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• _+1!rJ!$) '#614

• J(4*34()1!:##)+)&(;!+3;;#&)!D")B!,///!&1;4"*()"#$+



!3"46"$5!(!O1"5B:#&!b#"$"$5!)&11!

K 6 LK3$&##)16 $) )&11L
H144!+3;;#&)16!$#61

9B"+!6"+)($*1!*#&&1+;#$6+!)#!/=/W!$) +3:+)")3)"#$+!;1&!+")1

• C3'($!($6!;&"'()1+!5&#3;!)#51)B1&

• E"+B!5&#3;!)#51)B1&!



!"#"$%#&'()"*+!
!",-"./,/

!"#$!%QA!]BG4#51$1)"*!($(4G+"+!#%!&^O8
+1231$*1+!" ($!1@1&*"+1!"$!*4(++!

8&:14 9(6'#&



_$"<1&+(4!;BG4#51$1)"*!)&11!:(+16!#$!

44 : " K00_L ^O8+'(44"+3:3$")!K00_L!&^O8 +1231$*1+



C#D (&1 00_ &^O8 +1231$*1+ 6"%%1&1$)IC#D!(&1!00_!&^O8 +1231$*1+!6"%%1&1$)I

• &^O8 51$1+!(&1!3$"<1&+(4!51$1+!)B()!(&1!B"5B4G!
*#$+1&<16!

• _+16!(+!;BG4#51$1)"*!'(&Z1&+!%#&!+;1*"1+

3-.)!$)647*6"/!;-*7$2

• O#!(( +1231$*12

• 0141*)"#$!"+!6"&1*)4G!#$!)B1!$) +1231$*1

• 84"5$'1$)!+B#346!)(Z1!"$)#!(**#3$)!+1*#$6(&G!
+)&3*)3&1 #% &^O8 '#41*341+)&3*)3&1!#%!&^O8 '#41*341!

• H1!D"44!)B1&1%#&1!3+1!(!616"*()16!D1:+")1!*(4416!0#))7!
0)7)2 )#!(4"5$!)B1!+1231$*1+!($6!($(4G\1!)B1!
4" " Q?P8(4"5$'1$)!"$!Q?P8



&^O8 +1*#$6(&G +)&3*)3&1&^O8 +1*#$6(&G!+)&3*)3&1

XWSE!

E 6 "
,gV.^7.N

^1<1&+1!;&"'1&

E#&D(&6!;&"'1&



]&#5&(' %#& )#6(G]&#5&('!%#&!)#6(G

• 71(&$!'#&1!(:#3)!)B1!&^O8 51$1!($6!)B1!$()3&1!#%!)B1!
(';4"*#$ G#3!51$1&()16

• ^1(6!)B1!0#))7!0)7)2!D1:+")1!)3)#&"(4

• J#$<1&) G#3& )&(*1+ )# $) 3+"$5 3)G@)76) 36"77)#• J#$<1&)!G#3&!)&(*1+!)#!$) 3+"$5!3)G@)76)!36"77)#

• 84"5$!+1231$*1+!D")B!5&11$!51$1+

• JB1*Z!%#&!*B"'1&(+!3+"$5!5&11$!51$1+5 5 5

• M';#&)!(4"5$'1$)!"$)#!Q?P8!

• J(4*34()1!6"+)($*1!'()&"@

! "46 Or• !3"46!(!Or!)&11

• M61$)"%G!*4#+1+)!&14()"<1+!#%!G#3&!+1231$*1+

• M+ ") 4"Z14G )B() G#3 %#3$6 G#3& ;BG4#)G;1+ "$ )B1 ;#$6IM+!")!4"Z14G!)B()!G#3!%#3$6!G#3&!;BG4#)G;1+ "$!)B1!;#$6I



866")"#$(4 +4"61+866")"#$(4!+4"61+



?@(';41!,A!P4#:(4 (4"5$'1$)!#%!)D#!&($6#'!

X//: 4 "6X//:;!$3*41#)"61!+1231$*1+

H1!D"44!51$1&()1!&($6#'!+1231$*1+!#%!X//!$) "$!Q()4(:A

>> rand_int = floor(4*rand([1,300])+1);

d i 2 ( d i )

rands_K/F,L

>> rand_nt = int2nt(rand_int)

rand_nt =

TCGAAGGCGCTCGGTAGAGTACGTGTCCCAACTGTTGCCTAAGCGCGCTCGAAGGCGCTCGGTAGAGTACGTGTCCCAACTGTTGCCTAAGCGCGC

GTACAGTAGGGCGAGGCACGCTACTGTTACGAGATTCCTACCGAAGAA

AAGTTAAGCCCCTCGAAAGGTAACCATCGGAGCCCGTGATCTGGCATG

AAATACTACGGGCCTTCCCCCAACATAAGGCAACTCATGCGGGGATACAAATACTACGGGCCTTCCCCCAACATAAGGCAACTCATGCGGGGATAC

ACATGCGCCTCGGTCCGATATGATTGCCGCATTTTCACGGTTGCCTCA

TCAAGCCCGCCAACGGGTTAGTGGAACGAATATGAGGCAGACTCTCAC

ATCGCTATCTGT



?@(';41!,A!P4#:(4 (4"5$'1$)!#%!)D#!&($6#'!

X//: 4 "6X//:;!$3*41#)"61!+1231$*1+
m^($6#'!+12 ,

9JP88PPJPJ9JPP98P8P98JP9P9JJJ88J9P99PJJ988PJPJPJP98J8P98PPPJP8PPJ8JPJ98J9P

998JP8P899JJ98JJP88P8888P9988PJJJJ9JP888PP988JJ89JPP8PJJJP9P89J9PPJ89P88898

J JPPPJJ JJJJJ J PPJ J J PJPPPP J J PJPJJ JPP JJP P PJJPJJ98JPPPJJ99JJJJJ88J8988PPJ88J9J89PJPPPP898J8J89PJPJJ9JPP9JJP8989P899PJJPJ899

99J8JPP99PJJ9J89J88PJJJPJJ88JPPP998P9PP88JP88989P8PPJ8P8J9J9J8J89JPJ989J9P9

m^($6#'!+12 .

JJP988JP9JP9J8J8P88PPJP9PJP8PJ8JJ889P9J989J89JPP9J8J99P9P998PP9P98JJ888PJ9P

8P8P9JP9J989J9989J99J98898P98JJ9J989988P899P8P99P99P8JJJ98J88PJ8889JP9JP9JPJ9J

J9J888J99P9JPJ9J989J88J9J98P889P99P9J988PJJP8J8PP8JJP88JPP9J889P9PPJP99J8JP

899J8PPJ899898J88PPJJ889JP9PJPP89PJPPJ8PPPPJJJ99J988JP88PJPPPP9PJ9PP8989

&;4&C



?@(';41!,A!P4#:(4 (4"5$'1$)!#%!)D#!&($6#'!

X//: 4 "6X//:;!$3*41#)"61!+1231$*1+
m^($6#'!+12 ,

9JP88PPJPJ9JPP98P8P98JP9P9JJJ88J9P99PJJ988PJPJPJP98J8P98PPPJP8PPJ8JPJ98J9P

998JP8P899JJ98JJP88P8888P9988PJJJJ9JP888PP988JJ89JPP8PJJJP9P89J9PPJ89P88898

J JPPPJJ JJJJJ J PPJ J J PJPPPP J J PJPJJ JPP JJP P PJJPJ

m^($6#'!+12 .

JJP988JP9JP9J8J8P88PPJP9PJP8PJ8JJ889P9J989J89JPP9J8J99P9P998PP9P98JJ888PJ9P

J98JPPPJJ99JJJJJ88J8988PPJ88J9J89PJPPPP898J8J89PJPJJ9JPP9JJP8989P899PJJPJ899

99J8JPP99PJJ9J89J88PJJJPJJ88JPPP998P9PP88JP88989P8PPJ8P8J9J9J8J89JPJ989J9P9

8P8P9JP9J989J9989J99J98898P98JJ9J989988P899P8P99P99P8JJJ98J88PJ8889JP9JP9JPJ9J

J9J888J99P9JPJ9J989J88J9J98P889P99P9J988PJJP8J8PP8JJP88JPP9J889P9PPJP99J8JP

899J8PPJ899898J88PPJJ889JP9PJPP89PJPPJ8PPPPJJJ99J988JP88PJPPPP9PJ9PP8989



?@(';41!.A!7#*(4 (4"5$'1$)!#%!(!X//:;!+1231$*1!($6!($!"$)1&$(4!%&(5'1$)

) " " " 4 " )" 6 " 4 " ) B " !7809*#$)("$"$5!(!+"$541!"$+1&)"#$ ($6!(!+"$541!'"+'()*B 3+"$5!!7809

m^($6#'!+12 ,

9JP88PPJPJ9JPP98P8P98JP9P9JJJ88J9P99PJJ988PJPJPJP98J8P98PPPJP8PPJ8JPJ98J9P

998JP8P899JJ98JJP88P8888P9988PJJJJ9JP888PP988JJ89JPP8PJJJP9P89J9PPJ89P88898998JP8P899JJ98JJP88P8888P9988PJJJJ9JP888PP988JJ89JPP8PJJJP9P89J9PPJ89P88898

J98JPPPJJ99JJPPPCCPCDCCAAPCCPDPCDDAPAAAACDCPCPCDAPACPDPAP9JJP8989P899PJJPJ8

9999J8JPP99PJJ9J89J88PJJJPJJ88JPPP998P9PP88JP88989P8PPJ8P8J9J9J8J89JPJ989J9

P9

&;4&C

_+1 :4(+)$ (45#&")B'

&;4&C

_+1!:4(+)$ (45#&")B'



?@(';41!.A!7#*(4 (4"5$'1$)!#%!(!X//:;!+1231$*1!($6!($!"$)1&$(4!%&(5'1$)

) " " " 4 " )" 6 " 4 " ) B " !7809

m^($6#'!+12 ,

9JP88PPJPJ9JPP98P8P98JP9P9JJJ88J9P99PJJ988PJPJPJP98J8P98PPPJP8PPJ8JPJ98J9P

998JP8P899JJ98JJP88P8888P9988PJJJJ9JP888PP988JJ89JPP8PJJJP9P89J9PPJ89P88898

*#$)("$"$5!(!+"$541!"$+1&)"#$ ($6!(!+"$541!'"+'()*B 3+"$5!!7809

998JP8P899JJ98JJP88P8888P9988PJJJJ9JP888PP988JJ89JPP8PJJJP9P89J9PPJ89P88898

J98JPPPJJ99JJPPPCCPCDCCAAPCCPDPCDDAPAAAACDCPCPCDAPACPDPAP9JJP8989P899PJJPJ8

9999J8JPP99PJJ9J89J88PJJJPJJ88JPPP998P9PP88JP88989P8PPJ8P8J9J9J8J89JPJ989J9

P9

f3& (4"5$16 %&(5'1$)f3&!(4"5$16!%&(5'1$)



?@(';41!.A!7#*(4 (4"5$'1$)!#%!(!X//:;!+1231$*1!($6!($!"$)1&$(4!%&(5'1$)

) " " " 4 " )" 6 " 4 " ) B " !7809

m^($6#'!+12 ,

9JP88PPJPJ9JPP98P8P98JP9P9JJJ88J9P99PJJ988PJPJPJP98J8P98PPPJP8PPJ8JPJ98J9P

998JP8P899JJ98JJP88P8888P9988PJJJJ9JP888PP988JJ89JPP8PJJJP9P89J9PPJ89P88898

*#$)("$"$5!(!+"$541!"$+1&)"#$ ($6!(!+"$541!'"+'()*B 3+"$5!!7809

998JP8P899JJ98JJP88P8888P9988PJJJJ9JP888PP988JJ89JPP8PJJJP9P89J9PPJ89P88898

J98JPPPJJ99JJPPPCCPCDCCAAPCCPDPCDDAPAAAACDCPCPCDAPACPDPAP9JJP8989P899PJJPJ8

9999J8JPP99PJJ9J89J88PJJJPJJ88JPPP998P9PP88JP88989P8PPJ8P8J9J9J8J89JPJ989J9

P9



?@(';41!XA!7#*(4 (4"5$'1$)!#%!)D#!&($6#'!

X//: 4 "6 " !7809X//:;!$3*41#)"61!+1231$*1+!3+"$5!!7809

;4 C&;4&C

_+1!:4(+)$ (45#&")B'

&;4&C

5

b f t h f l th L

4

6

8

10

number of matches of length L

sg"7 @!X//. @.

7 8 9 10 11
0

2



?@(';41!XA!7#*(4!(4"5$'1$)!#%!)D#!&($6#'!

X//: 4 "6 " !7809X//:;!$3*41#)"61!+1231$*1+!3+"$5!!7809

^163*1 D#&6^163*1!D#&6!

+"\1!%&#'!,,!)#!S



?@(';41!XA!7#*(4!(4"5$'1$)!#%!)D#!&($6#'!

X//: 4 "6 " !7809X//:;!$3*41#)"61!+1231$*1+!3+"$5!!7809

9"$G!%&(5'1$)+!D1&1!(4"5$16



?@(';41!XA!P4#:(4!(4"5$'1$)!#%!)D#!&($6#'!X//!

"6 " "6&1+"631!('"$#!(*"6!+1231$*1+

H1!D"44!51$1&()1!&($6#'!+1231$*1+!#%!X//!(("$ Q()4(:A

>> rand_int = floor(20*rand([1,300])+1);

d i 2 ( d i )>> rand_aa = int2aa(rand_int)

rand_aa =

EMQSSVHIKTADYYITYFGHHFIVGEWLPNIRFPYFFWIITTDARNDMEMQSSVHIKTADYYITYFGHHFIVGEWLPNIRFPYFFWIITTDARNDM

AIFNCQDETQSKKPSYNSDANNNYQYMWGCDLQEAKVTAMGNLHLWNH

RGPRFQKDHACQLCEPHRGITETKRQKIDCSMNPHIPHARKHYRGLNY

MYMAENMRFIELPTEEEFWSWWDWVSWRMEMWGSDLMPEQYMRMDSWEMYMAENMRFIELPTEEEFWSWWDWVSWRMEMWGSDLMPEQYMRMDSWE

NSEQCRKHSIGRCLHYRHLNLWDDRFAQVSCFNMWWEIFPIGQRHDGY

LYRVRESMIQNQDENTVCPAMFAANWQLLKEHHVRGSKEYREWFFINV

WHTEGSRVAQAH



?@(';41!XA!P4#:(4!(4"5$'1$)!#%!)D#!&($6#'!X//!

"6 " "6&1+"631!('"$#!(*"6!+1231$*1+
m^($6#'!+12 ,

?Qt00[CMu98NqqM9qEPCCEM[P?H7]OM^E]qEEHMM99N8^ONQ8MEOJtN?9t0uu]0qO0N8OOOqtqQH

PJN7t?8u[98QPO7C7HOC^P]^EtuNC8Jt7J?]C^PM9?9u^tuMNJ0QO]CM]C8^uCq^P7OqQqQ8?

OQ^EM?7]9???EH0HHNH[0H^Q?QHP0N7Q]?tqQ^QN0H?O0?tJ^uC0MP^J7Cq^C7O7HNN^E8OQ^EM?7]9???EH0HHNH[0H^Q?QHP0N7Q]?tqQ^QN0H?O0?tJ^uC0MP^J7Cq^C7O7HNN^E8

t[0JEOQHH?ME]MPt^CNPq7q^[^?0QMtOtN?O9[J]8QE88OHt77u?CC[^P0u?q^?HEEMO[HC9?

P0^[8t8C

m^($6#'!+12 .

0q79u08Mt?[J7Ju[O[ONQO^E8[7P]qPEQ0uPHJ0[t]ECMq[]P8uuPHQQt^tJ?9NN7QNQ90t?

NC?tqPPu^J]uJ9C77N^M8CuQ8]NuQ0^HPP?utP?QE[qPNqtuq^tCuHJ[C07?C]qHOOHE87H

PtJJPutQ9O]QMq^uJ8u9u9JQNt8][]07tJt[J7JCOP09q79]8OJJNJt[?tC?0POQPP^HM^qt

QEJ[E7Hu8M9]u8]CE0980u^tOu7^[t??87tCqqOuP]7tMH]NNPHEQO^HCMM7tJHqQPuEH^7C

QuJO8^?0?Q[Q7

E#&!m,//!((F!m.WY!

"61$)")G!"+!&123"&16!)#!

+(G!D")B!(4'#+)!

*1&)("$)G!)B()!($!

(4"5$'1$)!"+!$#)!)B1!

&1+34)!#%!*B($*1



0141*)"#$!;&1++3&1!"+!;&"'(&"4G!#$!)B1!41<14!#%!

B " "6)B1!('"$#!(*"6+

u q

9 "

^

" " +)#;

71)`+!4##Z!()!)B1!)B&11!&1+"631+!()!)B1!J!)1&'"$3+

7G+"$1 9G&#+"$1 8&5"$"$1 +)#;



C#'#4#5+F #&)B#4#5+F ;(&(4#5+C#'#4#5+F!#&)B#4#5+F!;(&(4#5+

,-.-/-02A!+"'"4(&!+1231$*1+!"$!)D#!6"%%1&1$)!#&5($"+'+!61&"<16!%&#'!(!
*#''#$!($*1+)#&!+1231$*1=

'#$4-/-02A!0"'"4(&!+1231$*1+!"$!)D#!6"%%1&1$)!#&5($"+'+!)B()!B(<1!
(&"+1$!631!)#!(!+;1*"()"#$!1<1$)=!!!E3$*)"#$(4")G!B(+!:11$!&1)("$16=

!"#"/-02A!0"'"4(&!+1231$*1+!D")B"$!(!+"$541!#&5($"+'!)B()!B(<1!(&"+1$!
631!)#!(!51$1!63;4"*()"#$!1<1$)=!E3$*)"#$(4")G!B(+!6"<1&516=



9&11 *B(441$519&11!*B(441$51

U

M+!)B1!5#-0'#&1!*4#+14G!&14()16!)#!)B1!5*24 #&!)B1!4@."7I

03551+)16!&1(6"$5A!D4)!D#))#D4*7H*70!P4"//)70)L!!(3'!1)!(4=!0*"1$*1!.//W


