. First, software must be utilized 

to align all the resolved BMPl gene sequences so that is it possible to identify 

regions of significant sequence homology. Once homologous regions have been 

located, sequences flanking appreciably long expanses of genetic information must 

be identified in order to exploit them for primer design. Because sequences with 

significant homology are never completely homologous, basepair disagreement 

must be resolved by designing primers with wobble bases that are capable of 

matching the configuration of an assortment of different nucleotides. 

Primer design requires multiple factors be considered, such as attempting to 

limit GC content, which raises annealing temperatures in the thermocycling profile. 

Additionally primers must be analyzed for potential secondary structures 

achievable at the temperatures of the PCR reaction and whether or not the primers 

are capable of self-annealing. Once primers are designed taking all these factors into 

consideration, this design would theoretically be capable of cloning a segment of the 
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BMP1 gene out of any number of species. Primer design assumes that because these 

regions are evolutionarily conserved in other organisms, they are also conserved in 

the salamander. 

Once the library was amplified, phagemids were generated, transformed stocks 

of bacteria were established, degenerate primers were designed, and attempts at 

PCR amplification of BMP1 commenced. None of the templates yielded any PCR 

product with any of the primer pairs and PCR conditions utilized. It is important to 

recognize that the primers were designed based on published genomic DNA 

sequences. Genomic DNA sequences of BMP1 have multiple splice variants, (Scott et 

al., 1999) and therefore differ significantly from the mRNA and subsequent eDNA 

generated. Genomic DNA contains intron, exon, and other non-coding DNA 

sequences. It is well established that the cell maintains an elaborate splicing 

apparatus that generates an mRNA sequence that can differ significantly from the 

template gDNA. At this point it was not clear if PCR failed because of poorly 

designed primers, or because the conditions for PCR had not been optimized. 

There also was no guarantee that this eDNA library would have the BMPl gene 

present. The library was isolated from developing salamander embryos and it is not 

known if BMPl is even expressed in the developing salamander embryo. BMPl is 

currently only established in limb bud development and axis formation (Moskalik, 

2004). Because the library was generated using salamander larvae of unknown 

stage it is also unknown if BMPl was being expressed when the library was 

produced. If the main axis had been established, BMP1 expression could potentially 

be greatly diminished. This could significantly impact the quantity of BMPl eDNA 
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insert in the library or even the presence of BMP1 in the library altogether. If there 

is a minimum of BMP1 eDNA content, or none at all, it could be exceedingly difficult, 

if not impossible, to clone BMP1 from this library. Ideally, a eDNA library 

representing regenerating limb should have been used, but no such library was 

available. It was therefore necessary to use known sequences that could be used in 

control PCR reactions and to accomplish this it was necessary to randomly clone 

several genes from the library. 

This eDNA library is a representative sample of all mature mRNAs (with a poly A 

tail) present in a developing salamander embryo. An impediment to obtaining novel 

recombinant clones is that some genes are "expressed" more often than others. 

Many of the commonly expressed genes, especially those with housekeeping 

functions exist in multiple copies throughout the genome. These housekeeping 

genes are expressed more often and in larger number than more limited function 

genes; therefore, they have a predominant presence in eDNA libraries. This is a 

potential reason why so many of the recombinant clones identified in this research 

(recombinants ReclO, 11, 14, 18, 20 and 22) contained the housekeeping gene 

carboxypeptidase and its various transcripts. Carboxypeptidase is a protease 

enzyme that cleaves the peptide bond of the carboxy-terminal end of a protein 

chain, an event that is often a late step in the formation of a mature protein. Proper 

carboxypeptidase activity is fundamental to a cells normal function. 

Some mRNA molecules are favored due to structural modifications. 

Depending on modifications to the mRNA, it may be either short-lived or stable for 

long periods of time relative to the activity of the cell. It stands to reason eDNA 
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libraries would contain more copies of clones containing inserts corresponding to 

long-term, stable mRNAs. 

Finally, in order for a gene to be present in a eDNA library, it must be 

expressed at the time of eDNA synthesis. BMPl has an established role in 

development as a matrix modifier and regulatory molecule. Its regulatory function 

varies by diffusing across a gradient. This fact would suggest it is either being 

synthesized in one location (where the mRNA would be present) and diffusing 

across said gradient or it is being uniformly synthesized and an antagonist is being 

synthesized where its concentration decreases. In the case of the former, its 

presence in a eDNA library would be proportionately lower compared to a 

"housekeeping" gene. It is possible that at the embryonic stage of development the 

library was synthesized from, BMPls responsibilities were either drastically 

diminished or none at all. Everything mentioned serves to decrease the likelihood of 

having enough BMPl in any template for PCR amplification under normal 

circumstances. Diminishment of specificity in degenerate primers would only 

served to exacerbate the difficulty in achieving BMPl PCR amplification. 

Useful data from the eDNA library came in the form of novel salamander 

gene sequences. However, obtaining this data also presented some difficulty. 

Excluding redundant recombinant clones yielding redundant DNA sequences, other 

sequencing issues did arise, specifically unreadable sequence due to the presence of 

homopolymer sequence. Homopolymer sequences present a unique obstacle to a 

successful DNA sequencing reaction (Hutchinson, 2007). A prolonged string of the 

same base causes the DNA polymerase to slip, severely affecting any downstream 
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sequence signal. The primary means of dealing with this is to sequence with a 

reverse primer that binds downstream, therefore allowing for the resolution of 

missing sequence. However, in this particular case, both upstream and downstream 

sequences contained repetitive bases. This is expected in one orientation when 

dealing with poly-A tail systems, because the eDNA insert of the mature mRNA 

would begin with multipleT's. However, the repetition at the opposite end of some 

sequences was unexpected. 

In the future, work should be done to attempt to clarify all unresolved 

sequences. Steps can be taken to clean the sample of contaminating protein, if DNA 

purity is an issue that could be impacting sequence fidelity. Additionally, sequencing 

should be done in the reverse orientation to attempt to overcome Homopolymer or 

unforeseen sequencing issues. Further sequencing, related to the novel sequences, 

can be resolved by generating novel sequencing primers from within the resolved 

sequence to cover the entirety of the respective DNA insert. Recombinant sequences 

that were not closely related to any available published sequence should be 

resubmitted for sequencing. It is possible that the sequence contained is "nonsense" 

sequence from mispriming or misreading in the sequencing reaction, vector 

contamination, or even wild-type plasmid contamination. If the same sequence is 

returned, then novel-sequencing primers can be designed based on the obtained 

sequence to expand on the available sequence in order to determine the origin. 

Sequence data obtained from recombinant clones could warrant further 

investigation as playing a role in salamander limb regeneration. There is little 

reason to attempt to establish the role of the gene expressed in recombinants that 
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closely resemble uncharacterized transcripts in other species (Rec24). If these 

transcripts are characterized and are identified as corresponding to genes that play 

a role in development or could potentially play a role in regeneration, they can be 

reinvestigated. Further work could be done in attempting to predict protein 

structure based on the predicted transcripts of these recombinants, possibly 

involving a comparison to the aforementioned, published uncharacterized 

transcripts. 

Rec3 contains a eDNA most similar to a human keratin 13 transcript variant. 

Keratin 13 is normally paired with Keratin 14 comprising a structural component of 

suprabasal layers of non-cornified stratified epithelia. (Richard et al., 1995) While 

mutations in this gene have been linked to some forms of cancer, its structural role 

relegates it to the status of a housekeeping gene and investigating its special and 

temporal presence in salamander limb regeneration would prove fruitless. 

Rec23 contains a eDNA insert most similar to a fragment of Cynops 

pyrrhogaster mRNA for newt elongation factor 1a. EF1a has been demonstrated as 

an actin binding protein. It is in this capacity that it has been correlated to changes 

in the actin cytoskeleton during chemotaxis. (Zhu et al., 2009) Actin is a monomeric 

subunit of cellular filaments, thus playing a role in a multitude of cellular processes. 

(Mosley and Goode, 2006) Actin is thus a housekeeping gene and is unlikely to play 

a novel role in salamander limb regeneration. RecS, containing a eDNA insert for 

cardiac actin, is therefore also unworthy of further investigation in the study of 

salamander limb regeneration. However, as this eDNA shows significant homology 
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to the published Ambystoma mexicanum (Axolotl) cardiac actin mRNA it serves as a 

further quality control for the validity of the library. 

Rec7 contains an insert most similar to Xenopus laevis ribosomal protein 

L27a. The role of this structural protein is not well resolved. Being a ribosomal 

protein would mean its role has been closely associated with the manufacture of a 

ribosome, but the way in which it specifically does so is unresolved. Ribosomal 

proteins are essentially housekeeping proteins in the sense that they are needed for 

the normal function and maintenance of the cell. A ribosomal structural protein 

would be undergoing transcription in any cell currently involved in protein 

synthesis or preparing to be involved in protein synthesis. 

Rec9 contained an insert most similar to the Gallus gallus chondroitin sulfate 

N-acetylgalactosaminyltransferase 2 transcript, a component of the mature 

chondroitin sulfate molecule (Watanabe and Kimata, 2008). Chondroitin sulfate, a 

major type of glycosaminoglycan is a structural component of proteoglycans whose 

function is determined by glycosaminoglycan composition (Lu et al., 2010). 

Proteoglycans play a variety of roles, including the structural organization of the 

extracellular matrix. Recent research shows proteoglycan interactions with Sonic 

Hedgehog can play a role in development, and the binding of Sonic Hedgehog to 

proteoglycans is required for proliferation of neural stem cells. Proteoglycans can 

localize Sonic Hedgehog to a cellular niche initiating the cascade associated with this 

pathway (Chan et al., 2009). It is possible that cells expressing the Rec9 transcript 

are most involved in the Sonic Hedgehog pathway. Identifying which cells express 

Rec9, and the time when it is expressed, might reveal their role in the Sonic 
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Hedgehog pathway. As mentioned in the introduction, Sonic Hedgehog has a well

established role in development and limb formation. Furthermore, Sonic Hedgehog 

has been implicated as recapitulating this role in limb regeneration (lmokawa, Y. 

and Yoshizato, K., 1997). Future work may be done to resolve the complete eDNA 

sequence of Rec9 followed by generating and in situ probe based on the most 

suitable segment of this sequence, which could then be used to establish the spatial

temporal expression of this gene in the regenerating salamander limb. Perhaps 

work can be done to co-localize the preceding potential expression profile with an 

expression profile for the Sonic Hedgehog gene. 

The insert expressed in Rec21 most closely resembled Xenopus tropicalis 

oncomodulin, which is a Ca2+ binding protein secreted by macrophages. 

Oncomodulin has been demonstrated as playing a role in the promotion of axon 

growth and formation in damaged retinal ganglion cells (Yin et al., 2009). 

Macrophages are expressed at the wound site during the wound healing process, 

and axon growth is essential to successful regeneration. The established role for 

oncomodulin could be further characterized and defined by identifying its presence 

in regenerating salamander tissue. An in situ probe designed from the eDNA 

sequence of Rec21 and used to assay regenerating salamander tissue would reveal 

what tissue is responsible for its synthesis, possibly macrophages at the wound site, 

and at what stage. This research path, considering the already well -established role 

for oncomodulin, could have significant potential in establishing a better 

understanding of salamander limb regeneration. 
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Reagent Appendix 

Appendix 1. List of Bacterial Reagents. 

LB broth (11iter) 
10 g NaCJ 
10 g Tryptone 
5 g Yeast Extract 
Volumetrically add MilliQ HzO 
to 1liter volume 
pH to 7.0 with 5N NaOH 
Autoclave to sterilize 

NZY Broth (11iter) 
5 g NaCl 
2 g MgS04 
5 g Yeast Extract 
10 g NZ amine 
Volumetrically add MilliQ HzO 
to 1liter volume 
pH to 7.5 with 5N NaOH 
Autoclave to sterilize 

SM Buffer (11iter) 
5.8 g NaCJ 
2 g MgS04 
50.0 ml1M Tris-HCl (pH 7.5) 
5.0 ml 2% wfv gelatin (.100g/5ml) 
Volumetrically add MilliQ HzO 
to 1liter volume 
Autoclave to sterilize 

1M Tris-HCI 
Add 15.76 g Tris-HCl to 100 ml MilliQ HzO 
pH to 7.5 with 5N NaOH 

89 

LB agar (1liter) 
10 g NaCl 
10 g Tryptone 
5 g Yeast Extract 
20 g Bacto-agar 
Volumetrically add MilliQ HzO 
to 1 liter volume 
pH to 7.0 with 5N NaOH 
Autoclave to sterilize 

NZY Top Agar (11iter) 
5 g NaCl 
2 g MgS04 
5 g Yeast Extract 
10 g NZ amine 
0.7% wjv agarose (7g/1L) 
Volumetrically add MilliQ HzO 
to 1 liter volume 
pH to 7.5 with 5N NaOH 
Autoclave to sterilize 
Divide into 10 100ml aliquots 

NZY Agar (1liter) 
5 g NaCI 
2 g MgS04 
5 g Yeast Extract 
10 g NZ amine 
Volumetrically add MilliQ HzO 
to 11iter volume 
pH to 7.5 with 5N NaOH 
Autoclave to sterilize 



20°/o Maltose Solution 
Stock) 
Add 2 g Maltose to 10 ml 
MilliQ HzO 
Filter sterilize 
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10mM MgS04 (1M- 100x-

Add 2.465 g MgS04 to 10 ml 
MilliQ HzO 
Filter sterilize 
Dilute 100-fold before use 



Appendix 2. Gel Electrophoresis buffers. 

lOx TBE Buffer (lliter) 
(lliter) 
109.0g Tris Base added to 
SOOml MilliQ water 
55.6g Boric Acid 
40.0ml O.SM EDTA (pH 8.0) 
Volumetrically add MilliQ HzO 
to 1 liter volume 

Sx Loading Buffer 
2.5g Sucrose in 7ml MilliQ HzO 
Add 25mg Bromphenol Blue 
Add Sx loading buffer to sample 
until 20% vjv 
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1 Ox T AE Buffer 

48.4g Tris base added to 
SOOml MilliQ water 
11.4ml 85% Acetic Acid 
20.0ml O.SM EDTA (pH 8.0) 
Volumetrically add MilliQ 
HzO to lliter volume 

O.SM EDTA (pH 8.0) 
18.6g EDTA in ?Om! MilliQ 

HzO 
pH to 8.0 with 10M NaOH 
Volumetrically add MilliQ 
HzO to lOOm! volume 



Appendix 3. DNA extraction buffers. 

TE buffer 
0.1567g Tris-HCl + 80ml MilliQ HzO 
pH to 8.0 with 1N NaOH 
add 0.037g EDTA 
Heat and Mix to dissolve 
pH to 8.0 
Bring volume to 100 ml 
Filter sterilize. 

25:24:1 phenol:chloroform:isoamyl alcohol solution 
Phenol crystals melted in 65QC water bath 
Liquid phenol added to equal volume ofTE 
Equal parts phenol/TE mixed via vortexing 
Allow phases to separate for 4 hours 
Lower phenol phase removed and added in equal parts to 24:1 chloroform:isoamyl 
alcohol mixture. 
Vortex to mix. Allow to sit overnight at room temperature for phase separation 
before use. 

Lysis buffer 
0.392g Tris HCl + 80ml MilliQ HzO 
pH to 8.0 
Add 0.372g EDTA with gentle heating and mixing 
pH to 8.0 
Add 0.901g glucose (dextrose) 
Bring volume up to 100 ml 
Filter sterilize 

Potassium Acetate 
14.721g Potassium Acetate+ 30 ml MilliQ HzO 
Add 5.75 ml glacial acetic acid 
14.25 ml MilliQ HzO 
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Strataprep TM Plasmid Miniprep Kit 
Solution 1 
50 mM Tris-HCJ (pH 7.5) 
10 mM EDTA 
50 11g/ml of RN ase A 

2x Wash Buffer 
10 mM Tris-HCI (pH 7.5) 
100 mM NaCI 
2.5 mM EDTA 
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Solution 2 
0.2M NaOH 
1% (w/v) SDS 

Elution Buffer 
10mM Tris base 
1mM EDTA 

Adjust pH to 8.0 with HCI 
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