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Abstract 

The South African Penguin has been listed as endangered by the International Union for 

Conservation of Nature. Major histocompatibility complex (MHC) alleles provide valuable 

statistics because of their variation in terms of vertebrate genomes and are pertinent to immune 

and reproductive health. A greater number of MHC alleles correlates with survivability of a 

population because the genes control the immune and reproductive systems. Legacy research by 

Otterbein alumni and Dr. Simon Lawrance studied MHC samples from wild, in situ, and captive, 

ex situ, penguin populations. By comparing these populations' major histocompatibility 

complexes through biostatistical analysis, contributions to conservation of the species both inside 

and out of the wild can be made. One goal of this research was to compare the MHC of in situ 

and ex situ penguins through analysis of previously obtained allele sequences and identification 

of unreported alleles. Another goal was to expand the scope of the previous work done by 

colleagues through applying new primers to old samples. This primer set encompasses the 

entirety of Exon 2 which contains the coding sequences for the MHC class II beta chain. Out of 

six prior MHC class II samples, three unreported alleles were analyzed as potential new alleles. 

The first polymerase chain reaction product of penguin blood using the new primers, 

Lpen.hum1F and Lpen.hum2R, was sequenced and its results show a promising level of 

polymorphism across the length of the sequence. 
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Introduction 

As a species’ population declines, so does its genetic variation. This loss of genetic 

diversity can trigger health problems due to inbreeding and weakened immune systems. Human 

interference and habitat loss have contributed greatly to the population decline of South African 

Penguins. Egg harvests, oil spills, and food scarcity has driven the population of in situ penguins 

from a bustling half million to a meager 50,000 [11].  According to the International Union for 

Conservation of Nature, South African penguins, Spheniscus demersus, are currently on the 

endangered species list [11]. With the low population size of Spheniscus demersus in the wild 

and in captivity their genetic variation as a species is at risk. An important step towards 

conservation is determining if the wild population’s genetic diversity is represented within the 

captive population. One conservation method to keep the penguin populations healthy is to use 

the ex situ populations as a genetic bank for the species survival, but this is only viable if the 

population is diverse enough to survive future adversity. 

The current goal of the Lawrance Lab is to assess the severity of the genetic loss, using 

the major histocompatibility complex (MHC) class II genes to compare the wild (in situ) 

populations and captive (ex situ) populations. Major histocompatibility complex alleles correlate 

with survivability of a population because the genes control the immune and reproductive 

systems. [26]. Critical contributions by Otterbein University alumni Athena Schalk, Caitlin E. 

Castagno, Courtney Kast, Kelly M. Huth, and research advisor Dr. Simon Lawrance provided the 

information and data necessary to continue the laboratory's legacy research [5, 10, 13, 25]. The 

samples covering the in situ population of Spheniscus demersus hail from Dassen Island, Dyer 

Island, and Robben Island off the coast of South Africa, and were supplied by Dr. Cranfield [25]. 
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Mystic Aquarium has also collaborated in the past to provide samples of their ex situ penguins 

[5]. The samples analyzed in this research were provided by Mystic Aquarium and Dr. Cranfield. 

The major histocompatibility complex is a highly variable genome component and a focal 

research point in many conservation studies [3,19]. The MHC gives rise to the immune system 

by protecting the organism from pathogens and toxins [12].  MHC proteins exhibit extraordinary 

polymorphism [27]. An alpha chain and beta chain form the two halves of MHC class II proteins, 

which are generally expressed on the surface of B lymphocytes, dendritic cells, and macrophages 

[1]. MHC class II proteins strictly bind exogenous proteins, such as bacterial or microbial 

proteins that were taken into the cell [27]. 

Genetic diversity and pathogen resistance are two important points in the conservation of 

this species. Ex situ populations are especially susceptible to aspergillosis and malaria [5]. 

Aspergillosis is caused by a fungus and is characterized by respiratory tract disease which can 

lead to death [7]. Cases of avian malaria, caused by exposure to Plasmodium by a mosquito 

vector, are also responsible for penguin illness and deaths [4]. While aquariums are equipped 

with their own veterinarians and ways to reduce incidences of disease, the immune system of the 

penguins plays a large role in recovery from illnesses. 

In various studies it was concluded that MHC class II genes are pertinent to the 

assessment of genetic health of the penguins, and provide useful tools for conservation 

management [15,28]. Kikkawa et al. studied the polymorphism of the MHC class II genes in four 

different species of penguins belonging to the genus Spheniscus. The team’s methodology 

included: penguin sample collection, DNA extraction, PCR, sequencing, and sequence data 

analysis [15]. Nucleotide sequences were compared between penguins to identify deletions 

within introns and allele percentage frequencies were calculated [15]. The results from Kikkawa 
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et al. showcase a similar process to that of Bollmer et al. where the focus was on the MHC of 

Galápagos penguins [3]. Both studies used computer software to assemble and edit the gathered 

sequences in order to identify nucleotide anomalies between penguins. 

By comparing these populations' MHC class II genes through biostatistical analysis, 

contributions to conservation of the species both inside and out of the wild are possible. Two 

possible problems that could arise, in light of the species’ current situation. Captive populations 

might lack significant genetic variation, or both ex situ and in situ populations have lost 

significant genetic diversity and the lack of variance would be unsustainable for future 

generations of South African penguins. The research in this thesis aims to provide a starting 

point for greater insight into conservation efforts by analyzing the MHC of Spheniscus demersus 

in regards to the DRB1-like region of the MHC class II molecule and beyond. 

Methods 

Bioinformatic Techniques: 

Previously completed wet lab work by the Lawrance lab found six different alleles in the 

overall Spheniscus demersus population by using polymerase chain reaction (PCR) and 

denaturing gradient gel electrophoresis (DGGE) [10]. These samples were PCR 182, PCR 172, 

PCR 181, PCR 171, PCR 173, and PCR 111. After gathering sequences from prior research, six 

nucleotide sequences were chosen for analysis: PCR 182, PCR 172, PCR 181, PCR 171, PCR 

173, and PCR 111. These sequences were chosen based on their incidence, as to include only 

sequences that were dissimilar. The blood samples used for PCR 172, PCR 181, PCR 171, and 

PCR 173 were provided by Mystic Aquarium in 2012 [13]. The blood sample used for PCR 172 

was collected from a male penguin named Gold. PCR 181 and PCR 173 were both carried out 
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with blood sampled from a female penguin named Green. Another male penguin named 

Chocolate provided the blood sample for PCR 171. Dr. Mike Cranfield sent in the blood sample 

for PCR 111 in 2008. It was collected from a penguin in Dyer Island, off the coast of South 

Africa [25]. The origin of the penguin for PCR 182 could not be found. 

NCBI BLAST was used to search the nucleotide database in order to confirm the identity 

of the alleles [20]. Then the nucleotide sequences were translated using the ExPASy translation 

tool and the correct frame was chosen by searching the BLAST protein database [6,2]. The 

amino acid sequences of these alleles were then aligned to each other using the National Center 

for Biotechnology Information's Basic Local Alignment Search Tool in order to identify the 

amino acid substitutions between all six sequences [2]. 

Once confirmed, the sequences were aligned to the DRB region of a human major 

histocompatibility class II protein structure, 1j8h, provided by Hennecke and Wiley using 

BLAST [8,2]. The six sample sequences were superimposed onto Lefranc’s 

IMGT/Collier-de-Perles result for 1j8h using image editing software Paint.NET [17]. 

Polymerase Chain Reaction: 

The first round of polymerase chain reaction (PCR) included four samples containing 

avian DNA labeled: WB (White Bird), BB (Blue Bird), PB (Penguin Blood), CL (Chicken 

Liver), and a fifth sample as a negative control with dH2O. PCR was completed using primers 

pen1 and pen4, and served to amplify the DRB like region within Exon 2 of the MHC class II 

gene [14]. The sequences for the primers are 5’AACGGCACCGAGCGGGTGAGGT 3’ for pen 

1 and 5’ CCCGTAGTTGTGTTGGCAG 3’ for pen4, which had been used in previous Lawrance 

Lab research [5, 10, 13, 14, 25]. A stock solution of the pen1 and pen 4 primers was made by 
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combining 10 µl of pen1 primer, 10 µl of pen4 primer, and 80 µl of dH2O. Then 1 µl of the 

primer stock solution was combined with 12.5 µl of Buffer D, 10 µl of dH2O, 0.5 µl of Failsafe 

enzyme, and 1 µl of template DNA into a PCR microtube. Thirty-five cycles of PCR were 

performed in a thermocycler after a first hold at 95℃ for 10 minutes. Each cycle ran at 95℃ for 

thirty seconds, 55℃ for thirty seconds, and 72℃ for thirty seconds, and after the thirty-fifth 

cycle the sample was held for a second time at 72℃ for thirty minutes. The resulting samples 

were labeled WB1, BB2, PB3, CL4, and 05. 

Using the prior four samples WB, BB, PB, and CL as well as a control with dH2O, the 

second round of PCR served to amplify the region of the MHC class II gene which encompasses 

all of Exon 2. It was completed using primers Lpen.hum1F and Lpen.hum2R. The sequences for 

the primers are 5’ GTCAGGATCACACCGCCACTC 3’ for  Lpen.hum1F and 5’ 

ACACGCTCTCCCCTCCTGTG 3’ for Lpen.hum2R [14].  A stock solution of the  Lpen.hum1F 

and Lpen.hum2R primers was made by combining 10 µl of Lpen.hum1F primer, 10 µl of 

Lpen.hum2R primer, and 80 µl of dH2O. Then 1 µl of the primer stock solution was combined 

with 12.5 µl of Buffer D, 10 µl of dH2O, 0.5 µl of Failsafe enzyme, and 1 µl of DNA template 

into a PCR microtube. Thirty-five cycles of PCR were performed in a thermocycler after a first 

hold at 95°C for 10 minutes. Each cycle ran at 95℃ for thirty seconds, 55℃ for thirty seconds, 

and 72℃ for thirty seconds, and after the thirty-fifth cycle the sample was held for a second time 

at 72°C for thirty minutes. The PCR product samples were labeled WB11, BB12, PB13, CL14, 

and 015. 

Gel Electrophoresis: 
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In order to confirm the difference in size between both PCR reactions, gel electrophoresis 

was performed. A Tris acetate EDTA buffer was prepared using 250 mL of dH 2O, 5ml of TAE 

50x stock solution, and 1μL of ethidium bromide. Then, 50 mL of the TAE buffer were 

combined with .5 g of agarose to make an 1% agarose gel. The agarose solution was heated in a 

microwave for 1 minute and 33 seconds. The agarose gel solution was allowed to cool to 55°C 

before being poured into a gel tray with a comb and allowed to set. After placing the set gel in 

the buffer tank, the remaining 200 mL of the TAE buffer were poured into the buffer tank. In the 

first well, 5 μL of a 100 base pair ladder were loaded in. For each following well, 1 μL of 6x 

loading dye was added to 5 μL of sample and mixed before 5 μL of the combined solution were 

pipetted into each well. For the ten well gel, five samples of the second PCR reaction, which 

used the Lpen.hum1F and Lpen.hum2R primers, were loaded starting in the second lane of the 

gel. Four samples of the first PCR reaction using the pen1 and pen4 primers were loaded starting 

in the seventh lane of the gel. Finally, the samples were electrophoresed for 35 minutes at 100 

volts. After 35 minutes of gel electrophoresis, the gel was removed and placed on a 

transilluminator for photo documentation. 

DNA Sequencing: 

The PB13 product resulting from the second PCR reaction was prepared for sequencing. 

Based on the gel electrophoresis results, 5 μL of the PB13 PCR product were combined with 5 

μL of dH2O into a thermocycler tube. After 1 μL of shrimp alkaline phosphatase and 0.5 μL of 

exonuclease I were added, the tube was incubated in the thermocycler for 15 minutes at 37℃ and 

15 minutes at 80℃. Once the two holds were complete, 5 μL of the treated PB13 solution were 

aliquoted with 5 μL of dH2O into two separate 1.5 mL  microcentrifuge tubes: LPF and LPR. 
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Into a tube labeled LPF, 5 μL of the forward primer, Lpen.hum1F, were added. For tube LPR 5 

μL of the reverse primer Lpen.hum2R were added. These steps were repeated with PB3 from the 

first PCR reaction, but primers pen1 and pen4 were added at the end instead Lpen.hum1F and 

Lpen.hum2R. The tubes were assigned barcodes and sent to Eurofins for sequencing. 

Results 

Nucleotide Sequences and Confirmation 

The gathered sequences for PCR 182, PCR 172, PCR 181,  PCR 171, PCR 173, and PCR 

111 are shown below in Table 1. 

Table 1: Six sequences from PCR 182, PCR 172, PCR 181, PCR 171, PCR 173, PCR 111, and their 

sizes. 

Sample: Length: Nucleotide Sequence (5’ to 3’): 

PCR 182 157 bp ATGTGGAGAGGTACATCCACAACCGGCAGGAGTTACTGCACTTCGACAGCGACGTGG 
GGTACTATGTGGCCGACACCCCCCTGGGTGAGCCTGATGCCAAGTACTGGAACAGCC 
AGACGGACATACTGGAGGATGAACGGGCTGCGGTGGACACGTA 

PCR 172 157 bp TCGTGCACAGGGACATCTACAACCGGCAGCAGGACGTGCACTTCGACAGCGACGTG 
GGGTACTATGTGGCCGACACCCCCCTGGGTGAGCCTGATGCCAAGTACTGGAACAG 
CCAGACGGACTTACTGGAGCAGAGACGGGCTGCGGTGGACACGTA 

PCR 181 157 bp ATGTGGTGAGGGACATCTACAACCGGCAGCAGGACGTGCACTTCGACAGCGACGTG 
GGGCAGTTTGTGGCCGACACCCCCCTGGGTGAGCCTGATGCCAAGTACTGGAACAG 
CCAGACGGACTTCCTGGAGCAGAAACGGGCTGCGGTGGACACGTT 

PCR 171 157 bp ATGTGGTGAGGGCCATCTACAACCGGCAGCAGTACGTGCACTTCGACAGCGACGTG 
GGGCAGTTTGTGGCCGACACCCCCCTGGGTGAGCCTGATGCCAAGTACTGGAACAG 
CCAGACGGACATACTGGAGCAGAAACGGGCTGAGGTGGACACGGT 

PCR 173 157 bp ATGTGGTGAGGGCCATCTACAACCGGCAGCAGTACGTGCACTTCGACAGCGACGTG 
GGGCAGTTTGTGGCCGACACCCCCCTGGGTGAGCCTTCTGCCAAGTACTGGAACAG 
CCAGACGGACATACTGGAGCAGAAACGGGCTGAGGTGGACACGGT 

PCR 111 157 bp ATGTGGTGAGGTACATCTACAACCGGCAGCAGTACGTGCACTTCGACAGCGACGTGG 
GGCAGTTTGTGGCCGACACCCCCCTGGGTGAGCCTTCTGCCAAGTACTGGAACAGC 
CAGACGGACATACTGGAGCAGAAACGGGCTGAGGTGGACACGGT 

These sequences were used to search for reported alleles from other studies using NCBI 

BLAST. Matches for Spheniscus demersus were chosen based on percent identity; any other 
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penguin species were ignored. PCR 182 matched to AB301478.1 in NCBI’s GenBank, which 

corresponds to cape001, with a 100% identity and an E value of 2e-74 [21]. PCR 172 matched to 

AB301944.1 in NCBI’s GenBank, which corresponds to cape002, with a 100% identity and an E 

value of 2e-74 [22]. PCR 181 matched to AB301945.1 in NCBI’s GenBank, which corresponds 

to cape003, with a 99% identity and an E value of 6e-70 [23]. PCR 171 matched to AB301946.1 

in NCBI’s GenBank, which corresponds to cape004, with a 100% identity and an E value of 

2e-74 [24]. PCR 173 also matched to AB301946.1 in NCBI’s GenBank, which corresponds to 

cape004, with a 99% identity and an E value of 4e-71 [24]. PCR 111 matched to AB301946.1 as 

well, with a 97% identity and an E value of 1e-67 [24]. The alignments are shown below in 

Figures 1, 2, and 3. 

The nucleotide sequences which were aligned to reported DRB-like sequences for 

Spheniscus demersus with a percent identity of a hundred will be referred to as the allele with 

which they matched. Nucleotide sequences that scored percent identities lower than a hundred 

were identified according to their matches and either a letter in addition to the reported allele, for 

PCR 181 and PCR 173, or one number greater in the case of PCR 111. The following 

conclusions are summarized in Table 2. PCR 182 was confirmed to be cape001, PCR 172 was 

confirmed to be cape002, and PCR 171 was confirmed to be cape004. Unconfirmed sequences 

PCR 181, PCR 173, and PCR 111 were cataloged as alleles cape003b, cape004b, and cape005 

respectively. 
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Table 2: Sample names along with their corresponding allele matches, expected values, percent identities, 

and their new allele ID. 

Sample: Matched Allele 
ID: 

Expected Value: Percent 
Identity: 

New Allele 
ID: 

PCR 182 cape001 2e-74 100% cape001 

PCR 172 cape002 2e-74 100% cape002 

PCR 181 cape003 6e-70 99% cape003b 

PCR 171 cape004 2e-74 100% cape004 

PCR 173 cape004 4e-71 99% cape004b 

PCR 111 cape004 1e-67 97% cape005 
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Figure 1: A) PCR 182 matched to AB301478.1 which was reported as cape001. B) PCR 172 matched to 

AB301944.1 which was reported as cape002. 
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A) 

B) 

Spheniscus demersus DRB-like gene for DRB-like molecule, partial eds 
Sequence 10: AB301478.1 Length: 1471 Number of Matches: 1 

Range 1: 680 to 836 <:ien.8llnl\ <:ill!~ 

Score 
291 bits( 157) 

Expect 
2e- 74 

Identities 
157/ 157(100%) 

Gaps 
0/ 157(0%) 

Strand 
Plus/ Plus 

Query 1 ATGTGGAGAGGTACATCCACAACCGGCAGGAGTTACTGCACTTCGACAGCGACGTGGGGT 60 
Sbj ct 680 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 739 

Query 61 ACTATGTGGCCGACACCCCCCTGGGTGAGCCTGATGCCAAGTACTGGAACAGCCAGACGG 120 
Sbj ct 740 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 799 

Query 121 ACATACTGGAGGATGAACGGGCTGCGGTGGACACGTA 157 
Sbj ct 800 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 836 

P.mYM!li • 

Spheniscus demersus DRB-like gene for DRB-like molecule, partial eds, allele: cape002 
Sequence 10: AB301944.1 Length: 1488 Number of Matches: 1 

Range 1: 680 to 836 <:ien.8llnl\ <:ill!~ 

Score 
291 bits ( 157) 

Expect 
2e-74 

Identit ies 
157/ 157(100%) 

Gaps 

0/157(0%) 
Strand 
Plus/ Plus 

i;jJ p=~ 

Que ry 1 TCGTGCACAGGGACATCTACAACCGGCAGCAGGACGTGCACTTCGACAGCGACGTGGGGT 60 
Sbjct 680 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 739 

Que ry 61 ACTATGTGGCCGACACCCCCCTGGGTGAGCCTGATGCCAAGTACTGGAACAGCCAGACGG 120 
Sbjct 740 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 799 

Que ry 121 ACTTACTGGAGCAGAGACGGGCTGCGGTGGACACGTA 157 
Sbjct 800 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 836 



Figure 2: C) PCR 181 matched to AB301945.1 which was reported as cape003. D) PCR 171 matched to 

AB301946.1 which was reported as cape004. 
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C) 

D) 

Spheniscus demersus DRB-like gene for DRB-like molecule, partial eds, allele: cape003 
Sequence ID: AB301945.1 Length: 1488 Number of Matches: 1 

Range 1: 681 to 835 GenBank ~~ 

Score 

276 bits(149) 
Expect 

6e-70 
ldentities 

153/ 155(99%) 
Gaps 

0/155(0%) 
Strand 
Plus/ Plus 

Query 2 TGTGGTGAGGGACATCTACAACCGGCAGCAGGACGTGCACTTCGACAGCGACGTGGGGCA 61 
Sbjct 681 ........... C. ............. . .... . ....... . ... . ................ 740 

Query 62 GTTTGTGGCCGACACCCCCCTGGGTGAGCCTGATGCCAAGTACTGGAACAGCCAGACGGA 121 
Sbjct 741 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 800 

Query 122 CTTCCTGGAGCAGAAACGGGCTGCGGTGGACACGT 156 
Sbjct 801 ...................... . A........... 835 

Spheniscus demersus DRB-like gene for DRB-like molecule, partial eds, allele: cape004 
Sequence ID: AB301946.1 Length: 1488 Number of Matches: 1 

Range 1: 680 to 836 ~ ~~ 

Score 

291 bits(157) 
Expect 

2e-74 
Identit ies 

157/ 157(100%) 
Gaps 

0/ 157(0%) 
Strand 
Plus/ Plus 

~ p=~ 

Query 
Sbjct 

1 
680 

ATGTGGTGAGGGCCATCTACAACCGGCAGCAGTACGTGCACTTCGACAGCGACGTGGGGC 60 
739 

Query 61 AGTTTGTGGCCGACACCCCCCTGGGTGAGCCTGATGCCAAGTACTGGAACAGCCAGACGG 120 
Sbjct 740 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 799 

Query 121 ACATACTGGAGCAGAAACGGGCTGAGGTGGACACGGT 157 
Sbjct 800 ..................................... 836 



Figure 3: E) PCR 173 also matched to AB301946.1 which was reported as cape004. F) PCR 111 matched 

to AB301946.1 which was reported as cape004. 

Amino Acid Translation and Alignment 

The nucleotide sequences from PCR 182, PCR 172, PCR 181, PCR 171, PCR 173, and 

PCR 111, were translated into amino acid sequences in 5’to 3’ Frame 3 using ExPASy [6]. The 

translated amino acid sequences are shown below in Table 3. 
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E) 

F) 

Spheniscus demersus ORB-like gene for ORB-like molecule, partial eds, allele: cape004 
Sequence ID: AB301946.1 Length: 1488 Number of Matches: 1 

Range 1: 680 to 836 ~ Gr;!~ 

Score 
279 bits(151) 

Expect 

4e-71 
Identities 

155/ 157(99%) 
Gaps 

0/ 157(0%) 
Strand 
Plus/ Plus 

C 

Query 1 ATGTGGTGAGGGCCATCTACAACCGGCAGCAGTACGTGCACTTCGACAGCGACGTGGGGC 60 
Sbjct 680 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 739 

Query 61 AGTTTGTGGCCGACACCCCCCTGGGTGAGCCTTCTGCCAAGTACTGGAACAGCCAGACGG 120 
Sbjct 740 ............ . ..... . ...... . .... . . GA . ............... . ..... . ... 799 

Query 121 ACATACTGGAGCAGAAACGGGCTGAGGTGGACACGGT 157 
Sbjct 800 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 836 

Spheniscus demersus ORB-like gene for ORB-like molecule, partial eds, allele: cape004 
Sequence ID: AB301946.1 Length: 1488 Number of Matches: 1 

Range 1: 680 to 836 ~ Gr;!~ 

Score 
268 bits(145) 

Expect 
le-67 

Identities 
153/ 157(97%) 

Gaps 

0/ 157(0%) 
Strand 
Plus/ Plus 

Query 1 ATGTGGTGAGGTACATCTACAACCGGCAGCAGTACGTGCACTTCGACAGCGACGTGGGGC 60 
Sb jct 680 ........... GC. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 739 

Query 61 AGTTTGTGGCCGACACCCCCCTGGGTGAGCCTTCTGCCAAGTACTGGAACAGCCAGACGG 120 
Sbjct 740 ................ . .... . .......... GA .......................... 799 

Query 121 ACATACTGGAGCAGAAACGGGCTGAGGTGGACACGGT 157 
Sbjct 800 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 836 



Table 3: Length and amino acid sequence for the six sequences pertaining to the MHC class II DRB-like 

gene. New allele identifiers were assigned to the sequences with less than a 100% identity. PCR 181 is 

cape003b, PCR 173 is cape004b, and PCR 111 is cape005. 

Sample: Allele ID: Length: Amino Acid Sequence (5’ to 3’ Frame 3): 

PCR 182 cape001 51 residues VERYIHNRQELLHFDSDVGYYVADTPLGEPDAKYWNSQTDILEDE 
RAAVDT 

PCR 172 cape002 51 residues VHRDIYNRQQDVHFDSDVGYYVADTPLGEPDAKYWNSQTDLLEQ 
RRAAVDT 

PCR 181 cape003b 51 residues VVRDIYNRQQDVHFDSDVGQFVADTPLGEPDAKYWNSQTDFLE 
QKRAAVDT 

PCR 171 cape004 51 residues VVRAIYNRQQYVHFDSDVGQFVADTPLGEPDAKYWNSQTDILEQ 
KRAEVDT 

PCR 173 cape004b 51 residues VVRAIYNRQQYVHFDSDVGQFVADTPLGEPSAKYWNSQTDILEQ 
KRAEVDT 

PCR 111 cape005 51 residues VVRYIYNRQQYVHFDSDVGQFVADTPLGEPSAKYWNSQTDILEQ 
KRAEVDT 

NCBI BLAST 

BLAST was used to align the amino acid sequences for PCR 172, PCR 181, PCR 171, 

PCR 173, and PCR 111 to the amino acid sequence of PCR 182 . The resulting alignments are 

shown below in Figure 4. 

Figure 4: Amino acid sequence for PCR 182 aligned to the sequences of PCR 172, PCR 181, PCR 171, 

PCR 173, and PCR 111. 
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A) Query PCR 182 1 VERYIHNRQELLHFDSDVGYYVADTPLGEPDAKYWNSQTDILEDERAAVDT 51 
Sbjct PCR 172 1 . H . D. Y ... QDV ... .. ....................... L .. QR ...... 51 

B) Query PCR 182 1 VERYIHNRQELLHFDSDVGYYVADTPLGEPDAKYWNSQTDILEDERAAVDT 51 
Sbjct PCR 181 1 . V. D. Y ... QDV ....... QF .......... . . . . ... .. F .. QK ..... . 51 

C) Query PCR 182 1 VERYIHNRQELLHFDSDVGYYVADTPLGEPDAKYWNSQTDILEDERAAVDT 51 
Sbjct PCR 171 1 . V. A. Y ... QYV ....... QF .. ..... . .. . . . . . ....... QK .. E .. . 51 

D) Query PCR 182 1 VERYI HNRQELLHFDSDVGYYVADTPLGEPDAKYWNSQTDI LEDERAAVDT 51 
Sbjct PCR 173 1 . V. A. Y ... QYV ....... QF ......... S .... .... . . . . QK .. E ... 51 

E) Query PCR 182 1 VERYIHNRQELLHFDSDVGYYVADTPLGEPDAKYWNSQTDILEDERAAVDT 51 
Sbjct PCR 111 1 . V . .. Y . . . QYV ....... QF . ........ S . . . . ........ QK . . E ... 51 



Superimposed IMGT Colliers de Perles 

The sequence amino acid sequences for PCR 182, PCR 172, PCR 181, PCR 171, PCR 

173, and PCR 111 were aligned to the amino acid sequence for the beta chain of 1j8h. 

Visualizations of the six amino acid sequences were made based on Lefranc’s 1j8h IMGT 

Colliers de Perles and the six penguin amino acid sequences [17]. They are shown below in 

Figures 5, 6, 7, 8, 9 and 10. 

Figure 5: The amino acid sequence for PCR 182 was superimposed onto the 1j8h Beta Chain, in order to 

approximate the coverage of the DRB-like region of the allele. 
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Figure 6: The amino acid sequence for PCR 172 was superimposed onto the 1j8h Beta Chain, in order to 
approximate the coverage of the DRB-like region of the allele. 
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Figure 7: The amino acid sequence for PCR 181 was superimposed onto the 1j8h Beta Chain, in order to 
approximate the coverage of the DRB-like region of the allele. 
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Figure 8: The amino acid sequence for PCR 171 was superimposed onto the 1j8h Beta Chain, in order to 
approximate the coverage of the DRB-like region of the allele. 
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Figure 9: The amino acid sequence for PCR 173 was superimposed onto the 1j8h Beta Chain, in order to 
approximate the coverage of the DRB-like region of the allele. 
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Figure 10: The amino acid sequence for PCR 111 was superimposed onto the 1j8h Beta Chain, in order to 
approximate the coverage of the DRB-like region of the allele. 

Gel Electrophoresis 

Shown below in Figure 11 is the gel containing the products from the second round of 

PCR: WB11, BB12, PB13, CL14, and 015 in lanes two through six. Four products from the first 

PCR reaction, WB1, BB2, PB3, and CL4 were loaded into lanes seven through ten of the gel. 

Table 4, found below, contains the lane number and the contents of each well including the 

primers. 
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Figure 11: Lane 1 contains the 100 base pair ladder from Promega. Lanes 2 through 6 contain five 

samples from the second PCR reaction that used primers Lpen.hum1F and Lpen.hum2R. Lanes 7 through 

10 contained the first four samples from the first PCR reaction which used pen1 and pen4 as the primers. 

Table 4: Lane numbers for the gel and their respective samples. The primers corresponding to each 

sample are also included. 

Lane 1 Lane 2 Lane 3 Lane 
4 

Lane 5 Lane 6 Lane 7 Lane 8 Lane 9 Lane 10 

Sample: 100 bp WB11 BB12 PB13 CL14 dH2O WB1 BB2 PB3 CL4 

Primers: None Lpen.hu 
m1F/2R 

Lpen.hu 
m1F/2R 

Lpen. 
hum1 
F/2R 

Lpen.h 
um1F/2 
R 

Lpen.h 
um1F/2 
R 

pen1/4 pen1/4 pen1/4 pen1/4 
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DNA Electropherogram 

Sample PB13 sequence results using the Lpen.hum1F and Lpen.hum2R primers were 

reported to be 452 base pairs long. The electropherogram appears to have various places along 

the sequence where double peaks are visible. The electropherogram for the Lpen.hum1F sense 

strand is shown below in Figure 12. 

Figure 12: Electropherogram for sample PB using Lpen.hum1F primer, sequencing done by Eurofins. 
The DRB-like region, spanning 157 base pairs, is marked with the black Start and End boxes. The 
nucleotides are color coded. Adenine is shown in green, thymine in red, guanine in black, and cytosine in 
blue. 
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A T C G T C •• T G G CC T G G G G G G G G C T G G G A G G A G A G C G G C AA C G G GGA A G G G G G C T C C A C G G T G C C T C C C T G C C C A C C C A C G A C T T G C C 
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~ 
C GGGG C T C A C A GG A GGG AA AA G C G T G T AA 



Discussion 

The BLAST search using the nucleotide sequences for PCR 182, PCR 172, PCR 181, 

PCR 171, PCR 173, and PCR 111 resulted in the confirmation of several alleles. PCR 182, PCR 

172, and PCR 171 were confirmed to be alleles cape001, cape002, and cape004 respectively, as 

shown in Figures 1 and 2. The three other samples had various single nucleotide polymorphisms 

(SNPs) within their matches, which were depicted in Figures 2 and 3. In order to better represent 

these polymorphisms, PCR 181, PCR 173, and PCR 111 were assigned allele identifiers 

cape003b, cape004b, and cape005 respectively. On top of the SNPs, the amino acid translation 

for the three latter samples each varied by at least one residue. Figure 4 shows the alignments 

between the amino acid sequence for PCR 182 and the remaining five sequences. Each amino 

acid sequence was unique. Therefore, it is probable that the SNPs between the unconfirmed or 

unreported alleles lead to nonsynonymous mutations in the corresponding amino acid sequences. 

In a small sample size of six, three possibly new alleles were discovered. Whether or not the 

single residues of difference between the sequences contributes a significant change in immune 

fitness will have to be elucidated in another study. 

As visualized in Figures 5 through 10, the DRB-like region coded by the 157 base pair 

sequence only covers about one third of the beta chain of the MHC class II molecule. This is a 

rudimentary analysis, since despite the MHC class II molecules having highly conserved regions 

between species, the MHC class II molecule shown belongs to Homo sapiens not Spheniscus 

demersus. Structures for a penguin MHC class II protein could not be located in the Protein Data 

Bank [9]. Regardless, the DRB-like region spans an inner portion of the beta chain. In order to 

elucidate preceding and following amino acid residues on the beta chain not included in the 

DRB-like region, primers Lpen.hum1F and Lpen.hum2R reported by Kikkawa et al. were used 
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to amplify the entire beta chain of the MHC class II molecules (Kik 2005). The gel 

electrophoresis shown in Figure 11 confirms the difference in size between the PCR products for 

PB3 and PB13. PB3 was amplified using pen1 and pen4, and has a reported size of 198 bp [14]. 

PB13 was amplified using Lpen.hum1F and Lpen.hum2R whose product size is reported to be 

476 bp [14]. 

According to the electropherogram shown in Figure 12, the sequence for PB13 contains 

polymorphisms within the DRB-like region and outside of it. These are demonstrated by the 

double peaks at some locations of the nucleotide sequence, signifying that PB13 contains two 

alleles, and is in other words heterozygous. Further testing by using denaturing gradient gel 

electrophoresis will facilitate the separation of these alleles and their consequential identification 

[16]. Once the alleles sequence results are received a consensus alignment from the results of the 

forward primer and reverse primer reads will be processed in order to yield a consensus sense 

strand sequence [18]. Expansion into the rest of the beta chains for each penguin sample could 

reveal a greater part of the alleles and the beta chain of MHC class II proteins for Spheniscus 

demersus. 

At this point in time, the research was only able to analyze seven penguin blood samples 

in total. Dozens of samples remain from prior research, and even more semi purified blood 

samples from in situ penguins are ready to be processed and analyzed. With some samples being 

over a decade old, tests will have to be run in order to assess the quality of the available samples. 

This can be done by repeating the sequencing protocol for samples PCR 182, PCR 172, PCR 

181, PCR 171, PCR 173, PCR 111 and comparing it to the sequences reported in this thesis. It 

would also be in the interest of this research to obtain recent samples from previous affiliates. 
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This way the study could possibly reflect over a decade of selective pressure on the penguin 

populations of South Africa and aquariums. 
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