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(Protein sequences) ~J..rJI..;..L •. .t.:.:.ll ')IJ1 .. .. . . 
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-:Ji::.ll JJ..t.J:-1 ~ y.lS 4-:::S j J ;;_l_,;.I.UI 

Z _,5J.I) 4;>1.> ~llpiJ (..J .f"\ :tl')\l-:1" Z _,5J.I) l.,.'')\!]llpiJ ;J,.,lS::JI ~1.-J ;5":. t: ..r.o\ .._,;.... Y • -o Wu : (I JJ~) 

.(IUPAC !l4y.~l) '..i ... h-IIJ ~I<~ ..,lJJ.ll ,\.l'SI.;:..I_;..; L,l~ ~ J1la! .;JIJ _,.;Lo--~1 o.U (-'>IJ ..J .f" .:1" 

The 20 Amino Acids and Their Official Codes 

# 1-Lsner Code 3-Lener Code Name 

A Ala Alanine 

2 R Arg Arginine 

3 N Asn Asparagine 

4 D Asp Aspanic acid 

5 c Cys Cysteine 

6 Q Gin Glutamine 

7 E Glu Glutamic acid 

8 G Gly Glycme 

9 H His Histidine 

10 lie Isoleucine 

11 L Leu Leucine 

12 K Lys Lysine 

13 M Met Methionine 

14 F Phe Phenylalanine 

15 p Pro Proline 

16 s Ser Serine 

17 T Thr Threonine 

18 w Trp Tryptophan 

19 y Tyr Tyrosine 

20 v Val Valine 

0 ;,..._,:,.J,-1_,~1 4,;\.o.,WI -----------------------
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:_r ..151.:JI i~ cr & __,1 4fo:JI c_ly\ ~ J ~..<>- .UL.:.::Sl !'"'._.:.II ;..~,:_ell 

.• _._,\11 ._,PI.r\11 ~ ,~__, ~ 

1-Lener Code 3-Lener Code Meaning 

8 Asn or Asp Asparagine or aspartic acid 

J Xle Isoleucine or leucine 

0 Uetterl Pyl Pyrro~sine 

u Sec Selenocysteine 

z Gin or Glu Glutamine or glutamic acid 

X Xaa Any residue 

No corresponding residue I gap I 

H 

H 

H 

JL..,JI J! NHY ,J-: .. 81 J~ Ja:..':l ,LiJ10Y._,.s;ll J 0'1 ~~~I ~I ~Y. :o ~ 

.:r,...,)l J! COOH J,-S Y._,.s;ll ;~ J 

------------------ ;.,..._,:,L.IJ ~1'-;\.._,l...LI G 
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;_-_.\11 '-""'L.-\11 ~J 0} ...J'k>-1 :_r ~)I~ .(IJ o~) .:r._.;JjJI 

. ( C 0 0 H) J::.-5 Y..?" d)-J ( N H2 \r::-'1 ...J _). , y.-J J '-: L::::; L..,.o:- yl )II 

l:' (NH2) .j:-' \11 ...J __,hi I .bl,;) c>.;)o :/" ~ l:' ;_-.,\II '-""'L<-\II .h.,; j 

l:' <,~ <bi.J \;~ _,.,:-',11 ..;;)II ~ (COOH)J::-Sx?JI ...J__,hil 

. oJ(.:JIIJ.r. ~ r _,.. !2(H20) .Lo •<-?.:rc C.J.r'-

c 

(NH2)"""'~1...J )all~')\..,~ .W::;.il ~~I '-""'L<-'YJ fWI..,_..,S" pll ~ _,; ;J.t"': i ~ 

._f-:-'';1 ~ ~ iCOOH)J.,-5 Y._,..s:JI...J )all_, 

M A L D 

_,> 'JI """'~I~ (COOH)J.,-5 Y._,..s:JI...J )all C: (NH2)"""'~1..J )al1.1l,;.;l ~ Y. ~ :V ~ 
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Jl JL,JI ~~ ,_,:-,}~1 ....; )JI if i..L; '-:..l:JI :U.....UI ;.I) ('"'-! -..,..JWI J 
. ~I ~I J,.-5 y_?JI ....; )JI 

.,,L>-i 'P~ ~~ -?L>-i ~if ;;.;,s:.. ,~ <:~ ..u.... ;l;J J~ 

: <DJ[M) J<l501 r---':il:)>_,501 

MAVLD = Methanine- Alanine- Valeine- Leusine

Aspartic 

;;_;)1!]1 <pi ri..G..::.....k ~':11 -?L>-':11 ~ .i; ~ l-5 
MAVLD =Met- Ala- Val- 1eu- ASP 

j.>- ~1.:5 ~ <S.iJIJ .j::-'1 ~ \ \ • if.:> fo_ Insulin~ ~':II :J/.!. 

:.r..";J.iS o + Alanines ~'11 ! ! + Glycines ~ 1" •) ')l:ll ;J_,..dl 

(. ................. + Glutamines~L; ~ ! + Tyrosines 

..,._...lll j~ ~y;..::ll ;;.,..UI if<_;;-$ .,.S ,•11 1- ; '-':)JI ,.Lo ~J 

-~J_;JI ..:;_,~L::ll if ;_;;S ~ C: J<L...:ll :r- <......L> J -J'll 

:/' ._,.:.,..1 ~ J5 4} ~ _;]IJ '-:>l>-':II dpl i.J.OI..i ~ ~..UJ 

o>l;) L..A,1J -J'll ..,._...lll j~ ~y;..::ll ;;.,..UI J~ _,.:I ~:,J J.>.IJ....;? _;;)> 

~ ~:, j.>- •l:;J -~ ...::...iJ jii J ..:;_,L:.,JI ;.Lo ifJjj _;SIC: J<L...:ll ~ .r 
if ji1 >-'-" j '-:>l> \II dpl ri..G..::.....k j..-LSJI ~~\II •<.Sf,- '-:l::5 ")\!.. 

: J; l-5 J_,k..JI 
Insulin= 
MALWMRLLPLLALLALWGPDPAAAFVNQHLCGSHLVEAL YLV 
CGERGFFYTPKTRREAEDLQVGQVELGGGPGAGSLQPLALE 
GSLQKRGIVEQCCTSICSL YQLENYCN 

Protein 3-0 structures .J:'J.;:ll ,~\II '=""'>WI~~ 

~:, <S>j; <_·_.\11 c?l>-)\J ;(;_,50.1 '-:pi..:;_,L.,L::ll J.>.i J ~ .!.JJ.>.I;[ 

J.>- J~ ~IJ ~ )1 J ~I -Jl:.IL:J ~l:.ll __;..;J_;JI 0J.ll J ~I J[ 

dpl .1.>\ J .!.J>lll ~I .:>i ~ ~I r..UI l;')\>. ~1 uP J' Y' ~:, 

;;.; Jjj Jl:l~J ~L:.ll __;..; J_;JI 0 ;JI ~ JI<S> j; ~\II c?l>-\II .1>-\1 :t;IJ)I 

-~) .bi J.>-

--------------------<,.#,IJ~IA,;L..,WI G 

o b e i k a n d l . c o m



= <,...lr.;:,L....l.J ========================= 

M H G N L 

-: .J,iJ.r.lJ (3D)>~ ~I c/~ ~I~ ~J\; i~ 

.JllWI '.k.....ly \ ~AO r~ o..l;_..li !'-' .J,iJ.r.lJ (3D)>~ ~I .)~ p JJi 

J.A>- ..I!J . ..:-lu}JI ~J ~I ~\II ri..G.::...~ Kendraw and Perutz 

J~ J ,_k,; iJ~ l.."..t>-i j_,! J! JJW)il:J p.WI J J._,; iJ~ J.-. l.."'J.S 

: .J i .b. _,J ..1! J J l;.-JI ..:.l); JJ . ~):-1 ~ _,J _,.,.J I 

:_r . '-r. L:.::. ~U; J '-?, y , l...: \11 .)~ ~ _;J I j "'L:.:l.l ..::- l:,; J _;J I - \ 

j .u L.:.::; .J i '-r. L:.::. '-o ..l:'-:-: ..::- l...: L::; j.-. <.S ~ .j I ..::-l:,; J _;J I .J ~ .J l ~ _,:11 

.~l1 _,JI ~ '-?'Y Jl:l~J L.: J"'Lill >l...:'lil.)~ ~I 

. .J,i J _;J I I.U , ~ \11 .))\!]I ~I j.-. _,.; L,. ,~I ~ .J,i J _;J I <..i.,b J -

..::- l...: l::ll ---> ~ _;J I ---> <..i.,b _,J I 

Function--->Sequence--. Structure 

(Sequences DNA) DNAJI.;:..L...L;; Wt; . . 
~J...,...,..._...JI ~)al~ DNA.JI ..:-~L::; i•l} W 

(Nucleotides) )vi..t; .n\5 _,:.)1 ~ ..::-1.1>-J :.r DNA Jl .Jfo -

jSJJ .(~I~)G ,(w,..L_J) T,(~,i)A , (~j~ ) C-: U. ;,.o .r.. ..;JIJ 

..J )o J ( 3"0H)J.:.-5JJ..l:-" ..J )o <.<:UI ~ J_;:.JI ~l_,..;.ll :_r i~l.i 

.;.J ..sl> ~ _,; biJJ .:;~ l.... 4J.l;)J (5" Po4)._;1...i... _,; 

0 ..,.._,:,1-IJ~I<,;L._MI ---------------------

o b e i k a n d l . c o m



======================= ~.;:,\.....1? = 

5' p 3' OH 5' P 3· OH 5 P 3' OH 5 P 

<_-. • 'J I V"'l.-- \11 y- -,......LJ-1 ~ ~_;i J ~I) _j ~~:\.;J_,:jl V"'l.--'J I -

.A-T- G- C ..j' J .1W j_y _; t') '-?\ .1W ..~&-1} t ~ '-?~ lr 'J 

:c} 12 JL:ll e::l:::ll ;.I)~ JL:ll:j 

TGACT = Thymine-Guanine-Adenine-Cytosine-Thymine 

J\ 

(u,..L,;l T- (.:r.,;l~) G- (.:r.,;,\)A - (.:,;j_,.:.,...) C- (u,..l,;l T 

TGACT= 

T A 

5 p 3- 5' 3'- 5' 3- 5' 

:DNAJI.;:..~\zl .!l~Y.'JI.;:..I_;...:. 

cr- ~ u~ ~ .....;) . ..:!.1 o~p1 d' .!l~Y-'J1 o~_,..G 

3- 5' 

: JL:l I J J.l.d:-1 J p __,::]1 J .;:..I~ _,.,J5 _,:j I 

3' OH 

3' OH 

_____________________ .,. _,.:.,!:-IJ <._,J.I<,;t..}.J.I G 

o b e i k a n d l . c o m



= ~.:-\...1~ ======================= 

1-Letter Code Nucleotide Name 

A 

c 
G 

T 

N 

R 

y 

Adenine 

Cytosine 

Guanine 

Thymine 

Any nucleotide (any base) 

A or G 

C orT 

: .;:_,!1; .r1-
A _,1 G J ,~')II ..l:.&- .u _;.. .r- R 

C _,1 T J ,~')II ..l:.&- ": _;.. f- Y 

(A,T,C,G) ~J \II .r o-0 y,l5 ~ '-?1 J ,~')II ..l:.&- <.; _;.. .r- N 

i-0 _r.l5 ~ <.S I ~ y'li l....l:.&- ~ l:::J I J (--) _;..)I t!' y., 

- Palindromes (:y_,J..L:.ll:JI) ;;...s\...::ll..;.,~l:::JI 

u,b;J-1 .~>-1.r ()1!.1"-o) ~ ,Lf:1 J y1) !'-' 1;1 DNAJI.r ,1?-1 

,J., 01 1.51 . (1"- o) ,Lf:\11 J .:>'l I ..J _,k.ll .J' ~I} ..l:.&- ;,I_;JI ...,..._,;.; ._)....; 

!.5 DNA J I .J' ~ , Lf:\1 I J '-....St...:.. J .U.. ~ J <.; L.:.;.. J y <..>" ..;., ~ l:::JI 

ATGCTGATCTIGGCCATCAA TG and 

CATTGATGGCCAAGATCAGCAT 

.Jl:ll Jl11 J c!' Y' .Y' 

Category 

Purine 

Pyrimidine 

Purine 

Pyrimidine 

(n/a) 

Purine 

Pyrimidine 

None (gap) 

0 .,_._,:,J,-IJ ~1<,:1..}-J.I ---------------------

o b e i k a n d l . c o m



=================================================~~~~~==== 

.£ 

J 1 

T 

(:C..._, .l.:.lWI) U..lSC:i.l :i.....Sl...:ll .;.,t..,l::JI ,w, 1<" • : 1 1 1<" • . . ~ . . ~ ~~ ~-

PalindromesJI (;y_,~..c..ll,ll) Wl....::ll.::-~\:::.U ~ }~ly\11 

j..J .:C.t... ~U;_, <.S>yJ p:.}·l j.>l> i_;;$ y\ .;:.,~; 4.....5l.dl .::-L..:l::.:JI 

:Jl:ll~ 

..!.:.? F (Restriction enzyme) DNA Jl (_rA]I) e:W -=-~.A~ o 

."_rA]I _;.bt:..." ;.Jl.J-1 ,J., J ~J J.bl:ll ,J., 

~ •..W, ;;.....i.;ll ~I .::-t.:.;_,.r. .1L;) J.bW i~ J.bl:ll ,J., o 

. .Uli:l _,\ 4J.L.:.; ;,~) .::-l:.).-1 

.DNAJI .::-\.:;):- ,L...;\11_)')\.:]1 ~I~ r'L.._, '-?} ~\.; LJ, o 

(Sequences DNA) RNA.JI..:...~L:;\!lli 

;_,_,_,.:]1 ._r'l..?-\11 t_~_,;\ _;s\ -/'( RNAJI) <.S.i.r.;) s 3 _,.:ll ~I.::-\.:;?, 

. .c..,li;;._LJ_I l>-1> • 1<"•.1.11.-' '·'"'. ~-U,L.:.; • • u r--' 1..1"''""" ~) ~ I'""' • 

.::-~L::; '-':: J_;.ll (Bioinformatics) <,y}-1 <,:;Lo _,L..ll •ll<- ~-' 
-:..}. lS RNA_, DNA 

.(T :__,.. "'1.1.; U)-/' i..l>l_, i~li: DNAJI y-~ RNAJI- I 

.DNA j.:. CY /' .:>3 )>- ~-',;...b.,>- RNAJI- r 

0 ~ ._.:)I (.::-I..G _,}5 ~I) ;_,_,_,:JI ._?l..?-\II ~u ~ Y- J3~ ..}. )d _, 

.<,y}-1 <,:;Lo _,L..ll J~ J ;.;_,_,..J.I l,;:l} . .a.::>\3 RNAJI 

3 

---------------------<.,.._,:.f-1_,~1 <,;L..,WI G 

o b e i k a n d l . c o m



= ;;,...k.;.,L..I_;S ======================= 

1-Lener Code Nucleotide Base Name Category 

A Adenine Purine 

c Cytosine Pyrimidine 

G Guanine Purine 

u Uracil Pyrimidine 

N Any nucleotide Purine or Pyrimidine 

R A or G 

y Cor U 

: RNAJI t_,;i :r ty :r _;s-1 !JLJ. 

.u~ i,?Lll :u:-.;JI cr ~ c>il\ 3 mRNA J_,_... )1 RNAJI -

i.r".r.-;)1 Jl ;_._.'JI J"'L>-'11 JA:.: i_,.i; c>il13 !RNA yu1 RNAJI -

-~ 

. i _,..... .r.-;)1 0; J J>..~; rRNA -s' _,..... .r.;)l RNAJI -

.(Small RNAs) i~l RNAJI ul:;.~ -

~ .__; L.d I ~ ~; c5, y, RNAJ I u l:;.~ J '-r. L.:.:.o j.bl:.o , y:-3 .= • 

. ..6}-\ ~ 3> j' j.bl:.o yls yth;3 ~ Ul;. j.bl:l\ 

:r 3i ,~...; '11 ._)':}(; ~I :r s,j\; RNAJI ul:;._p,-J.l ..,_)_,.,I ~ )1 • 

. ~I -:r.J:-1 t' 4.\.. K:.ll u 1...: 1.::) I 

•l:,J.>. ~ J _r::.il ~, .;J13 (Small RNAs) iJ~I RNAJI ul:;.~ • 

.uLll · .1L..:.; ~ · '-'L> '-.>- I :c.i.J;, --
- · ~ I· Y _.y_r.; - Y.iY-' 

Purine 

Pyrimidine 

None (gap) 

o b e i k a n d l . c o m



========================= :i.,..kul-1~ = 

,£ 

u 

5' 

•:.+i..::Api 
: L>..?.; ~ ..., L> ._:.,{,. y.... 

(Bases) ~1_,11 if>.!..>- if 0fo_ ~~ 01 J_,.;.; <;.r-1-1 <;;t.. _,.L.ll W j 

c 

t • • .J )> <..>.iJI DNA Jl •S?. J\.:....i . ~ J> )I ..:.>I~ _,K;:JI if >.!..>- if ~'J ..u 

c,? ~ ~ .Y' J5 0 'J ( i.J..>-l.i A • • ) .J..>-1 _,.ill >.!..>- ._A,._.,.; ~I) I j ~ ,~ _,K,; 

.!.>-I _,..ill CJ) >..l..; DNA Jl J )> V""'Lj !'"" .!UJjJ. ul~ _,K;:JI .)-" c_Jj 

Base Pair (bp) l..>} .. A.:>-IJ 

i~ (Mega - bp) ..:,I.~.> )I ,.U Mb J1 kb j.:.- _;S1 ui..~.> J .:]~.;, 3 

~41 

bp 1000 = Kb (Kilo base) i.J..>-l.i -...ill • 

kp\ • • • = Mb (Mega base) i.J..>-li 0_,}.. • 

<:J-1 ..::.> l:.llS:.J I c:.d:- ... ~ i ~ cs" ~I J) I ul _;.:.J I 0 L _,5 jJ ~ .r...l.J:-1 .)-" J 

~~JJ i~ It 0~ ~J'JI ui..t,:;_,K;:JI . ..:,l.l:!::..-';/1 ~ .:.\1.;, .:_,.SJJ 

.J ...s'-::-'1 ~ J5 .~ ~1 ~ r • c_l:;'J~ l..>JJ..u _;:JIJ (Codes) 

. .h.;,; (..::.>I~ _,.l5 _,.,; .;., )I:) J .r-1 ;,;)I: if 0 ~ i ~ J5 J i..l> I J i ~ if ;51 

if J .~1 <,y J 4;1..1: j d,l ~I~ .y1) ...1.J ._.~..:.>I~ 41 ~ y 

._:n_r...ll 0 _,All if ..::.>l:.,:-]1 J ~IJ)I ui_;.:.JI ,.U ..JL:-:51 ~ .,;1 _,5.iJL .r...l.J:-1 

~JIJJ ~L:; <..>1 j ~IJ)I..:.>Ipl ~ J _,...:]1 ~...A,? :;5JJ 

\,\l:JI Jl11 J s; l5 

\ 
) o b e i k a n d l . c o m



= ~-"'L..I,;S ======================= 
:DNA .JI.y t.s.T.-~8 ••0J (I 

ATGGAAGTATTTAAAGCGCCACCTATTGGGATATAAG 

:.i)b .tP/_,i I" Jj DNA .JI t.s.T.-~8 ~ (r 

ATG-GAA-GTA-TTT-AAA-GCG-CCA-CCT-ATT-GGG

ATA- TAA- G .. 

: I.Wf · 'it ~.Lfj/<..,')(fi '' I< '·(I" 
if. '/""' v--- . . '?'- '-'"' r--..!" 

M E V F K A P P I G I STOP 

.J~ 3' J ).JI J!5' J J.li..J' DNA.JI..,..? j .JlSI:O!.;l <b.':>\.. C: -'.l]:,J 

.? C J.:-.5 y,}JI J ).JI J! N ..i-::-" \II J ).JI <.)' 0 ~ :C,J7,JI U.....UI 

. cJI_,:.ll 

.,...,S_;ll c!Y:, J_,.. L:.;~ ~I ;.1) ~~ cr..l 0' ~ 1:0! L:.;~ &iJJ 

~_jV i _,.4: __.50 J\11 ":'-"lll ~ .r. ~ -'.il..iJ .~1 U ... <.)' ~l:JI _;.;J)I 

. ;_;1 ;)1 ..:.;l:.f-1 ~; J :cJ;li J\11 ..,......lll ...,Sl.:J DNA Jl ..:.;I....:L:.; 

2nd base in codon 

A 

<: 
0 ., 
0 
(J 

.5 .. 
~ 
.0 
1ii 
~ 

u 

c 

A 

G 

u c 
Phe Ser 
Pho Ser 
leu Ser 
leu Ser 

lou Pro 
leu Pro 
leu Pro 
leu Pro 

lie Thr 
lie Thr 
11e Thr 
Met Thr 
Vol Ala 
Vol Ala 
Val Ala 
Val Ala 

A G 
Tvr Cys 
Tyr Cys 

STOP STOP 
STOP Trp 
His Arg 
His Arg 
Gin Arg 
Gin Arg 
lion Sor 
Asn Ser 
lys Arg 
li'S Arg 

Asp Gly 
Asp Gly 
Glu Gly 
Glu Gly 

B 

u 
c 
A 
G 
u 
c 
A 
G 
u 
c 
A 
G 
u 
c 
A 
G 

... a. 
g .. .. 
5' 

" 0 
c. 
0 
::> 

.<:,:1.;}1 -"'1_}..!.)1 ;.I_;J ..;u.1 ~I (A .4:-- W_,:l.l •:.·~l_,;,lr~IJ (Codes )<,:I.;J ;_,.<..:. '\ Ul..,..? j: \l" ~ 

. 4:-- W _,:1 I <,:.,..~I _,;,lr ~ IJ .,_,")\!)I -"'I _}.!.)I J J~ ( B 

0 <,...r.-J:-IJY-1 <,;l.o_,J...ll ----------------------

o b e i k a n d l . c o m



======================== ~.:-L..I? = 

4,!1 ;_,ll .;., ~ l::ill }1 ~I ;.1} .do' 

(Changing the reading frames) 

__,..._,;.ll.l e:;L::::ll ~ cY ~ 4,!1;_,11 .::-~L::::ll ;.1; .)\.; ~ ~~ l-5 
o..l~ _,.K,:JI oL...,.:..-1 ~ 1:,\ .:,SJ_, . .Y,Ui JL:ll J l-5 ~l_,j 1" 0-'.:, _,5:.. ol_,5i Jl 

-0 J) '-?' j; ~J ;.1_;)1 ~ J )-" o•l} ;1110~ '":"' _,i:-)I e:;L::::ll ;_,1-'-! 0-' JJ 'JI 

:sk l-5 ~l:JI ~_,_,.jl ;.I} c) .d 
JI;J e:;l:::i 

ATGGAAGTATTTAAAGCGCCACCTATTGGGATATAAG 

J_, '11 •~wl J.i>-~ ,.1; ;111~

A-·TGG-AAG-TAT-TTA-AAG-CGC-CAC-CTA-TTG-GGA

TAT-AAG 

WKYLKRHLLGYK 

. ~L:JI •; _. '11 __,..;t.a-'11-0 Jl 1.5'1 J_, '11 •~wl •• 1; J.>ll.:>1 .b. )Ill :r 
~1 i.S' _;; J _,..., e:;L::::ll ~ :dl:JI _,\ <:,;L:JI i~wl i•l} j.>li .:>\.; 0 ·~J 

;_,.~ .::-~l:::i ~')\; ;_,.1; Jl:l4J e:;L::::ll ~if ~l:JI <;_ ,'JI __,.;La-'11-0 Jl 

DNA Jl 0-' .1.>-IJ JI;J e:;l:::i 0-' ~ 

e:;L::::ll;l1!o•l..,al ~I J)o <.:.JI 

(Six possible reading frames of DNA) 

.:>i ~, .1.>-l_,ll DNAJI 0-' .1.>-IJ JI;J e:;l:::i ;.1_;.1 <..i1:_;: J)o 1" !lt:... -

.:>~Sv_ I..U_, DNA Jl 0-' .:>lb.,.> !lt:..._, ~1_,.<)1 .,_:-y.; ;~ 4,!1;_,11 ;_;..:.II 

Six Jl;_,ll e:;L::.lJ <.l...::>JI <.:.JI d_,.4.11 ~ L. I..L._, ;.I_;.U J)o I ~...U 

....:.::;. J _}. 1 ~ j5J Jl:l4J possible reading frames of DNA 

J'll ._,....l.J..I lr, ~ J ~ <..i1:_;: .::-l:.;J.r. lr, ~ .:>i ~ ~ 

~ .Jl:l ~J , _,.<. _h,>. cY '-? _,;]. .;JI .::- L... _,_;;-<)1 ~ ..;JJ:, .f ~. 

Stop ~ .::-~L::::ll ~ !lt:... .:>i ·~~ ..;JJ:, .f ~J .;~wl ,..L. .r 
..!1]:, .J_,o L.i. (TAA- TGA- TAG ;.1_;.11 .......;_;_, .::-1).~!) condons 

.(Open Reading Frame ORF) <>-_,.:All ;.I_;J1;11i ~ 

-------------------- ... ~IJ ~I :i.;lo_,LJ.I G 

o b e i k a n d l . c o m



= ~.;..L...I_;S ======================== 

:(Non coding DNA)_;..:.. ~I DNAJI Jl.l:... 

~3 ~I ..;.,l.. _,:-}-I J>-b ;_;..;.. .J:!- DNA Jl :_r ;_;:;S Jl.l:... !JC.... 

Jl ~ :_r u>lj J.> Jl.l:ll o..L.. (Non coding DNA) ,;..:._.~I DNAJI 

; ,;..:._. .J:!- ;_:;s Jl.l:... J>- c>yj. <,;I )I ..;.,~ISJI 0'1 <,;1)1 u~ISJI j DNA 

..;.,~I J>-b ;_..;..:11 ~I Jl.l:ll ~ W.,i ~ _,;3 . ul:,;.J.;: <.>1 ~~ ~13 
d:;ISJI ..;:.,~ j L,J~ -.!.lJ:,3 (lntrons) .,:.,L;3 _;;i ~ ;;.J\.J-1 ,J., J3 

.oi;Jiu~ 

..J 1..:..:51 j>-~ ~~I :c,;t.. _,LJ. I ..;:., ~ J>-1 > ; _:;5 :C,.. y- ec:' I .r. el C.... 

..;.,~I ~.J i~ .:r.i '-i..u ,.J,.j. .;Ji3 DNA Jl ol..,l:::; j ;,;..:._.~I Jl.l:ll 

J>-1> (; ,;..:._. ..;.,L..,l:::; ) .,:.,I.; _,....si3 (; _;..:.. J:}' ul..,~) ..;.,I.; 3_;;i ~ y .:r.i 3 

. ..;.,~I ,_L, 

: (~...;L::ll ._f>;J) 4W'~ ul.. .f-?:" e J..-.ll 

;c:..... DNA Jl '-?.J;JI ~I ..;.,l..,l:::; j>- ..J .r::J ;;.JW ~ JJi ..JL:..:51 ~ -

:c:..... j t..i -~ Jl :c,...; w.....u "_r.;L. '-';).'' ~ Jlbi.J \ wv 

( I j I _,.lA; )II ...r' 3 .i' y. J ) j.-l5 i .f-?;" J 3 i ..;:., l..; l:::; :<......L, :_r • L.g:;; I ~ \ ~ ~ o 

. Hemphilus influezae 

DNA :.r ; ~ ~ J>- 0 _,.L...: 0") _,)I ·~ 0l5 ; pAll ,J., J')\.,:. 3 

"'-'~ ,y- 0~ lfl5 ('"1'\j -.!.J.E3 .ui~ pi :.r ..J~T ~ U. _,b 0l5J 

:C,..l:ll ~~I :c,;t.. _,LJ.I ec:'lf.J ui3 >i ~ .J:.i :_r ~ 0_,.L...: lyl53 i>..ls'-

~;pAll..$..\.:.. ..::...:..:.;i 0'11 

. BLAST ..;.,~i.::;JI ~ "cL:.::.ll >Lti ec:'l.r. -

. Phylogeny ~13 '"I _,All -\!.J,.j. ec:'l.r. -

.Design i~l ..;.,L..,l::.J.J ~13 '-!"" ;JI J_,-:.)1 J). -

<.S ..u.::; ~ ~I 4.,:.,; 3 _,.J I ..;:., l..; i.::;J I ~ ); ~I ..;:., l..; l::.J.J ~ ..}' y- JL. 3 -

.Visualization (..JJ.f-1 :.r ..J~'ll ~ 

0 y_,:,J,.IJ<.__,.,J-I<,;I...,WI ---------------------

o b e i k a n d l . c o m



======================= :;,...k..:;.,L..I~ = 

..~.>IJ J.) ..::...~1 if. J." J~l :~ _f.:.:l:-1 

Genomics: Getting all the gene 

<, l..u ..!.IE .J l5 i ~ J _/'1 j-lSJI (::'\;;:]I ;;_; /-" :.r' •lfe \1 I .w 

Jl•i),JI ~, ;~~~ ;_)_,:]1 o.L.J r-LJI :.r' ~~I t}JII.L. -":C,. _,:-}-1_..-" 

(J.ji- cP i_J>Li j~ "<,_,)-1 ;;_;;t.._,hil" dJ>\ :_r ;~~ dJ>\ ~ 

DNA Jl :_r ~I Fl o.L. J> _,>-J J,k:JIJ ~IJ c:,L;l,JI ~I} 

_ (Gene Banks) c:,t.:_,;ll !.l Y. .. ~.IJ:, .w ~id 

cS.lllj 0~~1 .:;lj>~ "<,_,)-1 ;;_;;t.. )-.11" ~ _)~ _)).; J_,h::lii.L. c!'J 
1,.: L; _,5:-. Jl 41# J ; ~I ':J _,:J I J> l.?-\1 I .::.> ~ L;; ~ cP <, 1.\J I J j5 _) 

J I Jk 1:.. , '-:::; J _;J I d_.A.:.l I Jk 1:.. , .::.> t.:_,;l I ~ j , .::.> t.:_,;l I (::' L;; ) :C,.., L.. 'Jr I 

_ ( iJ> _;j-J ~I J""' i;_J I , ; _;.:.., ~::-J I DNA 

.__;, p i _,:-}-1 ~ & J' c/" J :c,."\ J .':/ _,1 _;5\ & J' ~ & ) I ,_L, J 

-:cP ;;_;;L:JI & )1 ~J _:ill::;.ll ~ _,J_r.:JI....<;I.l; }I cP 
_ ~L:ll c:,l.. _,:-}-1 c:,~L;; J ~I - \ 

'~ c:_,~l;; Jl i>.l>!- c:_,l_, ~ ~ - ~ 

_ 4::-: .__;, ")\::> \1 I J ": L:.:l I ~J}: J :ill::;.J I .::.> t.. ~ j5J I ~I J> _,>- - r 
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pl~l Js- FASTA :WS Js- .6...a.JI J,o__,b .y FASTAJI ~ 

_(n 

~l:::JI :t;Jl<..: r _,-'; .__; _,.. <.>lliJ ~I js-1 J (Blast) J)\ Js-~ ~ o 

;5)11 olf.~ ._:..L;l,JI ;~l_; J i> ~}I ..:.>L:_,;J_;;ll ._:..L..,L:; ('::!': t' J"JJ.ll\ 

_( t. p )l,-:L!.; 

~_;]\ J J"JJ.lll ~l:::JI t' ""L:.:ll .;..L..,l:::JI :_,-- ,~ J~ ~\ ~ _\ 

_ (i \ p) .._I J.ill 4-:-- u,a·•-u L,:->-1 i'""' --sJI J JJ ~I 

C: (Tree)""\);~ pJl (Alignment) <.>j\_,; p J ;;;JL<J.I ~ .v 

:_,-- ..._ J J .lli ._:..1...: l:::J 1 J .__; ')\;:_,:. ~ I J 1 "" L:.:l I .b u; ~ cr-P ;;_,.; 15:.. 1 

_( tr p )~~_;JIJ ~~\ '-;>-l:JI 

J l '-:-iY ._:.. ~.u:; el _r.-~ ; J __,.., :_,-- _rs! J ._:..1...: l:::J I <.> jl _,; ..____a. ~ ~ _ A 

p ) Text, Tree, Fasta, Jalview Y.,. _,.-1 C"L; _r. 4k..iy ~ 

.<n 
.7'~\ J,o__,b .f iJY"' <.>1 j ..._ .. u.lll .;..L..,l:::JI ~ J j~l ~ . ~ 

_ ( t \" p) (Retrieve) 

Jj J,o__,b .y <Sf-~I ._:..L;l,JI ~I):_,-- ;;_,;w1 ._:..Lo _,h.. '-'1..- J ~I ~. \ • 

.( t t p) ID Mapping 

Js- <.>_y.j- <.>_;>-! .;..L;~ ;~L; Jl Jli:;~l I'""' Swap Jj Js- .6...a.J~. 1 1 

< t t p l '-:"' _,.lkll ~ J _;;51 .y ;;_,; w1 .;.. t.. _,h.. 

.y '-'!~ ._:..Lo _,h.. .y ~ Jl:l.l J:-,-.- Js- PDBe Ji ;~L; Jl JLi.:;~l. 1 ~ 

(to Pl'-:"'Y.}I~J_;;ll 

~ y_,:.,.J,-IJ~I:(,i\.._,J..ll ---------------------

o b e i k a n d l . c o m



f"' (d.t ''""' f"o"'"' Tocls H<lr 

fa;o'lt" :Jo•P'Ct 

! I 1! 
~e~rch on Query 

rootell ed:~·-·b,so, J1· ~rctKg '''i' 01 A.lh: 

WELCOME 

~ho n•,c• 

or ·p·ehe" 1.0 "'" 
oo·J luoc·o,r·ol o·ofu·,.,\,----------------_j 

What we provide 

GettJng started 

~.-,, o F·'t •I o0 nn,,,l 011"ta·,n" I 
•oco>o'>rl 

TrCI.'ill ; 'liCO" a.ltn'~"''"'"· a• 'O'-"''i anr ,, not 
e.-e.-.H 

S.•qt.-•n:-0 
"'''" ;el •- '">ptrar·· o' "''·"" "' _,,-o 

ll''"d"'''""'' 

:a 

NEWS 

UnrProt release 2011 '2 Dec 14 2011 

J-ot'>ocn ~~13r,ods anr. C " r:·""·' '"'"""' t·· f-'-'<l~ll ari 

-~'•1 ot1:' lor 111Pr1t~A 

SITE TOUR 

.:C:....I~, >i)I..:,:,;J__JII'"""1 ~l:S"J ;http://www.uniprot.org c!-"' ~ J_,>..UI:I"i js:..:. 

learch '" Uue•y 

(Giycinin A3B4) y ..:....,11 """"' ~ 

II"'! fO!rynamo 

"'·T_
'% 

·~I)'-'""' Alll4 suUuo>1l 

C,IJ'IOIOAJ!\4 [P:osmi:lpiPGI1'• 
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= <,....t.. "'"I... I? ======================= 
DNA ..;.,~\.;:j J" J~l :~J1 

:;;_,:;;y_;JI -:-~l::::ll :/' L.o. ySJ.; ~ -~~ 

~ ! .• h.., y.ll J u _,1 ch:, ~ -=-~l.:::; c,?' ;;_,:;;y_;JI -:-wl::::ll -

~ ..:.l]; :_r ~J -~ ~ • • JIJ"'-: ..:.l]; :/' j;i; y\ ..1-;j ~J ~~ 

.i~l ;;_,:;;JJJI -:-~l::::ll 

._.,....;.; U (..:-t;l_,)-1 y\ -:-I.;U\) ;I_,:JI ..:-~ J\ :C,J_?:,il -:-\.:;;J~JI -

.L -- ·~1 .• .7"' J"" 

..:-t;l_,)-1 c) 1~ _;sl :J ~ -:-l:;;J~JI CL:;;\ :/' ;;.J _,.:.-11 -:-l:.}.-1 0; :Jl 
c) U _,1) ..:- \.;y _?:,11 c) lp :J L; )'I c) ..:.> l:.}.-1 J I _,1\ ....a:;: G.,>- ;;_,.;I )I 

-:-I? i.S..c..:; ~ jL;',ii c) lr.:; ~1_,.<.11 j-' ...j'JI__,\ -:-l:.o ~ -:-\.;y~.s:,ll 

.(~I_,AJI :_r .....;'!'JI-:-L:.oJI 

!11.:.> ~ J.J:.' J>-I,J ~J_r.lp ~DNA Jl -:-~l.:::; J5 u-;-l :<J;. _,..J.. 

.J;y_r. -?I~ '!J (junk DNA)._........; i.JYuill :C..,~;~ JkL:.o 

0-~ c) J>-~ DNA Jl -:-~l.:::; :_r t_~;l r !11.:.> J Jl ;.J~',II .JJ./-J 

:j;J-1 

(The protein coding region) -:-l:;;J.;JJ ;_;..:.., jkl:.o . \ 

01 u1 ~ 01 l:.o c.?' ,, w 1 J -=-l:.}.-1 r .i...k;.., 0-bL:.o . ~ - -
. (Requlatory region)-:-L:;Jp\J 

~'! c:;.bL:.o c/'J (Untranslated regions)-:-l:;;J.;JJ ;_;..:.., .1'}- jkl:.. .r 

;_;.:.11 Jkl:ll ..wy\ jJ ~ _,; c,?'J (INTRONS) ._.......;J -:-\.:;;J.r. 

:J~ DNA Jl -:-~L:::; t' J-l..::IL; ..:.U; ,J~ 1.L:.:J. (EXONS) ~J.;JJ 

. J; J _;J I ..:-~ L:;; t' J-1...::.11 j-' I~ _;sl 

DNAJI..;..,~l.:::; (Format) t;P 

....a:.;:J ~J~JIJ\ DNAJI -:-~L:;; l,.; ~ ~)'J\ ~ :_r _;s\ !11.:.> 

,..\.. :_r j-;.J~ ~ _,; !11.:.> J . '....G..:....ll ~I c__,:J 4iZ J ~I r:' I _;JI 

.RAW JFASTA Jl ~ c/'J &-dl 

~RAW J FAST A format~ J_,.;ll Lo-<f 

~I~ I;~~~ ~~l:i.:i ~ 

DNAJI 

~ y_,:.J,.IJ~I'-,;lo_,l.J.i ---------------------
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=========================== ~..:-L...I~ = 

U:_,...u J1 r-'1).-JI ~ J ..;JJ:, J.o ~ > ;_.~ i-w. FAST A formatJI 

.__; J.r--_,i .::..>l.iL.. J1 j..ol} i.S1 0J.L '-....;; e:;l::::ll ..;JJ; J.o ~ e:;l::::ll y

.(! "\ pl ~ <.S.r'-1 !.lt:...J ~J~ FAST A !.lt:... t.a,1J ~_;. 

>gi 11844021 gb IM64673 .11 HUMHSFl Hum.an heat shock factor 1 (TCF5) IDRNA~ complete cd5 
CGGGCCCGTTGCAAGATGGCGGCGGCCATGCTGGGCCCCGGGGCTGTGTGTGCGCAGCGGGCGGCGGCGC 
GGCCCGGAAGGCTGGCGCGGCGACGGCGTTAGCCCGGCCCTCGGCCCCTCTTTGCGGCCGCTCCCTCCGC 
CTATTCCCTCCTTGCTCGAGATGGATCTGCCCGTGGGCCCCGGCGCGGCGGGGCCCAGCAACGTCCCGGC 
CTTC CTGACCAAGCTGTGGAC C CTCGTGAGC GAC C CGGACACC GACGCGCTCATCTGCTGGAGC C C GAGC 
GGGAACAGCTTCCACGTGTTCGACCAGGGCCAGTTTGCCAAGGAGGTGCTGCCCAAGTACTTCAAGCACA 
ACAACATGGCCAGCTTCGTGCGGCAGCTCAACATGTATGGCTTCCGGAAAGTGGTCCACATCGAGCAGGG 
CGGCCTGGTCAAGCCAGAGAGAGACGACACGGAGTTCCAGCACCCATGCTTCCTGCGTGGCCAGGAGCAG 
CTCCTTGAGAACATCAAGAGGAAAGTGACCAGTGTGTCCACCCTGAAGAGTGAAGACATAAAGATCCGCC 
AGGACAGCGTCACCAAGCTGCTGACGGACGTGCAGCTGATGAAGGGGAAGCAGGAGTGCATGGACTCCAA 
GCTCCTGGCCATGAAGCATGAGAATGAGGCTCTGTGGCGGGAGGTGGCCAGCCTICGGCAGAAGCATGCC 
CAGCAACAGAAAGTCGTCAACAAGCTCATTCAGTTCCTGATCTCACTGGTGCAGTCAAACCGGATCCTGG 
GGGTGAAGAGAAAGATCCCCCTGATGCTGAACGACAGTGGCTCAGCACATICCATGCCCAAGTATAGCCG 
GCAGTTCTC CCTGGAGCACGTC CAC GGCTC GGGC C C CT ACTC GGC CCC CTC C C CAGC CT ACAGCAGCTCC 
AGCCTCTACGCCCCTGATGCTGTGGCCAGCTCTGGACCCATCATCTCCGACATCACCGAGCTGGCTCCTG 

<,?1 'lJ .::..>L..~ '-?1 0J-L '-....;; e:;l::::ll eJ'J ~ J...;..;1 RAWJI ~ 

(! V pl (.J..i; e:;l::::ll) ~_;. ..JJ_r-J1 .::..>LiL.. J\ j..ol} 'lJ U,._r:; 

CGAGGACCCCACCATCTCCCTGCTGACAGGCTCGGAGCCTCCCAAAGCCAAGGACCCCACTGTCTCCTAG 
AGGCCCCGGAGGAGCTGGGCCAGCCGCCCACCCCCACCCCCAGTGCAGGGCTGGTCTTGGGGAGGCAGGG 
CAGCCTCGCGGTCTTGGGCACTGGTGGGTCGGCCGCCATAGCCCCAGTAGGACAAACGGGCTCGGGTCTG 
GGCAGCACCTCTGGTCAGGAGGGTCACCCTGGCCTGCCAGTCTGCCTTCCCCCAACCCCGTGTCCTGTGG 
TTTGGTTGGGGCTTCACAGCCACACCTGGACTGACCCTGCAGGTTGTTCATAGTCAGAATTGTATTTTGG 
ATTTTTACACAACTGTCCCGTTCCCCGCTCCACAGAGATACACAGATATATACACACAGTGGATGGACGG 
ACAAGACAGGCAGAGATCTATAAACAGACAGGCTCT~ 

~}JI i.S.r'-~I .__; _r-~I y- >k; ~I Jl.,:>- '11 c) l> ~I ~ :ti; _,....1.. 

. DNAJI e:;l::::ll .:.>La.~ .u (Parasite characters) 

: ..... \..> .::_,1_..,_\h ao 

~ cr ~L:.JI RNA Jl ; }.~ y. : (PreMature RNA) J./it RNA ...Jt 

. .::..>L;J_;;)iiJ .::_,L;y-5)11 ~ J+i ..;J.IjJJ '-;.4-:JI ~ '-;_I.Lll cr j.ol5J~ ~I 

'-llj!..L..; JJ~I RNA cr r8- :(Mature RNA) J£PI RNA...Jt •i.f7. 

.::..>l:;J_,.JI .::..>~ ~ .(RNA splicing) ~ ~ J .::_,L;J_;;)il Jl.L:.. 
( Spliesomes) :0~1 ~ ~L.. 0~ ~~ ,..\... J ;_..l>..:.-11 

---------------------- ;;_,. H.-IJ ~_,..14,;\.. _,.l.J.I 
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= :;,..k.:..\...1,;5 ========================= 

I '"t'l 
_;iJI RNA ....l\ I• 5' 

lrtrcn 
--3' 

. . ·". 4J '·''I '-"' w.-.J ~ ~ 
,;.;.;:. RNA J .::.w,:;.;_;; ~pliceosome 

--3' 
:i..l · .• ''I . ~~ 

wl..:.~ 

\..l.U _;;]I 
~4-'JI RNA...JI lliJ ;;, --3' 

J4'-JI RNA...JI •<.?T: ~ J_,_.JJ .:..\;J_;;)'I _;1\:.o l.llj) ~ Y.. _,6,,at ~ : ! A~ 

.(RNA splicing),_.....;~ J 

~ Coding Sequence(CDS)_;.:J.I ~l.::ll y>L. 

Wpen reading frame (ORF);.I_;JI _;111 ~ ~J 

. -.:)c_; _,~I 0 _,5:::.1 ['""'" ~;:; __,.:1 I D NAJ I J' ~I :uh:.l.l Y' pI ~ l::J I 

Jbl:... j>- .lW c>P, pi ~l::JI .:_,\ ~ J ,.:..,[;_,~::..;\ j>- ;.1_,..;!1 ;lbi c>P, 

J' l2-'J ~~ .:..>1~ Jl L> j} ~J Jl:: ~ ~ .lW ; pI ,.:..,l; _,...s'J I 

Jl11 Jb'c:.._, (CDS)pl ~l::JI Jbl:... ,I_,.:JI u\.)J\ J r r _r.;)l J ~~ 
i ~ ~ . .:..>t;J_;;;i, y:-3 r..W <:L..:.:.. (ORF) ;.I _,..ill 

[ -~~--]..,.. _,:.,J,.IJ Yl 4.,;\.. _,.1...1.1 ---------------------
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========================= ~ .;:.,1...1.:5 = 

f'''"""''' 

I"'' 

f I r'm~~riptinn 

''"'': 

' "'ll( 
.. .. I:" 

; I 11; 

_____ tl ... \ 

-----''""""' "~""'"I" 

----------------------,, 
l1~1l~lalim1 

' 

~ ....A.L;JJ tr )I ...,..t 1; Ll : .:_,;; J -cJI • .:.A~ L;; .:r DNA • .:A~ \.:;;ll ~ J _,.,..;.-1 

DNA Jl 0; ~ 4:J ~ e!l ~I 4:J ~ h ~:lb. .:JL:..> 

-:jl:il I . W · · . ·· · ""l;L.I ~ l> '-"""' J:! J f. ~ ~ '-' 

Jl Jl5 .:r ..w ~ '-'::iJJ. :_r.~ :r J.f.-li.J:,d:-1 <;_,15 J ~; ' ... .w-

..w .JY ~ c?- Jl ~I ~ '-'::iJJ.JI 1..\... cL::;l ~ c?- Jl5 
-:.;_,JL:JI ~l_,k.:l.-1 c?' J1...,..f.; <.1\J-1 ,..\... J ·"" ~ ip ..;..,l..l>) 

y ~I ~J (http //www.expasy.org/) EXPASY ~}. ...,...lftJJI -\ 

.(rv i<"•)Go~' :II~ (HSF)·<"I · ·· u--- !'" ~"""" . J ~ J '-"""' J:! J f. 

~t...,b :C.,.,l;L.I ;~LQJI) UniportKB ~L;l,: i~u l:J J~ ._; .r- -

r• :II 1-\-: :i.h; }I ~ J-cJI ~t...:l:.:.JI <>-,...,;-~ i.S~ _;]IJ (.:_,;; Jo.JI 

J~ l,: uP I,;.. (; _,5) >~ r-') U, ~l...,\.:;;)1 o..\... jo' i..l>IJ J5 
J~) \? i..l>IJ iy i.S.r- .Jp :I iu .J \II,..\... .:_,.o ..l>IJ J5 . 000613 

.(rv-n 

ll• y <:)111 ~ l, _rW I l:J ytl2; .:_,;; J J.J lc uP l;L.I r-') I '-'~ ~I .w- - r 

J_,.:.....ll .J:,d:-1 ~ ~ _fJ Cross-refrence ~ ~ ~ J;JJ.JI 

Jl DDBJ Jl GenBank .j '-'::iJ-cJI I.Lb '"jl}.l ~t...,\.:;;]1 ytl2;J . ..;.,;. 

(o • ~ )EMBL 

---------------------<,._,:.,J,.IJ~\ <,;I.. .,WI G 
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= ~.:..l...I,;S ======================= 
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Hc•mo ;aprens heat shock 70k [ ' orote1n o iHSP•lB"• (HSF'A;l, n1RI 

Homo 'ap1ens heot ,!,ock 70k[e ;Jrotern C (HCPAC), mPNA 
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J')\:>.1-= ~ e'WI _.;A:il 01 ..s1 j,iJ.r-'. ~~I or5-< '-l~I • .U. _) 

~o-'J~I u,J;JJ F j '"'~ orS-< ~ -!ll.U _,.....s:...11 J1 ""_,__,..,. .f:'.J 

.)401 '-l\...; L.:.l Score 
• j ' 

.,i J..i-. ..:;,1}1.) ~ J ...!.Ll~ ..jJuJ ~~ ~l.J-1 .!ll:.A -.;;I u .)li .i..41.;,.. if"J 

~)A~ ..rJ;..U.I ~L::.:ll j .UL.;.i -" IJ....i _,,S _,.; J 1 _,->1 ~ .,< 1 j..; \;; ~ 

'"'_,;-1 "'"' 1.:, 
.s_,>-1 -"IJ.,J _,,S _,.; .,<1.}.\;; ~ 

:U.!.,a)l ;;_,....; '-:"' LJ. ~L.,.o.,.. \'I ..r-\'I 

E.ValueJ1 Expected value 

~I 

E.Value,1 Expected value 

.UJ..,.all~ 

Identical match (') J<\l.i 

~y-O_;Wl 

Positive score 
{Conservative) {:) (.) 

;;,J\...;) . .:.1 

Negative score {-) 

Gap { ) i9 

c::" 0:Jip 0:>-:l::; ~ .s.JI_,:)I ~(High Score) rl }J ~\'1 r' )1 

~~;..; __,.... ~J .(Exterm Value distribution) ._;1_,.:..]1 c:;.J_,.:.ll ~\'I -kll 

~ Jl:JI JL11 ~J .'-i..L.o.JI ~ .:..,~ ._;]1 d)l >~ :/" ~ '-i..L.o.JI '-,......; 

. (I I ~)~..;..~I}> y. J ~J..U .sjl_,:ll 

ri)l 

I 

y 

I" 

t 

0 

~ ;..,.~IJ~I<,;\...,WI -----------------------

o b e i k a n d l . c o m



=========================== ~ ..:-L.I_? = 

~ ~I "'-;Ji I 

~I 

~\.;:; (/ & 4..o..G.:....ll 4.,LJ,i -:-1} . ..:.~1 .jl.... ~ Jl:JI ~I~ y,.J 

('\ r JDl BlastJI 0-' ;;_fl:JI -=-L,.,L::JI ~ -sj\_,.::]1 

>gill275521spiP233671l1UTL_ECOLI DNA mismatch repair protein mutL 
Length = 615 

Score = 42.0 bits (97), Expect= 3e-04 
Identities= 26/59 (44%), Positives= 33/59 (55%), Gaps= 9/59 (15%) 

9 ~r· HPFLYLSLEISPQNVDVNVH~VHF-----LHE-t~.. SILEV-QQHIESKL 58 
! i1" P L LEI P VDVNVH V F +H+ I + +L V QQ +E+ L 

,---S-b-jc_t_2_8_0.-3:'--FAf_ PAFVLYLEIDPHQVDVNVH I VRFHQSRLVHDF~ GVLSVLQQQLETPL 338 

QUery 

Identical match (*) Jlu, 

Positil'e ~_,... 0 .;~\ 
score 

4L.... O.;W:.i 

Negative score(-) 
Gap ( ) tl) 

_____________________ .,..~,J ~,..,.~.._,.w, G 

o b e i k a n d l . c o m



= ~.;,L..I? ========================== 
..?;'~\.:;~I..::.;~) ~1_,1 :tk;__..,;.. r-'~ 

- ,q d . ··1 'I I :U..\5 ;b . I. G :c.;l II 4.....,-L:J,i '-' L;;': . .....J1;:; 
~ <c.J' C: r -~ u- . J.r . J . ~ . 

. d. I c:_,k:J I '-' N· j-' .lo ..w I .h.il ;L I ,J.,. J!- ~ J . ~ ..?:' c: L;; j 

. .hlljll ,J.,. p t!.YJ r-) ~ ~L..; _;:)I ;;,;~11::':"1~1 j-' .~o..Wt !.\LoJ 

kj -f J .i..pjl_,.. ~ ..::.;~_/~I ,.U, ~I ..::.;\5 _rll , ) y (:':"I ~I ,..\... ~ 

www.neb.com ~ _,.. l>L<o, ~ _,liJ NEB cutter i::"L; .r. r ;,~1 1::':"1~1 
·...?.' _,J F _,)I..::.;~ j ;~\New England Biolabs ;sA J"'L;LIJ 

ift_,l_,.iS:l~·Jt~·r· · ·· · 
~-NEWCNGlAN[} ~. PRODUCTS TE<~HF~ICAL CUSTOMER MY NEB ....,.Biol.Llbs:.. REfERENCE SERVICE ACCOUNT 

IT-·· . ,;:-F. --,-,,, -. , 

Double Crgest ~·US,l.o.\ ~~ ~L,j._H 

:,~~·;;u::•,n~ ¥\j.jl\ ..:.Ola.:aUlJ\ 

Sp.;,"~l .~;;~,= 

'·<eo·. ,:0-odu't~ 

F.eseo·:~ ~t r,;:e 
r,EE rn the fle·.·,o; 

:.,11"1~ :cn"~'n~ ~ ~~al·;>'5 

VIA ~rre>I•''O~tiC>" 0. :>:p, 

F8r the mo~tr of Je:a~'b"' 
re:e•·-e h><> ohrpprn~ ~n ~II 

pwcoh,.,eo 'ontarnmJ 

oc---npetent cell' ~l"h ~.ere 

the-~''" -~5 rnolucl-ed rr tr,, 

r·:,,_, ,,,, 
r.ee confrcc-.os •ts obd•t, to 

cont•·~e to 'u~~~-.. e--.~" r' 
c·•IA >'8l,cre-~:oe I 'm C•"•'""' 

Tech'Ocol Supp<t 

..::..pps rOh:no .O.n:Jcc,o 

!50 Cert"·~o 

- :: =·~: 

. New England Biolabs ;;,.,..\J..i ._r.-}_,:.S;;_,ll<s' r c=i) ·. :)1 ~I~~~ : i1" ~ 

i::"~~~ ~NEB cutter Ji<::':"~ .r. j .c:....IJ> "'7' _,s-)I ~l:::ll t!' J ..u 

d_,.o-.:JIJ >1_,5'~1 '-'l<o ,L:., "'7' _,i-)I ~I j i•I.Jll .Jl11 _;l.L:..o ~-.; ,r:)l l>l<o 

JbL:..o l>L<o J ,r:)L: ~\(:':"L;)t i,.;; 1c5 E. coli Jl L,~ j :UJ,....ll <;t.J_,JI 

Typell c)l:ll uJI -Y' ~I ui..:jL :C.,.,L;liu"J.J..UI t'l:::JI j (~I) ~I 

:Z,IJJI j .i> ,_,.;;.. j-\'l.,) j ~ _;:)IJ L;;Lf i) pi Typelll t,i_,;\ ~J 

j-' ty 01 ;l,::.>l ~ jSJJ ;s _rll j-' i) pi ..:.;i..:j~l i::"\,;~1 i..G..:.....; 

cS..r"-1 ..::.;1)::=,.:.\ !.\LoJ (it J~ )j ]~1.; 1,.5l;;Lf i)pl cS..r"-~1 ..:.>~j~l 

--'.\11 ~~~1..8-1 Jl ;~~lj ..i.>-~1 ...,.tJ C:L::JI ~ t: ~__;r 

[ ~:J :;_,_,:.,.J,.IJ:\;~I<,;t..yWI ----------------------

o b e i k a n d l . c o m



=========================== ~.::..\....1_? = 

"-'-"IJ> ~ c5..UI (:'L::.::.\J J_,1 ~1011.5 ~l:~ ..1.>-IJ Y' ¥ ~ c5..UI 

, y:-J C: ~I.;_;JI J j~,\11 ~ JL:ll ~I c!' y,.J .i~li ...All r • • Y' 

. :c.i.l.::>J.I d).,::.> \II 0-' ,~ 

~JJ!..iJ\ Localsequencefik: 

6--~~ GenBaok mmWer: 

...... ~ 
810wse .. Jc •• 

~I.J~ 
Standard sequences: 

[Browse GenBanlcl .;J~~ !i Plasmid vectors 

~~ ~ ~paste in your DNA sequence (plain or F.4.ST.4.fonnatj li Vrral• phage ~ 

~IJj ~ ~ ,) ~~u;J\ Jl.;it.J! 

FASTA or RAW .. + Submrl 

(J;il.:..l}·:!'i. 

' More. ophons 

Set colors 

~ ORF kngth to display: 100 aa 

i~l_,lllfo"J!Ji\ Nameofsequence: - (optional} 

( ..... ~1 .......... ~1...,.) [artier projects: 

.Vots: Your earfittr proj«ts will In dfllfltild 2 days a/tfl1'th').· Wflr.f last accessed. 

rou ne.d to havfl cookies rnab/(1(] in ~·our browsttr .J.or tbis/Mtw:6 lQ work. . ____.,. Delete proJects 
Disable NEBcutter- cookies • ~~ 1\b. ~ Jl J!.i:a. ~~ ___,. 

iJ.:~ ~ r. L:J ~(More options) c.Sy'-1 ..::...1}::>- Jj j.>- b..,a.JL:J 

~ J-"Lf Ji ~I..::...~) 0-' c.Sy>-1 ~ r. Jl,:>i J:-- ._.!AI ..::...IJl,::.>\11 0-' 

.1_~ \1 cr" J J..U.I (:' l:::.ll 0-' ;;.;..,...... :cili.:.. J.: ..\.i J I ~I ;;_,.w .~.;;i ~I j1 L:ll 

.(l!pl ~I ;;_,.w 

NEBcutter Jl ~\.;_r. j :yW>l ..::...1).,>-

_;1 L:... J:--) :c.i.l.::>J.I ( J::-o ~ r. ;;_; L.,.;,\) ;;J:.,ll j1 L:... d _r._,i J-" Lf • 
.(CpG, Dam, Dcm, EcoBI and EcoKI) 

type I & Ill ) ~~ ..::...~_;\ :.r -.:..II!JIJ JJ\11 tj-ll ..::...~_;\ ii..G..;....,\ • 

.(restriction enzymes 

. r_i _,;\II ..l>-\1 :c.i.l.::>J.I ;;_;1 J }I >1_,5\11 J J~ J l,::>-1 o 

. J>-..U.I (:'l:::JI 0-' >--'>. j>:- J ~I ;_.,;K.i • 

·rL:l ~ J')\>. ~~ J;; .• J ;_.,;K.1J c"L::JI :_r-;i ;_.,;K-1 • 

----------------------- :Y~IJ ~I <,;L..,WI G 

o b e i k a n d l . c o m



&.··· ... 
&Labs .. - More options 

~- Type I & ill enzymes 
In addmon to TypeD and commemally -- H endonucleases 
avru.lable Type m enzymes. also look for _ orrun,g 

- - Ignore CpG methylation 

_ Ignore Dam methylation 

Ignore Dcm methylabon 

N1ckmg enzymes 

Ignore EcoBI methylation 
Ignore EcoKI methylation 

rJenebc 'c-de t<> use when sean; lung for ORFs 

II 8octeflal Jnd Pion: PloSiid 

Sequence is a fragment 

Process tim; reg~on only bp 

ov 

1.5 .i;.::; .Jj cY .b....:JIJ ~I jlSJ.I j ;.,y. )1 ..:;_,\...:l:::ll jL.,:.,\ r-" ~ 
.(ll~l)j 

Local sequence file: Browse 

Genllank llUIIlber: [Browse GenBankl 

2! paste in your D~A sequence: (plain or F.~ST.4fonnatl 

;..::::;..:;:;..::::::;.;.:;;.;.;..::'i:r;..;..;..;..~:::;.:;:::::;:.:;::.:..::r;.;,.:;,;,:;::;.,;..;,;,.;..,:;v.::;..: 

:;..:::;f:;.::;..::;..::;.::.:.::;..:::;.::.::..:::;..::;.::.::..::;..::.:.::;.:r;.::;.::::;..:;:;..::;.::;.::;.: 

The sequence is: 
o Linear 

Circular 
Enzymes to use: 

~ ORF length to displa)C I 00 a. a 

~arne of sequence· 

o :-ffiB"")1lles 
An commerciaDy available specilicities 
An specificities 
An+ defined otigonucleotide sequences 
Only defined oligOIIUCieotide sequences 
[define oligosl 

foptionalJ 

Standard sequences: 

11 Plasm1d vectors 

#Viral+ phage "' 

'.bi.....::ll'J .:..~W:.:· jU..J• 

~';)~ 

- Subm1t 

More ophofls 

Set colors 

0 .,..,_,:,J,.IJ~I<:;L..,WI -----------------------

o b e i k a n d l . c o m



ti\;;.JI .rAJI jSL.l _#:; ~ (W pl j 121::':'~_JI :_r ~I r_;i 

·c.)"JJ..lll e::L::.:.II J_,1 _p ti\;;.JI ~I..::..>~) ri..t>..:.....~ 

Linear Sequence: unnamed sequence 

~ - NE3 ;mgl! cutter mtncl!on enzymes 
-M.m~on-·,verlappm,g,mm IOlaa:JPJ; 

GC'"'':2'%, AT=4t% 

Nev. DNA 
Custom drgest 
'li<:w sequence 
ORF sumrwy 

, __ . 

All commerciJ 

"' 

~~j~ • 

• -2 cu:ter5 
3 :U:tl:'5 

,, 

(1,..,,,...,,~ 

ble<1t ""~ cut 

: )' e>t<'I'C:Cf1 

• I "It< 1 s•rar~ 

-Zoom1n 
!-.he 

•: cle~'I"Mf"t~~JC:rk,..:h 
cle••,>ie•lf,.,;tO'db;Jo,_,....,.,,_ 

'""'-"""'' "'""t"O'J' '•t• 

··,-· 

i • 
0 r~tte•s 
1 c~tters 
All s:tes 
Save ~!I s~e: 

JL>,\11 ~ ~ _pl j J)> -<....\5 cP ~I .J:..&.j 

. iA p jlc5 ..... l .. l.>..: .. J 0J .......,1_,.,:. J C:':'~_JI Jy ..:..>L. )"-' 

\,rt,i, 
Cll!l!lll 

\EBcutter .. 
• ir:p~ -~q>IOCilll OOObp &OO>io<al~<qumo:etk G<n!l>li orb·, CIJ!Ilgil>:lpa;mg 

• Eo:.ws -W stlfdlll ;,11lJ \1B e!ll"illi<:l ,;,00 4 oeo:.ctil""'"'' (fOOIII 01.:~ a! (OOJO!I(,.. or ..0. kno•~ 'P'ci:D<'~ 
• ::p_; iilf'Ll··- n.f.D~>lilO iiiMlO ~~;:dl ~!~ttonop'O<!o~""" 01·~ 

• \r.l<tlll:-lOOIII<:o"'O,m.mitanmioraddi!Joo!ld~;bo;kie<•.tmo"optr::>o' 
• ?~-QDim.o\;~lOillll!JI";O.Ii»Jn:m" ~\Oowl:l:ldlleor<gioo 
• f'rli -!equen.;";:Unt!edro\1&llll~ml!l.llllt3!iltdb:Jt<fcr:dl.,.rott..nck11rdld '\o-cr.:~\Bcbtiliih,mior-:CII!rnt 

Thql!"O\l"illl~\qt;lllql!l"qurn<' ,,t.;klll~pa!tlli~ pJ..IliiJPfrornalocilifiJ.cm~"ro&OOJ\CBi"''G.Wi!!!l.filn,.IIO:te>i>X~ :r:.ll.111aio3lloo.."P"l':~bne;aod 

tbom .. ;th!llql!:'l'l th!loofORFs illdd\EB ~r.r,111t! ihal~!~m::' It also sh<l"1illl i'lll''lll'l ;~lichcmid~ustd~li·I~!I!OC'!WI~hcpmr~ldngfr<W<U !liodl F<on 
tlk>DIIal-:!splir:!Me 11r1 ~~~ golinb:! ..:~C11ltom.i:!tSII00\\1h"'f'lll'' fi;w tbo>:l allil1~ .,., ci lhl.i:!<~~ O..kat~rtliia!~ lllpkmrn!ldon"-""'P"!"~dl!lmc;'lll!:ibl 
"''''""'""'""·11111lltlledplo.:h:"bo"'1hllllm~!~llllldd!MIII<k!Hibeba!tloftbalrl'>:~>thr.lb. •. Onlhl.i:!~ III<J''IIl!:ih<m.."'<lll"'l'lhlo..d.·.,~ 
cksplo.;·lkfr~~!lldikiM"IllllM,-o<~ndrrlrndof!heir~ 

,.. .\mbip01111d .. tid" "'' olo"'C ~ 1111 ql!l "qurn<' '!p 10 ' ~ acr :0 :11 ;~.,00;~ H1111 ill O>l!' tb<~: • "~ lll'S\a? ~ dllpLFid acd a!~'" b.l11 illlil:«!d r. :hi \''l""'"'' 
Recogmtlo!l'!lll•il:hd!-peoc!OIIilllf!l'"-'"'l""L'~~~<rlapalk~ilt:b3ll•r<!ll.!!••db·.~tlk>m..':'111t~~~; 

1\b.nllllproiJiii::II<I"C~!fctORh b' dl£lliiltl<'s!ilb~urial!"1<"111 ,oo,.,~trl :JON <l!.mgrdootbl opetmgl'"!l• to!dinlt:startlll<li!Op c~ iit•·oORF, ;~md":o;·cllp tlll"olbt 

\lllakrorn-:icwd~odl·lblkG:mt IIOIHl'~""' Sna~oaJ-.ATG~tr<llrldJlill-;OCoxi. Kllllo:ORF;rM' ~w·d..i.dlo~OOgenbac~·<~il\lal"·l<< ,.. :O:bil 
t>ll .OQ;illlealll! d">lOI<Ib. "SUd" !<nm: <00:- l".it:hi.al kl; ahmW.< start c<>i:a or~ltlhl"edi:ORf"biDnto ~"f. 1111 COOICW>.:lldiwl; 

\IBU1111 ...:ctpcr~~t; ~~-..-.~thai." bnn abo«< lbe ~~~·yl<rilllmsitni!\ of ac·. cithl ro:--wl d!splo.· • .O ''b<m lhl·. IJ\~ ;~·, 1 Dam 1«1 ex 1 [km Ill< as"" as Cr(i OtoK il".i !;~B "" 
\\M.llbroietd~e5t~l!<p~lh<<e-;tilt!n.:~a:~oftt;,dle.~ofm!1li·.klo<Lh;hl~~ihll>J&dslha!ll:t 

-------------------- :C,..~IJ YI<,;L._,l.J.I G 

o b e i k a n d l . c o m



= ~.:,L...I~ ======================= 
~ _,J r.:Jl .::, ~ L:.:.li ~ )>L:.:.ll 

Sequence Alingment between biological sequences 

~) _r.,ll .;_,L..\)..01 J ~~ '-..U. ,\;\ cJ' <.S)_,.:ll J1 __,11.:;,]1 ;i;l J1 

.;.,~\.:;,]\ 0;: :;:_,Ji ;;,;JLA.. J Bioinformatics r» J ib"ll ,.Lo i.G.::..-:; -'.ll..iJJ 

: J:.o~)_r.,ll 

.DNAJI .;.,~L:; :i,;J\A..- \ 

.RNA .;.,L..;L:; ;;,;JLA.. -r 

. :c,:.;; J .r. .;_, ~ L:; ;;,; ) LA.. - 'I" 

. W::>.l I .;., l...; i.:;,l I 0;: .;., I_; )\::.,;. "11 J 1 ..:.> lr, l..!.::J I > lf.) J> _;..: ;;,; ).<.ll , .Lo r' J 

~ .? ~) _r.,ll ..:.,~ "11 :.r pi ;~L.. __,11.:;,]1 ~L:; -Y-...1 :_,.<- ~J 

:Jl:.ll 

. ..:.>L.;J J\ .;_,\.:.._,.. ~ -1!]- ''I I ~"li..Jl:.:SI -- .r. -. ~ .J'--'- u--
·u-"JJ..ll.l ~J)I Jl ~ 0;JIJ ~ )~ _r.::ll -

.ul.:;J)IJ .;.,l:.}-1 J .ul.!.:.ll Sub sequence~~ .;.,~L::ll ..~;_~ -

.<r.L.!.:.ll ~I J.bl:..ll ..~;_~ -

. .cl>i..cll .;.,~L::ll ..~;_~ -

OOM~DDDD 

,---------, filr.a..;.i 

I 
'"L :Gmlr 
-f:n:WA: 

L.._ _____ __J :n:<.~:r. 

~ 
\ 
' 

(\ 

;,; Sequence alignment 

..1-'-ij ~) ..:__..: .r.# 

uL:WI 

0 y_H,.IJ~Il.,;L._,hil ----------------------

o b e i k a n d l . c o m



========================== <,...1;..::-L...I_? = 

Sequence similarity 

>~ i ~ us ) ~t:::; j:: <:L:.:.ll >~1 i> y...ll .:_,;..j~ ~I :.r 
yt!i, l5 J J ~I ,.i_. , ~)I cJ ')/I .,.._.., IJ-1 C:" I_,.; , y J J' J.; '1 0l5 ~lLU __; JJJ-1 

: JL:ll j-(.:JI J 

.. .:: .. Jl.,,_,\ ))))\ . <LJL..:;:ili ;;_, i.l.J . ~. .. . 

. L .' L;.i.,:.\ I DNA . . l:::; • ;;_; WI . c . .....;.s :Jl:l.l I .. w 
~ y '-"' ct.:": ~ .) U'""' .. J""""" '-' 

J3L....; __;r ~l::::ll j:: ~t..:.:.. ~ J_,1\ y-~ S2 f-'l!1 3 S1 l.."..l>-1 

l:'l::::lll.i.r, ..:,I rAJ I~ c!> JJ <,Jl!ll .h.f-1 ._j ~J u~l::::ll ~ .:l r 0\ 

. U;hf.l j:: ~ L:.:J I :.r J.li .;:-5\ ~ ~ 

S1 

S2 

LCSS 

ACGTCATCA S1 

S1 [AiciGITiciA[T[C:_l~~ 

s2 [T 1 A 1 G 1 T 1 Gl:'r r clAJ 

D -
A c G T e:r,;. T c A 

~- -_:::-· G T G\ T c A 
---;;;: 
~ 

G T T c A 

--------------------'-:--_,:.,d:-1) Yl <,;t.._,.L..ll G 

o b e i k a n d l . c o m



= <,...1> .::-1....1_;5 =========================== 
~· 1::;• •J•i;.,i\.............;·\.<:. . ....;_s 
~ ~ ~~-" ...,..- • -.1 <..1"""'"' -

:~ ~ c5jly ~~ ..,_,L.J_ ~I J "'_,.,..:JJ c}4JI ~l:JI 

y JoL:JI J1 __k..c,:.ll ~ ~l:JI Jyih.U olk.\1 ~ J..JI - \ 

.Substitution J.»l~l 

.lndel ~ ..J)-1 J1 'JL.b)ll ~ .<fL:JI ;_;hll ,lk.\1 ~ J..JI -~ 

.Similarirty <.;L:.:lJ ,lk.\1 ~ J..JI -1" 

j>:; . ..::.; G.: L::::J I ol.. ~ '"L.:.; ) c,? jl y j-.a>\ '-:"' Ll- ;;j > \.... Jl C \.::;..;) 

\ .. ..;4J .............; 01 JJL>.; .!llll c>ji.PJ J~l ~ _,:5\ ~I ~l::::JI ~ 

j-.a>\ 0l5 .!lJ lJ , ~ Ui F" L:..J I j5J , lk.\1 i Li }I I ._;,_,1 :y- ~lr, L.:.; r-" _;s\ 

J l:.<; J ..::.; lr,L.!.::l I ,..L. ~ 0\ ~ <J 'J I '-:--" lL I C:" t; f. ~ Y" • ~ \1 I 
.(<...} L..~\) 4-WJ\ 

s 1 C6Ici<3fT T c::l/>JT l<=:lA_I 
S2 ell A I G I T I GITTcTP:J c,...,G J" ,u, )>L- pi yL-

Compute best alignm8:,t recursively~-r---------' 
- For a given split (i,j), the best alignrn ntis: 

Best alignment of 51 [1 .. i] and S2[1 .. j] 

~ 1 + Be~~;·:~~;tt of S 
1
1 [ 

S2 [i']A I G IT I Gl 
1 

• 
S 1 kc[G[T[ [C::[A]T C]l\, S 1 

S21TiAIGITIGI !TiCIAI .. 

51 ~ CIGIT 
52 r[A[G[ [TlQ] ,.. 

51 

52 

L.n) and S2[ j .. m] 

' l=rrc:T.o,Ti_LC::I~J 
['TJC:T~ .. 

J 

C!GIT 
[TlQ] 

lciAir!ciAI 
lr ;c[A[ 

Identical sub~problems! We can reuse our work! 

.~1 ~ \.. <.;L.!.:lJ '-:"'L,;.. J..iU\1 J_,....,_,JI ~}> ~_,;;~_,...., :V~ ~ 

~ <,.~IJ ~I~L._,kll -----------------------

o b e i k a n d l . c o m



========================= <....L> .;.,L..I~ = 

:._sjlpl (J' ~ f .!ll:.AJ 

· L::; · .uL:.::.II ·1-L:.. __ ;I (Local alignment) ( • ·11 ~ ·1 ·IJ) -\ <Y.:'-! ~ • _,... ~ <5 .r. "'J )-' 

.U· . "·'" .r:-~ 

J;- ~L::; er.:: L. '-!L:.::.II y-~ (Global alignment) (jSJI <S)pl) - r 

.~L::.:JJ jSJI J_,hll 

<S)pi)J (Local alignment) <.; _):-1 <S)pl) er.:: e'l_,.:jl "t:L:.; .!ll:.A 

:(Global alignment) (jSJI 

. ~u~ ~ c?l.!lL:... -.rJ -' 
.~ ~ ~J :c...G.::-11;;.; yi...a.\1 ~ .~ ~ ...,~L 1..w,. - r 

y- .UL.:.:Sl ~ (Global alignment) JSJI 1.5)_,::-ll .Jl J~\11 J~J 

(local alignment) .; _):-1 1.5)_,::-ll L.l Needleman-Wunsch tWI ~)> 

Smith-Waterman tWI ~)> y- .UL.:.:Sl ~ 

' ' (Local alignment) J.rl:-1-.sji_,.:JI: ~JI 

._,;,J)\J"'l:...J\ y-~ il.i) c.!' J J;)> y- .; _):-1 <Sjlpl ..,.,L> ~J 

:j; I? <..i.\.:..:.JI 

:J; I? r-"wl ~ ~ ')\;....! 

o b e i k a n d l . c o m



= ~..::..L...I,;! ======================= 
(lndel=- 2) ~- = ....;.i:J-IJI '-iW.~I ;_,.a, . \ 

(Match +1) \ + =":L.:.:.il; yAk . ~ 

(Mismatch -1) \- = ....;')1::>.~1 ;_,.a, .i 

:._h lS Jl:.ll Jl!l.l '"":"'\......;.. ~ ..!Jj; ~ J 

c:rt~tll 
3 = (+1x13) + (-1x2) + (-2x4) = ~~ 

: _.>1 J\!.. 

TGCGCC----
-23 = (+1x5) + (-1x6) + (-2x11) = ~~ 

;c,..l:.ll Cr' ;;_;_,;, ..::......) -Y. U I J _,.J..l I ~I .;... ~ J> ilk; J l,;.> I : "-l; yJ... 

:r _;s1
1
• __ ,; .;...~), cl::.! bi_,A1) .;...l>')\::>.~1 ~ .;Jt.:.... ,J ~ ~ )_,]1 

.l.o~ 

'-'""I _,;L I J .J '"L.:... _.>T ..j::-' i ~ ..j::-' I ~ J I ;~ u ~ ~ I:, 1 )\:.._; 

..;::--1 ~ ~ :r ~ 1'--" ~), ..i.,;.~ ,)\ ~~ <tll .~1 ,~1) 

. '-'"" \3..1 J ~ _.>1 ~ ..;::--1 ~ 

"""' _..,~ ~ Purine A G 
""""'t; _..,~ ~ Pyrimidine C T ......,. 

Transition 

~ Transversion .. i/1 (low score) 

~ 
~ 

.W::;.ll Jl..l.:'-~1..:.-l_ril. t_,;1 r::"' _i i;Jo-" :V !~ 

0 y_,.:,J,.IJ~I <,;t.._,.LJ.I --------------------

o b e i k a n d l . c o m



======================= ~"-'1...1;5 = 

.~1_,.9) C, T .J:: ) Purine (~Jr.; ~1_,.9) A, G .J:: J>l,; ~..l>- 1:,1 

J)j T, G .J:: J,L:; ~J..l>- .:r ~~ ~ ,!..lbJ ~~~I J~ (~~J.:: 

J ~J ~I o-'!..cl-1 <Jyi..all ~~~I J~J _;.;1 1, __ ;; .b:-4 l.l.. 

<_;~I ..:;_,~ y.-11 J"'l_,.> ~l,::: >I>].! c>.iJIJ ; _;hU <.?.)~I }'JI t... Jl,.::>-1 

. <..:ro~J.:: t: .j;Jr.; )\:..) :U.l..':..JI 

<.;1 J1 ~ j (..:;.,~ J, \ ·) ~ ;,L.:.::JI 1, __ ;; Jl Jl::.ll JJ..cl-1 ~ ':k..J 

cr JI..L:.. 'JI op L.l . _,.;,..., c>Jl...; <_;~I ~~I .__,....;; j>l> JI..L:.. 'JI 

. (o-)-!~<.;~l~~~u~>-

A c G T 

A 10 -5 0 -5 
, ___ 

c -5 10 -5 0 

G 0 -5 10 -5 

T -5 0 -5 10 

~ 
AAT 

CATAC 
l\~~ 

-5 + 10 + -5 + -5 + 1 0 = 5 

·---------------------:Y.H:-IJ ~I <,;L.}-<!1 G 

o b e i k a n d l . c o m



= ~.;:..\...1.,$ ====================== 
:(:i.;\..,.0~1 Jl..J.l..l-1..::-l_rik) Scoring gaps ..:-~l_ril1 1, __ ;; 

J ~ __,::]I J '-> W ~ I } ..J..i..l-1 ..:-I p j!>' r) J.>- '-> _yL.a.\1 ._s yi ~ 

JJ\11 t_l_,..ill ,)\.b.) ..liJ .(-) ~ ~ J!>' :i.?).O :UL.. ~ J.>- ..:-~l::ll 

:r ~1 I' __ ;; .b:.~ (d)_;.. )4 .J _;.. .r.. ._s.lJIJ >..l><- f:!.Y .= (Gap opining) 

_;.. )~ .J _;.. .x. ._s.lJIJ c! }I ~ .= (Gap extensions) "-}.; __,::]1 ..:-~I _,..ill 

01 0:>- J (-4 \·--'; .b;.\;- (Gap opining) JJ\11 t_l_,..ill 01 ~ ~ .(e) 

J\14 ~ -'.l.I;J .(-1 )
1
, __ ;; .b:.\;- ((Gap extensions)"-}.; __,::]1 ..::-~1_;!1 

GAAT-C d=-4 
CA-TAC 
// \'~, 

./ ' \. '-.. ·--~-. -------- .. 
-5 + 1 0 + -4 + 1 0 + -4 + 1 0 = 1 7 

G--AATC d=-4 
CATA--C e=-1 

_ __.......-: / i "' ··-~...:.::.::.:···-----.. 

:Jl:ll 

•.... ...-· / ... '\.. '-....~ ---·------ ----------.... 
-5 + -4 + -1 + 1 0 + -4 + -~ 1 + 1 0 = 5 

:~1..::-':ip. ~I,~ I' _ _;; 

_;W <;4-JI ~ 0~J ~~_JI (/ ~ 01 ~ ~ J>- :y }51.:\L:_, 

:_,-o }51.:\L:_, 0 ~ 01 ~ ~. ~L> '...J J.>-\II._/' J J _,.LLI olo j.A-'1 (/ 

. .:>-T J>-
-GAATC 

C-ATAC 

GA-ATC 

CATA-C 

GAAT-C 

C-ATAC 

GAAT-C 

CA-TAC 

GAATC 

CATAC 

GAATC

CA-TAC 

0 ;,._,:,J,.IJ~I;_,;L._,wl -------------------

o b e i k a n d l . c o m



======================= ~ .. :.>L ... I.;> 

GA-ATC 
CATA-C 

GAAT-C 
CA-TAC 

GAAT-C 
C-ATAC 

GAAT-C 
-CATAC 

[
211) = (211 r~ ~ -
11 (11!)· J; 

• _.t\. •. -l\ 

·Jl ·-~~~- '~ ~~-~~- ~:~. &MJ~J _:~a~e . ==~=~:5:: :r:~:::2:y:er:. :lF~~e· 

:.-::-.:r-~- - ;i~ 

:;;a~ .. ?:.~ .:-~c::> r·~,, :1<f": ~-

- ... r-·.·:-•:;; ,. ,. --~' r:··:~l·.·-· : : ... ' . ... ... r ~ = :. ,, .. , 

1\Z.. tc • · .1:>! .. .1:>! · '·'i l ·'-'· 11 uti. I ·"I •. ·"L.. \..ol\i. <.r ""'""' • ~ .J .J <..)" j"" .....,...,- .j"" u.r- • .J 

.J:.! "-:L.:..:.ll o>l;j j .. :.API _;.II :UL.,.;\ ..:..> }\ W.,5 Jl:.il JL:ll \..r' .sj 0\ l:S:...;J 

..:.;LPI.;JI ,..u, J• cb.; 1;llJ _;;-:5 ~ ..:.;~l:::.il 

---------------------- l.,.o.,:,J:-IJ ~l:i,i\.._,l.J.I G 

o b e i k a n d l . c o m



= ~.;;.,L..I.,S ====================== 

11111111 11111111 j,j 1:11111 
AC-~G~. :It.AGI£Rio.FGSTOUTFAWATERM 

ACBEERGYALEDILAGERAFGSTOUTFAWATERM 

ABEERNALEDLAGERDFWGALSTOUTWRARWATERA ABBI!I:J!tN -AL - LAGIUlDP"WC.;A l.STOIJTWRARWA 'I'F.RA 

illlllll 1111111 . 1 1'1'11 

1111111 111111111 11111111111 
0 , :!~1\AFG-STOUTFAWATE:RM 

1111 
AM• - _-LAAifaJt.DFWGALsTouTwRARwATERA 

1111111 1111111111 1111!11111 

1.1 •. 11·1···.1·1! .lll·l·ill i!lii
1

lll·l· ACQU.GYAL ;I:l.AGIBIU\.FG STOUTFAWATERM 

lililf-ilmlll' CLAGBRVn=ALSTOU~~WAT<RA 
111111111 '1111111 

AC •• G ILAGERAFGSTOUTFAWATERM 
;:_:)i:l 

~~-, _ ...... GERDFWGALSTOUTWRARWATERA 

1111111'1 11111111 

JJIIIIII ,11111111, 111111111 il 111'11111111 

AC!JL~III ,!!;;!!~>o---~!.~nwAu~ 
,-------,imt··~~~~~~~~ -miiif'FWGALitrriii"WATE~ 

Ac~(i.cY.M\ . iriJ.GBRr.F-G- -STOU'rFA--WATE~ 
1.11 1111 11111111111 Jllllill 

A-~~~N- :" < ~LAGEI\DFWGALSTOUTWRARWATERA 
]111111111 .11111111 IIIII! ill II lllllllll

1
1 llllllllll 

I -~ r-d" _l.aii jl J,., }I I 

J~\11 j i>-\II ~ ~L:; ~ J _)..I c)jlpl '-:"'L>- ~ .;\.; l.il._, 

J5 c> jl _,; J;)o :/' ~ .!.ll:, _, . ~ I_,.;.! I c::-" I_,.,._, ..:- li-1 _,.ill <,.K)I '-l....o.>J.I ..,., L>

~1 j ~ 1.5 _;1.!11 .hf-1 j tY _,[ c>..,.>f •~~.; t' J_,\11 C'L::::JI j ,~~.; 

:Jl:.ll 

0 ..,.._,.:,.>,-IJYI._,.Lo_,l..ll -------------------

o b e i k a n d l . c o m



======================== ~.::.,l-1? = 

AGGCTATCACCTGACCTCCAGGCCGATGCCC 
TAGCTATCACGACCGCGGTCGATTTGCCCGAC 

-AGGC'l'A'l'CACC'l'GACCTCCAGGCCGA--'l'GCCC---
7AG-CTATCAC--GACCGC--GGTCGATTTGCCCGAC 

t t t 
rJ.b-; ~) "1 J II r.Ju .. ~ .... l e .ib) ~ ;..u.u II rt~, ~ ~) ~L::...:.. i..J...C.IJ 

__,w'i, ,:::u ~ AGGCCTC 

J'-'-""-~' ;rib r- AGGACTC 

ow\';_..,;, 1-+ AGGGCCTC 

--'~';rib 1-+ AGG.CTC 

. DN ...JI :_,- ~\;; ~ 4iJ.!.> ~I ~I .:.,l_,.ilill c_~_,;l ~ J'!. ~ VA~ 

: :>L w ;:;i 1;\; 

-d =(Gap) t_;JI- -S =(Mismatch) ...,L.:..:JI i~- + M =(Match) ...,.c.:.:J, 

;f ~lyi.JI ,~)- (M X '-,-:L.:.::l.l ~I _,All,~) =(F) ~I 0l; ~.iJ 

.( d X GAP..:;.,li-l_;llo~)-(SX'-,-:'c.:.:ll 

~_,; ~ J-ll..:;.,)ii.::>-~1 :_r .d ,~ .!..\1.;_, j\; (V~ ~) ~J'!,\?J 

~ JJ .:;_,)II.:>-~I ..,~i ..,.,L>. r-" ~; j>-.l.::J .~L:; :..r,: ._sjl_,; p ~ 
- ,, -q i ' . 

. ~~...:..~ ,_;"') ui..S' 

---------------------- :;_,.r.J:-IJ'-!~1'-;Lo.,.WI G 

o b e i k a n d l . c o m



= ~.:.-\...1~ ====================== 

--

' 
-

I 
,:: ... ,'~'L...:,.... \'I,:;-" IJ.;.,. ~ .:..ll- !JW. 

-r 
' ' 0( 2M+N) 

' ' ' 

--

' 
,_ 

0~'! .... .;\.; ~l;:; ~ cS)y J...-. ~ ~ J~,;:.>\ ~ _rs\ >y} 1?J 
. (/\ • ~\)~I ~L::.:JI J-4i1 ,_./'.,\..WI J ~L;~.JI Lo ~ .li _;]I ~I 

GAl\T-C GA-P.TC 

C-P..T?.C CAT.ZI.-C 

(~7\"T-C' C:-• .,.. "'T-C' :rr..;..~ .../ ,.~..~"'" _, 

~~ .li :uJ.::.,;J I .::., L:;lSJ I J , )' l:::l I .::., L,_,l I J ..;,):-I j _,k:J I 0 'i I _,1;; J 

c5\ '-:"' L>- L,J ~ ,.-:: '! .!1] .U :u.,J;} ~ J; lA::.> \1 I t:' .::., L,_,l I ,.\... J I _,b\ J ~0 ~ 
~ l5 .!.l];J _;):-1 cS)p\ ~\_r. ~ ~ ._j\)>\11 ~ i~lp .::.,~\) 

~\.:JI 0J.l; ._jl)>\11 ~.:,~\_;)I~ >J..C:. ~~ ~J ~J. Jl:.ll ~\ J 
. .uL:.:ll Jj cS)p\ ...,.,LJ, J4JI ~l:.ll ~ 

I 

0 .,.._,.:.,;,.IJ~I<,il.o,.WI ---------------------

o b e i k a n d l . c o m



======================== ~..:..L..I_;! = 

----------CTATCACCTGACCTCCAGGCCGATGCCCCTTCCGGC 
GCGAGTTCATCTATCAC--GACCGC--GGTCG--------------

~ ..J ')\.:;;.\'I J ": L:.::Ji ) .W <;..u >..U:: 0 i ~ ._; ):-1 cS j1 _,.:...]I C~i .J:..,.. )\; J 

~~ ~ y,. l-5 '-t;L.:.::.. JI_,J.\'1 Ci§u 0\ c_bO':!J JI_,J.\'1 J ~ o~L::; 
:JL:ll 

~ ~)I ": L:.::l I J1 L. ..J L:.::5\ J J ):-1 cS jl _,:)I i I..G..:..i :_/v.; .!.Li.U J 

..l.i_, .~_, ":L.:.::.._, <lw J).L. js- c>yi _;.11_, JI_,J.\'1 ~ <;..;_,.r. o~L::; 

_sjl_,:)l ~ c_,>:JJ ~JJ.lll ~l::JI J ~ J).L. J ._;):-1 <r,L:.::ll 0~ 

.(A'I") ~I j ~ l-5 C~ L..1 4J'i J JSJI 

--------------------;;_,.._,:.,J,.I_,~I.,.L.o_,l.J.I G 

o b e i k a n d l . c o m



= ~.:-L..I_j ======================== 

----D 
D 

e.g. x aaaacctccggdg 
y 9 cccggg~accaacc 

>401 ~ ~L> ·~~~..:;.,'hi....~ .)):-1 ~Sjl_,.:.ll ~J 

..t.....i, 1 -·- J5.; .ca.:.;:. . q_.i ; ;, ·1-L:ll ,..i;, · 1.:::; • ....,L!.::.. ·LL:... .• J ~ '"' ...,- u J"C r -r J ~ .;;.: . -r 

..::_,I.:::;L(JI j ,::.,l:.):-1 :_r ~~I __,....;; :_,;: ~ y _;:ll ..::_,1 o~l J4JOi j I~ ~:, 

; ; --L:.:il .c...;J; II · L L:ll ·-'" .....i.:..SJ I ; • ·l I ..._, L:..:.il ..t.....i, I <: . ~ 1-: W:>J,I u ... . . y cY" u u '-" .r: . . . <-' .),r' 

. <L.a.ll ,::.,1:, ..::.>L.:.;; J)l 

Jl.? .,L:.:; ;;_,....,.; .:.JL:...- ,)\~ J ..:;.,L_,;..dl ..:;.,l.. ~ <.;J~ :J\ ;J~\11 JJ.i- J 

c?l ~I)IJ e:'l}l :.r ~ ~ l.f"'-_;.. ..::_,-*" .liJ .~..G ~1)7" lSI:_,;: IV-. 

. .f"'-i i ~ ..:;.,I.:::;L(JI.l.>\ i _,:.):. ._,LSJIIS_,::><ll jJLi:; 

J I _,1 \II j '-:J LA.:.. ..:;., L..; 1.:::.11 :_,;: J::.i.U I .._j )\:,.:.\II fo j5J I IS jl_p I L..) 

. ..-:b. ")I.. ~ ~ i.SJ _,h; ~ 4} ~.l.> ,:_,.s::J J 0 J;JI J 

[] 

D 

0 ..,._,:.,;.,Jyl~l..}...tl -~~~~~~~~~~~~~~~~~~~-

o b e i k a n d l . c o m



======================================================~~~I?==== 

Color ~~ for Rlian-nt. Scores 
50-410 

LZ0724~_,..._.,.....,"'!"1'_"1""_""!"!_..,...,...,._""1' __ 
0 zso 500 750 1000 1 ?50 1500 17511 (>1)(1(1 

" --
~ 
~ 

~ J BLAST L'L;;. ~ _; .),-1 _sjl_,.:il )~\ j ;_...G..:...J.I L'I<JI ~~ 

.j , y. )1 NCB I "~I ~ _;1. }I j5 }I c! r '"'l.<- _;~ ~ ~I_,:. 

._s:J)J \II J.--11 c! r _yCiustal W L'~;. L.a.;_\ L.a.;_i ~ Y- 1.5 c:.A;''J }I 

Clustalw- http //wvvvv eb1 ac_uk/clustalwl 

~k~~~- . . " .. : 0 "···ot':::'"="=· ":::~li:. =' ... , .. _,.::.~-:::~ 
nr n:z = rr ms ·= mw 

111!!:11 ' ,, ' 

'==-------~-· ~==~.. " 

(EM B L) 0..):-1 ·'="""} .,;J 

(AO §-:),_,l5 

BLAST http:I.'\V\VW ncb1 lllll gov/BLAST! 

---------------------- ;;_,..H-IJ ~_,.,)-14,;\.._,J..ll G 

o b e i k a n d l . c o m



= ~.:-i-1.;5 ======================== 
(Global Aligment) ~l..sjl_,:ll :L'~t! 

~ J~ i~li Jl __.:.,..1._# J5 ~ sji_pl '~ _y JSJI sjl_pl ~ 
el.> KJI c ·,1 -1) ... :)'-'-'l::)l ,jj, USJI jl L~l. c.:..... l>- ;;,_,, ,_lll .:.o~l::JI ; \ ...._,. ...... ...~ r . ~ r '-'..T ____ ._,. ../../ • u 

(Multiple Sequence Alignments) "'-'"':L::J..I o..Gdl ,_s_;1_p1 j-.J 1~ 

. ,J.,, .•. k:; <.; )-'--• .= .::_; Lo _,L.l I j-' I ~:::S ~ '! ..sJ J 

0'1 ~L::; ~ .uL..:.:ll :.;>-~ .jJ\1':!1 ._,l>- ..l.::-.i.. ~~ ~~ ._,Kll ._sj1_p1 

0 .._;.,1.::;'! ( E -V a I U e ) ;J ..w.J I j.-L._. '":..-LJ- 4.. ».::..J,I ;;_,; l..=-'J I .:.o L,l..,J I 

~ _L;,:, i~li) _;::.-1 ._# ._s'-1 ..?'oi_o ,ui.:>-1 ..;_,-'-";'J ~~ ~l5JI ,_sjl_pl j 

l: j,k:ll ., I.L .= .::_; w 'L::J..i lo \1 '-.: l:... ,) 4J I ~L:J I j .::_; w 'd\ 0 y:;.:; .:_,5J J 

.JI_,k':!l j .__;)\.;_,:. ':!1.= .::.ot.<-1_;.11 ~ ;c;w1 

: K]l c ·,1 -II I .• I~, ..._.,:.......1 .:__,')'(; !J'c:.>, 
u ....,...~ r ~ ~ ~ ..~ . . _, 

~'c::; ~ '~~l.:_;l_;)\:_,:. 'll y- ~I:'!) 

~~3 .'cbll J.o/ y- ~0 I.A. .:__,~ ..l.i .:_;~L::; l: "*--' l..i.. .:__,~ ..l.ij 

.~L::; ~ ;u_,;..01 .:_ol_;)l.:_,:. 'JI _:,SLoi.J _r:U :U..:_,b ~1 ._,Kll c>ji_,.:JI 

(Genetic Polymorphism) .)IJ}I_r>'l>il o~ ~l>- .J,...:JI :'0C: 

.a..aJI ~) .iJIJJ .. : . .'~'.:; ~r;: (SNPs) 0-.L>.IJ o~'-i j Q1~')\.:;.\'l _J!A 

. L; · · I ~ I .to · . :1-;. · L::; <_; 'c;_. : L:J [; 
-?.~ j~~ ) 

r~ ~ ......,L> i~ l: ~L::J..I ._,Kll ._sj1_p1 ~ -.,....: ;JL.,ll o..l. j 

. .JI_,b':/1-= ,_sjl_pl 

~_,la:jlj<..U.I.:_;I_ ... !h all~ 

01 ),='II J i.>\~1 ~I c_ly':!l ~ Lo .,J#I '-:I_,All Phylogenetics 

: 0~ !ll:..o 

·tf ~Kl _;..-,1 !lc:.>- \ 

.'-:1} ~ ~ Y.. '!_;!I '-t:L.:.:ll .::.ol:}-1 ~;,;)WI :Ciadogram 

.,J_,h:; ~ .::.ol;.;\5 j ~}I A ~I __......;.; o-""' J : Orthologous 

.HSF y.. 

0 y _,.:,.J,.IJ '-!_,J-I..,.lo ,WI ----------------------

o b e i k a n d l . c o m



========================== ~.;,l..l_j = 
..:_, J.b-~ _;LSJI ~ J .:.J:-1 '-"' c> .r>-i <>.......; , y:-y : Paralogous . . 

. ~ .;_.;,1 Y. i _,A; ..li J ~w.; Ji .;.;I }1 

Jl PT JL>>l j:.. \.J_,h; ..:_, .JY. ~J JlS J .Jl>>l ~ ~ :Xanologous 

. .;:.; L; L:J I J> I, 

---------------------.,..~IJ0:J-I;_,;Lo_,.LJ.I G 

o b e i k a n d l . c o m



= ~.;.,\...i.f ================ 

. (PC R Jl Jt!..) ~} r.:JI '-:"';~I ~t::; . t 

0 YHciJ~Il.;;L..,WI --------------

o b e i k a n d l . c o m



====================== ~.;:.,L..I;S = 

.Y' (c>.r-,!1 i _,.:}-1 ~ Jlk,Lo)J\ '-:.r-,!1 -::..>~ c}SJI ~I UJ> 0[ 

Cr.:; )I.:;;,;)'.; er- c?.r-JI i _,.:}-1 0~ .~.:..,...<;1 if" ;_.t.. ~w u), ~~ J 
(<;IJ}I i>UI) DNA _jj ;;_,~ '11...; J_,.,ll 0-" .h.;.; t.Y1 e:;) 0-" <; .,.S:.. ;~L; 

l.o;~ -:;_,Lor' y .?J'"' ~ Lo J 0l..;'JI :cJ>. J>b c}SJI DNA Jl ~J 

~ • •'\" L ._j .l;>41 ._j 4')\;1..1 Cr.:;)\: 0-" :cJ>. J5 ._j ~ y .;JIJ i r' y _,5~'1" 

. 0 L.;'JI i _,.:}- ~I -::..> L.., l:.:.ll 0-" '-.LolS '->-~ <.,? .r-J I i _,.:}-1 t_J _;:-, i ..li 

~ jJ J . >I) '11 0::; ;;_;f.- -::..>L; ':>\;.>I !.lb. 0 t.; ~ lk:.. ~-i- .r-J I 0 ~ J e;kJ ~ J 

0::; -::_., L; ')\;.> '11 J"" J..G .;JI i.L_ ..\J:-1 ~I C;'J L:.l I 0-" .L_ .WI ~ Y- \.) l> <; t.; 

cS ",..:_j I i _,.:}-1 t_J _;:-, j d.J..... -.::..1 <.S jJ I i _,.:}-1 . '-:.r-,l I -::..> ~ \?.-1 J >I) '1 I 

(>) \ • •) ,~ 0-" ~ if" i).~ ~I ._j .Y' ylJ-1 0l..;'JI i _,.:}- j:.liJ 

.JJ '11 t_J_r.....U ~Lo, 0-" -::..>L,..: ly-_;V 

Jl UJ> ~ 01 <Y ~ ciJIJ ..li .._., 0-" ~ t_J_r.....U ~ ~ J5 
<,_4-:)1 J .L-LJI iL; ..GJ, -:;_,l,.JI <Y •l-.-1 <,?I t!'J i~ ~ '-; J"'\3..1 DNA 

..li -:;_,l,.JI <,?I<.;.:"" 0-" ..~>I~~ ..:.l]~J .h.;.; UJ.ill ul,.JI ~ Jl::>'"' 

0::; )I.: ~')\!]I ;.1) .Y' <.,? .r-J I i _,.:}-1 tJ _;:-, 0-" '-? L.. '11 J..U.I . 4-> \..G..:..., I I'" 

------------------- <,.~IJ'"_,J-1 <:;\..)...!.1 G 

o b e i k a n d l . c o m



= :<.,..k.,:.,L..I_? ======================== 

, -.,? .rJ I r _,.:}.-1 '-LJ...- ~ -.~J I J:.' .;1 _? jJ l: ;..~ .J -.,? .rJ I r _,.:}.-1 y ..j y

j)i .J 4--o ')\.;....::...1 .j _,1 ;.._,1:; J <,.. r r J _,5J I .h;i jL L ~ L. , W. , I).J I i li 

DNAJI 

-
!I • ,, 

I 
-: ,, ·, 

'.' ,:./_· - -
AV~ - .. 

large ) .• :/'"":L::JI ;,1.): ,1)._11 ili , '-:---L:ll .;:.,IJ> ':II j5 .;:., } f '._._w. J 

;c,JJI .::-L. _,.1.... i'""J.l 0l5 .hA.i .L>-IJ il<o ~.J . \ ~ ~ \ L (scale sequencing 

i _,.:}.-1 y /A • _J l>-~ 

J0 J ~ .L>-1_,.11 ~I J>b .,s.r-JI i _,.:}.-1 ~ V ~ -.?JJ 

y.1, ,, y-)I <..J _,. 0r.1n c?.r-JI r _,.:}.-1 ..JJ_,. <:L::S:.: ,1)._11 ru) .;t 
..,.::5J I j-' ,~ _JI C.::N ..j r )\.:.. .;:., \.; y>).::.J I j), ~ '-c' '.::5 ~ j L;':i I :c,l>-

:JL:ll PI L"" Y-12 )-'' -~ Jly- Jl u. _,1 ~ __,:)1.) j..:..:.IJ ;j_. J,k: 

(..j ;> .:,_,1 I") -?_...:.,JI i _,:.:.J:-I..J;y.- Js- ..s# _;:ll ~I :r' ,;.; ~ Y. :M ~ 

~;:..,\ i~ Jl~ ~I; :U..... J_,k ;_,L.;":/Il.,i>- J>b o>y.-_,11 

[] ;,... .,:,.l-IJ Yl'-;\.. .,WI---------------------

o b e i k a n d l . c o m



======================= ~.;:.,L...I;S = 

;.;-y!ll '·'.A .t_..WI rli , r .f.}-1 J •~Li J50 ..,~ C::dl ;;.; _ro r-=: ..f> 1 

;, }ll a....LJI '-:_). 01 .:;L ~I C: .Ji'll _y -::...lr ;p cJ 1 J-' i~l.i J:..'Jc. 

J-' • ?, <SJL.:; ._;]IJ i..~>-1_,.11 i )I J ~I _,All J-' d.: .. i~ Jly .J..i; ~ 
~ ~ - -

a...L J...<- ...,...t i _,:.}- .j5J I (':' l::JI _y ~ j\ t;,) I:, I ;;_;I ~ ..:11; 

. (-::... ~ l::J I c:f-) ;;_,J.....j I i.i.> .Y J.lku '-l>l..cl I -::... ~ l::J I J-' ._j '1 I i..W 

A T A A A T 

T T T A 
T T T A 

1 A A 1 1 

o-'>-l}li }I J ~I _,All"".;:.,\!... •~ ~;,_,All a..L...JI ;.,__).,:,I -Jiy c:"' Y- : M y::..:. 
'7'~1 ""i-'>-IJ ........._"" •?. 9J'.....:; .,;JIJ 

:(MAPPING) :W. )-1 ~ :'~J 

..J'll ~..L>W lyw c?.r-JI i ~ .hli_r' ·~ .t_..WI il.i tJ_r.ll i..L.,: ._j-> 

;_.,1J, _y r-i~L. _)IJ i .r-r _,5 J5 J__,.k _yCLANDMARKS) -::_.l,..l>dl 

i .r-y _,5 j50 <.d:>J.I .I? '11 

r--

-+--+~1 1~-+--
._JJJ.ll .;:.,\.. _,.... y ~~ Js-landmarks .;:.,I,.WI ~ c:"' yiJJ-P: ~ • Y::..:. 

-------------------~ <,..~IJ Yl <,;L._,J...LI G 

o b e i k a n d l . c o m



= <,..k..:-1....1~ ======================== 
u...L., ~ ~ \;J _r' 0l5 :C,.. _,..... _,. J__,s:JI .;.,i,.l.>J.I i.i.o ~ 

. ._,PI.r';\1._:..,~ .:_,5\...l..t,..li J" M_,.;ll i.i.o ..:..>.J.>.l....l5 .DNAJI 

(0 _,..15) ~ y ..:..>~ j.._., .I).JI it; ._:.,l,.l.>J.I y Jl5 >J.>.) y t' J 

('""'!. .;J11 DNA Jl y ~ • ?. J" ;.?.ri (;c;.__;) J _,..15 J5 J i ~I .1?,1 

. L ::s:Ji . I . 1::. --. y~ 

- ' ----tit-
... __ + 

\ --- ,-- --
"'/-_ 

I 
r--· 

~ 

.._ 

• I --+ I I I - I -
(clone) DNA .JI (0_,15") ~ ~ .Y i;_,...,: ~I F 

<...hi j5 4.:.. ..:..> • ~ .;J I .:_,51...') I ~ _,::] .;.,\ ,.!.>J.I i.i.o .I).J I i I~ I 

DNA <...hi J5 ;J...A.o y JS\.:JI ~ ~).JI i.l,.:J .J-';11 i~l y (DNA) 

J 1 L..:.IIJ j.-JI ~J Ci:jy J" ..:..>.J.>.L.... l5 i ~I J ~ Y'J 4-:--1;> ..;..i 

~ ~ ;_,1.J, J ~ ~ J5 01 ~ tWI ;.?.i---" J" :u.l::>J.i JoWl~ 

tWI._;J"-' cY ~I j-oWl~ ~JL.:liJ j.o-JI ..;,-;.; J Ci:jy ~ _y ;J_,..., : ~ y .JS--!-

0 ;_,.._H,IJYI<,il..o_,.LJ.I ----------------------

o b e i k a n d l . c o m



========================= ~'-"l.l_? = 

:~~~..:.>~I ~t::: l:"t; 

_; _r=ll ci' J ~I ._:., l:S::J.I ._:.,I r.-J I ~ ~ ;;_,.,_f). I ._:., l:S::J. I J I 

_:I , I~ I :_r..;i f-' ;;_,.,_,:).-I ._:., L:S::J. I ~ _) . ~ ~ ._:., c0 .;WI ..,l>

f-' (,L... ')I_)~;_,.:; leo::S::.) (E coli)-.?') .,S:, '}I ~o::S::. _) (;_;IJ}I ;,lli)DNA 

__,L:5 l•i ~.L, ;;_, ::S::. :W.,:. I( < ~ ,..:.JI i .: Ll .,.. ;, .£.... i ~ <,.h; ·~ ·,]. . u- ·-' ~-' · - W '-' '-?...1 • _r-:-. w ..r-- ...~_ v-...; 

;;_: J+--J ;;_,., y.,.> <,.h; J5 ~ <.!-*"" ~ ;;_,.,_f). I .;.,l:S::J. I . :L:SJ.I J "::>-
-~~ 

-+ +-· 
--;. 

·+· --t --+ 

·+--+ II +-+-· 

:(Subclones) opA.,.:JI ~ ~~...:..>~1\!lt; 

(BAC) /"-A.ll ~;_.<JI I y r? ri~L ;;_,., _,:).-1 .;.,l:S::J.I J~ f-o 

. o_l<. 'c! ,_.;J 1 ~ • • J 1\ • • J>- -.? r>= -.? 0 ::S::. 1 y r? J5 s r>= ~ 

lAC's 100,000 to 200.000 bases 

-+ +-- t--· ·+· --+ -+--+ ·+--+ I I -+--+--

----------------------<,..~IJ<,.,...I <,;Lo.,WI G 

o b e i k a n d l . c o m



==== ~~~I? ====================================================== 
-.s" r y J ?J I 0 pl I cY .b ci.>JJ 4-L>- r-"- '-;~I i o ~I -:- l:.SJ.I i i.> 

(o~l :C,. f-;>c .1_?.-1) ,~I ;_,..... JJ-} -:-l.:s:.. Jl ·~ r-"- __,.:.IIJ -:-l •. :'dJ 

_;JIJ c_Li ~ -:-L.,J,-} c) 4-:,_;t r-"- _;JIJ i~lH • • • Jl_,.,... cJI ~ _;JIJ 

E.coliJI '~,:S:, jlo;;_,;.IJ ~JJs. '~ 

-2.000 bases 

-

:E.co1UI4~ Yb .:,;_;.>.;:ll ~~) 
.:r .1?.-1 ...,~ s~ __,sJ E.coli Jl ·~ 0~ ;c,. f-:>c .1?.-1 ...,~ J-_;t ~ 

~ f- \...~ J .ti;_,1 ui_;..;.l ~..L.:.ll ~pi J _,.>I i ~ '-?I Jl C)L.;'JI i f-;>c 

IJ-'-:"-: C) I <b.L,: ~ :C,.. ~I ;.,:s::ll .J' DNA Jl & ~~ i>'~l J ,I)..! I 
;;_,.;>1"V Jl 4')_:>- ;;_,.;, c}; _;,__). yDNAJI ..,~ ~~ _;JI loo::s:JI '-;y 

-i.o;s::J I Y:, 0. J '-;_,:.. 

frozen E. coli 

-
o b e i k a n d l . c o m



=================================================~~~!?==== 

Jl w.; C:-'-: i yZJ lr. 4..,oL;L1 ,_.JI ~ J ;,y. ~ _), rv _y lo~~~ _,...::; 

. •..~o~ '-:1> J5 J ..,_.,_,.:.f. I DNA 

_y '-? _y.i. .,..:! I 4 ')\;!..1 y ~ ~ _,-.:, 'J J I ...,...f. DNA J I a....LJ , I.~<- )1.) 

_y ~ '-?..UIJ i~ ,_jl_yJJ.ll jl_;.:..-'11 t" lo~~l _,-.:, ~ _j DNAJI W.. ~.....<; 

~~...,a;J 4-ow;1J L;~l y-:, ~ r _y ..~<-L; '-?ill .l_,kl: ,_.jl ~ ,1.~.-1 

. ~ L, --..i..,a; J5 i .r' j ~ 

'-?_y.i. ,_.jl ~ y '-?~ .W..... ~ 01 ~ i..L>IJ '-\.) i..ll ~I ..w 

Lr.:_y.i. .,..:JI DNAJI cW y ~I~~ Jl::.ll:J E. coli Jll,')\>. y ~~ _y 
:JI::.ll ~It::'"' Y..lS 

·---· 

-·· 
---~-.. ---------

:;;1 I II ~\A:] ONA_li ~ \.......~ 

;_;·; t" ~ Jl::.ll p)l J ~ ..w l;_;.s:JI yDNAJI ..r'')\.;..:...1 t" 
. '-? _,.,.:. 'J I ;_,_,.L;LI l; WI y '-? _r.J I DNA J I ..r' ')\.;..:...1.! 

··------... ---.-... ' .,_ 
-. 

......... , .. ~ ..... -...... ..... ~ _.,' .... ~ ..... ___ _ 
'.. ................ .. .. - .. ·-· -------... -... -_-: ... ' ·. :-.::.-- ----....... , ... ,... ... ' . . ', ........ --- ... .. _ ..... ---

..s? 'JI ~14lA.,\I :r ..srJI DNA Jl V"'')'.;..;....IJ:;.,;;:.;: ~A F 
• . ;.,. _Hl:.IJ <._,J-1 <,;t.. _,J...ll G 

o b e i k a n d l . c o m



= ~.;:,L.-1;5 ======================= 

J....l D NAJ I .;..J.j .f c-J I .:r J l5 ,~ c)>- l:J...,..,.. .l.i ~ ~ .. :.l.L.L J 

.:U.....UIYL<; 

3'-CATGGTAAGCCtmiAtTTAGCGAGCTCTT -5' 

:AI I HytA;:L.,L. 

:~) ..:,L; ~~)c)>- ;J....LJI YL<; '-iyt: 

. E coiiJI J,:_)>-/ <>......;~<,?..ill -,.JL<ll L;..iJI - \ 

AT,G,C t_I.YI ~) .../'J DNA.JJ ,l:.)l_r:..> .../'J i)-1 ~1_,.<)1 -~ 

. (~>ly) L;..iJI .f i,~ ~ - '!" 

. ONAJI ~ Js-~ <,?..illr-'./·~1 Y'J i_,..J.,)II'""'jl -! 

J ..:....u:, L. • .• - )L;,;. '!I <:_,;I J DNAJI c-J ~<,?..ill-~~~ Yc.dl 

Jl " L ·" .)1 ~ " -1\.,Lil:.\5 '1..,.2.,1 i I \i •"I I c. ,4:,u l.."')I.S::; Jl <.J.;ll 
~ . '-'::-' y - .J ~ I'""'J' <,? - - -

~J (3) ~ .c,LJ; <.,L,.:. J (5)~ )> <.,L,.:. ~ :C,...IJ <.,L,.:. c)>- <,?yt: DNA 

(5) ,l_fl j (3) ...j ykll .f DNAJI 

S'-GTACCA-3' -I 

3'-CAT66TAA6CC6TTTA6TTA6C6A6CTCTT-S' 

T T 6 A C '"'~"' T 6 

6 

c A 
T 

6 
Ac 

c A 

T 

;.LL)I y L<; .;:,\; _,s:.. ~ _,; i Jr" : ' ' • ~ 

B <,._,:.,;,.IJ~IA,;\.._,J..ll --------------------

o b e i k a n d l . c o m



======================== <,...k..::-L...I_,> = 

~ ..~.<-l_,.i!l y~ y ~I -JL,:i'-'"-1 l:.15 _j ..~;..\.J:-IDNAJI :_r-~ ~J 
t: yl52; c Jl ')\:,.; ...r->- F. yes2; -:r¥1 ':fS J <..J.:>J.I ..~.<-l_,.i!l jl 

T t:J.'L52;AJIJG 

Template )..,.J-<]1 hJ_I .,~ ;J _J...SJI (:'dl t: :>>l_,jl (:'-.:.; yLS:.:.01 

~ .(3)~ )..11 _j i..i, :i..L..511 ..~.<-l_,.i!l t: yl52; i.f-1 ..~>-I _,.ill j\ ~(DNA 

-~I _,.i! I ;_i, -_5 ..1>-I ~La:; L....w..! . ~ J __,l; -.::.> ~ cY -_5 p i _f-1 ..~>-I_,.;.! I ;_i, 

...,~ t_f jSJ ... ~ j _,.) ..0;- _.,"-·U . _,...jl :_.,.s- .h.)- I ._..;; -'~ ~ U I ~ '-: ~ J _.,J_.JI 

..~>-I _,.ill ""-: J 'j I t y 'j I 

T T G 
A 

c G 

• G ,. 
sG 

T c A 

s·-GTACCATTCGGC* 

G c A 
T • .. T GG 

Ac T .. .. A 

3· -CATGGTAAGCCGTTTAGTT AGCGAG CTCTT -s· 

..1.>-l J~IJ .1;~1 .k,J-1 :_r.~ ~ c:" _,; i ;.J"" 

:<,:;...; _,1J I -'-" I.,AJ I 

::i_Lll yl.O.; ..;..,~: ~L.. 
;\...h.; r-!1 . ;c; }11 DNA Ji &' J-' ;;_; ~..w,_., ~ '-L.LJI y...;; "f.:.; I .!..., 

J-' <JI_r-- j:1 ~ '-...hi J _,kl L..l ;c; }-< i..G-IJ i-'>-~ ;;_;w, '11.: ~-pUI J _,k j:1 

. ,I~ 'jl ~ '-LLJI 1.>-'..i; iJ.li 1.>-l>pl i..~.<-"~ A • • Jl 0 • • 
./ --' '-::"' ....., '-;? ~ 

5· -GT ACCA TTC& 
5 -GTACCATTCGI 
5-GTACCATTCGGC 
5"-GTACCATTCGGC* 
5"-GTACCATTCGGCA* 
5"-GTACCATTCGGCAA* 
5"-GTACCATTCGGCAAAt 
f-CATGGTAAGCCGTTTAGTTAGCGAGCTCTT-5" 

---------------------- ;..,.._f,d:-IJ ~_,;..I <,;L-,WI G 

o b e i k a n d l . c o m



= ~ .;:.,1...1~ =========================== 

i _L, J ~ ''"' y'll '-L.LJ I j 'cp- ._) '-L.LJ I yc<; -.::.ol.,- ): r._J ,.>- r-'; 

~'c.,..JI :_r "SI ;~ ;;_,l'"'"' ~ ~ ~:;"- '11 ..Li.JI J 1~::'5 ~ J# i-*'" 'jl 
.~13 yldl J;;.) .J+-:.J _.SI :U, _r-:J 

DNAJI .k.; L...; .,.::. c-._, I ~ 

s·-GTACCATTC6 
s·-GTACCATTCG6 
s·-GTACCATTCGGC 
s·-GTACCAT TCGGC* 
s·-GTACCATTCGGCA* 
s·-GTACCATTCGGCAA* 

;,.Uf5JI 

·- .... -

5·-GTACCATTCGGCAAA. + 
,;.~1 .1;}-:JI ~ ~)> y & j...a.i • \ • t ~ 

;L.:I J Jf.-1 ...,-~ j>-1> .'.l ~ ~ -JL:l'~.J G...:..! I -,JL-DNA _jl & .JI . r 
•• T I -. ~ 11 
·~Y.~ 

.;;,_ _,11 ~I iL>'I j .'.l ~ & • \ • o ~ 

6 ..,... _,:,.J,-IJ Yl ;_,;L._,.LJ.I ----------------------

o b e i k a n d l . c o m



========================= ;_,...J;.:..L...1_,5 = 

''-"r !.)~OJ~\ DNAJI & jl ~ JLjJI y.. J):-1._,.,_,...; r .i 

. t6c~ .:J ~ J}o'll Fl jl : .. ::;>- J 
~,6•• ...... 

-·~-""···-

... ~ .. ,~ .... 

;;;\ I Jl ~\A;..:;.,~ o•l}: t.......l; 

y <:::...J_,l.i)l ~~ .h,.:.:; r-"' J}.-1 '-o\.r JIDNAJI w..i jr"J ,J -\ 

,,·III,_L..._.;- J, 
_~J":"'-' \,_ ,_+;._, 

-- ----- ~- --

6 6 [ 

I 
CAIIP., 1 ·$ rJJ 

(., 

..::-L._,hll i..U. j.-; ~ ..;:--J_,l.ill .J_,JJI_y ._j.r:Jc: ~IIJ::os:Ji i.0 -r 

DNA Ji .uolj .JI_,ll ;J'JI ~ Jl:lLJ'c?r'- ')I _,1; i..~>-1 3 ; ~I .JI 

. J}.-1 J:>' .J. ..;J I 

o b e i k a n d l . c o m



' \ 
I 

•, 

/ I 
~V_ \ 

--' 
I \. ' 

G G c A A A T 

DNA .JI ..1$\_,l "1_,.!1 :U~I J.:>:--i ~ yi;J-": \ • A~ 

<LL yci; _;,)> y .~$I _,.ill .:r .:-l:.. o-1$ .y __; r:JI ~ _J'dLJ -r 

. ..1>-IJ 

,'', I I II I' ,' 1./11\ 
1\. !'~~· ,\ 1'11J.~ 

GCCG111AGCC1AA11GCCCA1CGGCAAA1 

i•l l'•.i',(•l {•I 
I . I.J \1, ,_ 1 

' I . ' ' . , 

C66CAAA1C11ACGG1AAA1CCGCCG111A 

' 

'' ' l 

1 A 11 C 6 6 1 G G A C 6 A A 1 C C G G A All A C G 1 A A 

C G G C A AA 1C G G C A A A 1G C C 1 A A 1 1 G C C C A 1 

: '\z.JI ~:I' ·~ ~ <.:: --. f" 

. <L.l...J I js- LQ:; .:r ;.f l:J I .:-~ l::J I c:> J ~ <) '-:-"~I c:' I .r. l..w - \ 
.:-w'di(Over lap) )>-IX ,:?L.ol ~.J.i _;,)> y c:-1)1 ;.lJ, j.w- - r 

DNA Jl _h,;l _;4-JI ~l::.ll ~ J 0; J" ..1$L...,.;' _Jd'~J 

. i r J" _,s:.l I J" J--" ~I 4; i.5:.o ~.J.i J :i.::.L.J..... 

I( t ~I II HU 1111: ~tIL II II It Ill 1 

(iII~ Ill [Ill ( ~ 011111 t!H ( 01 I II 

I I I I I I ( (I l I I i 1 r 1C ( i 'Ill I I I I II I II 1 1 I l I I I l · I I (I I 1 I :I I I 1 o II : l I ( 

.. -
i >"" J" .,s:.liJ" _;lf.ll ~\:::)\ ~ J...,...;;; .r .,1$L.; J>-l..t:; .:,S\...i : ' ' • F 

~~~J~~I~\...}Wl-------------------------------------------------

o b e i k a n d l . c o m



=========================== :c,..k .;:_,L..l~ = 

d cJl:lL:3 (4-·1 I .) 4-:"l) ._) )i.-!1 :r ..:c..;lS DNA Jl :r jbl:... .:.ll:..o 3 - i 

I .·cl j J . ._..,._..,\ ..:c..;lS ._s ,>-I ;j,l:,.. .:.J'w. i : .. .,:.ol_ll .,_. l,;l o~ '~I j 
"+""..~ ~ . ~""' '-' 1("""7. J ....... ..... J 

.~1 J,l ·~ .SI ~.A.Y ~~ ..9..:..] L.::J'u ~ 
..-' '-' ---'. I -' "':f' . ..-

4.,_.i. j _J.. o • :_r '-:"' _:.i.:. \... .l_r-l: •l-1JI r li, '-? JC:JI r ~I t_J _r-o JJ\>. - o 

.'-LL de;; 
J ,:]JL,;, fWI --?~ '-::J.c r r i ~~ "":"' -~~~~ f rL.c 'r • • • _JI..,~ ~y .. ; J - "1 

JJ\......]1 Ur:..ll 

::i.JJ'il ~I :f-S' -,?olJ-1 

Jo 4-'--oJJ L> r !""-! ,;~·.;r • • • J,b DNA Jl <..hi -?I~ o ~ . \ 

-----------------------;;.,.. _,:.,-1-IJ <,~I <,;t..}..J.I G 

o b e i k a n d l . c o m



= ~CC>L....I,S ======================= 

.... ~} 6.:JJ L ...:.:,__,~':i'l '?~ Ji&ij J~)lt O_).J.i jJ ~~ -.?1 j~~~j . " 

... :.A~dl 

~~ ~J'JI ~I_,~ --?_,~1 i~\ t_J~ t'_j ,h...,_,..:ll J .. :.-i..,.A ~ 

I~~ , ~ ~ -Jiy- ;;,_;.LJ \_,;),-I :.r I~~~ .;Ji J C c:Ji o b e i k a n d l . c o m



o b e i k a n d l . c o m



= <,...k..:-L...I_;5 ======================== 

j!.o c?.rl ,:;...l .. k. cY ....; _,...:)1 ~ c?rJI i ~I t_J_r.. JJ\>- :_r . \ 

:.r <.,) J 1 ;.;..__; J (Mouse) -,1 ).I )..il I i k. :.r <....L<::.. ;.;..__; cY J _,_.,_,L I 

.(Rate) .p.J-1 )..ill 

cY 4-:--I;>J ~l:JI vl.. _,.J...ll ii..G..::....~ ~I U;.!>-UI ili Jyill cY J . ~ 

.;yill 

~ ....;Jr- ~' •. :.r jjl !l~.:..o ~lS~~~· <.:...- ufll <;,I.L J..:._.j .r 

~I ;;,;Jril vl:}:-1 ,~ ~)Y • •i <.:...- t.Jfll .~1 t:J ._,.;1_,..)\] 

.~ \! • • _JI._,.;I_,..)\] 

~L:JI..:;.,Lo .,.LJ.I il~~ ~I.:..:,>L)I it; : \ \ t ~ 

Yl :c,;Lo .,WI ~l.r. J!)o :.r J,AJI ~ ~IJ>J 

.1>-IJ , _,.J ..('~I C::!L:.:.II ;;,; /'-" cY ~I c?rJI i ~I t_J_r.. ~I . ! 

'-:.A ) L.:... :_r ;c.J;;J. I d •. :L:.:.II ;;,; r- .../' <.,) L:J 1 o _,kl.-1 ..:..; l5 _J L:J ~ J 

( ._,., l.. ._,., L> ) ~ ._;.JJ.I '-?.ill J '-;. _rJ I .;:_, Li ')\.:.> )\] C _,) l:5 J.-<' J '-il.:."-

0 • • o) <.:...- .w J---.ll ~I '-?.i.IIJ 

~I_,A.il '-?.i-' ~ _r.JI .;:_,l..i')\.:.>1;;,; /'-" cY( ._,.,L.o ._,.,u,)JI t_J_r.. ~I o 

o..l>IJ .w...5 L... y.::.;J l}IJJ ~ _,.. o~ Jbl.. J>-b CSNPs) o> _;11 

. ...,.; ~L>Haplo type~ 

B ..,...,:.,J:-IJYI;_,;Lo.,Wl ---------------------

o b e i k a n d l . c o m



=========================== ~ "-'L..I;S = 

<SNPsl i>_ri\1 ~l_,.ljl .,?Y-' j>- _...;..,ll ..:;.;~1 lJ_,... r:"'J" iJJ-P: 11 o ~ 

l.o'IJJ ~ r; ;;S Jlo"' J.>-1> 

~Ldl J""~~l ~ Haplo typeio~l Fl i.l..> ;;_;JLA_. .:....i J\.:.j . I 

j ~ .li _;J I ~I ..L>. I yAJ I ;;,; _,...l ._..P) I y .:_~ IJ.I J"" ~ ~ 1_, ._..P) L 

) 

lG 
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..!.l]; ~ Y. (0 ~J ~IJ 

'.; _,.4.-dl ~~ ~ ~ J !'""" ~ 4.[,.. )I i..L. c) l....o ~I .h.l,:.. !'""" . o 

. ..!.lJ; ~ Y.( o) r-i .J ~IJ ;_;_,;..lil 

..bL<; c) w j.-l5::!.1DNA Jl t' ..:;.,L,JI -f J.SJ-1 cDNAJI ~ . I 

. ..!.l]; (I) ~ J ~IJ ;_;_,;..lil '.; _,.4.-dl 

~~ ~ <b.,;_,.. _;;.'JIJ i.!31)1 J.SJ-1 eDNA Jl &' y ~~ !'""" ~ . v 

. ..!.ll; ~ Y. (V) ~ J ~IJ ;_;_,;..lil '.; _,.4.-dl 

h.:.:, '-? ..iJ I J j 4-J:. ~ .h,.;) I J _;}J I t_ l.W J,)> y ~ rJ I e:--' !'""" ~ . A 

· (V) ·, 1<"•11 l.<"llcDNAJI.I..i,<b.,;)l<.:::..- 1;1\~1 C:"' Y. ('""' J j""'"""' J ...,..-- L"""' . . ) .J-U'"' . 

. ..!.l]; 

c) r 'liJ ~ '11 .J _,.DI ~ '-:"'L.. J ..:;.,l.. yWI i..L. e::f c) ..,......,GLI1"""' . ~ 

J-j J ~L....ll <,:;L.:JI ~I c) ~ J~l ~ ..:;.,l:.}-1 y J.W _;jiJ ;.h;; j5 

. ..!.l]; ~ Y. (A)~ J ~IJ ~L....ll 

8 ..,.._,;,;,.IJYI<,;I..of.J.I --------------------

o b e i k a n d l . c o m



============ ~_;_,L..I;S = 

\ 1" 0 j.>:..: 

.. 

.. 
D 

.. 

.. 

o b e i k a n d l . c o m



= ~.::..·L...I_j ======================== 

:( 'l"i ~) ,~..U\4.\ yi...all ~1_,..:. 
Gene J.f-1 '-':? .C..WI .;_;_,A-.d. I ;_·•·: ~ ;_·;:; J.P j ~ fWI J_,1 

.y ~IJ..t: i ~ 01 ..l.:r. ._;)1 .:;_,~1.::; •L: i~_; ~ (chip{R} Prob array 

• • • I • ~ ~ 

. '-"""" ty j-" ~ ~) - J" 

L; . <>- II •LSJI - I' -II ~~~DNAJI ,~.:o - -·.r<> ·r'-1-- ~i · ·r-' 
pl :_r,._. ~ 3 J '-': ~,..:J1 "'~ .:;_,1~ _r-15 _r.JI --?..l>-1 C: ~ ;,t.. C"' _;, 'U -

. ( \ 

J i rL Y~ ~ J ..l> l} ._;)I J (X)~ ;;_, 'c2- i..>- _,...,:. .y -.? P. ;~ _r.\5 _r.J I -

jj ~')\] f _,.:-11 ..L:.>- ·~ ~~ ~J' y-dl <-..,~(x):;_,l)-1 ;.,.. _,...,:. 

.opl~i 

'-L.LJI ''-'J ; ;.,_UI <.10- r (X) ;_,I)-I i..>- _,...,:. j-" ~I ..loo.:J 

(r pl ;;_,~ _r-15 _r.JI 

. ( o p ) C:' ·c::; j5J .:;_,I~ _r.\5 _,; ~ • j _,1.: .:;_,'"': L::JI j-" .;_; ~ 

J...,'L::JI j-" ...j'/'JI .:;_,1~~ ;l::>-1 ~ '-':.r-JI '='~ ~~ j-..511 t;..\JI .c;L.,;,L:J -

.(1 ~) -:_j II _.i; j ~~ 
v y ._, -

o b e i k a n d l . c o m



========== ;.,..J..c:-L..I.J = 

\l"i~ 

o b e i k a n d l . c o m



= ~.;.,1....1~ ======================== 

:( \fV F) ,~..UI ~~I ~.rZ "~ 
;_,:; r ~..L; _,)5 ~ ..::_., 1, ... .1 J y ~I) <>_,.;..a.. .../' :;_,;;J.J I ;j yi.d I ;_.; _..; 

-~; c!' Y.. <') t'; ~~J r~> ~G:- j ~ cY 
;jJ.r" ..::_.,'~ _j ~..L;_,)Sr.JI .,::_,'uo.;L::.il j:.i ~..L;_,)Sr.JI .,::_,t_....,l_,.il .~ 

y ')S :J~ ~ ~ '..i;)z.: ~ ~ cY .,::_,t_....,I_,JI ;..\... ,~ ~J 

. ;j J .:-'-"' .,::_,t_....,l_,.il ;jj, .,::_,l..:L::.II ._,..;5 j J (} Y' 

,,..ls! ..::_.,~ Jl .,::_,L:.;l5 cY ....; _,....:]I ~ :;_,;;J.J1 <> yi.dl ~)> :.r- . r 
cY ~..L; _,)5 r.JI .,::_,t_....,l_,.ll C:: _;LSJI yDNA ~.ill _:.~I :J.....,IY.. 

-· ; -11 'I • · "'.r--- C:' r 
~ ....; .r- _;j I '..i;).J I J :;_,;; J.J I <> yi.d I ;_.; _..; J....l J )> i~ .;) L:... . t 

. ; ~~ ;_.;_..; ~ '..i;)> y ;; __,.,:-L '-P r 
""'-: r [. l-:-)I y ;;_..1.; y :J _;;.:::, :;_,;;J.J I <> yi.d I '-s; _..; o 

~;1UI ~ '-:_,D '-'.,k ilb.MJ ~~ \, O._? y-J ~~ \, oj_,b 

. <> yi.d I '-': r c!' Y.. ( Y) r-'; ~I J l,: ui..L; _,)5 ~ L"" J '"-:'_,.<.)I 

j _,..a.! I ~I yi..i.; :J.....,Iy ;_.;_r.JI y ~J i..L; _,.K,; jJI L"" J ~ .I 

..,? ?I ~I} ;jl.,b 'l/ ~ (}l.r ~ ..,?jJIJ y>-1 ..L>-Iy _;J..i.JI Jf ~ ~' 

cY ~..L;_,)Sr.JI j.-J\..JI ,L:.;J ~ ~ ~ '-)....JI ;..\... ;~ ~J 

·'-'J.r"J i>..ls! .,::_,L..;L:;J (}l.r J '-s;_r.JI 

. i~u H_JI \ o y '-s;_r.ll cY ~l:.: ~ _;jl '-LLJI J _,1 :J _,5:; L. Uijc . V 

c:-"J ro ~ :C,::....;_,li ~ ~J O::;:j.J _;LS:JI yDNAJI Jy- ~ .A 

.W t'.J ~I J l5 '-s;_r.JI cY ....WI ~I 

:u.J;,. ~ ~ _,)5 _,.,; j--~ C:: 4...W I '-: '-'.].I -/'_,:}-I D NAJ I ~ ~ . ~ 

J l5 ..,??' 'l/1 ~I y ~I ~J ~ U.ts::. ..:..;l51;1 '-':_r.ll cY 
.(o) t'; ~~ 

y:_.:, cY C:'d ~J ;.iJJI ~~ ~;, :.r- ;_.;.rJI ~ L"" ro . , . 
. (I) r-i .J ~I J l5 ;;_; r i.JY"' 

• W;;JI .,::_,t_....,l_,.il j:: ~IJ 1L; .J 'l/1 ~ ;> j _,.lJI ;j\.:5 j:.i . \ \ 

.i..L>-IJ ;_.;_..; cY C::L:;JI ('""'IJ --"ll ._;L. y '"-:' ~ L. ~ ~ . \ r 

..::_.,I~ }5 r.J I y '"-:' _,.<. r C:! L:; ..,? I , l:.: ~ ~ _,.1 _,:5::] I i..\... r I.G..:. •• ,'c . \ r 

. ;_.; _rJ I ('""""" I J , L,J 

8 ;,... _,;.,),IJ .. __,..l<,i\.. _,1..11 ---------------------

o b e i k a n d l . c o m



========================= ~.;:.,\....l;S = 

- : J \11 J.:.,.-- J>-
c? ,->I ,;.>l:~ J c,? _,f. I , ~ ;;_. J w I .. :A:}.. I > yc J '='L.. ...j ~I ~ 

J..SJ-1 DNA ~..J.il ~ J<)o J ~I ~I '-?.Y-' '-' r-~ lS ;;J,L,: 

.Jr )IRNAJI :y ~i.;JI 

G G G c T T 
G G G c c T • • • 

G G G .. T c 1 
G G G c T c • • • 
r' r' ,/ G c' T • • • 

D D 

f" ' T 
. 

CG G r' T 

c' ,c ~&' 
T i G •' • • rf c • • 

G 
~' r' .. -+ T G 

~· r' G ,\ / T c G c' • " c .I 
' • TA • 
' ' G r' /; T •' ,• .I G / T G ,c' • T ,, ' • -t~i(i' '•• ' " 

D Q 

D 

D 

---------------------.,.. ~IJ ~r-1-1 <,;L._,.l.J.I G 

o b e i k a n d l . c o m



= ~-:,\....1;5 ======================== 

_)IJ J_,s::.:.ll L;..UI :y i,;;S j1L:.. cY ily:ll ~ ..:,L:;lSJI ..:;.,L. ~ c5_y.j. 

..::.>'"";,.... ..:;., '"" _,.:):-1 ,_u, .J.. L<.:J.I :cLLJ 1 y ~ ..li J , ;J..;;.J 1 r 'c:...J 1 y ..:;., L:.; 

;;,. _,.:):-1 __;1 L:ll ,.u, J>-~> _r L:..JI ,.u, cr. L; J ~ J J.P 1 y ;;.; r.-' J:i- , .& 
J>- i _,.:):-1 <LL ..:,~'c.. ..li J . 4J.L:.; i~ _Y.UI j .J..i.:...ll y :JcS _jiJ 

J I r-" L <i J y..ll J ;J..i;.J I ;;,. _,.:):-1 _r L:...ll y j: .1: ~ :.._':>" y cY ..__;_,....:.)I 

..:.>l>. _r> J ..:;.,J'0ls. y --:S ,~ ..,...;~ J! (Helitrons) Jl1 (Polintons) 

j.P 'J I -./' ;J..i;.J I _r L:...ll j\ _? iJ L .r. ..LJ:.I :y J ;J..i;.J I _r c:..J I y '-"~ 

'-<-L:ll j~.) J-;S JJ> 0 c.,?iliJ RAG1 £ j:.. ..:;.,~1 y J~ c.,?J_,h:ll 

.cJ._,kll -s..lll uls. ..f' _,.:):-1 )_,.L 'JIJ J_,h:JJ ;,S _rJI ,s~l yl·\? 

y -"o~ 4-i )\:>.I ) y L..::; ~ J> J Ul:;.ll ~ ~ 'J I _J ;J..i;.J I _r L:..JI l, U, j! 

i _,.:):-1 ~l:.;> i _wi..o ~ ..li J .u:-:JIJ ~I}JI ,_;;L;_,L L51J>!J ~ 

~_,..'11 .J.WI '.h...-ly, ;J..i;.JI _rL:...ll 0L:.::51 (:" (Genome Dynamics) 

~ J.y i )~ ul>. U. _,......,.- ..wo ~~_)I 1.,.: _r>l> -.:...;lS ..li J . (.:] _,::.\5'-"I.;:JL) 

;'"I. L..:] ··I<L.I L-::-;:5 J.j .JWII.U. ; · I II JJ.i. 0 r-""' f.J · · J · y~Y~y 

w .... ~ -II.;:... · lf ...,L.JtJ ..:;_,!.; or ..... .6]1 :/':it~ ·~" 
- . ...,;J>~-~../ _,_,.....V-'- I""" 

..:;_,~L;.J)/ (..j(;if.} ?~ .;,B-1 -rL-f 0 y ~ r ') .YJJ r :r)-1 

. "~ ~ ... r j_,s;... ·,J.o.} ,..L..,; .iJ>I.JJt 

:y .1: ..WI ~ U j L. "::-" _,.:):-1 ,:A •• I J ..U I y • L.ls. ~ y '-:"'_,A; L. ..u.., 

..:;.,IJ~ '-;~1 _JlSJI l>~ __,::]IJ ;;,. _,.:):-1 ~I iol>-! ..:;.,~~ 

~ ~J ;;.;')\<. > yc J Jl ~I _jl ..:;.,UJ..UI :y .1:~ .:ll:..o .~1 ul,.h.:liJ 

y J;-5 j ~,(Genome Size) L,.:L. ~ i~l ~J ..:,L:;UI r:o 0 1 }' 

,~1 J>-b olj'JIJ JL..:....II ~ i _,.:):-1 ~ J ~ .:r.L; ..:.>l:U t) 
,~ ..:,L; J jiJ)I .:r.UI y (/50) jl_p- ~ y_ J ~ )\.:....; , ,J.>-1)1 

j:L; i r (1.29)J l,_,.,.)l J} )~ J ..)IJJ j:L; ;_,.. (115) ..,ll_p-J ~I 

..:;.,L;)\;.,:. '!I ,j_, o yc J y r-'-)I cY J d.K. J L) yAa.JI ..:,L:;L; ~ ..)IJJ 

:4..~1 

EJ ;.,._,:,d,.IJYI'-,;L._,J..ll ---------------------

o b e i k a n d l . c o m



========================= ~.;:.,\.....1_;5 = 

,_.:jl .....; J); J ~I c:_,lj')\.;.> '}I t: ~:, .bL.;) J ul. _,:.,.d:-1 i~i _j ul:.oL:Ii J 

..,(' _,:.,;l I -.5 _,.,.,.J I J .::_, I ~ :_--':ll J .::_, l.< ')\.;.>. 'J I o ..i..> '-....1 J, J ..t....> J ('"'-; ~ , W::;d I 

.(Genomic content) 

.;_,.. _,:.,.d:-1 c:_,l.<')\.;.> '}I ,J~ 'Jl!.., 0J.f"-IJ ·· ).i:JLS JpJJI _;:.; 2000 ~ _j 

~l.f }:II ~_,:.,.d:-1 rl:...JI .1>-l j)..:..,..JII..i..> _&;1 ..liJ ·'-?~I ~I )l:... _j 
; · L:; ,'-:So '.L•c.:.:_, ,..._;JI ; <; ..11 ,.(8ARE1) - -II o '-Li.:..:.ll 

~.:?J... "'r..~--~ ·-'~ y J_..-' ~-....F'-' 

'-....IJJ.ll .::_, _&;1..\.iJ . .....;L....b1 <.;')\.; J~ W::>JI .....;L:...,o\11.:_.':-: ''-'>)_,5:;J l>>~ 

.i.:)t .....;J.,J;J i_,:.,.d:-1 r-=-J (BARE1) ~ ,~ ~ ;c;J~..>. >~J 'r J}J 
. ·It . 1... • I. 'W . < .. ;___:., ~ .w::._;K_.,, l.< ~I <._WI 

.r-' .r Y' ~ ~ - ~ - -- . - - - ~ Y. ..,? Y- - -

:·~I JL':....ll _j <.Li.:..:.ll ri.:...JI .b'c.:.;J 

.:bL<.. Jl A (Repetitive Sequences)"iJ_,.(:.ll -=-~l::ll" ~ 0! 

~ ..liJ i _,:.,.d:-1 J i>.U.:.. ~ F J~ ~; _;liJ DNA jl :r '-r.L:.::.. 
c:_,L. _,...., Y'J_?:.il ~ JLa.,i;'JIJ J~'JI ~·c... '-....IJ, ~ ~Lll o..i..> .....;L..:.:SI 

;1_?:::]1 :J...., p ~L:.., J )_?:::]1 '-)~ ~·c:.. Jl ~ ..lij '-.s_,tl-1 iL.<;''JI ,1_:.;\ 

iJ_,.(:.ll ~L:liJ (Tandem repeats) '-)L:.:ll iJ_,.(:.ll ~;1'c:..ll Jl U'..<. -~ _;liJ 

~L:ll ~ ~; ~:, Jl <;L.,b)IL (Interspersed repeats) <)l:.:ll J:i' 
Low Copy Repeats ~ ~ _r> y..c _;liJ i _,:.,.d:-1 J )_?:::]1 ~ 

_1-.ol Jj ;;s~::_.:_. c:_,~L:; ub ~ -=-~~ Jl iJ_,.(:.ll ~Lll ~J .(LCRs) 

~}I ~ ~~ ~J .....; ~ _;liJ ~I -=-~WI .....;~ ~:,J .:l,::_.:_. 

~ ..W J~l ~J .'S,.;..:JI -=-~l::Ji :/' }>:JI A 'S;-.:11 ~}yJI 

~} yJI L> )J,i J ~ J t;~L:; J ..,L:.::;, )_,.(:11 ~Llt J>-1> r::_.. 

,-}- u~l::ll 01 ~ ,_il:.IIJ J/:11 ~ _,JI ~ '-:-::S ;.II jJ_;JI '-....IJ.LJ 

;,~_,.. i~L; y;-15~"·-r· ~~ ..~.>..o DNAJI :r ~L:.., y iJ'~ 'Jl:.:ll 

F <,Jl:.:ll .::_,1)_?:::]1 j) ~ ~:, :r ~I~ J ·,_firs-~ i _,:.,.d:-1 j>-1> 

. jo..UI J! _,..1 )I :r _Jip ~ ~""I,;:; _;liJ DNA Jt .:bL<.. :r ul< _,L.a.. 

:.:-' ·~ J j~ 'Jl:.:ll J u"-'l::ll j\ ~.b-1 c:_,UJJ.JI -=-_&;1 ..liJ 

.....;,_,...; ~ _Jl::JLJ i _,:.,.d:-1 y~> ~..w :U..\5 J- J1 :u....:.; ,-}- a.:.:.. r'~ 
c_L..J.:'JIJ )'.s:.:.ll ·~ RNA) DNA Jl :r .:kL<.. L,J J~ '-Li.:..:.ll rc:...JI 

__;,;.b y 4-::,5) ~ .!,; L.i.J.. L .::_, L. _,:.,;l I i _?; ..::.j} I ~ _j J' WI i k. 

~ i.),..s;l\1 ,:,1&!~1 

: .... ~, 

---------------------- ;;,o_,:,j,IJ'"~I:i,:t..}--11 G 

o b e i k a n d l . c o m



= ~..:oL.I~ ========================= 
;;J£;11 r i.:.J I J i _,:}-I :_r J5 j !,i ..!.LJ..U . C L.~ ')\I ..!.lJ; .__,~ -.,.-.LdJ .;.; ~ ~ 

;I_,:JI ~ d.:J-s01 J cJI_,...ll ~ i .0J .-:.j }I~ >W..::.. ~L:.; t:r J 
~ J I ~ · $] , C.J L:..::; i , C. , t;j ·..., ..l>JJ ~I ""'..:...!I .1 'c.:..J .....:...J.i h....:.:)\.; \ . ../ u ....... ..1 ..1 ..1 ,._) .,/ .I ~· • 

. 4J;Iy j>l> >JNI JL:..::;')\IJ ;..JLA.ll ~I J"'i.:.JI ~ ..!.LJ; :y 

J ~ y ;;J£;1 I r i.:.J I .:;i <..il.:>J I .;.; L. _,:}-I '-.Ll..- C:' L:; .;.; ~ 1 ~ J 

Plasmodium flaciparum i .f.::>c I~L. ~ 

~'c.!.; ,w,; :.r ~)I.__,~ J"'\.:.JI ,..L. ~ y l;ll ,JI_;..JI ~ :_,SJ3 

~ W:;J I cY I_,...! I .;.; L. .f.::>c (:" 

:.r ~I~')\ t_5 J"'\.:.JI o.i.> :.r ~I i _,:}-1 ~ ')\ <k'c....,: 

../'} j-" --4_;:; ;_,;_,],; ..:.>l_d 4J_;Iy ~ ;;J£;11 J"'\.:.JI .;...;l5 I;) . .;.;~1 

J ;;J£;11 J"'\.:.JI VL cJWI rfr'ii.J) _;_. __ II .;.;1,~'>1.1 ~J~_;_.J C.>y.J 

'-'J..i.. J i fr'J.I l.i.> \:!' J JWI J .;_,,~1 i..l..i::.ll :_,SJ 3 .\.::.1>- __..-J 4);1y J_,h; 

. • '" • ;I_,:JI ..:.>\..<&- J_,h; y- ~WI J..I;LI 

: (qa;;u 

o b e i k a n d l . c o m



=========================== ~ .:-L-1_;5 = 

~~I 
~~}I\ l 

ITTIIot [I =:J•£J•-===:r:=::JI!Ml lot 

ITTIIe! [I =!•!!I;;)•~;::::===::::JI(M) tel 
Poll! prcrmt• 

(4.jl~~, 

(4.jl~~, 

. ·~·~ 
b LTR ,._.,. .. ..,,.and ... ..,. ....... ,_ -t~ .:.ll • :,;it • J"'lloo 

Class1 1 t11< >..,.POl.~ \\ • '"'I"" (J.J..)IRNA) 

\oj ( • LfR) ~.pol.- \· .ll~)f:-1 {~'j) 
L [nil M LfR) j_l' -LI::.•£:c~TR~)j:-,J 

!rc MTAAA · cA) 

"" 1•1 ~-

Polll~r 

iiATAtlo•i 

d RoUing-drcle tranapoaona li'MIIt.ron.s) 

1"'1 Ire 

[io[ :_1 c_-

C Self·synthe&izlng tr•naposons tPolnfons) 

-·-

AC ~~ 

let ,..fH. Po18, C'(!.P,AlP .. et -!>ORF•\~ lol 

CT 
~to] 

.i.4_,kl I i J _.>::11 .;:., 4 Lf.JI .;:., I; ..... ~ J )' I :u..:..:ll .r" \:....]1 

:(L TR-retrotransposon) 

r-' \; '.; J y.i I J .i.4_,kJ I i; _.>::11 .;:., 4 4.:JI .;:.,! :, ..... ~;)'I :u..:..:ll .r" \:....]1 -1 l 
_....,t:....JI y JJ\11 ji)JI .;.,JI;U> :r-P y ../' (LTR-retrotransposon) 

_,.....t:....JIJ (Retrovirases) '-:>-~;)II .;.,l. J.;;All ·L..a.,;1 ~ .;JIJ ad I 

Long interspersed nuclear elements (LINE) '.r'--' <.l,_,kJI ..,_.. _,.:.}-1 

Short interspersed nuclear elements •?I •~~~ ..,_.. _,.:.}-1 .r"\:...JIJ 

J..,i <,.; )> i;? .;.,'~L,.:, y.- J :r (L TR-retrotransposon) ~~J (SINE) 

(4.jl~~, 

( !l..)olli;fod .:.IJ+II) 

( Capsid) .__; )\.;J I ul:,; J .r. ._........:; .;J I J Jd I ~ '-.o \j.l .;:., l:}.- I '-<-~ 

------------------------..,.. ~IJ ..,,..1 <.,il.. _,J..ll 

o b e i k a n d l . c o m



= ~..:-L..i,? ======================== 
i"";!J (lntegrase) Clo..<;'/1 \"""_;[_, ,;;;J)I \"""_;[_, (Gag) r~ ;_;JrliJ 

~~ J""~ ~ .J·~ _,s.u~ .r..lJ:-1 J'J .(RNase H)\""";[_,~~~~ 

p _;,)> y .}J J ~ J 'ci;:; '/ ·~ i _,A; '/ ;;J.i.:J. I J"" l:..J I :_ro J J \)I j1 ).JI 

.~i ~ ~ 0~ .;L:.:;'/IJ ~I I.U .(mRNA) Jl :_ro 4.:.. <h,..-J ;;.;._..; 

:;..l.;j y.. ~.r.> J~ Ji ~.r.>- _1, _,.;....; , y. Y. ;,'_,)~ ~ ...:SJ J _,...:jl 

J""l:..JI ~ J .Ji 0 _ijJ. '""U.~ J ~)I ..:;~w)IIJ ....;L4.J_IJ ~\JI 

..:;L.; J (Tnt1) J""~ y.. i ~~ J .;L:.:;'/IJ ,..WI i>l:.i: ;.1,.,; /' ~~ ;,'l_; 

.' """j.; \JI J Tos17 ,.,a.:..-J .J\..>...UI 
- J 

;;J.i.:J.I J""l:..JI ;si '-!" (L TR-retrotranposon) .Ji _,5.U4 .r..lJ:-1 :_ro J 

,_u ~ .)1 ;_,....JI .Ji.b-')\].1 J"J .~1 ~WI ..:;L;C,: ulo B J '"' ~ 
:iliWI ..:;loB _;....,i j.; \JI ..:;C,: :_ro .1..~.::1 i ~I ~ i>l;j ,1,; J""l:..JI 

.r"l:..JI ,_u J1 ~ i.;.UI "-'l:c -I.JJ/' . I\! -JI_,.,.-~ ~ ~I 

''i ~I~ J' (/V •) _JI_,.,.- J1 ~~I Jj"'i_,...,J •(/A •-0 •) 

J ~..~.> .)1 Clo..<;'/1 ul,.W ~ .Ji "'j;Y, .JL- fWI 0i _ijJ 

. i J-:"' \) I i ~ .) _,.,l. 1- r J ')\.,:. J .;:..1 ..l_j ;_,.- ,_j. J '/ I ;;J.i.:J. I J"" l:..J I 

:(LINE) ipl.i.L__,Ja.il4o ~I <,>-l,f.; 'II J""WI 

;cj )> ..:.>I) _,5:; '-J~ ~ ~ '/ .) I J i _r-.::1 I ;;_;1 jJ I <,>-lf: J '/I J"" l:..J I .J) 

(Open '-;.):-1 ;,1_,.;)1 )>i J _:r..;l1)) Jl1! J' -,-sJ;.; (LINE) ;JJs.;_., '-':)> 

(Internal J>l> ;> ,J~ t"'-'i J""WI ,_u ..s~ .reading frame) (ORFs) - -
J>-1> 'J. ~I~ J ~ .;JIJ s· ;cj)JI ~4-JI '-'L J Promoter) 

.JWiiB 

:C..j)..L. YWI i B J>-1> J""WI ,.u, clo..<;'/IJ JLA.:;'/1 u~LS:,.. .J! 

Target-(,.-1..110-4l] ~I ~I) r"~ j;:}..-JI ,:_,;;u, --.:...,J ~ _ijJ -~~ 

.primed reverse transcription (TPR) 

J""l:..JI ,.U, ~I ~I ~1.1; .Ji 0L:.::5~ C;_,...:JI l.i.> _,_,k; ~ _ijJ 

J'.k; J' ':}5 .Ji J! <.;L...o)i4 . ..,.JLiJI LL.::.JIJ :s,UI .:.,'::; ~l_,..;ll CJij" Jh:: 'I 
f-! .r"l:..JI ,_u J (EN) Clo..<;'/1 !""";) Jlh;J (RT) ~I ~I !""";) 

RNA Jl J' ...L>IJ :S? ~ f-! .;i ~~ .'-;.):-1 ;,1_,.;)1 Jl1) A r-"J~ 

8 ;.,.~1Jy1;;_,;L._,wl ~--------------------

o b e i k a n d l . c o m



========================== ~ .;:.,\-1_;5 = 

c.;;Y ~~ ~~ r-oY:Y -,Jw ~J -:..>L. _,.w1 ,.:u, "'L>- -?P: J_,...., )I 

·->.r'-1 'r r _,:;.-1 J>-1, c'-....GJ\J (eDNA)<~~,) 

~I ~I jth.; ._j ~'l..!..:JI._s~J __:-.ol:..JI o..U .i ___ <_,;JI l.)~ifll ~..>~ ~·~J 

Jockey, I, RIE, L 1, R2-/' 3 -:..>l>-_,...,:. ~,...,;... j) J""\.:...JI ,.:u, ~ ~ (RT) 

. ;_-..: .... _,...,:.? ~ J: "'JJ-" J""c....ll ,.:u, ..:..........i ..li J 

"'-'lo'~l ;....,~ ;_,.-cf.; 'JI rw1 r..lii :..r j ~ R2 Jl ..._ _,...,:. ) ..\..i.:...;J 

~~J R4. R2. NeSL. CRE c"J (Non-LTR retrotransposon) :c,; yk.JI 

(C) :c,> yk.JI '-o'~l 3 ~~ ~~ r-:~~';:1 (ORF) ~13 ;.I) ;-1!, y y, ~ 

<t:L. R2 ..._ _,...,:. J (EN) ct.....G'JI r-:Y:!) kYI..ll :..rJ C"'..G'JI r-oY:Y 
J R2 Jl ;... _,...,:. :..r ~I J""WI ~ C"'..GI r-"J ~~ ~~ -:..>\cj';:/ 

4---.i-:":- A e:;; '11 ""'"' J~l ~ ,1)1 '"'i .~3 i>.J>. ...jl.ui 3 C""'lr 

-?..U1 3 (APE) Aparinic-apyrimidinic endonuclease ~~ r-:A J! 

. (RT) ~~ ~~ r-oY:! ,cf.l J (N) '-o~l, y y, 1;1, ~~ 

iJ~IO_r..:.;ll '-,>-~;')I J""L:...JI 

:Short interspersed elements (SINE) 

yUI RNA :..r .hb:. ~jlyo ..,_..s; J""c....ll ,.:u, ..,_..s; j~ ;,L;. 

,J>-1> ~ e:;t::; "'L>- -?P:J (7SL) 31 (SS) ~ _,...., _r.;)i RNA Jl 31 (!RNA) 

. :c,> _.kJI ( s·) '-o'~l ..~.:.>o Pol Ill ~UI ; _,..lJI r-oY:':J 

) (LINE) Jl J""c.s- :..r :U.:..:... j ~ ) t...; :c,> yk.JI (3') '-o+f! ~L 

.(L 1) J""~ J .c,-1_,.:11 j:.. ~,i (A) :..r ;~ J;; j.<- -?_,:]. 

r-:AJ ~I ~~ r-:Y:! :_r ~ _;,)o :y- J""c....ll ,.:u, jW:;I r-"J 
~..,~ :i.;I..UI '-,>-cf.;'JI J""L:.,JI ..;,.)• y r"~~ r-" -?..UI RT/EN ['co..G'JI 

.Autonomous non- L TR retrotransposon (!;'j1 

Non-LTR (!}JI ;....,~ '-,>-cf.;'JI J""c....ll ~) _,s..UL _r...b-1 YJ 

~~ C: <~L.JI j) .·~'JI :_r) -~.); G.W:;I r-" retrotransposon 

.· Q\.~'J\ 

----------------------..,.. _,.;,.J:-IJ <,~I '-,;l..o_,J...ll G 

o b e i k a n d l . c o m



= ~.;:.,L...I_j ======================== 

:l TR-retrotransposon '-4.,Jall t!;\'1..:,.,1:0 ~~; ~~ r'\;..JI 

(l TR- ~_,1.)1 t!;'-~1 ..;_,b ~~;~I r"L...JI J ORF _, ;,1~1 ;'cb) 2Jfo 
_;.:;_,)1 ._j')\;JI ..:..>l,;J.r. :.r j5:J ~ ~ ..:..>~'c:; :.r retrotransposon) 

(RT) ~~ e-JI ~j! J (Pol) Jl ::,fo.__, .(Pol) Jl 3 (cnv) Jl_, (gag) 

L. ~cJlio (Aspartyl-protease) ~~J.r. j;IJL..I l""'j! j'.h;3 (EN) c_L.__t;~l 3 
r"L...JI ,.u, ~-' (INT) r'~ r'L...JI ,_L, J (EN) c_L.__t;~l j.h; ~ 

c___,.;, _,J I ;J.., l5 j LA:;~ I '-::-W 2Ji :_r ~)I ._,lio ( C 1 ) ~ i j ~~I 

:(Penelop) ("':"' _,J ._;..) ll..,ll-1 ~~;~I r'L...JI 

y 2! _,:;.. > _;... ;,I) ;cb) ,Y ("':"' _,J --?.) ll..,ll-1 ~~;~I r"L...JI ._s_,:-i-

-c_'~__t;'l!ll""'j)J ~I e-JI r.j! jlb 

r-'~ .__;3_..11 3 c_\..__t;'l!l i""'j';J , _,>11 ::, 3 ~:;;)'1 c_L.__t;'l!l i""'j) jlk; ~J 

- ~) 0'11 J"'L?-'11 '-'-r. ,Y ~ly'll ..:.U.L ~ ..li_, GIY-YIE 

·,..4 ~ ~ - ( ·~- ·,..,.__.,- 13 J- ·.;)-_, .-..:;- Xn- ·.,.>; Q .v- ·"-...,.oo ~-' J 
....... .... """~ ~ O ...,H-- ..)':::' JH ...... H _/H ._;H-'-'--'H ...... H _/H ..,/H 

l""'j';J Y,L:... (.._,., _,J ~I) r"i:.<- J ~I e-JI ~jl jlk; .j) ~I_,JI 

e-JI r-j! :.r ;si --?~~~ ~~ e-JI l""'j!J (Telomerases) he' _,l:JI 

-..S? \II~~ J '>II ',JW::;'}I r'L,JJ ~I 

~I e-J I) c.k> _,1 "t: L:... r" L...J I ,_L, J LA:; I ::, _,s:.,_ ::,\ ~I y _, 

_ -, -- ..s? ':;1 r'L...ll ~-,>.ill_, ("TPRT" ~~ .__;.lf-U 

i J _?::11 ti' \II "t: l:e > ~ Y. '-:"' _,J ~I f'" 1:.<- _r.-.;; ..:.l]j J' ~)I ._,lio 

(Terminal inverted repeats) (TIR) ;._._. ~~ i;_?::ll ..:..>44-:JI _,1 ~ _,.hll 

,.L. ~ J J! '-iw';J~ ·t_>'ll ~.!.>- ~Li-J'lll r"w.l! ,,,"" ~_y '} _;1_, 

"u LA:; I 'L:;\ ..:..> l; J _:;; L _h_l;_j .ca:;:_ J ~ 1 J r' L...J I 

~ tf '-:"' _,J ~I r" 1:.<-~ :<;I; _,J I ..:;_,~I~ I J '-::-:-:5 ~;J I '-:,>- L:J I ._,lio , L:J 

J ;;_.__.__I _,J I ..:..> t_; )\_::_,:.'>II J! )i:J '~ fl J ;_,.- Li-) '}I ;,J I~ '>II r" 'L...l I :.r ~ j 

r"L...JI i..li1 y r'L...JI ,_L, .:_,\ ~ r'L..JI ,.u, (RTs) ~I e-JII""'jl 

_ U:, \II ~.!.>- '-:>-'d. J '}I 

a :;,. _,:.,j;-IJ :;,_,J-1 ;;_,;L. _,l.J.I ~---------------------

o b e i k a n d l . c o m



=========================== 4,...1> ~l...l~ = 

) _.s::JI 4.1..... p ~~.;~I .;,JU:;~ I ..1""' l:..JI 

The Dictyastelium Intermediate Repeat Sequence: 

~ C'j ':J _;..:.:; ( 0 IRS) ) _.s::J I 4.1..... p ~'-f. J '>II 4.,] W:; ';II ..1""' 'w..l I j l 

r"wJI .j >__P.-}I ~I ~I ('"'A Jl '-:I)J '~ ;s\ (RTs) ~I 

~jl Jl.,;., (L TR-retratransposon) ;J,_,hll t_J;\11 "'1:, ~-f. J ';II .;,lW:;';JI 

(Non-L TR t_J:,\11 ~-'>- ~~ J '>II i_)U:;';il ..r"'L..JI .j, F. }I ~I ~I 

· retrotransposon) 

~ ~Lf ;I~~ ._,t... (DIRS) Jl ..1""'~ Jl )0.:.; .Jl5 ~~ -=--i-' ,_;:.:--' 

" " c,?>t... J~l <,.; ).JI t_J:, \II 0 j J (I NT) ct....G'>II('"'A.r lo> fr '-.a..t...-' 

:_r;J;. Jl _;..:.:; rL..ll ,..L. j) ~:,..~...:~I ~ ~:, .r ~)I j>--' 

(Tyrosine (.J.:.--Jo:-:.11 C"..GI c:jll ~-' ct....G'>II "'L:.;-'J' :Wt... ~ 

rL..ll ,.u, <,.; ).JI "'L;LP ""'_;!I 0 ;JI Jl <>W ':JL "'lb. )Ill ..$ .I NT) 

~ ',.]. J ')II 4.,J U:;';il f"' wJ I :_.-o ~ ~ ~ f"' wJ I o.io ~ Jl "'> 1 

.. .. ,)?1 a,_,J.J1 u;''}l v~; 

j) ~ il_,jl "'~ "'UKJI .j ..r"'L..]I o.l.. C::jyJ ~ J[ )2:-il;J 

. :c.J.::;J I "' l.. _,:),.1 j> I > i .l..i.)l .j ~ lf J ';II i_) 'W:;; ')II f"' wJ I ._;; jl y f"' e:..J I 0 .io 

..1""'~ J[ ':I) ;5\ ..r"'L..JI o.l.. .j ~I ~I c:J! j~ ~:, J[ <>W':JL 

"'1:, ~-f. J ';II i_)Ci;:;';ll ..1""' wJI i.ii\ 1.r 1 ._,t... I.;.) l )0.:.; _;ll 1 (Gypsy) 

d_.:.; ~1..r"'L..JI o.l.. ;\..:; y ;;JL.,..\ "'lo> Y-.J~I ;51 j~ ~jJJ ". t_J;\11 

('"'A .;:.... ~ 1 ... ..~...: ~'-f. J ';II :cJ W:;';il (Gypsy) ..1""' ~ ~ ..1""' '-'- y 

.(DOE I NT) rL..ll ,..L. .j, F. }I cL...G'>II c:Jl y ·';I~ .J.:..-Jo:-:JI cc...GI 

(Recombinase I 0 J;JIJ ct....G'>II c:A, F. J C:: Y-J~II.io _ji_,:,J 

(Crypton "'l;}o.JI ~ .j ;;_,.. f-7:- i_)W:;I ..1""'~ .J _;..:.:; .,>jjl-' I NT) 

.·--T ransposon) 

rL..ll ~~ ~ ct....GI .:-..~.> .li .,;1 .u..J.I y .J~ c1J;:;';I1 ~:, ._,t... ,'w-' 

.(DIRS) ..1""'~ u. "'\..:; _;liJ (Gypsy) -,\J \II c__,JI .r ~'-f. J ';II 

•. :A.;J_,.:) '->~ ~_,d DIRS Jl _,~~.;s. ...,~ .J~ '":""'} ~~ _.:...o'~ J l-53 

;_,..-1 v~; j~ .li "'t.;-'p;'>ll o..L.j yL. f-7:- J (; _,..;..:.. .;j- j1L.) (lntrons) 

-----------------------;;,.. _,:.,J,-IJ <.__,>.1 :i,;\.. .,WI 

o b e i k a n d l . c o m



= ~.;:,l..l_j ========================= 
RNA j ).i j 1.:11 ~ _,w .J:o .r-:-J I J\5J r rJ:-1 j.>-b ./' i.f. /'1 I j Li:;'J I .) 

~ .:r-~1 JISJ ii_,JI j.>-1, , _,.,. _,11 (non-spliced) ts?. ~-:JI J_,...-)I 

.... (Spliced) ts_r,.il J" ;,Li.5 _;5\ ..,r-i.f. J'JI JL.i:;'JI 

: (J-Lll Fl ..r"~) ',)\..i:;":/1 DNA .Ji ..r"\:..JI 

.J c\..~":11 ~ r rJ:-1 .J .;-~1 ~ _,. J" ~F. ..r"LJI ,.u r _,.;; 

!'"';; j,J> :.r- r <J-UIJ Fl) ~~ L:.l5 • -"~ -!' i-:?:" ~ _,. 

jS"\..~IJ J""l:.JI ,.u, ;_,.; _,k..l -=-L:4:Jl: ~ c?.UI (Transposase) JL.i:;'JI 

.(DNA-nicls) DNAJI J'w-L ~ \.. \.; ~ 4J! J''-'.:;":11 r-': _j _,...._;)I 

(TIR) '--~ ;_,.; )> -::..>\,:~ _y ~_y]. 'JL.i:;'JI DNA Jl J""~ ~ J 

:ili..:.:.JI 'JL.i:;'JI DNA Jl J""~ ~ j).i ~; J" r.i-)! _y J .JI}>~I .;w-

-:_,L'L~ [<. ~.·.f. 
~ "'T I..> "-? .:r--

. ( ,_r"·-u-'::: I J ~ I) 

L,. ~ l_s ; ~:::5 ;;jj [<. .ill ;.;')\.; J! ; I _,J I -::..> ~ .,\ J"" l:.J I ,_L, ~ J 

~,.. ;:,~ ~ '~~ -:_,)\;'~ 0~ ul.. ~_yj. ;;Jj[<. __,l5j (\) ~) Jj~l 

y.:.:; _;liJ (Non-autonomous) ( ;;_;1; _;}-J (Autonomous) ;;_;1; J""l:_, 

j-<:.: (Super family-specific transpasase) ~'"'L> JL.i:;l r-A Jo)> y 

~:, J! <>W>)Il:J _;;_,..>~1 y '~:::5 ;;jj[<. J5 .,\ jl.i:;'JI-:..>b) ~J ;;J)[<. 

TSDs (Target site -U-4-'-il _:?l.. ~~ J L> JI1 S::; J -.d:.i y).i 

Harbinger_;.:.. l.0 J""l:.JI ~ ""t...:_; J" r.i- )1 ul.. ~;J .duplications) 

JL.i;;"::l .,_,~I ""J .hi.; ..G-IJ :._,.;J.; ~I -:_,)\;WI_\; •• ~J .En/SpmJ 
\ ~_.I • J ~ .;. --~· r---- ..,/ 

Rebavkas, Novosib, Transib, Merlin, Mirge, J""~ ~ ~:,J 

MuDR, _;.:.. ;_,)LA::;":il J""l:.JI L.\ ,IS4EU, Mariner, bAT, P, PiggBac 

Ji .b) -=-t;.;;J,"J JL.i:;"::l r-;l J" J5 J! _;..::.; ~ Harbinger, En/Spm 

.DNA 

rl:.JI j-' ;;J)~ J) ..:...;'l5 (Harbinger) r-"~ ;,;J_rll J""l:.JI ;;J)l.. .J[ 

J! _;..::.; '-;I.UI J""l:.JI ,_L, j[ . "'~ J> -:_,UJ, _,l<- 1,l=l ~I <Ld.l 

Jl .bJ J;J.T.J (0:-'1 ~ t • • -JIJ>) jl.i:;'JI J;J.r.l.J> J -:..>L;;J~.JI j-' ~I 

,.i, J ~·~')I ~,_;Jr, J _?.U'~ J"'~l j-'J .(0:-'1 ~ ~ • • JIJ>) DNA 

IS112J ISS -:_,l..~~ _;.)IJ :i.;~IIS5 J""l.:...: .u...a.ll._,.,} J""l:.JI a ;y~IJ~~I:>.,;L.~I -----------------------

o b e i k a n d l . c o m



========================== ~ .;.,\....1_! = 

~I_.; 1") Jly-- TSD ;;_,; _,1 Jk~ U~ F"l:.JI ,_u .bl? 3 .ISL2 Jl3 

.:11.--i i ~c) .r"L:.JI ~ .:_,50 3 TTA 3 i TAA 0 ~ L. ;,~ (4 JJ~ 

;~L; 1 v :..r- ;_; ~ ;;_,; _,1 jkL. ~~ -?.ri (Zebra fish) '~"")' 

F"L:.JI uJ\;~ -?i J-' .'j ~ ysi (AAAACACCWG-GTCTTTT) .,r 3 

. .. ;j l.i:; 'j I 

:(Helitrons) ..::,I,;JJ::.UI .!"""~ 

<.i!J-1 ~ ._;;_,1 cr ~ -}I 3 ili.::.ll DNA J I F" ~ J-' u L; 3 J:lll 

u~_,h..JI 3 utUI u\.. ~c) F"l:.JI ,_u ~ yJ .(Rolling-circle); _r...l:.-11 

.··· u~}-W13 b _yicJI 3 ui_;.J-1 3 

,j_, Y-' 'J.,_rJI io3 ..U1 3 ~JJ-l).J '11 uL; j.:.. u~l5JI ~ j 3 

:_-;; 3 .r. J! _;.:.:; ;;_;;1.lJ 1 u ~ 3 ~::il' .r" ~ 0! . i _,.:.),-I ~ :_..- 1 r -,\' y-- F" L:.J 1 

.___;,L.a.:JJ j» Jlh.; 0 fo_ 3 (Rop/HCI) ~J <..;,.oi ~ 1 o • ·) ~ 

.(Helicase) (HCI) ;_; fl-1 i'"'_;;;3 (Rep) )_,S::.JIJ 

. ~ j-' J fo. ( ..;,.oi ~ \1 • ) .,II y>- j-' ----"'WI J lh.; J fo. 
(E-FYW-0-K- ~'11 __,.;l2-'11 J-' -,-s_;;;3 (Two-His)~ j 3 'll ;uh.JI 

:c,:_,..'11 __,P'w'll J-' 0~3 (KYK) ;;_;;c:J1 ;uhll3 R-G-LAV-PVH-X-H) 

..;,.oi ~ \1"• cJIJ><: ~I 0;,; J~ (yg-L YW-FAT-Kg-Y-X-X-K) 

-?jjl ~ J~-:JI DNAJI .;, _,> J ul..l,A j')UI c);, y _,11 ~ .,r u'-.ilh:JI ,j_, J 

. J 'c£; 'j I .;s__; K... ~ .___;, 'w.:; 
M M M '-' • 

....U .b)IJ &'!' ? .1,L i _;:; (Rep-proteins) )~I ul;J;. 01 
.J'cA:;'jl <1.:~1 ..:..Ui53 (Rolling Circle) ;:.&1; )I..UI :U,_,..b )_,S::.JI ,•-.:;1 DNA 

c) e'x:; .;JI ;I _,:.II u~ c) ili.::.ll F"L:.JI j-' .!.,>-}I tr' ..r UL;Jo-:UI 0! 

:_"' uL;3 o;_,lll F"~ c_l...LI -!.>-'-': ·__. ·u~ J (TSDs) JkL. ~ 3 03 ..u i _,:-?-I 

;J_;::.ll Jkl:.ll J~ uL;J~~I -?.ri 'j 3 JWI c) (A) 3 (T) ul~~ 

y 'w.rJ ._s_;>-'11 ~IDNAJI F"~ c) I.J~ ~y -}I(TIRs)'-..._,s:...ll 

.CTRR-3. J 5'-TC u~l.r J.r- dcJo;_,lil -?.ri ..:..1.); 

~;, j-' ;~l! \A _Jiy-- J _,.6 (Hairpin) _;kL. J~ 'L...>,i -?.ri l5 

j-'J .3· '-o4JI y i~L! \ r- \ • j-' U.l~i c_Jio:;; Jb~ ·~ y ;J ~ J 

---------------------;._,.r.J:-IJ'"~I;;_,;Lo_,.wl G 

o b e i k a n d l . c o m



~· ~ r .~ i) 3 - ., j _., ~ 
.7' J .~ 1 ] j. ?. <{ - r _., J .J ·;,., ., ~ ., . "' -JO... ~. 

"'' 7}.._J :=J -;>.) 
. ' ). ., . ) 0 C? J ~:}' j· "' 0:: . :_ 

3 ·t·~ 
·~- ::c "1. l '-1 ~) 

·- "1 -...,., ..'l .,., :c- (') ·) - ~J- .7' ., 'l ' . 
4- .J _:__] -

~ ) ~ =-') j ,-') ~ ·) 4 ~ '0l- I -
?. ~ . .. :~~ ~" 

- - _r 4~ ]-]·•,-) l ·~ 
.'.j ) -., :J j ·.-.., C? >; 

:;1, :' j· '0. ·) - ~ 

~ ~· ~ ,J) 
<> .J --1' - 'L - _.:li (') ")• 

-· 0:: j. 'j. 
3 .'.j .:,' ~ j, ?'· j· ·) '--C =i, ·) . ·.-.., '."l'l u ... --) 

:- -~- ~"'-J "'I l~ -" r , .'.? -~J 
. . ) . ) J ~ .:. j . .1., - "') 

~ '=l- ' ':-::') -.) "' . 

·c- ., L _, -~ '1 1 1 -, 

~1 ~ 
~~ ·- j: ;'f. ~- .') ·-

- -----
j ~ ~ 

.ci -~ . 

tj ) :~· ~ 4 ~ ~ ~: 11,~ ~ ') ·) 0:: -~ "-:) 3· ·;, '-i J . j. - '"1• -"\. '")• -
) ) ..'lj ""\. ~ 

:J z J. "1· 
.., .. , 

1 3 
. _) .:__) "'-i~=-t- ·w 
·) j 

. ~· ..'l ") - ' -
·) - ') ~ 

., Q_ 

.__ ~ . : = ~- ~_) ':J r} ' 1 
") ') R = ·) -. •• • <{ 

~ ;\ . -, 
l. '")• ; 1 

. ; (IJ 

J. } j. j. ~- l 5 )"'l"z -~, ~ 

, I 

~· ]. ~ ·1, ~ .-.., -j, :')) 1 -, 
"' ~' _}' = ''-' •, 

~ ~ 
• \ ..'lj =i, 3 j· \ ~ ·~ ·) &: \~ ~ t._ -,<> 

.'J· -'l' 
-., .'.j 7' 

1 7'· 
- :!j 

=J, ""' -- { 
. . • 1. "l ·r . y ·~ - ) .• ·.-.., 7' • ., --\ .:. ~)• ") - - ' 

-'l -~ .'0 .,., . ? 1
1 

~. ~ ~r · :· . "1· -. 
--:> L ~ j . -' 

:~· ] ~ -":J ) ~ -~. -~ . 
~ 1· .'J· "-:) -1 ~ . 

·J -
,, I 11.-

'"~ -~1 .. ) 

1; 
"1 \ ·, "V:J. ~, . -r ~ i - ) . 

.2] ) '"J• ~ 

~t. 4• 
1 ., ,_)' . ~ ._ -, -;.--"1, • _:___? . .:r ·- . 
~ ~]· 3 '.j Q ~ 1 3 .~· 

10 "'' ·1 ~ ·~ :t j . . 4 j~ ·"']' 3· ;"" -"' ~ ~ \- ) "" ~ . ' ..... 
~3 1; "'' I - ) u ··1 . "1• --~,. \] .., 

:=J 
J . - --1., 

CJ -) ~ <)' ") 
C) 

.J· J ~· 1 . ) ·.·~ ; J - ., 
1 ·) -; ,, ~) 

·1 _"1 \?; ~ . ·, . .r· '"~ ~2; .. ·- ) 

·~ j; 

0 
j. "\. -:-- :.J ·) , ~ r "' -

1 ...; .:}' ] -'l' 7' 
' ' 

) .. - ., 
'')• --,., . ."'-J "' '"1• - ") ' ·j, ''1, 

C) 

-~ . J. r:o -;-1) II - ~- 7-. ·) 5I, . . ~ \~ 
-~, \. "" C') "1 .J· '")• 1 "''l· ~. ·..- '\. ':)- 3 d .-) ·1 '--C . "'j• J . ) • - • 

o b e i k a n d l . c o m



========================= ~.;.,L..I_? = 
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~)I ._;..ll,l _,.., ( Biodiversity) s_,f-1 t_ril ._,Lv J.;L.iJ-~ iP )II .J! 

<Conservation Biology and Genetics) ;J;.;'..,.ll <:I;)IJ c,- _,J _,jl ,l-W 

;_,t'cv .;..I..~.> _,.l I y ; --'-: ...:._..I ;> J ._._,b.:.; ~ t_ri I I .U .) )_; .__; J ;-'-" Y' \.? J 

;,;1;_,.)1 ..,...,51~;J1J (Extended kinships) ;..l:...ll .;..~I,;JIJ (Family units) 

_:r. L_:.,.:.lJ """J .M ~~ '"'-' ~ Jl 'J r" J ..1>- I _,.l I lf I j>l, ) c..:...Jj w.:;.J! 

~JIJI ".,._ .;.. ;~I __,:)I w.:;.JI t~,.;)U ,UJIJ ;LS::JI Jv i ;..Li.ll j J';_,.ll 

. s;_,k:.ll 

~~ .;..'c,i')\:.,:.)11 J 0~'l/ .;..\.:.;lSJJ -,?."Jl.'l-1 
0
#1 .J}j ~ i.?J 

..::.,; 1~\J .,:.;IJ_')\.11 ~ ..::,;..>~ -.?jji-.:.J_,jl j ~i ~J~JI :_,Y:.J .~IJ_,.ll ~i .. .:JJ 

l.i_o .W j <,;_,k:JI j>-1)1 t_r1 J _;si Y' ,_;IJ_,.ll _:r.l:JI .7-..w:; J 4,; _rl'-.o j')\]1 

• "' ;J;.; '..,.ll <.;I , J I ._j I J'-" 1 ..~.>-1 .) ci \ :.:J'c , , ->- J ...J I ;N .'..:.! I ..., 'cv ;- .;.:] I .r- -'7 "I." . ..-~,_,. . ...,.,..~ •. '--_..,.. ..~ u "-=" 

y LA"-fJ o..t,__t,ll t/;11 ;_,.J.;J ,w.:;.JI ty'JI :.1-, .:_~1 ._:..LJ...v .J) 

.. :./i.....LJI _ t:.,: US ~ I .._5 I ,.:S7
.:, ...:,.; ) -il. ~ ~'wJJI ..;.;'i....L...,JI - r-:-- - - 1..> .J_, ""- .I ~ .../ )_, - - - -

.,.:.1 ._,Lv '4-)! ~~~<...II y J: ,jl.S:JI iP )I~ 4J! ~ 'li ,w.:;,Ji <,J_,k:JI 

-----------------------..,..~,);,~I <,;Lo_..LJ.I 

o b e i k a n d l . c o m



= ~ .;.,L...I_j ========================== 

J' J:l' J~ 4-'-' j.o kll ) 4J_..lj ~ ..;J I ~I..U I .. ::AJ . ....l I (' _,; i J' t.f 
·i~)'l 

.:r-L:.l '-'~ j; ~I ~I "_...:.J I ..:.>~I '-'~ .h.<; ~,..,J ..; L j yV I ...,_.t 

IJ-'f ji ~ ...,_.t J: ,._r'l_;;'l!L: i>J.tll ('_,;'JI :C..,l>- ,, yc ).1 .)IJ}I 

l.i.,. r::; ..;JIJ o..d;.;.JI '-:J_,k:ll ..:-Ll....JI )~I '-'~ j;'ci.oJJ :C. j')\)1 ~}I 

. -..? _,.,.,ll t_P I 

:~1;)1 ~I J.....l ~..\J-1 ~):-1 ..;.,t;..a::)l 

j -:r-_r...ll 0 _,.<]I J' .._,;dl ._.w,_j1 j ..::..i-~ __,:]I ~.U..I -.::..L:£.)1 0) 

j:; ;_;1 J}l ..:-Li)i.:.> ')\) ~J.JI 3 (:'_,jl ._j _r:.il .... ~ ..:-.~Y'~ ~_rll ~} _,jl 

~11'":11 . ('Y 

, , I)';; I j:; ~I ..:- c:,> L:.il ~ 0i <.i J.) I J' ..::.J...., J ..:-..,:.A:) I ,l,. 0) J: 
DNA ) <;IJ}I ;_._,jl .!.l); ..L..o ~ Jllii id ,;..l>- .... ~ , ) J5 :}. ..;J13 

J C"'IJ jch; .... ~ 4--I..G-..:....) ~ ~IJ}I ;_._,jl 0~ .!.U.i.l J ,(fingerprinting 

~ ._j ...;:.)1 '._:.,...;j::)l ,l,. ii..G..:....,I <;I' II ,I I, ,.~1 ..lij . ~~I ._hll 
u J u ~ ~ ..-.)-' '<"'"" '- ~ ._; _./ . 

._j _r:.i I ~ ._s jJ I J , o..d;.;.J I ._j l:..., ';;I J (' _,; ';; I J ) L.:....l I ,:_," .)I J} I J- L:.il 

J' ..l5t..:.U l:o..l>- ..:.>- --11 ,l,. ii..G-..:....1 ~ 12 ,~1 4-)} J}l ~l;L..., }L: ~ 

.;_;IJ)I..._.l.:A.l: ~I ('y":il J)..:-l:.):-1 jL;;;:;I 

~I J....l 4-<- L;) t"- __,:]I o..d;.;.J I ..:-Ll....J I <Jl:.l I ( \ n) ~I c:"' Y-J 

~ '._., _:;ls:J <;IJ}I ;_._,jl ~ 0)> ~Ill,. _j ]~ \2J .L. _:;l5J ;_;IJ}I 

.W:.S! ;_;IJJJ 4-) ~J 4-) .r.: ..:-'~ .... ~ 

a ;_,.._,.:.,J.I;~I<.,;I..}.J.I ----------------------

o b e i k a n d l . c o m



=================== ~.,:,L...l? = 

Biology 

DNA 
Extraction 

.... DNA PCR Amplification 
Quantitation ... of Multiple STR markers 

Technology 
Separation and Detection of 

PCR Products 
(STR Alleles) 

Comparison of Sample 
Genotype to Other 

Sample Results 

Genetics 

Sample Genotype 
Determination 

Generation of Case 
Report with Probability 

of Random Match 

\ If match occurs, comparison I 
of DNA profile to population 

databases 

:(Molecular Tools) ~_rl:.I..::;IJ~~~ 

~ _Y. U I j ..::,.; lS :i..J.:.;.J I , I} \1 I j;: ... :)ci ')WI J ...:;., L.i )\.:>. 'i I :i .. ..l J' .) ! 

~ _,J ~~J (Morphology) ._,~I J~'>U <;JWI UJ.lll ,_,l~ 

.<..-l).lll ~ .r ,1)\:1 .J:: (Physiology) 

----------------;_,.._H,IJ~I:>.,;L._.wl G 

o b e i k a n d l . c o m



= ~.:-l..l~ ========================== 
'.;).<l.l UJ..UI cY 4i ..c..:..:; Lf'l; ~.)-1 ..:-lp'Jil ii..G..:....I Jl ~~ t..i 
~ J i_?L.. ..:-L._.L.... cY ~ '.;).411 jSJJ ,(Comparative study) 

_;l.SJI_j ;, y. )1..:-L:-.h;JIJ DNA SJ;JI ~I d...,l::J.J i_?L.. 

-:Jl ulJ>'Jil ,j_, ~ ~J 

-:(Protien assays) ._.:.;J_;;il s_,:,..ll J JJ_,.JI cY ..c..:..:; ..:-1).,.:>1 ( \ 

(Protien immunology) ._,L:J.I ..:-IJL:.> ';JI • 

.( Protien electrophoresis )._.:.;J_;;il ._s.~l .!;_ri;JI • 

-:(DNA assays) ..;1J}I ;,UI cY ..c..:..:; u!JL:.>) (Y 

.DNA-DNA hybridization..;IJ}I ;,UI ~ u!JL,.:>-1 • 

. Restriction analysis (RFLP)s~l ~~ • 

. RAP D Y., PC R j1 _r::l _,.JJ J-.-L.:ll y lA:.J I • 

: Jl; _,.!I .:r..l:-":JI ....A-!5 J ~):-1 ..;:... I.-I _,.!I 
_;l.SJ I S y j i ..r.,t ..:-~I;:; :_,<- i },~ 1.rt ~.)-1 ..:-1.--1} I --':_rU l::.5:..., 

~Wl Ji ..:-L...,'c::; ..Jl>- :_,<- ;, _,..dl ..:-~1.:::.11 ,..i.,.. L!.::;J DNA ..;1J}I ;,UI :_r 

. >I)'Jil ~ , ___ s; ..:-LiJI.:.;..! Jl s> Y. '-' 4----" _,.. J..LU) 

. .;J ..*--J '..; ..L ..:-i.--1} I ,.l,.. ;_,_,- .J0 :_r <.:,_ell ~} _,J I ~ .l.i J 

0 J.\k; .:>i ~ y>T J >} ~ ..:-~ L::J I J ..:-l..i Ji.:.,:.. 'j I _r> 0 ~ J _,A] I l.::S:...:J 

._;'Jil ~ _,:.)1 ~I e:-" Y-J ._;l.SJI I..Ll. ..;1J}I '-;_,.!.1 Jl ..;1J}I ~I 

. 4:-- j5J i ..r.,t '-; >} 01; J....i ._;l I >I} 'Jil ~ ~ ;_; J Lill '-:-'::5 

6 ;.,.._H:-IJ~I4,;1...,WI ----------------------

o b e i k a n d l . c o m



========================= .;,..J..-=-L-.1,5 = 

[8) individu11l A individuo~~l8 individu11l C 

:mm;;;:;m::n;m:: rr::re::r::oo:e:gRm :· ='::i:r:::;;: =:il§$' l 
~' 
VNTR 1 

-::a:; 
VNTR 1 

liliEl¥.ili - ~ 
:tl:::nn~:r:::r~~n::;sg 

'-.tlU:U:Jll 
.,....rmm:-m 

@:Jttf:t::::: 

J.llilllli.i 

r::m:m::: 
VNTRl rob j_ 

q: ~ ---ll 
~L.~_Jl..~_n_~-11 

15 j 

/ol- --
~25 1 --
~ -

- I : _I} 
' . -
I , 

10-
- II _, - -- -----

:_;LSJJ ;_;l;_,.ll ~I J.c.J.i. j ;..\J,I _;:.;'.''·II~~ j\ '~.! 

:t;.UI · ·l..> .I.·<:: . I u:':'-t" - . .Y .r"" 

. ' ·I 

:_.>-~I~ DNAJI A~ .:r...: Y~l i.Lo ._,L>- ;_,;-11 ,..\.,. ~.) 

~.l>. ._; _,..:J I ~.! .J "t: L.:... .,;._; i I ..G..:..., I jo)o y ;_;1 J _,.l I i> ll I j C:: L::; ,5 I 

j_.S:.,. ..G ,-:-11 l.i>. (DNA Probe)('w.l.il J.""""l .G......:JI ,..\.,. ._,L>- jlhu ;J for-' 

~~ ,1)1 c:;'.:::.\J ~ j~ j\ .b._..;, ._,L>- RNA JI.JiDNA Jl :.r. f': ) 
;,._., ~-:-11 1..\.,. ~ !'-" jl ,S;.J~I J-'.! ;.]for-'....._. ~I ~J 0 
j) -,...f.: c:W'~.J ,;_; p ;,.Ji..S >ly J\ <......:11 "_,L.]I Y.., ~ __.;_;__<jl ~ 

.(Single strand) :J,..tJ-1 .l.:-> J .:.s. ~~ >1)1 c:;l::liJ ~-:-11 :.r J5 :J~ 

·=mnmm:n:n::mm:r~ i r. 
.rr.n:rm::mr.mm::t~ ~ :i 

' •• ' ' 

:==~lH . ' 0 

-- ____ ,J J ~ ~ 
~~ 

·-tm:tmm::mt..::=:::::::.\ i 
~Ill'[")![! r M 

---------------------- <,.~IJ <,_,.,J-1 <,;Lo,WI G 

o b e i k a n d l . c o m



= <,..L-..:.L...I_/ ======================== 

il,.;JI jJ ;, .;_. ..b _,> J! ~ 1 o }I DNAJI ..b _,> J5 J;_,.i i'""! J 0 ~.UJ 

:A}>JI ..S..l>~ ,J..., ~I ;;_,.w ~ JjJ ~I~ 

)J-1 j DNAJI .1~1 '-'~ ~L. A ~1 

-~ U.liJ ~ DNAJI & J.>- -sy:>: ~ <::-'IJ J.JJ ...,~ ~._,., 

rl j ;;.J .*-'J •"' ~ _;5~1./ io::"-~I ~}>JIJ 

j.-511 L L::.J I j....? _;.]I 4lh..:..J I ...,~ 'J 1 .1W ....; _,..:)I t:.:.s::..., 'J L:;! ~:, .._;..... 1 

ii..G-..::....1 j,)> y 4,.' '-:"'}')I d"':l::.JI '-'~....;_,.:)I t:.:.s::..., c:hl"J J::--11 I..U 

y 11 :\.....:ll .r'c:....ll ii..G..::....! ;;.JL> j ~;1 .(X-Ray film) ~...sl ;....;,1 ~ 

. L,; _,J ~Li.; il~1 ;;.JL> j ~;J ,j _,lil ...0 j,)o 

jJ:,L.., r--! ~I <h.....IY.DNAJI y ~I ;;_,.w ...,~ Jl_bi JjJ 

.._,._, _;.]1 1 ~}>JI ,J..., ? ~WI r--! ...,~ ~:,1 ,(Southern-blotting) 

r--1 JJ\11 ~ ~.L 'r1J .\Wo i~ L.>_r.; s.UIJ 'r-')11 A 
Westren-l j";___.,1 r--0 CRNAl Jl ~ ...,~ (Northern-blottinglj>JY 

.~1)1 ~ j.>- (blotting 

~: CRFLP) .. ::.A,li )I;_-;; il~! . ~ 

J14lk...: jl)o1 j ..:.;L:.,_L:JI ._,~ ~ _;.]1 1 CRFLP)..:.;w )I :_-.;;; j1 

L.I..G-..::....1J ~ ~ J}>JI _;sl.:_,.o if>J ,~1 ..:.>b) ii..G..::....! y ;_flJIDNA 

jc5J.J <.;IJ_,JI ioUI j J0} ;_;!, st .:_,J..l>:) ~ .;_;IJ_,JI ~I r 
..sl ii..G..::....! j~ Jl::lL1 4,.< ~ ..:.;l.;l.::; }...G 11 i.;i...b1 11 ....;b. y ~ Jj 

o0 ~ ? 'J , } .J' W)oi j ~ '~'lk...: ..:.... ~ ~I ..:.>b) .J' 

4lh..:..JI jl)ol j ..:.;L:.,_L.:.)I ,j_,J .;_;IJ_,JI ioUI J)o ._,~ r'j'JII.U ....;J....:.II c'ly 

_._:; t.; i , ,; 1<"1 ; · ' ..::...:; -II, ~I ol j~l ·" ;J:UI ...,. .../ j ...; -..)'"" y;- --'. '....5""'-' J J_, . 

. (Restriction fragments length polymorphisms)..:.;w.; J 

:;.J~I ;~I ..:.;~L::.)I..:.;I; ..:;J.U.I il~l 

(Short tandem repeats): 

Short tandem ) (STR);J_?::ll ;~I ..:.;l.;l::.JI ..:.;1; ..:;J.U.I j[ 

..? ..:;J. U I ,.i, ..;..; l5 ~ .U , i..L> J.>- , ; J50 ; r.: 1 ;, ;::... ..:;J. \..:.. .../' (repeats 

ol)~l j;: ;_;1.J )1 ~~ <...I.J..U i.J.>.;.._; _;JDNA jl j ~ )1 j1UI 

.:r ~ J j ? ;;__;.. .:r .....J \.:, L?"Li L L::.J ..:.; 1.) _?:.. .:r .....J'c::; ..? J '~I B ..,.. _,:,-1-IJ <,r.J-1 '-,;\.. _,l..J.I ----------------------

o b e i k a n d l . c o m



======================= ~.:..L...I.J = 

~..t.! tlk::....,i..W ._;....);;,._.~~I'-'.;)_, :r_~ fWI ~l..liJ ~I_,A.il 

..li _, . ~ l1z.:., _,\ '-r. \..:.:.. ..::_., ~ L:; j.J _.:]I i ~I d _,.:J I j" l?" ~I ~ 

ii..G..::..-1.: ..:.J):,_, \ ~AO i~ ..:;_,~l::::]l o.l.o ~ '-i,_,11~ jl i_ylk::....,i 

..::..> '>'-.a..J I :.r;. _) ~ A s jJ I j):-1 j j _) ~;;; 'J I ;c.;h:... :r .J r- ~ '-'"" l>- J:---' 

, ~} 1_)0.;_, . ;;_;IJ}I ;c._,.jl ;_.;-II o.l.o '-'~ I _,.ill. I ..li J j;.;~ J::-' ._.......11.! 

(STR);J_,s::J.I ..::_,~l::::ll ,.l.o ~lk::....,l ..W c} Y' J5 j ..::_,1)_;511 :r 1~::5 lo~ 
J" --:-'_,A: l.. ~ j\ '.:.:S:..., ',:;\ ;;.....,L,:. J ~I ol)\:1 j;.: ..::..>l:.,L:il J~ j\ 

...,.hll j ;_·<-II ,.l.o c:....o..G-..:...)..liJ . ..L>-1}1 c.::..i}l j W::;:. t_;IJJ wy :r..? 
.i..L,Ail ..::_,~1 j" U. J:h '-:I}JIJ i_,:jl ..::_.,'-.,;).! J .r=JI 

.i;_,s::l.l io~I..::_,~L::JI ,jj, ~ C"J _Jl:.il (\! \) y::_:.ll ~Y-J 

Jl >} J" ~ ..::..>~l::::JI o.l.o ..::..>1.!.>-J >~ j~ Jl:.ll p1 j ~Y' _Y' lSJ 
.~0 ~L .. .a.:JI .1,_,-i j :;....G.:...JI (Primers) :;oi_,JI J : _ _.-;>- j _,..>i 

Short Tandem Repeats (SIRs) 
I AATG I 

\ I 
\ / 

..., repeats 

8 repeats 

the repeat region is rariable between samples while tl1e 
flanking regions where PCR primers bind are constant 

o b e i k a n d l . c o m



= ~..:-1.....1~ ======================== 
-:~1.;}1 ~I J....l J.-JI ~I 

._:.,I ..1.> _,l I y ._:., \.:.. i ..!.<- y "":"' _?, \d .::.> lj ':>\::>-'I I 4_. I J > --,-f. 

<_· ;-II ,.lJ, J -~ J' jo i..l.<-L; (I •- \ o) :y J+.. J5 J fo_ c?IJ (STR)i ;?I 

i 
0
:;-:..JI J>b JI_,)-IJ ._:.,U\ j ')1;)1 ._:.,lj')\:> )II ._,L>- ....; _,....:ll: U ~ 

. :i..i.l.:>J I } L:....l I cJ:: J i ..1.> I ) I 

: .;_,l...]l 44;)all 

.i..UI :y '-"'')\.;..:...) ~ Jl_,)-1 .;JL> j Lol .WI JL>.DNA il..t>..:....,j ~ 

..:o~..>;i il..t>..:....,l: ~ >1)1 :c:.,...JI :y il?. J~o :y "":"' _?, Lo ~ ~ . \ 

(Hint I, Hae II, Mba I, Alu I) ..:o~-.>;)11 :y J5 i~ U~ J ~~ 

~ y ;..Li ~ i~ .1?-i J) DNA Jl ":). ._,L>- ..1.<-L:; ..:o~-.>;)11 ,.lJ, J 

0 0~~ Fl J~ JUl:j DNA Jl J_,.b ~ i;_?.;..J '~:6 ~i j Fl 

~ c?IJ JL>. ;I~ ..:ob ..:o~L::; ...,JWI j d' ~ t c?IJ '-:,iUI 

.'-.:1 II <........JI I. -1 1-.l..t>.::....,l - )~ . ~ ~ . 
,,lll ~lh..; ~ ..~;_,..;; ~ .;.:- jJ;~ \11 y. ~ ....:~1 ..~;_,.;JI ·l.r.-J . r 

. '-... \.:.. ._:., L.i L.. l>- '-.:I , IJ 
• L> - _~y 

._..s-11;;_. 1--4...-o .L~ i,c:;.JI:c:...Jl: \,;LIJ., :-11 .;.j_,ll;;,; LA.. 'I" 
.• Y-' .r"'" ---F - t: J, - • ,J" -r-' J ) . 

. ~! ;;_;J.r'-" ~lh..; ._:.,I;J 

._Y.Ui(J>L-l <_· ;; _:;;)> y ~1)1 -.i;)l J! Jf-1 ._,L>- :y DNAJI J<; . t 

~I l:: ~ l..>>l..!.<-)l..!li;J \..g.>~ 

:r Jfo_ i __,.1.... e::L::; y i;W. JJS::ul~~! <....WI ,r.L.ll ;;.;w.) ~ o 

_;.:- :y )I :y ;p..i.] !l_;; ~ ~1)1 J;)l J! (~ p .7' i..l.<-l> I·-' r 
.DNA Jl :y U. a..s:J.I ~'ck..:.JI y j.ol5::JI '~ 

yi ~ .;j ~ ~ ....; _,...:]I ~ <.....:..ll ,r.L.ll l:: ~ c?l ~lh..:JI .I 

. -.5 _r'-\II d' <....:._. j _,.(; 

-.i;)l ~ _:;;)> yDNA Jl t: .:.H t c?l ;,~;1)1 ..:o~l .;Jij) ~ .v 

-~j:J~~I)i 

4_._.,ajl y i;J-"" ~ J_,....=Jj ~) <.....:,i ~ J) ~1)1 J;_,ll ~~ ~ .A 

.<fUI 

DNA Jl :y C.; Y:, y i ;W. r <)1;)1 4.....a.JI ,_u, .J4JI ~UI j ~J 

._,L>- ,j:.>) si cJ:: ._....;~ Fl ,.lJ, :y /ro-\ • Jly- J~J) ,_;.u ;_r....ll 

8 ;;.,.._,:,J,-1) ~,..I:<,;Lo_,J..ll -~~~~~~~~~~~~~~~~-~~-

o b e i k a n d l . c o m



========================== ~ ..;,l..I_;S = 

ll.> i~J .i\_,:.)1 ;J\;.. J Jj ').>1..01 ~;.JI .;_.,'}\;.. J l.l<- L.o (;c;..L.a.]l J:.,-

~ l.5 ,;_,}'}l.J ;_,:Jl '-...IJ..U) olj\!1 :_.c;: .;..,'ul_?ll -"..li J U~ ~I 
J_,_.J-1 ~ .;}.i Jl:l~J ,.,, _;ll JJ_;ll JA; _;>~I;~ JL:...ll <;.JL;.. 

·'~~;~~.;_,I; ·~lk..:JJ c_:,i; J~ 

-:~L::JI j# 
. (; o~IJ o }JJ (Homozygosity) <.;IJ}l ;;JL.., \it;;_,.....; .7-.t.<;) 

; ~I J i o }JJ <;I J} I ;;..._.,_j I C:, _r:, J ~ lh..:J I o ..\.<- ;;.; __,.... ._;, _,.1 :_r-

J ~lh..:JI o.l<- y b}.i .(Homozygosity) <.;t;}l ;JL..,''}I ;;_,.....; .7-.t.<; ~ 

Ji o _.,..t]l j ~''}I .;_.,')Lj\!1 <,._; c_i...i;) ~ J\)o ..:_u:, jl5 <.;t.J}l ;;..._.,_jl C.; _r:, 

.U.J..Ul~yi~l 

.(Similarity Index) (~l!..::JI ~ _r..t.<;) 

C:, _r:, ~ ;s o;;.:ll ~ lh..:J I o ..\.<- -" ..li -:-f. j;,) _;i :_.c;: "" L:..::J I ) b.o J"" L,AJ 

~ 1Jo.:Jj J.SJI o.WI ~ ~ ~ ~~ J '-:"' _,..d~ r-' )I ll.> W.W... ~ ~ J5 
olo ,-o ~ j5J <.;I.J}I ~I C:, _r:, <,._; -J}.i c}J~J .~:, _,...jl :_...o ":}..5 J 

. ~l .... ..a.JI ~ J~ ;;.)'L:..,~ 

.(Population Subdivision) (i~l :r- i.J..l>di.:..>L:.;L:.ll) 

(One single locus) ..L>-11 JIJJ c-} r J Jl.J}l _:r-L:.JI ..r..t.<; ..;,_,.1 y 

i'"""J . ; ~I y ; J..i>..J.l i.d::>J.l i U\! I J .;_., i.:e L;.) I .J.t.<; J ~ _,...:; -Ji ~ 
J . i 0~1 J>b olj\! I ~ ~)\:>. \! 11 <:L:..::ll <,._; '-...l.Jo ._;,)> y ..:_u:, .JL.:.>i 

:_r;;,~ y ~ J J _;J I <;_,.:..... .J L.:.> \! ~ .) L.a>-i .J L.:.>\ , I y.-1 ._;,_,.1 y ..:.lJ:, 

.:_.~ 

(Relationships between individuals): 

_:r-l:::JI y ~ J..li .;..,..W ..li i~l ..::...;lSI:,)t.. -"..li J I~ :C.l> ;_-;-11 ,.l.,. 

I~ i~ ~ ..:.U..il .'} i\ olj\!1 j' ~ o.l<- ...,~ 4-'ly-i ~ 4:J JI.J}l 

./ ~ ~, ').:... -JI_,}-1 _;I..L>- Y.., ...WI JS"l..o \it J ..s.J.. .;JI ~o;JILO:'l.r. J 
.t;IJJ ~_?]I j~ t_iy\!1 ~~I ,ly.-i ~;..II e-l.r. ~ -J) _r..il 

--------------------- ;_,.~IJ <...r.>-t <,;t...}.J.I G 

o b e i k a n d l . c o m



= ~.:,L.I~ ========================== 
:>I)~IJ )I..!..JI j JIJ_,ll.lA:.ll.sJ'-' 6,; r' 

~_.,;Jl ~ j..l>- u\s. JJ.: ~~~ C_,~ j ~IJ)\ ;j~'"J1 1 ~ c~) ,JI 

wl, ... -:-f.:.;\ Jl ~~J '~~~ ;.L45 >-'-,: c:_:hl~ l.i.,. .(lnbreeding)<._J.,:-1..01 

. ~ j; l.<;L I ~ _;:.> i ~I ,.i.,. j c.? J I ;:J I !.\ _,-U I 

:(Population subdivision) i ~I j ~I 4.:-J> 

.4.LJ.; '~~~ j>-1> >lj'JI y j;:.>-r. ~ _}1;_,.11 '-:c..:.:.JI <.,...; ..:..;lS 1;\ 

~~....; J;:.>-~~ ~L> ~ (Gene flow) d. I J.i..dl .J~ '>\)> -!.l]; .JlS 

.1 •• I > ~ '-l.i:...... ~ .• ""- I •· • ')S L.:.-1 ___.:. Jl:l~ ~ ) .:r--c lcr" J . . . • .J 

:(Wildlife forensics) :;,~1 ;I.,.>J.l Ji.:J:.I ~~ 

''+'I ..G..:.J r-" .; \; i..l> ,Y , ) jSJ i j-:t J i> fw 'JI; _,.1 I 4......aJ I j 'J I _,h; 

.)"L.'JI j t;fll ~-j- ..l;-.dl3 '-;~.JI ilJ..I ...,~ .1~'J1 ~l_r- y -...i..:SJI j .J'JI 

. ~ ..l;-.dl i _rJI 

EJ .,.._,:.,j,-IJ YI<,;L._,.L.ll ----------------------
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:.r ~ ......;...w,; ~ ~ <:5.1JPCRJI.:..>L,:A; ..t>-IRAPDJI ,YLA:; ~ 

•l-1-JJ ;c,...:Ji.: (<J,¥.-) ;c;JJ"'-' yj- 0~ OJJr"li.: ~IJ (;_;IJ)I i>Lli)DNAJI 
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Jl .:;_,~L::; :.r <.. _,.L... c:W ......;...w,; J J_;..J PCRJI i~ --,JWI .jJ 

~ J~ I D NAJ I <::' L::; J I ;__,._k_; ..!: .li J J l;-:>-4 • 1.-W I i _,A, ..:J.l .iJ J -DNA 

il}JJ J~l C:'l:ll .u._,.JI <Ah:l4 .h;; (Primers) ts>ly, ~ 1__,_,. _,A, 

;,..l>JIDNAJI.;__.h<] .....;...WI~ 

I i 
~~ ~6 ,..--·----.-.. --" 

i _,A, ~ .::..> ~ ~ ')\; ~ !.? _j=1. <.....G..:..l I D NAJ I c:W ..:.; IS I :,1 ')\!_._; -

~w,; ~ i.?.iJIJ (B~'J\!_.) .hi; .:;_,l:.}-1 ;.i.J, ..t>-1 J _;..] c?>lj-: •l:.,; •!.WI 

.PCRJI ,YLA:; .Y-)o y 

..:J.l.iJJ ;c;JJ"'-' yj- "~)1 DNAJI ;__,._k_; 0~ RAPDJI Jli J .)JJ 

~ • 1.-W I i _,A, !.? y>-1 ; )-:-'C _;I? <::' L::; .:.>I:, ,_,?>I j-: ~ • i.-W I i _,A, 

(RAPD PCR) ~w:i (\) 

;~L.,U ~1~1 ~L.AUI) 

:~IJ.tll 
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.I~ i~ Jll~ i~ -::......,J '-?1 <.!_,;...... '-?'I_;.JI ~ ~Ll10~ 01 -r 

!'-'-)I ~ (B)J(A)DNAJI :_ro ~ ~L..a; ;_,..;,5 .JUI ~I ~J 

·'-?'1): I '?.J:..r' 

' ...::.. 

<.S>L,ll :_ro ~(8) .w...ll Lol (5)J(2) <.S>L,ll :_ro ~(A).w...ll ')\!....; -

(6)J(3) 

__,.....;; J.}-~ _,.:.11 J -?>L,JI :_ro ~ J!.1 r+"' 'Jil 0Li ~I ~ l5 J 

c:'l}l (I) .JI (\):_ro ii,;J'Jil J!.IJ .DNAJI ~ i~l r+"' i~l ~J-~l::.::.ll 

8 y_,:.,.,I:-IJ0:J-I;_,;I..}-J.I --------------------
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'-- . ..,_. 

======~~================== 

--· -

-· --
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--· --

1 -~ ' . --.... ' "' -··- -. -· - _,_,_.,_ -···-' 

~--· 

1 ...... ···-··· .... ·.--.. - ~·~~"' 

--· 
1·-·. ' ... -·--·. --~ ·-- .. ··- ..... ·-- .. -

1. .. 
----. 
~--· 

-:)!.:.. -

01 ~ ...j .r-' ~ ~) c?,u~ -,.Jwl JL.;I :u1.:.. c) ---0 !.IL;... 01 w _;:.;1 1:,1 

1?-~l.i:JI :r r? J (A)~\ Jl c,!L:l~J ...,..Jwl: iW';il ~ J c.,?oUI 

-~~~_, 

--------------------- ... ~~J~14,;L._,.LJ.I G 
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• • =====·· ,. ----~~----·-

1 " .. 

- : j,.J:-1 ~ Y.~l -'!__;:.II 

l,: ft5 jJ J ~)II ):;:- Js' ~l:JI -'!_}' r-" ~ LJ1 ~ l.i;,] I, I?) _w 

.__t.: .lc ~(\to i<:'•.);;_jl::JJ; -'1 · ·1~ •l::JJ .lc·._; 
~ ~ . u-- . )~ L"" y lc-' ~ ft= y>J 

.(8) i..l>IJ ....W ""~ J"' <)l!ll J<-'cdl L.l (BJA)JJ)II J<-l.i:.ll J 

I z 3 

~ ~ = ---- -- - --

.. f> 

= = 

• • 
+-- r-ro4a.a.: ~ f 

4-- ;: r .:.\ll.a:'' .,.. 
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= ~.:;_,L-1.;5 ========================== 

\tvp 

I SSRJI ~ j...J .i..i.l.:.:>.ll J }JI 

-:r.L:JI '-..,I ;J.l ..;:_, 'J y5 _i>j f. i~ ,~_,1; J JL::>-1 ~ i ~::-"-'}I d _,.:-.ll _j 

~ ii~L c,SJ"' '11 <;tJ)I oc.-I;J.liJ )'....:....ll <.;IJJ y _r..l,i;J _fl ;)1 

.ISSR-.:1 

-: ISSR ~ wl.:r.:-' 

Crl,.,-yGr ·-o)DNAJI :r I~ i,~ ;c,..s J' c'~ -

i>~l y L,. )~ ~ _;JI oi_..-1)1 y d ,~ ~I I..L. ~ -

·~"'~I 

y ,-;S ,~ ):1i J .:,~UI i~Ll L,JI ~ ~I I_L, _r._,b; ,...:; .ul -

.~l)>j )'....:....ll 

~~~·d'L: ~I ..:..,t~·'dl .jj~ O)j-'~ ~ !.?U;. ~(:JI I~~ -

.(SSR)jl ~ ~ _;JIJ '--J;.lll 

-: ISSR ~ '-:-' _n<

oG.:'dl e::>: y '-'="" .J i~ o:.O _,h. i~ 'J _Jl:J'~y i~'~ ol.--I.J ~ 

.;> Ji j (;.) q.>- ~I 
I J p • ~ _., • J 

ISSR Jl ~ ~b ~ .i..i.l.:.:>.ll..;.;~l 

-:~JJ~'JI ~ ii..L%:..-LISSRJI ~ . \ 

~.}-I ~ J _fl;)l -:r.L:.il <:..-IJJ.) '-:J'c<- i•W J:, J (:ir ~ .J" 

y /.r y ;51 J ~ ..li _;JIJ oL,.JI .j;: -:r.L:.II ~I I..L. ~ .:C,. ~ 

8 .,..~IJ~l<,;l..o_,J...ll ---------------------
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:C~I Fl ~ .....;L:.;:SI <Y <.;;..l.i i~ ~IIi.> ~J ._)1;_,)1 4:-::5} 

.(\!A) y::._: ,(i;J . ..dl cj \?).~l.__.is.LA.:.)I ~1:, 

\tA~ 

- : _..;.L,.-ll ~ J ..c,.. '>1;}"1 _J.,JI j.,;:- i l..l>..:..... LISS RJI ~ . ~ 

. Jl;}l _:r.L:ll ;4-b')l ·~ o[?')il ~J '-:J~ i•'c6 ~1:, ~_,1...,1' 

..lp,-J ~ _,\I [_ l.:i 1.p:.l J .c....:..ll J" c:..J I y~ i..t...:..ll j _,hJ I J' '~'...,I ~.:51 ...,!' J 

. j.J ;b- ')II ):-,- ~_,1 j' ;51 

- :l ..... ..:J.I F"WI il..l>..:.....~ISSRJI ~ . r 
-JI c_l.:..: <.:S:JJ _)1;_,)1 _:r.L:ll ;'411 J ,,c;s3 ;_,.....'--...>- ~L~<:Ji ~.:51 r 

. .c....:..ll F" L:.J I t' Y.l.£:l I j' ~ l:J I t l...; ')IJ _? _r:l I _,h.>- J ~::S ..lp,-
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= <,...L>.;.,L..I;S ========================== 

•• ,, .••.••. :mt lit.\- •• -
\ ~ .···\~ ~\ ·.~ .... i 

•••••••••••• .... 

•••••••••••• 
li\ I 

\o•_p..:. 

-:(FISSR)~JJ#I..:-~1 f1..~.>..:...4ISSR ~ . t 

}S'J I OJ J :U..l.i I J :C,...lJ-1 ; ..'-:-' J ~ _.,.j I ; ..'-:-' y '%.; ...,)J I ; ..\... ~ 

. c,S J"- 'J I j }JI ~ '-'.\5:; 

i...J.,... :soly Jl .1.<-l_,.i il~u Ljl )..ill ...,)JI ;..\... ;._,k; .~ --" J 

~ ...,)JI ;..\... cL'J . 41 I II c,\1 ilk; c,ll c_l:i--" c,lc:l~J <,::.:--JJyU 

. ..;., t:.,..J I y ~ -;S , .!.<- :C.... I J, J 

\o\_p..:. 

-:4J;_,...l. 

.Ji'JI J>-~ .r ~ j5J ISSR <:.).~LA;)_?:; ...,..t . I 

..:-'J~IJ ~ ~ '?[>. )_f.:JI J:..>. ~I ~ ~ Jl ~--" . ~ 

.PCR Jl yc,;; ....;J)'J 

iBI 

EJ ... ~IJYI<.,;L._,.L..ll ----------------------
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=================== ~c:.-L.I_? = 

;.~ j5J 0;; J' '-:~I i>''-"1 .w -:_1~ J' _,.h; .;JI DNA jl cW ~-=- r'-: . i 
;I~~ .h.;j i..l>-1) OJ' _,.h; .;JIDNA jl & ~....,;. '1) ·J::A" ~:AJ 

.~·~\ ._. 

Fl ..l>-1 J ~I >1)'11 )I (.cJ..,'ll) ~I ,l)'l'l .)1 <6-')\... ...,...,: -

.~11.0, pl~'u ~ ;;j .£]1 ·-~ 'j 
~ ', . \ ~ ~· -' '-' ~ 

jl ~ J <1,.- II cs>I_,JI 0~:J ~I i,Jl:ll cs>I_,JI '->-r"'- y.t 1 -

.ISSR 

• Name* 
• 814 
• 844A 
• 8448 
• 17898A 
• 178988 
• 17899A 
• 178998 
• H8 8 
• H8 9 
• H8 10 
• H8 11 
• H8 12 
• H8 13 
• H8 14 
• H8 15 

Sequence 
(CT)8TG 
(CT)8AC 
(CT)8GC 
(CA)6AC 
(CA)6GT 
(CA)6AG 
(CA)6GG 
(GA)6GG 
(GT)6GG 
(GA)6CC 
(GT)6CC 
(CAC)3GC 
(GAG)3GC 
(CTC)3GC 
(GTG)3GC 
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~w,:; YL.. (L,;I_,...:.... _:r.UI DNAJI ~w,:;) (RAPD)JI ..:.L,S.; h 

ll il . ..........- _,,... 

.l:W .b-IJ ~,~ riJ.,;.,:...I ('"";. .,soWI RAPDJI yl..i; _) .:,1 .J b .:,1 ~ 

- : w l.,a.:.. ~ C \.:;1 J y Li.:JI .:0 J J).. .:,.:J. f' } .f; .) I ~ 4; I .J b .:, I ~ J 

.( \, !) ) ( \ .r)) (o, ~) :_;o.JI j:.o(4....Su.::.. :_;ol_,jl .:;_,s:.;) ;1.j.'}l.:, _..;, . I 

.( \,r).JI(o, r) ~ <.l_,.;....tsol_,jl J;: <.iLJI.:,_,s:.; .)1 . ~ 

1 ' ' ., ., 

. (B),(A~) i J_rdl J 1,5 yc.i:JI ~1_,; ~_.b; j)> ~..:..'I )I_,; ..i;~ 

j;S ~ ,.::.dj .\.i YW,'}IRAPD Jl y...;; iJ.\i .)l.i ,_•J.b J' r-" }l_y .J 

i..J,>~ ~ .:JW> c:Jl.i iJ_rdl J ftl.: \,5 ( \ ~~ \ '-:..... Cl.J_,.>IJ .;......,J~'j 

(c) ./' J .;:_, ~-¥ 

- :":?oi):JI _;").; RAPD Jl ~ 

r • •A '-:.....0.J.f"'IJ ..,?o':-"')1 J~..I..0'-1 /o~ly4s:::JII.i.J, .10_,1.;~ ..li 

(Triple RAPD) ~(I') 

EJ ;;.,.._,;.,>-IJYii.,;L._,J.J.I ~---------------------
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i1~1 ~ "'-' # (E),(D),(C) FL.; o;y.al~ ~ Y' y. 12 ;~ ~ ts>~ 
. ( 1 o t pl ,''"-" [S>Iy, ~*.]I 

-
1 

l I 
PY.-.ctE PYoductD 

-'! a 

~ .)l~_,ll .:r.~l ~411 ~ ;,;~~ t,s>l_,.ll '-/'"j.! RAPDJI ~ ~J 

-:( \ oo pl._;;_,!. :_r ~I 4.,:1~_,li...,...,>I)JI 

;, _;:...<.;*.]I ts>I_,JI ii~L ~ t ;.1;~ ...._L.a.:.~ ;_,.g-1 . 1 

JSJI .h,..-JI ~~ :r _;51 L,..,. 0 ,1_, ~~~ ;;.;w,1 :r ~l:JI Fl ,~ . r 

~~ ts>~Js:l 

DNAJI ~ .J ts>I_,JI Ll::;...,.........,. .,~ ~ ~l:JI Fl i~IJ ,~ .1" 

~lj J <>......;,1 3 .;:_,L;)\:>.1 lE' ~ ;>L.a..> y ;; f-lll DNAJI .;:_,~ . t 

.)1)) I .:r. L:li <>......;, Y' Ycd I 
'-A.l::;..ll .;:_,~I ~ .f. L::l I y _;;S ;..li ~ . o 

.;~c; r ••• .,11 ;~c; 1 • • :r ~l:JI Fl i~l c31_~ . ' 

_;_. _,_... -'+ 
., 

- .. • • • -
I I '"··;.. ~-.'l ·o: ~ 

I 
P.o4UC1:C 

9 

-. 

--------------------- ... ~IJ'-!_,.J-I<,;L.._,l.J.I G 
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= <,.j...:-1..-l_j ======================== 

-,?>WIRAPD jl yLi.; e'ly ~ J_;ll ~ OJJ-P J'c:.!l y:..;JI c::-" Y

S~"'"" )I J~ .v-':1) .(:_ply.<;)!.;) _)~IRAPD jl ~J (..L>IJ 0>G) . . . 

TropleRAPD 

i 
i:. 
t 
• • • 0 ·••• 

•• •• 
•• 

-.:.L:.S:; j L.... ",I ~~I 
• • "' Y- ii..G-.::...-1 _:_c::J ,, _;:.,. (C).( B ).(A) ">I 

"' Y-

.( \ ov pl ·J~I RAPDJI 

<( CD u 
• • • • • • 
~ E E 
• • • 
~ ~ ~ 

1 2 3 ... 
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Pnrn.rA- -
PTirn.rB- -- -PrimerC- - - - -.._ -products 
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-= .... 
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- \OV~ 
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================================================= ~~~~~==== 
_;~1 RAPO_jl ~ J>-L<; ._j i> yc r :_?.:; ~ i..l;~ c:W ;_w;, ~ "J.:.J 

.i> ).:11 -:.;~WI J i> yc r :_?.:; l 

(Mansour et al 2008) 0" }I -

Mansour A, Omayma M. Ismail, Solliman M. Mohei EL

Din. (2008) Diversity assessments among Mango 
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