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Symbiosis | Is the first of a sequence of three Biology, Mathematics and Statistics integrative courses. Students who pass Symbiosis | get credit for Biology | and Introductory Statistics. Module 5 of
Symbiosis | covers the basics of DNA genetics from the biological point of view. The math/statistical component of the module takes DNA as a sequence of the 4 nucleotides C,A,G, T ; guestions
about sequences are posed and the probabillity tools to answer them are developed or reviewed. This module prepares the students, at an elementary level, for the future study of bioinformatics. At
the same time students put into practice their knowledge of Probabillity in a relevant context.

From the mathematical point of view the only pre-requisites are the basic understanding of probability, iIndependence and conditional probability, which are covered in Module 4.

The topics covered are: DNA as nucleotide sequences, nucleotide frequency, GC content. Independence and conditional probability in the DNA environment. Transition matrix, graph to represent
transition matrices. Probability of a given sequence of nucleotides, repeats of a single nucleotide, length of the repeat, geometric distribution. Palindromes, probability of any palindrome and of
specific palindromes, space in between palindromes. Comparing two sequences of nucleotides. Similarities that happen just by chance. Random walks (and their use in testing for similarities).
Part of the teaching material created is displayed below. Microsoft word and free software available in the internet are used In the exploration of sequences.

Are the consecutive letters independent?

Data baSES, frequenCIeS, GC Content DI”UCIGOtIdeS There arel00719 nucleotides in that sequence

i i | counted how many times CC,CG,CA,CT,
Dinucleotides frequency GC,GG,GA,GT,AC,AG,AAAT, TC,TG,TAor TA

Where can we find DNA data bases” Searale = Pesilame vine 08 How frequent are each one of the . . Dinucleotide frequency for the happened. The frequencies of each pair are
ple . Fap nucleotides? « These are the first 100 nucleotides of the dispiayed in the table below:
http//WWW ani . n|m ; nih_qov/ Sequenced b_y CoIe,S.T. and Danos,0. in 1_987. _Nucleotide sequence and ] BRCA]— gene WhOIe B RCAl gene Second
I SOURNAL 3. Mol Biol. 163 (4). 666608 (1oa7) TTe 1 denome: B e e BB - Do CTTTGTGCAACAGTACTTTCCCAGGATCCACA " Roif DN frequency P(fistj P(second) Expetted ~ratio  Nucleotide frequency: |
: = PR - ~OURINAL J. VIOL BIOL. 199 (%), 93 aT BcACcR AR ceccoceTT T el c IMcRcccocBocomBcMco e cr cliror et e ddce 1 AG 7106 0190 0310 593229 1.293% P(G)_—O-'?’l P(C)—_0-295 flrst A G C T total
OBack T . \ﬂ \ELI il | g~ e i { FEREHES 62 T b 1 I ii File Edit Wiew Favorites Tools  Help ETTTT C%ggaggTGTGgg2$$§$§CTG§;$E¥$§$;;T$ GGAAATACTCAGAGTCCACCTGGACATTTTA 2 CT Tasa 0.255 0.205 6090.32 1.291TB -FFt(‘]Ae?‘;Oar]'-egloosg.-g);SCzlggﬂdes in
sccvess | &] https . nebi.rimrib. gov 7 . A ) cearch SI= Favorites J£2) - B E - A A1 2, AEnalnles NN - TN ““nﬁn ] Augnlen P 78 3 CA 7098 0235 0.190 564524 1.25734
e CYTT Y T Ly Tl SR O 0 BB Poo frme © 33 3 ﬁam' CTTATATTCAGTTTCCAAGTGTCAGAGGGGT AT6 T 05 030 SHNR 12 o 100718 pareer consetine. A 4048 7706 4557 2856 19167
iddress | @] htkp: v, ncbi,nim, nib.gov/entreziviewer Fogizdb=nucleotidetugty=18c_start=1alist_uids=¥050152wids Tz 2z awaes . o o e e e o e ) 5 CC .“:615 0295 02.95 3?’6493 121 ":'-.I'r letters.
Naﬁt_n_lal Ce“tf?r 1.01. Biﬂte(‘.hljll:.!]ﬂgy _Inl'n_rmatiun C:}.ngc Gl | G0 d/‘; @ E’ - ﬂ? Bookmarks @91 blocked ":,5’ Check T$$TT T'T ) iy Find and Repla.ce @@ Ei——n-i TCAG GA B GG 113% 0310 ':'31':' SBTSW 11?65? :rhe frequ.enc,:ies Of.eaCh . G 5901 11388 8935 5020 3 1244
T e - n PE - | ir CG? TTT e o6 025 dmmer fmss  gparieotde are dspavedinine
SercAlIDtbas Vfg o E— \ . ESEETEE ’ HOW many tlmes .you flnd the palr CG i HOW 8 AA 4048 0.10  0.130 363532 1.1134 V?/h)?t.he frequencies differ from what C 7098 4154 10615 7868 29735
= e many times you find the pair CA? How many R A S ool | T L Sl

» What does NCBI do? o [B s e e . - . . - 10 GC 8935 0310 0.295 9210.86 0.97007 independence?

Established - > Assembly At Preview/inex History ; s wtcingthis e A times you find the pair CT? How many times 11Te 5627 0.205 0295 609092 092383  Portions of the DNA (coding region) T 2120 7997 5627 4828 20572

T o ey e or " Fesemy A e/t v[sendte v i e s I v e v ) [ e ] P : : 112 AC 5 01% 0295 54524 00723 OIS transcripted into mARNA (T is :
. ] public databases, conducts research in ;ﬁi';?georﬁ?;mups - O - 8 o0 et = . un e_n — ‘_ - = — s : you flnd the palr CC’) 13 GT 5020 0310 0.205 640063 0.78430 ‘rterzgnasﬁgtedyint%%?nir%acidsls(which in TOtal 1007 18 palrS Of |etterS
. : computanonal hiclogy, dev_elops software . i A2 B AR Ty 14 AT 2856 0.190 0205 3922.87 0.72802 turn go into proteins)

In the d nt: lookingfor.doc we give complete instructions on how to get : e . rr R TT R EERACT IR R el 15 TA 2120 0.205 0190 3922.97 0.54041 Thus the ‘writing’ of aminoacids
either a summary or a sequence of nucleotides from that data base. }Dglw%mﬁf;‘;lf“ﬂm;ﬁ’if:‘:l[fifnziﬁl veve 15 20, 3JmeT v Lo T e B e T B T R e 18 CG M54 0295 0310 921086 0.45100 would put conditions into the pairs of E.Seier- Exploring DNA data | 11
S v S E.Seier- Exploring DNA data | 9 TOTAL 100718 100718 ;2“%8;;5;;;;3 %ﬁ‘fﬁﬁ/& SJQ:?L%?}“GS
omly rormed sequence o 10

E.Seier- Exploring DNA datéggers

E.Seier- Exploring DNA data | 2

E.Seier- Exploring DNA datd e =] [ peplore | [[Repoeest ] (Bt ] [ ciose E.Seier- Exploring DNA data | 4

_ _ Software useful to count frequencies of
Can the 4 nucleotides considered GC content #CH#G L1, nucleotides, dinucleotides and trinucleotides Graph to represent the transition

O _— .
to b equally frequent? HCA+HGHHT +# A Conditional probabilities http://www.genomatix.de/cgi-bin/tools/tools.pl probabilities (BRCA1 gene)

Table 1.- Frequency of nucleotides in the Hurnan papillota virs type 18 GC content Of HPV 18 Is P(G|C)=Probability of a G given « Overall the

e : 21.3822+19.0531 ~ 40.4% that the previous letter was a C proportion of G is | -

1 & 1650 #1_38&2

: 1497 19052 Human herpes virus 31%. 0 if we Transition probability matrix
2 A £263 201005 Explore the GC content of more viruses, . ! . (rounded values) c
r T BRLE 2949642 you do not need to do the counting, the pick one location
information is there. Look for (double Conditional probabilisies: = at random the - A G C T 7
ooooo e stranded DNA linear ) At http://www.ncbi.nlm.nih.gov/ izst = 1t :
ez ibus ion ) : & D-Elilﬁ'ﬁ n.qngnqs 0.235752 u.mz.m prObablllty that it A nel Al e s 039
0 Category Obserwed Froportion Ewpected o Chi-8q ) . [ 0.185868 0.264486 0.28597F 0. 160671 ; ; 0.19 0.36 0.29 0.16 :
00000 : zaes p-zs lscd.zs orne Genome Info: | 00K for data base GENOME, look for viruses and display : 0.238709  0.129701 0.35E987 0.2E4504 = a_G s 0.31, =
5 ;gig §§§ i;gzii :;;2: o OVERVIEW T 0.102052  0_2&572F 0272827 0. E24655 but |f we knOW C 0.24 0.14 0.36 0.26
- . : efseq: . |
- uc ooizes DO most viruses have GC content below 50%7? that the previous T e
CCCCCCC A G G b e ¢ 296-61‘: o-one GenBank: Why WOUId be a reason for that? PI:I_:. ﬁ'J‘.Sf aned 03 J’!E_I'f:] % 4154 One IS a C, the
X04370 What is different in the bounding of G POIE)= BT “ 75 mss 0 probability is only 024
Length: 124,884 with C as opposed to the bounding of 100713 0.13 |
E.Seier- Exploring DNA data | 5 GC Content. T Wlth A? ; ; E.Seier- Exploring DNA data | 13
160, ontent: E.Seier- Exploring DNA data | 12 E.Seier- Exploring DNA data | 14
'* E.Seier- Exploring DNA data | 6

Repeats Palindromes

— P al | N d romes Looking for palindromes in a sequence
One letter repeats Sl it i [arslse 5ty of Ge s Eeiee fEmess v _ _ _ _ I e aetioe mirasel e complementany strand How many different 4 letter palindromes can First 100 nucleotides of Staphilococus Aureus JH1
g = . . ’ : I ATTAAAATTCTCGTATTAGCTCATTGATTATCTAGTCATAATTCAAGCAACTACTACAATATAACAA
- different circumstances T h e g eom etrl C d IStI'I b Utl on g;f:crt?oar?:_ t:ﬁiimig';fth reads the same (i its own direction) you think of? AATCCTTTTTATAACGCAAGTTCATTTTATACT
Y P L Example 1 Think of a Bernoulli trial, : success and failure. To check if a sequence is a : In the first two boxes any of the 4 In Microsoft Word we can use EDIT>FIND to look for palindromes
A. AA AAx,/A\ AAAA,...? (We use% microsoft Word) T ey 0 ° Agsumme the successive letters are independent and that all the letters are ecually likely palindrome L = > . letters can go f’ 2 x|
, AA, , et e e ' ; ’ . : ' : ' . 1 A |A T T S ? % 1 |2 |3 |4 [FREQ
Wi EriEr T G T 6 241 A How much is the l.}lﬂbflblllt}- of AAAAAT Example- Success: A Failure:not A ( either G,C or T) In DNA: 3 A C G T 4*4 =16 p053|b|||t|es : 1 A A T T 5
P(AAAAA)=(0.25) BRCA1 gene, P(A)=0.19, thus the probability of ‘failure’ is — v |a |a ¢ T : : el T Ta T o [t o
But we are not yet discussing which is the 6™ letter, if it is a A again it will not be a repeat of g ’ | ’ P y TGATCA 1 4% 1{ JL T We do_n t have a g:h0|ce for boxes 3 Findwhat: ~ [TGCA 4 3 A |G C T 1
1 , gi 2 . jf j 3 ;—C ;’ 4 fgo length 5, so we need to consider the probability of AAAAAnoA also written as 444444 1- P(A)=0.81. 5't037) (3’to57) | | o 1a T G & 4 if we want it to be a SRl gl 2 4 Ja [T Ja T |1
TAT TAAT TAAAT TAAAAT ; obabilitv of a repes oth 5 w : _ : : T A 4 : > — 3 : : 5 |c A |1t Ja o
A St TanG 115 Tannc 3> TAAAAG 2 So the plﬂl__)"lblllt} i:r:t;‘] ie-peqt of length 5 would be Variable : X number of successes before the first failure o - Which of these are 6 C C G G pallndrome. it ol e o 5 c To G G J
TaG €4 Taac 88 Tamac 26 Tananc 4 P(Aaddad)= (0257075 \ T palindromes? 7 l¢ 16 ¢ |G | How many possible ‘4 letter words’ | res ecen v e ) G (=] | [7_1C [o ¢ |6 o
- 8 c _|T A G s e — = 8 c |T A |a 1
CAT 950 CAAT 138 CAAAT 46 CAAAAT 6 EXﬂllll)le 2: _ Pﬂb'b'lble outcomes \,-'_alue Dfﬂle "'ﬂl‘iﬂble Plﬂbﬂblht} '(]:-—: i GATC o G A T [ are there') 4 4 4 4_256 9 G A T C 0
CAC 1757 CAAG 377 CAAAG 102 CAAAAG 13 Now calculate the probability of 444444 assuming that the consecutive letters are 41 1 0.19%0 81 A T AGGCCT 101G |C G |C How many possible ‘4 letter i I N S R
CAG 3228 CAAC 231 CAAAC 46 CALAAAC 15 ill{ll‘]}'l‘ll{l{‘llf but that 1926 of the nucleotides in that section of DNA are A. b ; 0 1(};:0" 1t}:|:{} $1=(0 192051 e 11 G G C {E.‘ palindromes’ are there?’4*4=16 In a sequence of 100 nucleotides, how many 11 ? ;f {J; :j; ::
GAT 807 GAAT 164 GAAAT 43 GAAAAT 10 P(AAAAAA)=(0.19°0.81 A4 _ - 1970.19%0.81=(0.19)°0. « AAGGCCTT TS IS S A S : : ‘4 letter words’ can you define? 100-3=97 Tk ST E
GAC 1386 GAAGC 406 GAAAG 85 GAAAAC 29 A444 3 0.1F}:':O.lﬁ]:':O.IF}:':O.S1=(0.19}30.31 E $ {‘;1 :rT ji We pICk a 4 letter }N_Ofd, what is the We found that 9 were palindromes 14 |T C G A 0
GAG 2459 GAAC 255 GAAAC 64 GAAAAC 12 AAAAT A (0.19)051 T S S R Y probability that it is a P ' o I S D o
Total 12160 1918 481 105 : Module 5 section 7- E. Seier 2 16 |T T A A pa“ndfome? The most frequent one was TATA ‘ - -
Module 5 section 7- E. Seier 4
Module 5 section 7- E. Seier 3
Why do pal Indromes have a Breast Cancer Gene BRCA1-BX251925 (100719bp)
: : I - - - nd Bglll (tar AGATCT
Repeating words- challenge : how to do it fast DOthOt tO |Ocate Iﬂternal repeatS blologlcal Interest’? Pa“ndromes Of |ength 6 and g (ta gets G C )
Example of ‘internal repeat’ (repeated ‘word’ within the Free software to do dotplots (Colorado State Univ.) T T IR T R eE : g gglyr%lmesats One of the reasons for the interest in palindromes s that enzymes that are used to cut _ How Iong would the segments be if we use Bgl” to
same sequence). htto://arbl . lostat du/ IKit/ E:i;onho:lznr:tal.axisg:;:? basss . The?e arg — DNA, and are called, ‘restriction enzymes’ have palindromes as their targets.fThose * I_I’I]OV\IL mfa2y4825213|f4¥\20r28 Ozgglgtters (A,C,G,T) can you cut BRCA1-BX251925? Use CSU software:
TGCTTTTAGGCACATATTTTAGTTTGTTTTTACTTAAGCTAATTGCATACT TAGGCACATTTGGCTTAGGCACATTT /arpl.CcvimpsS.Ccolostiate.edu/moilkKi \ e \ restriction enzymes are commonly called ‘4-cutters’ or ‘6-cutters’ depending if their think of —40-= - -
: Lt At o Gy Tt el eall < fo fhe alie of the Lefta P e (of the targets are palindromes of length 4 or 6. To read more about ‘cutters’ you can check _ http://arbl.cvmbs.colostate.edu/molkit/mapper/index.html
Kar“n etal(1983) I;lela;;ill_eglxw;;rl‘;l:leae::lf_lftcll l{?tlalewlirlibe:ﬂassif_rngcltlztﬁ:\t:'iwl‘:;\w'illfbee: i T = - \\ S e ‘ : . ‘ : \ permUtatlon teSt httD://WWW.SCq.UbC.Ca/?D:249 ° HOW many Of them are pallndromes’)
Converting O " wlyss and Manipulaton Prograras NG s e s AR Some of the most known restriction enzymes and the sequence they recognize: The first 3 letters are free to be what ever they want but the I
WOI’dS into lfe !-"i is the “value of the letter” in the ith position ot Plots Examin_ethe S;illli.lﬂl:it}7 Pftwo DN—\ (or RNA) sequences by o \:\, ,““\ T : ; o \“ e sSee can happen ReS'[rICtlon enzyme Sequence they recogn|ze 5 - * A% —
numbers ;“&;11 exa?lll)iéti“Ql‘ t11e110 leftt:r \intrtd the ith position. Dot Plot: production of a similarity matrix displayed as a dot plot. . H > \\ . \ \\ P - T jUS_t by chance Sau3A GATC |aSt 3 are detel’mlned by the fIrSt ones 4 4 4 64 Lengths 737 11947 277 669 9900 3512 4729 5601 12878
3309910103 IR S S or If we could CTAG « Assuming equal probabilities for each one of the 163 1867 4708 12731 18548 222 3980
Net the value of each lefter is multiplied by 4 where k is the length of the word, in this i DA Humber 1 i DA Nurnker 2 L :“ 3 ‘?‘\“\ \‘ o . . . there are more EcoRI (‘ekko r 1’) GAATTC nUC|eOt|deS , and assum|ng |ndependence, the
T T e o B S S T e EACCTIGACOATSCTUACCEAGMGCTAGST - [T OAGATI TR CCUOUECTEGHCT, o AN R R long repeats ‘ , CTTAAG probability that a 6 letter word is a palindrome is sP . ..z . . :
14‘1{‘1 ig T x\\\"‘ Q - than expected. Bglll (‘bagel 27) '_?g_'?\;gl 64/4096=1/64 D 2500 so00 700 Lhzluulnu 12500 15000 17500
T O P PO PO N U S S O U e AN Hindll! AAGCTT « In a sequence that is N letters long, what is the expected Lengths
The sum of the last row is 993555 and we need to add 1 to that value according to the ¢ Copy DA > DIAZ | Cle;DNA: &&&&& Do DA = DNAT 2 . ‘\ h \ . ‘ a :‘ N \\ TTCGAA number Of 6 |etter pa||ndr0mes Under the assumpthn Of N Mean Minimum Median Maximum
formula, thus the numerical representation of the word TTAGGCACAT is 993556. _ ;‘“ak? PE';:A [ Windo\f?i2;|9t — : Vismateh L —— o - et . “ (ECORl IS Obta|n8d from the baCterIa ESCher|Ch|a CO“ equal probablllty and Independence? 16 5779 163 4344 18548
done t the location where the shortes words were ound to be repented For sxample f B (N-5)/64
we are to find that the word TTAGGCACAT isrepeated in the sequence, the sequence Module 5 section 7- E. Seier 11
alzo has been TTAGGCACA repeated Module 5 section 7- E. Seier 6

Module 5 section 7- E. Seier 5
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