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Abstract

OBJECTIVE: To determine which part(s) of the HOXD12 gene is important and conserved or redundant and changed, by examining its protein evolution through four different animal species: Homo sapiens (human), Mus musculus (mouse), Latimeria menadoensis (Indonesian coelacanth), and Danio rerio (zebrafish).  

MATERIALS: 

· A computer with Internet access and browser.  

· Microsoft-Word, as a word-processing program 

· Document sources as listed in the bibliography

PROCEDURE: First, amino acid sequences of the HOXD12 gene of the four organisms were obtained.  All 3 organisms were compared to the human, in order to determine possible important genes that may be used in future laboratory experiments (see conclusions, p. 6).  The mouse gene acted as a sample extremely close to the human gene; the coelacanth and zebrafish as ones likely to differ from the human sequence.  Next, the three sequences were compared to the Homo sapiens HOXD12 gene, using T-coffee software (a type of multiple pairwise sequence alignment program), in order to determine similar and non-similar segments of genome.  Then, a human-coelacanth-zebrafish comparison was taken, in order to determine essential gene segments, present even through generally different genomes.  There was also an overall comparison of all 4 sequences.  An analysis of all 5 figures determined which segments of the HOXD12 gene are important and unimportant.  The lineage and types of genes homologous to humans of each organism was also researched, in order to determine a possible cause for variations in sequence.

RESULTS: The HOXD12 gene has a particularly important part towards its end and a rather inactive part right before the critical segment, because nearly every animal differs from each other.  Expected results were obtained from the human-mouse relationship, suggesting similar embryonic development of the forelimbs.  However, surprising results were gleaned from the human-coelacanth relationship.  Because the coelacanth is a prehistoric animal and gave rise to tetrapods1, the coelacanth’s HOXD12 gene may show an evolutionary link between some ancient ancestor and humans. The results did not support the hypothesis.  However, the results can be used for further discussion and research.

CONCLUSIONS/ DISCUSSION: Results indicating that the HOXD12 gene has a rather inactive part may suggest the possibility of evolution among organisms.  For example, the changing of the inactive segment may lead to a new, evolved organism, which may be different or minutely different from the original organism.  A vertebrate lineage may take advantage of this opportunity for divergence2.  But again, the results obtained from the human-coelacanth comparison may indicate the importance of the HOXD12, because it has been relatively unchanged throughout time.  Also, it gives evidence of the evolution of animals from water to land.  However, because the human and coelacanth’s HOXD12 genes are so close (Figure 2), the switch from fins to legs is rather fuzzy.  Because the gene segments are almost identical, the 

HOXD12: Tracking a Protein through Species Evolution

Amy Tai
question is why the coelacanth has fins and why humans have legs.  Further research may be able 

to determine the cause of this alteration.

Question

Which segment(s) of the HOXD12 gene are active/inactive during embryogenesis in different animal species?

Hypothesis

The entire segment of HOXD12 gene is active, because of its importance in developing the limbs of many animals.

Review of Literature

The HOXD12 gene is only a small segment of the HOXD cluster, present in all organisms with at least 4 Hox clusters.  In general, Hox clusters are segments of gene that control animal body development2, as well as the positioning of each body “part”.  There is an anterior and posterior to each animal; anterior corresponding to the front- normally with a cluster of sensory organs, or brain in more complex animals- and posterior corresponding to the back, normally with an anus. Altering any HOX gene will cause mutations in the embryo, as well as misalignment, incorrect positioning of a body part, or loss-of-function.  Each animal has a different number of Hox clusters, but in general, mammals (human and mouse) have 4 clusters, invertebrates have 1 cluster, and some animals have more or less than 4 (refer to Figure 7).  Hox clusters are active in organogenesis (forming of organs), and determine the fate of each cell.

The HOXD12 gene controls anterior limb development in animals.  In fact the entire HOXD complex controls development of anterior limbs3.  According to a 1995 study, the zebrafish and mouse have the same expression of the HOXD11, 12, and 13 genes, but the mouse has a lateral bud later in its development4.  This shows that in general, the HOXD cluster controls development of the limbs, but in each animal, the resulting limb differs because of other factors.  These factors may be unexplained or come from the interaction with other homeobox clusters.

All genes have different parts which are noncoding, or do not code for a protein, during DNA transcription and translation.  However, the active ones that do code for a protein are extremely essential, because the resulting polypeptide chain carries out the function of the gene segment.  The active genes are conserved throughout evolution because of their importance; the inactive genes may or may not be differentiated, but their fluctuating state offers evidence of an unimportant segment.  By comparing mostly different animals, we can determine which segment(s) of the HOXD12 gene are conserved, and therefore important, and which are altered, and therefore unimportant.  

Identifying the HOXD12 gene of the coelacanth was intended to see if there was any link between ancient animals and present-day animals.  Because the fins of the coelacanth supposedly 
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evolved into tetrapod (any animal with four limbs, including mammals and humans) limbs, the characterization of Hox genes in the coelacanth should provide insights into the origin of tetrapod limbs5.  However, the zebra fish will not, because the fins of most bony fishes have bones arranged in a parallel way, instead of fanned out like those in land animals.  This also applies to cartilaginous fishes.  Only the lungfish and coelacanth have obvious fins that are arranged like the limbs of land animals.

Materials

Computer with Internet access and browser (access sites listed in bibliography)

Word Processing Program (Microsoft-Word) 

Various Databases (See bibliography for website addresses) 


Coelacanth: Fish out of Time


Coelacanth’s evolutionary information

euGenes: Genomic Information for Eukaryotic Organisms 


Homologous genes 
National Center for Biotechnology Information



PubMed



Online Mendalian Inheritance in Man (OMIM)



Protein and Nucleotide Sequences
T-Coffee Server



Gene Comparison

UBC Bioinformatics Centre


Animal lineage

Procedure

First, I determined the animals to compare.  Because the HOXD12 gene exists only for a small percentage of all the animal genomes that have been coded, only a narrow range of species were available.  The human was a given; mice are used frequently in laboratories, so the mouse genome was of interest.  The zebra fish offered a nice contrast to the two mammals, and finally, the coelacanth was chosen for its unique ancestry.  Refer to Table 2 for homologous gene comparison (excepting coelacanth).

Second, looking at Tables 1 and 2 and determining the possible evolutionary similarities/ differences among the organisms, I made several observations.  For example, the HOXD12 gene of the mouse and human are most likely going to correspond greatly, while the human and zebrafish will not.  However, according to Table 1, the HOXD12 genes may be relatively the same across all 4 organisms, because of the foremost 2 taxons, and the divergence at the class taxon.  Again, only the human and mouse showed high possibility of being the same.  Nevertheless, I still made the hypothesis that the HOXD12 gene would generally be the same throughout all 4 species, primarily because of its importance.  There would probably be some 

differences, like the one between the human and zebrafish, because of the resulting physical 

HOXD12: Tracking a Protein through Species Evolution

Amy Tai

characteristics: leg and fin.  My observations, however, were used in my conclusions.

Next, I began gathering the materials for my experiment.  The materials were all done on a computer, given the high use of the Internet for obtaining HOXD12 gene sequences and comparing them in T-Coffee.  From the NCBI site (refer to bibliography, page 9), I obtained the AA sequences of the 4 organisms.  I decided only to use the AA sequences, instead of AA and mRNA, because AA could be just as accurate.  As well, the T-Coffee software could also point out which mRNA digits were the same, and which were different, even when given only the AA sequence (refer to “Deciphering T-Coffee Results,” page 10).  Essentially, comparison of mRNA sequences would be redundant.

After I had obtained the sequences, I copy pasted each AA sequence into T-Coffee, in the pairs I wanted to compare.  Then, I compared the human-coelacanth and –zebrafish segments.  Finally, I compared all 4 segments (see Figures 1-5).  Upon examining the data, I came to my conclusion.

Results

My hypothesis should be rejected, because not the entire segment was active in all the animals.  Regarding the HOXD12 gene segments themselves, the last 70 proteins coded in each gene segment are relatively important, given its red color in Figures 1-4 as well as its “good” standing in Figure 5.  However, the segment- consisting of 88 proteins- right before that is rather unimportant, sharing zero or a few scattered genes.  Finally, we can conclude that the human and mouse genes are relatively close, thus from animals with similar structures (the legs of mice and humans) we can probably expect similar HOXD12 gene sequences and therefore similar limb development.

We can also conclude other results from my data.  For example, the human, mouse, and coelacanth obviously have similar limb development in embryos.  The zebrafish seems to be placed the farthest away from the other species, and further proves its classification among fishes.  The average distribution of shared proteins (Figure 5), may prove the conclusion of homologous structures.  This can be used to clear up evolutionary lines as well as the separation of animals into taxons.  The HOXD12 may be one of the many tools that are used to classify unknown or difficult animals into taxons.

Conclusions

To verify or search for reasons why I had such results, I considered the taxon lineage and general evolution (refer to Figure 7 and Table 1).  Because the human and mouse have such close genomes (refer to Table 2), the general matching of the HOXD12 gene was not surprising.  The slight differences between the zebrafish and human were not surprising, since the zebrafish is a bony fish (Table 1), indicated by its Class: Actinopterygii.  Since the fins of bony fishes are not thought to be the “ancestors” of human or even land animal limbs, the differences in the HOXD12 genes may account for the non-relationship.  
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However, the closeness between the human and coelacanth was ultimately the most surprising in the experiment.  Because this closeness is only confirmed for the HOXD12 gene, we can probably assume that coelacanths are an evolutionary link to humans.  The question still remains: What caused the transition from fins to legs?  It seems the help from homeobox genes ends here.
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Deciphering T-Coffee Results

General Results
We can see from the coloring scale before each T-Coffee result that the results go from good to bad in purple to red, respectively.  Thus, analyzing Figures 1 and 2, we can see that the segments being compared are very close.  The overlapping parts are highlighted, with areas of high concentration of matching pairs highlighted with red.  Looking at Figures 3 and 4, we can see that some parts are a very good match (red), while others are average or very close to poor (yellow).  However, this coloring tells you little about how many of the AA are matching.  It can be looked referred to during a cursory glance, but refer to “Cons” (below) for detailed information.  The scoring comes directly from the coloring.  The average score at the top of each page of results displays the approximate percentage of matching pairwise segments.  This number can be used to determine the general matching of the length of HOXD12 from each species.

Gene segments
The gene segments for the HOXD12 gene of each animal was obtained from NCBI (see Bibliography, pg. ).  However, the genes varied in length.  For example, the human segment codes for 275, while the coelacanth’s only codes for 199.  To make up for this, inserts hyphens 

(-) in the shorter code, or in the longer code when it doesn’t match with the shorter code.  Therefore, T-Coffee can still align segments, even of different length.  In areas that are not highlighted by a color, there is always at least one animal with no protein for that region.

Cons (Detailed Results)
Under each line of comparison, there is a strip labeled “cons.”  Because the code we are using is indicated in proteins, or groups of 3 mRNA nucleotides, the “cons” can indicate how many of the 3 mRNA molecules are the same in each pair (or multiple pair).  For pairwise alignment (Figures 1-3), the “cons” strip, has one of 4 symbols: a blank, asterisk (*), dot (.), or two dots (:). As said before, the blank represents the absence in code of at least one animal.  The asterisk represents sharing of all 3 mRNA molecules, a dot represents a sharing of 1 mRNA molecule, and two dots represents sharing of 2 mRNA molecules.  For triplewise alignment (Figure 4), the blank represents either absence in code, or no sharing in the three animal.  The asterisk indicates sharing of all 3 mRNA molecules in all three species, a dot represents the sharing of 1 mRNA molecule in all three species, and two dots indicates sharing of 2 mRNA molecules in all three species.  The same applies to mutiple pairwise alignment (Figure 5), except each symbol represents similar qualities in all four species.
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Tables and Figures

Figure 1: Comparison of human-mouse HOXD12 protein sequence

SCORE=100
*
 BAD AVG GOOD
*
human   : 100
Mouse   : 100

human   MCERSLYRAGYVGSLLNLQSPDSFYFSNLRPNAASLAF--PLSPTRAALPWAATPASCAPAT-
Mouse   MCERSLYRAGYVGSLLNLQSPDSFYFSNLRANGSQLAALPPISYPRSALPWATTPASCTPAQP

Cons    ******************************.*.:.**   *:* .*:*****:*****:**  



human   CGATAFGGFSQPYLAGSAS-RLQPPTAKDGPEEQAKFYAPEAAAGPEERGRTRPSFAPESSLA
Mouse   ATASAFGGFSQPYLTGSGPIGLQSPGAKDGPEDQVKFYTPDAPTASEERSRTRPPFAPESSLV

Cons    . *:**********:**..  **.* ******:*.***:*:*.:..***.****.*******.


human   PAVAALKAAKYDYAGVGRATPGSTTLLQGAPCAPGFKDDTKGPLNLNMTVQAAGVASCLRPSL
Mouse   H--SALKGTKYDYAGVGRTAPGSATLLQGAPCASSFKEDTKGPLNLNMAVQVAGVASCLRSSL

Cons       :***.:*********::***:*********..**:**********:**.********.**


human   PDGKRCPCSP--GRPAVGGGPGEARKKRKPYTKQQIAELENEFLVNEFINRQKRKELSNRLNL
Mouse   PDGKQCPCSPKPGLPWGGAAPGRARKKRKPYTKQQIAELENEFLVNEFINRQKRKELSNRLNL

Cons    ****:*****  * *  *..**.****************************************


human   SDQQVKIWFQNRRMKKKRVVLREQALALY
Mouse   SDQQVKIWFQNRRMKKKRVVQREQALALY

Cons    ******************** ********
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Figure 2: Comparison of human-coelacanth HOXD12 protein sequence
SCORE=98
*
 BAD AVG GOOD
*
human        :  98
coelacanth   :  98

human        MCERSLYRAGYVGSLLNLQSPDSFYFSNLRPNAASLAFPLSPTRAALPWAATPASCAPAT
coelacanth   ------------------------------------------------------------

Cons                                                                   

human        CGATAFGGFSQPYLAGSA--SRLQPPTAKDGPEEQAKFYAPEAAAGPEERGRTRPSFAPE
coelacanth   ----AFSGYSQAYLTSSVPINISSSNNNKESLDESNKYYFQDTNSKSDERYREHQSFVTD

Cons             **.*:**.**:.*.  .  .. . *:. :*. *:*  :: : .:** * : **..:



human        SSLAPAVAALKAAKYDYAGVGRATPGSTTLLQGAPCAPGFKDDTKGPLNLNMTVQAAGVA
coelacanth   PGILNAVNA-NTAKYDYSNMERQLHGPSVHFVLNSCTSAVSEGVKQPVNL----LSPAVQ

Cons         ..:  ** * ::*****:.: *   *.:. :   .*:....:..* *:**     :..* 



human        SCLRPSLPDGKRCPCSPGRPAVGGGPGEARKKRKPYTKQQIAELENEFLVNEFINRQKRK
coelacanth   SCTRPALTEGLTWCPTQVR---------SRKKRKPYTKQQIAHLENEFLINEFINRQKRK

Cons         ** **:*.:*     :  *         :*************.******:**********



human        ELSNRLNLSDQQVKIWFQNRRMKKKRVVLREQALALY
coelacanth   ELSDRLNLSDQQVKIWFQNRRMKKKRLIMREQTLSMF

Cons         ***:**********************:::***:*:::
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Figure 3: Comparison of human-zebra fish HOXD12 protein sequence

SCORE=86
*
 BAD AVG GOOD
*
human       :  86
zebrafish   :  86

human       MCERSLYRAGYVGSLLNLQSPDSFYFSNLRPNAASLAF--PLSPTR---AALPWAATPAS
zebrafish   MCEHNLLSSGYVAPLLNFHSPDSLYLQNLRGNGVHLSGLPQMSYSRREVCSLPWSSSNSC

Cons        ***:.*  :***..***::****:*:.*** *.. *:    :* :*   .:***::: :.


human       CAPATCGATAFGGFSQPYLAGSA--SRLQPPTAKDGPEEQAKFYAPEAAAGPEERGRTRP
zebrafish   TAPAQ--SRAYSGYSQPFFSNSAAVSASLNTHKKGSLEESGRYYFQDVSHKSEEPGRPNA

Cons         ***   : *:.*:***:::.**  *    .  *.. **..::*  :.:  .** **...


human       SFAPESSLAPAVAALKAAKYDYAGVGRATPGSTTLLQGAPCAPGFKDDTKGPLNLNMTVQ
zebrafish   AYASEQS----SASNGLSNLERRQLNAVAPNELSCIEQPE-SDASKQSVSSSXSIPAVTE

Cons        ::*.*.*     *:   :: :   :. .:*.. : :: .  : . *:..... .:  ..:


human       AAGVASCLRPSLPDGKRCPCS--PGRPAVGGGPGEARKKRKPYTKQQIAELENEFLVNEF
zebrafish   RPEYQTSFHRWYAQLLQDPSAIDTGLPWCPS-QVRSRKKRKPYTKPQLTELENEFMMNEF

Cons         .   :.::   .:  : *.:  .* *   .   .:********* *::******::***


human       INRQKRKELSNRLNLSDQQVKIWFQNRRMKKKRVVLREQALALY
zebrafish   INRQKRKELSDRLELSDQQVKIWFQNRRMKKKRLMMREHTFTIY

Cons        **********:**:*******************:::**:::::*
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Figure 4: Comparison of human-coelacanth-zebra fish HOXD12 protein sequence

SCORE=56
*
 BAD AVG GOOD
*
human        :  55
coelacanth   :  59
zebrafish    :  55

human        MCERSLYRAGYVGSLLNLQSPDSFYFSNLRPNAASLAF--PLSPTR---AALPWAATPAS
coelacanth   ------------------------------------------------------------
zebrafish    MCEHNLLSSGYVAPLLNFHSPDSLYLQNLRGNGVHLSGLPQMSYSRREVCSLPWSSSNSC

Cons                                                                     


human        CAPATCGATAFGGFSQPYLAGSA--SRLQPPTAKDGPEEQAKFYAPEAAAGPEERGRTRP
coelacanth   ---------AFSGYSQAYLTSSVPINISSSNNNKESLDESNKYYFQDTNSKSDERYREHQ
zebrafish    TAPAQ--SRAYSGYSQPFFSNSAAVSASLNTHKKGSLEESGRYYFQDVSHKSEEPGRPNA

Cons                  *:.*:**.:::.*.  .       * . :*. ::*  :.   .:*  * . 


human        SFAPESSLAPAVAALKAAKYDYAGVGRATPGSTTLLQGAPCAPGFKDDTKGPLNLNMTV-
coelacanth   SFVTDPGILNAVNA-NTAKYDYSNMERQLHGPSVHFVLNSCTSAVSEGVKQPVNL-----
zebrafish    AYASEQS---------SASNGLSNLERRQLNAVAPNELSCIEQPESDASKQSVSSSXSIP

Cons         ::..: .         :*. . :.: *   .. .           .:  * .:.      


human        ------------QAAGVASCLRP-SLPDGKRCPCSPGRPAVGGGPGEARKKRKPYTKQQI
coelacanth   ------------LSPAVQSCTRP-ALTEGLTWCPTQV---------RSRKKRKPYTKQQI
zebrafish    AVTERPEYQTSFHRWYAQLLQDPSAIDTGLPWCPSQV---------RSRKKRKPYTKPQL

Cons                         .     * ::  *     :           .:********* *:


human        AELENEFLVNEFINRQKRKELSNRLNLSDQQVKIWFQNRRMKKKRVVLREQALALY
coelacanth   AHLENEFLINEFINRQKRKELSDRLNLSDQQVKIWFQNRRMKKKRLIMREQTLSMF
zebrafish    TELENEFMMNEFINRQKRKELSDRLELSDQQVKIWFQNRRMKKKRLMMREHTFTIY

Cons         :.*****::*************:**:*******************:::**::::::
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Figure 5: Comparison of human-mouse-coelacanth-zebra fish 

HOXD12 protein sequence

SCORE=50
*
 BAD AVG GOOD
*
human        :  53
coelacanth   :  49
mouse        :  53
zebrafish    :  44

human        MCERSLYRAGYVGSLLNLQSPDSFYFSNLRPNAASLAF--PLSPTRA---ALPWAATPAS
coelacanth   ------------------------------------------------------------
mouse        MCERSLYRAGYVGSLLNLQSPDSFYFSNLRANGSQLAALPPISYPRS---ALPWATTPAS
zebrafish    MCEHNLLSSGYVAPLLNFHSPDSLYLQNLRGNGVHLSGLPQMSYSRREVCSLPWSSSNSC

Cons                                                                     

human        CAPAT-CGATAFGGFSQPYLAGSAS-RLQPP-TAKDGPEEQAKFYAPEAAAGPEERGRTR
coelacanth   ----------AFSGYSQAYLTSSVPINISSSNNNKESLDESNKYYFQDTNSKSDERYREH
mouse        CTPAQPATASAFGGFSQPYLTGSGPIGLQSP-GAKDGPEDQVKFYTPDAPTASEERSRTR
zebrafish    TAPAQ---SRAYSGYSQPFFSNSAAVSASLNTHKKGSLEESGRYYFQDVSHKSEEPGRPN

Cons                   *:.*:**.:::.* .   .     * . ::. ::*  :.   .:*  * .

human        PSFAPESSLAPAVAALKAAKYDYAGVGRATPGSTTLLQGAPCAPGFKDDTKGPLNLNMTV
coelacanth   QSFVTDPGILNAVNA-NTAKYDYSNMERQLHGPSVHFVLNSCTSAVSEGVKQPVNL----
mouse        PPFAPESSLVH--SALKGTKYDYAGVGRTAPGSATLLQGAPCASSFKEDTKGPLNLNMAV
zebrafish    AAYASEQSSAS--NGL--SNLERRQLNAVAPNELSCIE-QPESDASKQSVSSSXSIPAVT

Cons          .:..: .      .   :: :   :     .    :   . : . .:... . .:    


human        QAAGVASCLRPSLPDGKRCPCSP--GRPAVGGGPGEARKKRKPYTKQQIAELENEFLVNE
coelacanth   LSPAVQSCTRPALTEG----------LTWCPTQV-RSRKKRKPYTKQQIAHLENEFLINE
mouse        QVAGVASCLRSSLPDGKQCPCSPKPGLPWGGAAPGRARKKRKPYTKQQIAELENEFLVNE
zebrafish    ERPEYQTSFHRWYAQLLQDPSAIDTGLPWCPS-QVRSRKKRKPYTKPQLTELENEFMMNE

Cons           .   :. :   .:            .       .:********* *::.*****::**


human        FINRQKRKELSNRLNLSDQQVKIWFQNRRMKKKRVVLREQALALY
coelacanth   FINRQKRKELSDRLNLSDQQVKIWFQNRRMKKKRLIMREQTLSMF
mouse        FINRQKRKELSNRLNLSDQQVKIWFQNRRMKKKRVVQREQALALY
zebrafish    FINRQKRKELSDRLELSDQQVKIWFQNRRMKKKRLMMREHTFTIY

Cons         ***********:**:*******************:: **::::::
HOXD12: Tracking a Protein through Species Evolution

Amy Tai

Figure 6: General Evolutionary Tree for all 4 organisms
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Figure 7: Number of Hox Clusters in Chordata Classes
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Table 1: Comparison of Species Taxon Lineage










Table 2: Percentage of Homologous genes among human-mouse-zebrafish genomes






Coelacanths





       Land Vertebrates **





  * Includes zebrafish


** Includes humans, mice





Source: Dinofish.com





All other bony fishes *





Organism     Human	  Mouse      Coelacanth  Zebrafish


Kingdom    Animalia   Animalia    Animalia	   Animalia


Phylum       Chordata   Chordata    Chordata     Chordata


Class         Mammalia Mammalia Coelacanthiformes Actinopterygii


Order	       Primates    Rodentia  Crossopterygii Cypriniformes


Family      Hominidae   Muridae  Osteichthyes   Cyprinidae


Genes	         Homo	     Mus       Latimeria      Danio


Species          sapiens    musculus  menadoensis       rerio








	     Human   Mouse  Zebrafish


Human         --         79%       63%





Mouse         79%       --          64%





Zebrafish     63%     64%	--





*  





*  





*  





Source: Gunte P. Wagner 
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