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Non-sequence Databases 
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1 Although this site is held in Israel, there are several mirror sites around the world. Because internet traffic 

can be slow, it is generally a good idea to use sites as close to home as possible. Unfortunately, some 
mirror sites are not always up-to-date. The Israeli site is also linked from the RFCGR bioinformatics 
pages. 

2 Ensure that the “Search/Display GeneCardsTM by” is set to keyword. 
3 If your search had produced many cards, the “open a small search window” button would allow you to 

conduct a more stringent search in a separate display.  
4 URL: http://www.gene.ucl.ac.uk/nomenclature/  
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*You should have found out that the gene implicated in aniridia is pax6 - a paired box homeotic gene. 
5 It is always best to use accession numbers to search databases if at all possible. To illustrate this point, 

you may like to do a keyword search of the GDB using the word “aniridia”, or a search such as pax* 
which uses a wildcard. 
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6 Genbank is the American repository for nucleotide sequences and contains the same data as EMBL – the 

European databank. 
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7 Celera Genomics is an American organisation, which is aiming towards becoming “the definitive source 

of genomic and related biological information”. The slight flaw in this plan is that you must subscribe to 
the service, and whilst biotechnology firms may be able to muster the required finances, not a lot of 
government funded research posts have the money available. 

8 Your results appear below the search options. If your search retrieved no results, then nothing will appear 
in this space and you should conduct a new search using a different keyword. 

9 IVS – Intervening sequence – i.e. introns.  
10 Donor splice sites are located on the boundary between the right end of an exon and the left end of an 

intron. Acceptor splice sites are located on the opposite boundary. The mutation is given relative to the 
ds or as of a specified intervening sequence. 
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11 Nucleic acid sequences may be submitted to any of the three databases, depending on whether you are 

resident in Europe (EMBL), America (Genbank) or Asia (DDBJ – DNA DataBase of Japan). Newly 
submission sequences are transferred between the three databases on a daily basis. 

12 This database was released in December 2003 and is the coming together of Swissprot, TrEMBL and PIR 
to form a non-redundant set of all known protein sequences.  

13 If you do not know what these databases are, click on the name and it will link to a description of the data 
held. 

14 EMBL and SwissProt contain hundreds of thousands of sequences, and new sequences are added every 
day. There is a new release of these databases approximately every three months, and any new 
submissions before that date are released as updates. The separate libraries can be seen by looking under  
the Nucleotide Sequence Databases – subsections” heading. 

15 EMBL is composed of the main release, and the “updates” which include any new entries between 
releases.  
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16 As the database gets updated, this may change.  
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17 This approach is only possible where the SRS search engine is connected to the required databases. 
18 You only have one entry here, so you do not have to bother selecting it. 
19 The Human Genome Variation Database attempts to summarise all sequence variation data in the Human 

Genome. This also includes repeats and indels. It is currently being re-developed into a 
phenotype/genotype database. 



��������	
�������
�����	���������	 	 �����������������������������	
������
�	�����	����
�	��
����	 ��!����	��
���"��	�
#$	#%&�	'(	


�������
�����	)	*	'���+�	*�������	 	 ,���	#<
	 	

-#�$.�-$$/	

%�����-$	���������	��"	���	�
�-#	��"	��	"������"	��	�����	1��	����	������	��	���	���	

�������	 �����
�����	 ��������1	 �����	 �����	 ���	  �
��	 ����
��	 ��	 ����
�������1	

���������	�������	����
��	"����	��"	��	����	���5���	�"0������	���	����	����	�������	

��"	 �����
�����	 ����	 ��	 �""�"	 ��	 ��
�0�"	 ��	 
���	 �0�"����	 ���	 ��	 �������	 �	

����������	 �������	 �������	 ����
��	 �0��������	 �����	 ���	 "����0���"	 �����	 ���	

�������	��"	��������	������
��	��"	�����������"	����	����������	�0�"����	����"	

��	���	�������	"���������	

	

���	 ��	 ��	 ���������������
������	 ��"	 ������	 I����
��	 ����J�	 ��	 ��	

"��������	��	1��	���	0������	��������	��	���	�����		

B��	��	����	��	���	��
�	�����	������	���	�������	 I �
��J	��"	����	������	���	

����
���
�	1��	����	���	,�!.	����	��	��	������"	���	3�	���	�"�����
	��������"	

��	1���	���"	���	��������	�����	1��	����	���	����	��	���	��	��	�	����	"����	������9	

����	 �����	 %B,	 "�����19	 = ����	 &�	 ���	 �����	 ��	 ��1�����	 �����	 5���	 ����	 ��	 ���	

0������	"��������?	

%�����	��	���	�����
	��	���	����	��"	������	���	O
�����	37�7	"�������O	�����	���	

"�������	���������"	����	����	����
���
�	���	 ��	������������	��"���	����	�������	

�����	1��	���"	��������	��"	������	���	����	��	���	����	=���	����	��
���	���������	

�B%�--?	

D��	 ���	 ���	 ��	 ���	 ����
��	 ����M����	 �����	 ��������	 �	 ��

��1	 ��	 ���	 ���	

�����
�����	��	���	�����	����	�����	��	����	����	����1	��	
��1	�����	"���������	&�	

1��	���������	��1	��	���
9		

	

���	 	 ����
��	����	�&	 		GGGGGGGG�GGGGGGGGGGGGG��GGGG��GG�	

	

	 	 ����	8�������		GGGGGGGGGGGGGGGGGGGGGGGG�GGGGGGGGGG	

	

 �
����1	
������	�������	�����	�������	����������"	��	���	����
��	"�������	���	

����	�����"�	D��	����	���	���
	���	����M����	����	�����	���	�����	��������	������������	

���	"���	��"	�����	����	�������	���������	�����������	�������-<	������	���	����
��	

���	 ��	 ���	 �����������	 ���	 ��"�	 ��"�������	 ����	 ���1	 ��0�	 ����������	 ����������	

�0�"����	��	�!���	�����������1�	���	�����	����������	��"������	���	��0��	����������	)	��	

���	����	���"����"	�1	���	����
��	���������	���	"���	���	"�����1	������	����������	

�0�"����	��	��������1	�������	�	����������	
��������		

*�	����	��	���	����������	������������"	0����	�!���	 =���	0�������	��!��?	 
�1	��	

�����"	 ���	 ��"�������	 ����	 �!����	 ��	 �������"�	 ��"�������	 ����	 ����	 ��	 ����	 ��	 ���	 ��4

���������"	������	 ='�C?�	��	 ��	���	����������	����������"	 ��	�����	����	��	���	
���	

���������"	���	

                                                 
20 Centre at Hinxton, Cambridgeshire, responsible for sequencing one third of the Human Genome aswell 

as other genomes. Visit the centre at http://www.sanger.ac.uk  
21 European Bioinformatics Institute –responsible for the EMBL database and specialised bioinformatics 

tools. Located at Hinxton, visit the EBI at http://www.ebi.ac.uk  
22 Everything in Ensembl is numbered using the letters ENS followed by one, which denotes the identity of 

the specification, i.e. G for gene, P for protein, T for transcript, etc.  
23 These are the initial clones that the genome was originally divided into. These regions were subsequently 

divided, sequenced and the contiguous sequence reassembled.  
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24 Hint: If it is too small to see, click on the genomic location Mb link to zoom in. 
25 Contig is short for contiguous region and represents the sections of sequence that were initially cloned, 

sequenced and aligned to created continuous areas of the genome.  
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26 If you have a discrepancy in the number of SNPs found with various methods, the most likely reason is 

that the database you are using hasn’t been updated yet. Try using SRS at a different site, or go straight 
to the database homepage and compare the number of entries in each. 
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27 TrEMBL is a database which holds peptide sequences resulting from automatic translation and 

annotation of the EMBL nucleotide sequences -hence Translated EMBL. It is generally seen as a 
precursor to SwissProt which contains manually annotated peptide sequences. 
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28 The Government funded Biotechnology and Biological Sciences Research Council. 
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29 So called because it has been written in the programming language Java. This language allows programs 

to function on any java enabled computer platform. 
30 Unfortunately, the old Mac operating system does not support Java and unless you have MacOSX 

(purchase since 2001), you cannot use Jemboss. 
31 For the purposes of this course, you will be assigned a username and password. Otherwise you should 

use the identification you received when you registered with the RFCGR. 
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32 Some programs will not require a sequence, and in these cases there is, obviously, no sequence entry 

field. 
33 The sequence address communicates to the program which sequence you would like to retrieve from 

which database. It is written in the form database:sequence where sequence represents the sequence 

Figure 1 
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identifier or accession number. 

34 If you do not type in a sequence identifier, the program will try to download the whole of your specified 
database, when using programs like “seqret”, for example. 
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35 As EMBOSS runs on a UNIX operating system, the optimal way of executing a program is to write out 

all the commands you wish the program to do on one line – the command line. The interface will 
actually do this for you, but if you work with the UNIX system, or would like to start, it may be useful 
for you to know the exact command line used. 

36 Files may also be edited in this way. 
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37 It is important to input all sequence options first, otherwise the sequence attributes will be overwritten. 
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38 Like SRS, this may change depending on where you are using the service. If your university is providing 

EMBOSS as a service, the database selection may be more limited than a large national bioinformatics 
centre. 

39 These are the names, in the first column, that the databases may be called. These names may then be used 
as part of the Uniform Sequence Address (USA) of a database entry. 

40 For more than one sequence, you can use a wildcard. This is represented by an asterisk inserted after any 
identifying characters. So searching for all pax sequences in Swissprot, you could type sw:pax* into the 
sequence field of an application. If you wanted to search all the files in this database, you would enter 
swissprot:* into the field. 
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41 You identified this during you database searching with SRS. 
42 This is incredibly important, otherwise you will start to download the entire EMBL database. 
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43 A score is calculated between two sequences using a two dimensional array of numbers called a matrix. 

The matrix for DNA is relatively simple, with each exact base match scoring 5 and each mismatch 
scoring –4 (This is the EMBOSS scoring scheme, other packages have a similar scheme). Various other 
scores represent matches between ambiguity codes. Matrices for amino acids are more complex, and are 
discussed later in the chapter.  
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44 This is the matrix depicted above, and includes all DNA ambiguity codes. 
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45 This program is also available from the EBI at http://www.ebi.ac.uk/emboss/align/index.html  
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46 Remember, that this program gives you the best alignments first, and the “best alignment” for the 

computer involves not only percentage identity, but length of alignment too. 
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47 This program is available at the EBI at http://www.ebi.ac.uk/emboss/align/index.html  
48 You must save your graphical files with a .png extension, otherwise you will not be able to open  and 

view them as graphics. 
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49 You do not want to omit all potential ORFs, so a size in the region of 150 will allow you to examine 

several potential proteins.  
50 This program may not be necessary if you have already obtained the correct protein by using “getorf”. 
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Restriction Maps 
	

                                                 
51 It is always worthwhile checking your analysis at each stage, to ensure that you are still on the right 

track. The person who blindly plods on will end up wasting a lot of time later, when designing 
laboratory experiments to corroborate the computational evidence. 
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52 You may not get exactly the same map, as the EBI may represent several restriction enzymes in one list 

that are not strict isoschizomers.  
53 If you prefer to use the web version, see 
 http://www-genome.wi.mit.edu/cgi-bin/primer/primer3_www.cgi  
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54 Hold down the control key as you press the “c” key. 
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55 Hold down the control key as you press the “v” key. If you are using a unix system, you need not bother 

with this, and can cut just by highlighting the sequence with your left mouse button, and paste using the 
middle mouse button.  
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   A  B  C  D  E  F  G  H  I  K  L  M  N  P  Q  R  S  T  V  W  Y  Z  
 
A  2  0 -2  0  0 -4  1 -1 -1 -1 -2 -1  0  1  0 -2  1  1  0 -6 -3  0  
B  0  2 -4  3  2 -5  0  1 -2  1 -3 -2  2 -1  1 -1  0  0 -2 -5 -3  2  
C -2 -4 12 -5 -5 -4 -3 -3 -2 -5 -6 -5 -4 -3 -5 -4  0 -2 -2 -8  0 -5  
D  0  3 -5  4  3 -6  1  1 -2  0 -4 -3  2 -1  2 -1  0  0 -2 -7 -4  3  
E  0  2 -5  3  4 -5  0  1 -2  0 -3 -2  1 -1  2 -1  0  0 -2 -7 -4  3  
  
F -4 -5 -4 -6 -5  9 -5 -2  1 -5  2  0 -4 -5 -5 -4 -3 -3 -1  0  7 -5  
G  1  0 -3  1  0 -5  5 -2 -3 -2 -4 -3  0 -1 -1 -3  1  0 -1 -7 -5 -1  
H -1  1 -3  1  1 -2 -2  6 -2  0 -2 -2  2  0  3  2 -1 -1 -2 -3  0  2  
I -1 -2 -2 -2 -2  1 -3 -2  5 -2  2  2 -2 -2 -2 -2 -1  0  4 -5 -1 -2  
K -1  1 -5  0  0 -5 -2  0 -2  5 -3  0  1 -1  1  3  0  0 -2 -3 -4  0  
  
L -2 -3 -6 -4 -3  2 -4 -2  2 -3  6  4 -3 -3 -2 -3 -3 -2  2 -2 -1 -3  
M -1 -2 -5 -3 -2  0 -3 -2  2  0  4  6 -2 -2 -1  0 -2 -1  2 -4 -2 -2  
N  0  2 -4  2  1 -4  0  2 -2  1 -3 -2  2 -1  1  0  1  0 -2 -4 -2  1  
P  1 -1 -3 -1 -1 -5 -1  0 -2 -1 -3 -2 -1  6  0  0  1  0 -1 -6 -5  0  
Q  0  1 -5  2  2 -5 -1  3 -2  1 -2 -1  1  0  4  1 -1 -1 -2 -5 -4  3  
  
R -2 -1 -4 -1 -1 -4 -3  2 -2  3 -3  0  0  0  1  6  0 -1 -2  2 -4  0  
S  1  0  0  0  0 -3  1 -1 -1  0 -3 -2  1  1 -1  0  2  1 -1 -2 -3  0  
T  1  0 -2  0  0 -3  0 -1  0  0 -2 -1  0  0 -1 -1  1  3  0 -5 -3 -1  
V  0 -2 -2 -2 -2 -1 -1 -2  4 -2  2  2 -2 -1 -2 -2 -1  0  4 -6 -2 -2  
W -6 -5 -8 -7 -7  0 -7 -3 -5 -3 -2 -4 -4 -6 -5  2 -2 -5 -6 17  0 -6  
		
Y -3 -3  0 -4 -4  7 -5  0 -1 -4 -1 -2 -2 -5 -4 -4 -3 -3 -2  0 10 -4  
Z  0  2 -5  3  3 -5 -1  2 -2  0 -3 -2  1  0  3  0  0 -1 -2 -6 -4  3  
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56 You should bear in mind that in order to identify homologous sequences, searches involving the protein 

sequence are approximately 5 times more sensitive at finding matches 
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57 This cutoff is usually generated by the BLAST program, based on the parameters you have selected. 
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58 It is not critical in this case if you copy the sequence description in addition to the sequence itself. 
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30 matrix represents. 
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Predicted genes/exons: 
 
 
Gn.Ex Type S .Begin ...End .Len Fr Ph I/Ac Do/T CodRg P.... Tscr.. 
----- ---- - ------ ------ ---- -- -- ---- ---- ----- ----- ------ 
 
 1.01 Intr +   1078   1194  117  2  0   71   52   101 0.610   4.32 
 1.02 Intr +   1380   1510  131  1  2  141   58    68 0.979   8.59 
 1.03 Intr +   2438   2653  216  1  0  104   94   184 0.995  18.38 
 1.04 Intr +   3358   3523  166  0  1   76   93   110 0.633   8.91 
 1.05 Intr +   3608   3675   68  0  2   88   34    28 0.386  -4.89 
 1.06 Intr +   4425   4496   72  2  0   72   49    73 0.412   0.48 
 1.07 Intr +   6243   6332   90  2  0  138   61    28 0.776   4.37 
 1.08 Intr +   7135   7293  159  0  0   46   68   172 0.796  10.26 
 1.09 Intr +   8347   8440   94  0  1   52   51     4 0.656  -8.28 
 1.10 Intr +   9426   9584  159  1  0  108   54   233 0.717  20.94 
 1.11 Intr +  10100  10182   83  0  2   29   86   120 0.971   4.34 
 1.12 Intr +  10412  10562  151  1  1   72   58    73 0.983   1.51 

                                                 
61 This is available by following the “ WWW menu”  link from the RFCGR homepage. Select “ Utilities” , 

File Management”  to the “ Simple WWW file manager” . Click on your file selection, and it will be 
displayed to you in the web browser from where you can copy it. 
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 1.13 Intr +  10661  10776  116  0  2  113  108    88 0.949  12.55 
 1.14 Intr +  13168  13504  337  0  1    0   99   244 0.536  10.87 
 1.15 Term +  14195  14280   86  0  2   78   42    36 0.556  -5.16 
 1.16 PlyA +  14994  14999    6                               1.05 
 
 2.02 PlyA -  15281  15276    6                               1.05 
 2.01 Sngl -  17114  16698  417  2  0   72   41   225 0.652  12.26 
 2.00 Prom -  18687  18648   40                              -5.35 
 
 3.02 PlyA -  18984  18979    6                               1.05 
 3.01 Term -  20802  20690  113  1  2   58   50   131 0.532   4.04 
 

Three genes have been predicted (defined by numbers 1, 2 and 3 on the left hand side of the results62). Does this correspond to what 
you have seen in the NIX analysis? 
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Does this correspond with the information in Ensembl? Why not63?  

                                                 
62 The numbering is reversed for predictions 2 and 3 as they have been found on the anti-sense strand. 
63 Ensembl uses Genscan as only one of its prediction tools. Genes are built using several sources of 

information. Also, some of the exons have been found on another clone, the sequence of which is no 
contained in Z83307.  
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64 Function and structure are not always perfectly coupled – although structural homologues are still a 

useful source of information. 
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66 This type of search will include such domains as glycosylation, or myristoylation sites, which, although 

biologically relevant to your protein, may not offer as many clues about the function of it. 
67 It should not be exactly the same, as the homeobox domain is obviously made up of much more than just 

one motif, but you should find the HTH pattern within this domain. 
68 ProDom is an uncurated database held in Toulouse in France. It aims to align all fragments of sequence 

involved in a particular domain. See http://prodes.toulouse.inra.fr/prodom/doc/prodom.html  



��
����������	,������	*���1���	 			 ,���	..	


�������
�����	)	*	'���+�	*�������	 	 ,���	..
	 	

-#�$.�-$$/	

	

���	 ��	 ��	 ������������������������%��������,��
	 ��"	 ������	 I,������	

%�����J�	 �����	 ���	 '��,���	 �"��������	 ��!.Y��
��	 ����	 ���	 ���	 ����"	

=���	 2���1	 ��!?	 ��"	 �����	 ���	 I%��
��	 S���1J	 ������	 ��	 �����	 ���	

�������		

	

D��	�����"	���	���	���	"�
����	1��	"����0���"	�����	�������	��0�	���	����	�����"	

���	��	,��
�		

	

���	 	 %����	��"	��"	��	,*K	"�
���	 GGGGGGGGGGGGGGGGGGGGG�	

	

���	 	 %����	��"	��"	��	��
����!	"�
���	GGGGGGGGGGGGGGGGGGG��	

	

*��	���	��������	�����	�����	"�
����	��0��	���	��
�	��	1��	"����0���"	��	�������9		

	

���	 �!�
���	����	"�
���	����1	�1	��������	��	���	"�
���	����	��	���"	���	


���	 �����	 ���	 �����	 ��	 ���	 IM���	 �������J	 ������	 ��	 ���	 I&�
���	

������������J	��!�	����	����	��0�	1��	�	���������	����	��	���	�����	'��,���	

��������	����������	�����	"�
�����		

*������	"�������	����	"������	����������	�������	��
�����	��	�	��
����	��1	��	,C�B�%�	

��	����	"��������	����	"�
���	��	 �"�������"	�1	�	��
���	��	������	�����������1	����4

������0�"	��2�������	*	����	
����	��	���	��	 �����	I������������J	����	
����	���	���	

����0���	�����	��2������	��	���	�������	��"���	*	�������	
����	��	�����"�"	��	��
�	���	


������	��	��	���1	�����	��	��	���������	��"���	

���	,C�B�%	"�������	���	��	�������"	�����	���	%	���	������
	�����	��	�0�������	

������	�7
3%%�		

	

��� %�����	%	���
���
	���	������	
���4
��	���
	���	I,������J	��"	I7�����J	


�����	&���	��"	"���	%�&'9%�%	����	���	��2�����	������
�	��!	��"	

�����	 ��	 ���	 I83*&	 %�S'�B��	 *��C�
'��%J	 ������	 ��	 "�����1	 ���	

"������	0�����	���	����	��������	*�����	�����	0�����	��"	�����	I��J�		

	

CLASS 1 

Fingerprints with all elements in order 

 

Fingerprint PAIREDBOX Elements 4 

    Accession number PR00027 

    Paired box signature  

  Element 1 Threshold 79% Score 100% 

             Start position 8 Length 16 

  Element 2 Threshold 60% Score 98% 

             Start position 26 Length 19 

  Element 3 Threshold 71% Score 96% 
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             Start position 46 Length 18 

  Element 4 Threshold 61% Score 97% 

             Start position 64 Length 18 

CLASS 2 

All elements match but not all in the correct order 

 

Fingerprint HTHREPRESSR Elements 2 

    Accession number PR00031 

    Lambda and other repressor helix-turn-helix signature 

  Element 1 Threshold 50% Score 52% 

             Start position 239 Length 10 

  Element 2 Threshold 32% Score 34% 

             Start position 395 Length 17 

  Element 2 Threshold 32% Score 61% 

             Start position 248 Length 17 
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69 Whilst containing one element too many to be a HTH repressor motif, this is in the region of our 

homeobox domian, and so the database scan has pulled out the helix turn helix motif of the homeobox, 
which is slightly larger than a HTH Repressor motif.  
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70 If you do this too early, and the program is still running, the right hand side of the job manager window 

will state that the results are “ pending” .  
71 When you save a file, ensure that you have actually activated the tab in the results window before saving, 

otherwise you will create a file with mystery content! 
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72 As sequences are added to the database, it is possible that there will be new sequences that resemble our 

domain to a greater extent than the protein mentioned. Due to the rise in sequences in the database, the 
statistics change, and the E value may also differ from the text. 
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73 These are the instructions for a PC of workstation. Mac users must use the MAC buttons on their 

keyboards. 
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74 This wasn’t registered as a SNP in Ensembl, because, it is, in fact, a disease causing mutation. 
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75 This tells RasMol that the residue we are interested in is residue number 30, which is an alanine residue, 

and it is in chain A of the protein. 
76 In this case it does not differ from that represented in the PDB, but other entries may do 
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Appendix I: Sequence symbols  
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Nucleotide notations 

     IUB/GCG     Meaning     Complement    

       A            A            T             

       C            C            G             

       G            G            C             

      T/U           T            A             

       M          A or C         K             

       R          A or G         Y             

       W          A or T         W              

       S          C or G         S              

       Y          C or T         R              

       K          G or T         M              

       V       A or C or G       B  

       H       A or C or T       D  

       D       A or G or T       H  

       B       C or G or T       V 

      X/N    G or A or T or C    X  

       .   not G or A or T or C  . 
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Amino Acid NOTATION 

 Symbol 3-letter    Meaning      Codons          IUB Depiction  
      A    Ala      Alanine      GCT,GCC,GCA,GCG          !GCX  
      B    Asp,Asn  Aspartic,  
                    Asparagine   GAT,GAC,AAT,AAC          !RAY  
      C    Cys      Cysteine     TGT,TGC                  !TGY  
      D    Asp      Aspartic     GAT,GAC                  !GAY  
      E    Glu      Glutamic     GAA,GAG                  !GAR  
      F    Phe    Phenylalanine  TTT,TTC                  !TTY  
      G    Gly      Glycine      GGT,GGC,GGA,GGG          !GGX  
      H    His      Histidine    CAT,CAC                  !CAY  
      I    Ile      Isoleucine   ATT,ATC,ATA              !ATH  
      K    Lys      Lysine       AAA,AAG                  !AAR  
      L    Leu      Leucine      TTG,TTA,CTT, 
                                 CTC,CTA,CTG  !TTR,CTX,YTR;YTX 
      M    Met      Methionine   ATG                      !ATG  
      N    Asn      Asparagine   AAT,AAC                  !AAY  
      P    Pro      Proline      CCT,CCC,CCA,CCG          !CCX  
      Q    Gln      Glutamine    CAA,CAG                  !CAR  
      R    Arg      Arginine     CGT,CGC,CGA, 
                                 CGG,AGA,AGG  
                                              !CGX,AGR,MGR;MGX  
      S    Ser      Serine       TCT,TCC,TCA, 
                                 TCG,AGT,AGC      !TCX,AGY;WSX  
      T    Thr      Threonine    ACT,ACC,ACA,ACG          !ACX  
      V    Val      Valine       GTT,GTC,GTA,GTG          !GTX  
      W    Trp      Tryptophan   TGG                      !TGG  
      X    Xxx      Unknown                               !XXX  
      Y    Tyr      Tyrosine     TAT, TAC                 !TAY  
      Z    Glu,Gln  Glutamic,  
                    Glutamine    GAA,GAG,CAA,CAG          !SAR  
      *    End      Terminator   TAA, TAG, TGA    !TAR,TRA;TRR 
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Appendix II: Amino Acid Properties 
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Tiny 

Polar 

Small 

Aromatic 

Aliphatic 

Hydrophobic 

Charged 

  Positive 
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