www.kamus.ac.ir

Lo cuiling 39 55999 g 0 9,08
SR Az gy w5319 95597 ¥
QW (S 3 pole oS Cuilugy ouSiity St

¢4

"'w'l“-"p'up' % X
'HUHH'H‘ \

A ¥ i'l"'lr"b"b"p'u'u‘ Y
2 ! u'p 'H';H"
M

‘ "N T\ e W Tl U Y |
N AT
; . ‘ A {f 4 I K 1!
| L | B R IR

Application of Biotechnology in Environmemt Health
Editor : Dr Rouhullah Dehghani

Professor Of Kashan University Sciences Medical
dehghani37@yahoo.com
dehghani_r@kaums.ac.ir
r.dehghani.g@yahoo.com

www.kaums.ac.ir




www.kamus.ac.ir

3,05 5wl S pl S 3,55 Ol L3l ol w
Sleiay 03 (S5, Kl sbr gl 5 el wslis
s Aals ole 0l 5 A 0355 5 OleS Ll
Cool A S 0dd 5ol Sl 5 OS5 L5 eL

35,5 o GOl o3 Sl 3 g e S5 el 51 30 ey OG5 sl Ll s s Jelse 3l 6l 45 seze 4 i
Cildg Gda bl ol Bl e ey Silagage adS 5 b OF o alsy 5 Sl 5 O dgs Jols Jams (i opl by
0 Oty ¢l S o Jlasl OF oy elge plo s 0Ll zodlor 5 eli 5 o go Sl 30 48 ol sl go S J 28 Lo
(s Jelss s 5 ool (S sk 4 edige gl a8 0 s Jaee s JEI S LS e (D
Codldg G o jtege plal 10 b o oy 0 0Ll (ol 50l 5 medles ol ) 5 Lais G ames o 5 oloed
A Jalse nl 3 U e SIS 5 1) (K 5 a5 Oladl e 6l ae Jaoms ol se axlllas caes
5 laoe CS 5 AS e 6,850 ol Gua Olgie w1 pa e Sl 5 0Ll bl (L0 b Jass Stllg 55 S
.J\.a.avda)ljé«;.-jjs)yrgzwﬁb)}bgl)uwﬁ\gﬁmw;-
Sl 038 sl ey xS0 SLs e el b LLSSI 53 1 Gledes cISCin (Olgr Curax sl A,
LSSl el o bln 4 5 s Sl 5 S 45 (535U 5 s 5l U sl el 1) 5 clig el 5L,
Ll Sie e aleslen SRl b sl Gldle s S o b S5 Ll 8 s 5 i Gl b s Gl ponl
SOl 50 03 5 Jae St 5 1ea Ol So 051 L2305 St ¢ 008 (e i gl oaus sla (goles
Slodas Y 53 &5 (655 4y sl o350 Ol do 15 S5 O ¢ e MK Coanl ¢ land slpe b S8 55
Sl L3 Gl OV pame St 555 5 Jland mlo A Sl e 228 Ll el Ll b (ol gl (Sl
by 328 o3 Jamms OV i 55 5 3,8 3,05 o Jamn 4 1) (g Sla S0 0I5l 3 ot slaair 035 Lls ok e
G o sy Oy sdate (2050 5 Blooe 550 Bl 0 (500 S 4 La et VT gl 5555 (rimman 3500 i 355 w0
ety IS 3 b e S L 5 T e (ST 5 S sl s Loy 55 05 8 (5 p il s O
s el gd s 55 cal b a0l g5,5lis 5 gliee ol o @‘N@ubjw;@uvfgﬂ 5l et
ol adsl sl 23S s 5 umge gyl 0pS U Sl Ol b S Jame s LT 51 30 LS 5 ol 3
3B G208 550 oS e andl 5 g s GRI C (SAS1 Sl eSSl st DS L Y s g

Y



www.kamus.ac.ir

5 G ALS o3 sy o b s Jalge Sl oslisal Ll I 58 BB Sl5n 0 S5 Jaoms 53 15 08158 550 S]]
3l L L5 slpe ol e 5 ame S s (S50 40558 035 0 31 Sl 5,81 B 5 Som 031 5 a5 (0396 5
b sl S s Jas 5 il 3 L EL o OIS b bl Se 5 L sl Sl 3PSO )
o S5 58 o 13 ealinad 3550 (DL o Sl Ssie Jolse b oS5l sm 035be 5 eIl adss )3 o Liaes
35 bl 8 daea (ol Sl e Jelse 28 SeS T s ramen wias e Juses Sodll 05l i s
355 o 13 Ol s D ae 3550 45 Wl e ((hdse) Sk 5035 5 S on ool Gl 00 Dl ) 2
Bl aon (65 Sl oid 43 8 0 oS b leals 5 A6 So gl ahas gl B st s s Bilse
5 e (S5 s S S fs5 s (S S spd e ekl (S350 sn e Saull Gl b SEAS s n
WSl o a8 15 o 1 eslinal 5 inio (55 855 Sen B3l jze 1 OF 5y ol a2 IS oS 15T a5
iy 3y 53 S ke pealie 4 Ol ils Oley SBIS L aS dir a S e i SCB5 e 3lae 11 S s
by S ool e s o 151 (6580 58T g Sl ) A€l (im0 (gliaiils 5 Laasiie o bl Wl ol ST (6580 9555
Sy ,ms o e (S350 50 10 018 o GBI pl 5l 01 0, f 5 am B L2l (S5 ST 5 il o L
Sisdsm Mlse S @ slpe pany s 55 05 5 ode leds, 5 5 ol Cole e (35S0 0l
L) e (a4l 055 51 8l Cos Lo il 5 o5l 5 a8 slaantl (s S S e 5 B) oS 15 S0)
(Dl LIS s G el s 055658 e eism 3 015, 5 6555 s oale S sl 0T Sl SRl
L @odsSSsm glol 5 Lol o 5 S5 eotlie (go5lr 5 LS oliy Shoyz e glisliy 2 (2 g5
S iSOy e aotE sb 4L dgel S3 G ae oS 0341 Slge O35 o 5 e gl w5 gslidL
Gl 55 skt 0 oSl (0Ll Ol )l sr b 51 eslinal Ko 0Ly o s Sl s ge o 28 55 51 el (53555 5

hle s o lapmlis e 5o ;f)ﬁ GUIs pwg3,b 343 o.“c.ajf S gslas QUK,«!)'!J:.@%}J:.&:{ Gl 10 e 5 Ol

Ay el SIS Bl LA s b5 0l &S
sl Jl &2

B (S p ke oKl Ll
WA ass Jle Jyl Jles



www.kamus.ac.ir

Jaf Jad

oM Sy geo 4 0y Slagge 5 Sl SIS

I PR P H]
S S5 01 s b s Gl Big BaNg) Suc o pse (Sop slmdil A s iy Jle 35l 035k 35
Al e

s Sl 5 Ay A

245 ke slaea s (Sl 0T SlbL o5l Jl las)ble b ooyl 4 5 syt Sy andly 5l ey Jlo 350k V
el 3 Ll e ey gt ol | OT 5 5 el oy S5 il il

Powes A

.C_Mw‘a.l.:‘-}c.{..:'Jf.ﬁdbowio"JJbJ}wﬁjéﬁjbo@O‘M\:j\d)w

Dol Syl

TONGIVE UV T xl«;.:fwvswgdus4”asjs;j;ol)l.ul;_-@;;jgg}tu@)p);olmb J= G axzis

Sl g gl pi JLos

"
Dt Il Do 8000 50053 a3 OF £ 95 5 Sl il ) IS0



www.kamus.ac.ir

D3l Ass ke LIKL ol 5, adllas dal g

o s S gl Y )

la Jod el
Gl s VL le Y 5l 5 a5 o 5 sle Y L g S Ko 3 gy sle Y 8 S 15 5 5500
s e 5 clie ooy Gld Ko e 42308 azese J1 anlllas

Lz WY QY -

Cdzea s gl -

T
el ol b 5l g 03,5155 Shee w48 ek 4 S FOSSIIS s oV el 1 (oK) s o3l
oS S Sl S Sl SLLS 5 Sl Ll 56T Jals 5,8 e o3 el b o aalllae 350 45 255
e Lsd e g Jed 5 Sl Slsarge gl OV 5 b asis b Sl sy oy nl bl At e (e
Goarm g b s ey 308 Glgles 3 ediy Slssme pls Jlulis 4 e o) (Paleontology) b«

JJ‘JJ.’!L;GQLTJA&} ‘5.\;.303)‘&)‘.]4.1‘_9)‘Qw5-l.w

10 o) S ¢l 51



www.kamus.ac.ir

S el sk Gu 42 Dsd el 3 g ge e = ol 3 oS

oS D 051K )

23 i 0 o 5 i slge 5 b il Sl 53 Ol o gn b 5 (S o g U3 Dpele o L
LA Gl e

e gLl G ol S Y

O Jomd LB 5 o550 Coe gliael lls Olyslr 5 OLLS o ST (0LL Ay 55 ) onS Al 5 Sl ¢ SISl Wil
LS 5 baas gl sl Clabloes (6 ,udd (o 2eS s Sl (Kae LSl Ol lae g S slgil sl 5 OGS il
Gz 3,8 baals 5 OLLS s S o hid oS 4 5 ol Clibbes Ko i glaaiay U JecSS (g5l

b olile Bgtos gl 058 5 Sbys Slbses 5o 55 (o (25) JSSS

eggs innest fossilizedfeces footprints
(coprolites)

skin impression

)jm%‘)él.&fw)_}ﬁ);k&f)ﬁctﬁ#«gébcuu‘f&a‘uﬁo)‘ﬁY"_}i‘;

505 sl e 4 S slasl LS =Y
LS5 L cds L ods Ll Al S Sl S 1 Gl el g e 2 S 8 e o Sds
So I3l I s il (s LB 5 b B S o Ll e Sl 25 e Gl (e
6\;’4:@@5}3(:_pdl;-);..L;.Jda);dmﬁiy;lywl‘;}i_yﬁé:\y@j@QTL;le-_go.LiJ;-@)JJ‘\.:

Bl o b e s 0 O s LB 5355 e G Sl 0l o B s 0 05 Sl Sl s



www.kamus.ac.ir

-0
— 1
g
=
&
i_i
“ s -
2
>
3
5
= |83
=

'?5)‘1
4

LA Homo sapiens

Australopithecines h FL ‘:&?‘ ::Igtl"i forehead
low forehead " S at face
projecting face ', *’.‘-‘,:J 1000 cc brain
400 cc brain Pt Yy H.r
o F ! ____Homo erectus
5 “'P’J :l'ﬂr{:;ﬂ h;bﬂ-'s mg::; !ﬂrﬂh;ﬂd
oith orehea most flat
Ausiralopithecus i
projecting face 800 cc brain
robustus 700 cc brain

IL% Auatl:a-'up-'lhms africanus
Y

Australopithecus afarensis

ool sl Ol Gb dazma 558 St IS

DOAS e gl b sla L
P |
Lozl c(Gos oS slalbs) by )

Lﬁy‘}xgbd\;’lﬁ-}j) -y

D kYs

(T 0 sty 5 O LG 5w o3 Ol ) L ks ()18 s )

(. sj,;:jﬁ&au&go&l)obmle-;p;ﬁtﬁjﬂw -y
Zu&i_i;'-).)—g

(OB LS @ 2 b o 5 0l Dl sles s 0 ) s Jesey -

(X o el 1 OBAS i oS s (6 e sleand lge Slls ) 28 la e i 5 alS (Gla o i -

csleast gl xSl -
La ol s 5l oslizal 5 4o

S5 el



www.kamus.ac.ir

gne Sl Sl gl ek -

Laa 5 ol Lasis 5o s oyl S loslizad -

e 42508 Wl el s b oyl S Sl eslizad -

058 b axslS 5l ol Slale 5 s alb 1K 0 S8 4 050 o sl b o)l S jleslizad -
P e 0L Ol Sl s e J s 3 L ol S

o S s aidS Sl e

C3pd e ek Bl 0L Slexle -l

gk e el gl sl -0

Az 50l A o) Sla g ge plad s e 0L Sl C 3 4 phailen S ys 1 SOUSS Wbty 2 03 s s e gla 65 ples
S e e R 65 51D 48 OIS a5l e 055 S G me it Sl sl e ils BLE KaS b edd 2 e
Sl cosps e il gla bl 5 s ol SIS Wl e 50 65550 ol S zieancestor sl b d s Olis GBI
208 ras o aS Sl odalin BB Ll @ 38 Chde ol game g5 LB sk 4 b S Soen & s e 0L
5ot 5 Us 0Ll S e dr S 53 o paiS Olactils Jlin Ol 4 L2l o S e i S5 (sl (s e o 55 LLlSS 506
DNA sLa o Cdim s il o (55555 sho S 20 dor U (6,5 5 s QLdl ol s o i Sl Osekis A 50 550 L
0555 L 0Ll p335 Jlom il b bl ol iy Sl 355 Sl Olisliy 3 b b 0Lt [S055 3k e Oln ST s o 0L
4SS e opl o sl Ol 4 b G55 a5 BL andls 5 S Sl g 3l Sl O3 T s il s (g S
S Jlis Olyis 358 o o guies (5,503 03 332 50 Ao 0l 35 g0 2 &S ol b sl oy Sl gz gl dm 0li3 Sils g 50 )
Ao o L S bl sl ol as s cnla B ol 5 aes s Al Glases e s s des g E ol BTGl (See 5 8
Ol sty g cils bl 4 bl Sl cpl s sl Wby p il oo (osbe 5 (gudy sl 5 s Sop ole— e S5 L) S e
Ls s dalsd bl o s Ol L5 e 58 g e (53 21 ST OG5 5 5 o ol — L sas — s o 1o 53 0
g e s Ol S sles DI 55 ol 45 o e el 4 55,8 i el Ll s sl ot s Sl sl
e bl il e 0Ll sl O il ) ol U sl b QU151 5 b e bt o 51 0Ll oS ol s ke S5 cpliby

AL

2 o s o S o3 Sla g e aled 350 Ll (olew 5 et 55 S5 sl SIS (o5l 5 AL Lelse gazms Loy Jams
jg_,\_if)}_lgd._’ oJ_:)Q‘}jJ}AQJ_:))J?}Aﬂ}AMbyﬁ&)\ a}LAI.w\«.:)JL;)jP- g;)l&;?tnﬂ )‘_9.4)) QL@_:L:.J) gS\JZJ]
)JC,\_.:‘LQ.;))} LA;I_M.J\JJQ‘JC‘)J‘[{‘%\ LsLAeJ{‘Ji)jjwydﬂijilﬂuindui‘)J;ybububir&)bg;w‘b

'>>J§L5AL5)L°'3'3 WQLM-;‘)>°‘;-£}“{J°“U).Q\;}>-'J“L‘J’3{



www.kamus.ac.ir

Ascobolus Q‘ hropods W Echinoderms
Fems | E"; \ *
Nf::spora % Mnlluask:s Slime Molds

A ! Coelenterates >
ey f »
% , _ Diatoms | . Citates
4 Red Algae : X % o
* Dinoflageliates

M:guu VAMW‘J Qbyb}dl.bt.:gdv‘)lo.b) Jﬁ\jﬁ&iiwb} L;JJ}LAL..{‘}?}CAJ‘JB‘JJM‘_SL:J‘LUJ‘O Jg.‘:;

O S (S5 b5 0 s )k

(SHLY 4 k) SlsS| Slis 04 Sl ki -)
(orosls 4 la) b Ol ks -
(mosss a k) g w ks Y

(LSt Slis Sl ani 3) 1 IVEE-IAYA SOLY a5 )

s &S o S O 355 Sl ) Sl S 35 e sl e S L s Baee Ll 3 S L s e SOLY
J..q.aSﬁwozw\wlb_,rd@hw\x)bg\4..456'&,4_9()().&5&”@( f 552 O slael 31 &y
o U ey o it il (e b 5 8l S ks 0T 3 ) 350 a0 D53 s el
ST s S Y G s Jlie L Ll o JolSS 5 03,5 iy kS g )8 a5 (leaST s 003 300 ) L ok

q



www.kamus.ac.ir

‘5})}JJA€'LAJTLM‘) Lj%%w‘w‘jouﬁuugdﬁ)gﬁ)‘r@ Mﬁmdb;-)))‘ b)@m‘é‘f&.ﬁﬁb)

SE58 8 g s S a5 g e VY

LAMARCK'S GIRAFFE and stretching
until neck
becomes
Keeps stretching arid i’:’l‘:ﬁ'j“”"l} *:-.-',.;
neck to reach Hlmlching HERE
leaves higher

(}rigluu} ) upr on Lree 52
short-necked
ancestor

.
i) 3
)

I "E“”h&fw!ﬂ“’-‘ml

; "‘J"” k&wt‘ﬂ}mw
uljj‘_}ﬂ\i.):é)b‘}(uus.u(ﬁ'\‘_}iﬂ

(re Olsnl 4y i ) VAR VAAY g ls 0 Lo —

Origin of species (Flsl Jol) Ol s US55 15 Sla0ls 2 5 b¥s S 51 55 s 4658 it 4 Miies o)l

e ol s g se (:Lo.? (il Ol 4550 b 658 Jgosy eis 58 ol sl slaxl VA0 JL.«);_,:J.SV.:L'J

L isS a 5ledis Slagr sa slad 555 (355 0 Sl 1 S o e W5 S A ) Lol il b oSST 51 5

sl ols b ﬁﬁéub‘ﬁuw))u).b)b o b sl sl Sa e S ol 3 ASBE\JMJ..SJ.’:‘,W
Js o Glense b s ool sdile 3L ol 31 aibe o BL isls 1) e Ll 2 L S5l L5.:[3(;.“.‘\SQ_“.L@_H (S5

.M;dﬁsjbh&jfr.xégrﬂjMiogﬁ&n)l}m%jwlq sdas o JLEl ae gla



www.kamus.ac.ir

DARWIN'S GIRAFFE

Natural selection
favors longer
necks: better
chance to get
higher leaves
Favored character
passed on to next

generation
Original group After many,
tlaxhibi[s variation many generations
in neck length the group is still

variable, but
shows a general
increase in
neck length

43‘)) JA&)J@})‘JMLSM‘J&VJ&;

ek ol

Sy e o Sk e e 5 S 1 LT s s e S Ol 1 b5 8l Ol b oS sl e opl 4
o (63,2 gl Cosle 2L Ll

sl Aoy s s ol B a8 s e Il s i Dlis sl cliis | Slio JLSU a8 b e (a0
axiy 53 ool IS0 DNA ¢l o JUish s 0555 sl psipe S 3 550 s DNA G b 51 55 Slio Ll e
g5 Sl DNA Sl s 5 pm e (sl 058850 L ol o w5885 ply A5 Olyl3a 51 a8 mosle 5 i 5
Cod 5 53 ks S a L Kl an S 13 ol s 5 5l sl w s s e ol AST,CG Gy > LI, gl o8 dnes
CAE el Ll S sl 4 e S U S i L e S 2S5l
Do bl Lalse

DsSsm cnl 53 S b i o il o et Sl 5 STl sl ge didle el e Lol ool LS L )5S0 50 DNA
5T 2 4 Sl ¢ S e gl 0 BRAS JoSe b DRI el s e b e e s
C el (e i) OT (g oins 5 28 anb Sl 5 cl oS

AR}



www.kamus.ac.ir

Tk af an dales g kY

SRSl e ekl Dl se oSO 0L slaailis e 5l s s s (L

ol bl als ) alie Jlsle ulal o 505 s Obsilr 0 s alael {(HOMOIOGUS)  alis sla ol -
Oladl 534S 01> o pge 53 o ol Jass dipls Folie )8 H5lr a0 02l I s oSS ams js e bl 3

CCl 03 S ks S Dl se 1SS e s eSS Sde 4 g a5l alie gla Ol c ol 3 el il

Human Cat Whale Bat Gorilla

(45 i slaly 5 iy allic 3la JU 0Ll 5 L35S Cawd)OSUSS o Olpm 55 alin gla plsh A I

\Y



www.kamus.ac.ir

Human arm Dog foreleg Seal flipper

© 2001 Sinauer Associates, Inc.

(Ko oy L 5 Lo S gt e DLl cws)0 55058 sla O g 3 ol gla fl.kj\ A4

:gmﬁ&\f(c
Sl b s s o S5 105 S ol 200 Wl slr S Sl A e U d e SO Sl e Al e
Sleogast ol O 534S &S o b1y Jole sl a i 45 dias o 0L 015 o gn Lo guasive Ol gl 6,5 1
O lams 3 Bl e XS a5 o5 Sl o Mn) ol Ol Sl S Bl e s e Obled sl sl
55 e Wl e O3l el e Al e s 3l e 2T ls 5 Sl b e ale Il e ol 5sd e el
o Dl sl s S 5 A e Drle Sk apm e GRE 5 L R L s e SR s A
Ws o OLES aliie (sl ol 5 DL i Jolpe e b Jid oo etalie Sl ol gl a

b odal s gz g S ie 5 eadalisl 51 Ol )

s 6T e b 0L Carer s Sl Y

Sl 4.:3[.’: d;;r.? °"":’7‘21 Q)M‘U@U‘;") oslw C_Jl;-)‘ vS/JuJ -y

\Y



www.kamus.ac.ir

Fish Turtle Pig Human

Early

Middle

Late

(b s iy SYC S OO S LS Gla Olgm 5 e K0 A4 IS

JolSI Eg050 30 S 9! ity yla
3 Obadl eSS oSS cpl 3 dils o Sy Lslas SIS 5 I3 S el s e i 31 puss b e Sy

Lled o Sl bl Ol alSS 5550 53 g 0 (53Me @255 08 3 sl

Ly el LUls G ol 50 s xliog Olap aS
S5 i b SL 3 L 4 0L LS 6
Ly lS 32 5 o S @ kg s AS Sl e
spoldels s 23l 3558l s s edind,

AJ}A.; o)u‘ é}ﬁ C‘}J}AML\iJJL:MJ é)\.&..&lbﬂ&.ﬂdb/\" S gd>- L}J(J'i‘ gfjj.) M‘Jéﬁy wu\.}b&;- ML:‘}))A
(Gsme S 5te oo o5 51 & )l

VY



www.kamus.ac.ir

JERRS|FRUE YWD ) S o 3l p e e S5l

ed s @ W03 W) i Jle Ave s 3 oS s (pllpse) e Sl dadils 5 S cle imman
Joe o o 53 @M VYWV Jlu 3 el 03 57 o (S5 (0Ol 5558 55 350l gl (Sosp o cdsai b i
35 6l 3 @ WY BAYA Gl s Olsl s gla i s s o S Ol S s w0l w
53 o lsa i T e S O 5l (S5 L i el o Sl sl (55 Rolindl CiZS LS s SIS 5
Jole b o3 Sl o3 b g g ol s e ol 5 T e DL 4 S el ek 0T 6l 5 il e St
S el (St p 5) bl Slam Dso sl sad e SUn 3 Olam 4 Sty 5 S e Iy S s 5 olS s 0
& e 3l om 53 GBU 4 GU 8 Ol e 5 T 3 aly 5 oK s & e 303 35 Sl S s
Oldails 4 las b oS sl ol b K55 0lesl T o s OLSH 51 &S S5m0 sl . T o 53 wls 5 4 b
S8 dle e ssas Sl el ol Sl 0l 51 S G o sl e W BT s oLl ek 5 e g5
sl 035y o ay Sy 5l oy Dby g ge oSS ool 4y Aitme 1 g5l

(e ol Lo b i 5o ilidl 2SS s s Sl sl ey 5S

ol 03 sl s 5 38l (oo S 3 (Ogshe UolRe @235 1)l b iz 5 2T (o S 4 S92 i Sl
Gl (5w 8LS dimb 8LS (53l 9 sl camnlb &y 9u0 1S 0 oy SULS 4 S 1T sl b (59 pb 45 50
23 9 3055 (0315 4i>) sl il slysle 4Slo 3 1) uzmdb ol 9 Cond p55 GUSL 1) 9l 9 39 g0 Ia 2T U3 &5
S 63> 4 b3S o g Jlndl 9 OL5 g0 9 2T (50 22 Gl 4 izred 33 (Sal— (592 0juw) ol
LS s ol oL i p&in)@ly CS s 9 gl S us 9 boyS S0 Ogzred 9 d9b SO Olga> 4 o b
@ 13 OUlgus g0 jI &5 O)geo Jgl jb Caml Carb uds (59 pU 4 o (0] 23 9 (Caml K 3l9 Gl (Slowo 5L
Ol dgdiue 3y Slios (a0 9 JS 03 45 UL 9 JLs ¢« gomw (5205 (S p,5) bl ol 9 sl ublp3 90 35
0 130 o Olsa> )90 9 2T s j1 Sl 4 oo 9 4y 97r0d Dblga> Sl (ul 355lo 9 23S (o o 1) 90
o (59 U 4 po ol 3 9 ol 9 Auigr « Juy Ogzred D9 SO GbU Olgam 4 GbU jut Olgam 45 4 U .0iS

ol Pl s 45 0 (2l 3 9l LSS )90 S g0 o Ol 1 4S5, 90 U9l U .l Slgam

LS oo P s wedie

VO



www.kamus.ac.ir

&S juz Jlin jl abb Bl a5 0T 9 3L Bls (uS S ouS J1jd w0 jl aSh Caibgi 9 CaiS 2lg il 03T assT o &
9 338l Jab 5 Jal cuws didgs 45 Cudvgs 33lgn 45 2ubl Ol S CuiS 6lgn 45 juz i Sl g CiS g S5 2ilay

3948 Aol 9 druno b ) ghaie

O 30 gt 31 Sl G 49 @215 1 Commno paui! 49 5105
O J51s & ol 0553 53 53,0 0431 (HOMUNCUIUS) , 53l ooy g 4 0Ll 03 5 Sl 4 ezl 5l o5 8 ol

&Lu&vﬁ‘ﬁdiﬂ)é|fbwbng?ur})liQJL‘U_L) "j‘:f ive osle

Ao o 0L 0T 03 15 (iline b g o8 OLl) )5S g5 s 4 sl S lac (Gl 1 V0 S

\#



www.kamus.ac.ir

350 5 gl p S plin (S

L 5 s oS 2SS Ko
k;“:\,\;,;)&;s(;);&:is

355 5 o 03 oS eSS L
SN 55 g 2 oS e (6355
Rt e e D)
335 55 S oS 3,8 Olaal 4y >
S 5 51 0L oS ol
Sl 555 (G oS il s
356 55 5 Koy oS pi Sl S
CPRIvIS I Prw Ly rv\i,\;)mjs
3 Sl oS pl S
S sl a5 a5
S 5l Ol S p o s alasd
355 5 E 38 S ki aly
S I 5l S ek el

340 8 5l e oS CJ%.)J‘}_,,BU

Y

Sl 5 (gl 48 pdiland (6352
SIS 5 (slsn S pa ST al
S sl S g S
S 55 sled aS a5

355 55 o8sls ysaS r.,utw' ©sls
358 538 P S ep F

Sy 5 GBS 316 ST sl 3
L 5 3l el oS ek S
B 5 S5 aS pk
s5e 530 OV S p ks 5L
336 5 3 O S o poei 3
S 55 5l Ll oS plu ki i
S 5l Sl oS pdids eyl
Sl 5 ) i a8 a0l
I R R
S35 s oS Ayl ek

390 ¢ OgB j3aS el ) 5t

:;lqui.i.i.gv



www.kamus.ac.ir

S 5510l oS el Sl CoEl 5 op Bl S pLis s

S OLL 5 5 S ek Sl S 5550l S e b sl

Pgd Jub
S5 ple
=il Laes 1 Ol 5 U s s Oy Sals

o\,\_gv_:m{jlﬂjﬁséluj_s OTJ\M(J&‘&;‘\.};H

SledslS (b oS (o3l sl dalpd ol atils 5 0T & L oS g ese 5 B S Sl s B
Tl Obe ol o3 5 il anidls a5 ol Gy GBI & ey slgldl oS 550 O 51 ol ol o milis Olisly
o 0,8 S g 31 L .M;&ﬂ}&tﬁjrl;.a)y); O&2dS [l ) i assL L oblE s s Leels ol
)j;-)@fu W)rlﬁ)s L}_)M‘Jﬁ‘ ui‘j.)\)‘ﬂ.)\.:.ﬁb &.:I.)j ‘)QT‘M&M&J{J} ‘d"j‘-’)‘j L}..\.u\m:: S ) J';.)\J
Sy S35 ) Slie JUl e a8 s 0T 01 Kta s 5l ede ¢ padza 03 53 5
o33 Jd3 5 Slol, 4 il aBT 5 s ©ole OF age s 53 23l OLL (sl 4o LB 4t 4 b s o]
l)&j)lQ&&Jm\ﬁéb&glﬁw@«s&sa)jl.xsﬁjwt»&;;'j«:)j\ Sl s gl &S s Slhe ol
3455 oS S, J,Jhiiuj Jol= S, il VAT Jle s a8 s d.,\;.a)_,fwf rtqfiijj\f':.:ﬁi_ig.,\f bl
LgLA)S@L:Sj:\Ju'L}_Sl.);;;W‘j‘&@ﬁjuo@&:qobjsoidwwb Szﬁgb)sw\.sﬁdbloﬁﬁ]é
M&:)/\?a Qe JLA)J w\gﬁmmjju;;bwlakjﬁgw)&%mj.L:: 03 yw g;.::yb.ﬁ CAM:JMJM
jwjf)‘}d_}.ﬁjvj;:)yj‘Qb.deMC&Lf);jgsuﬁ4u,mij)3bngM&}w)‘ﬁMUb‘w;l)BJw

B atld S e oy Ol 4 Jie

5 oKl

Sy e 53 Lk sl iy ¢ SCS a5 il e e 51 DNA) g5 ol Olazs b cizs L V0T JL s
VAV Gl I3 55 Je SLisS 5103 O il spua b 23 8 ol Josle i s S ol gy a4 ol
S olew o & 233 5 S Jos el 5 Oletle ot Jsl 8 S5 5 (oS el gy axd; 5o ) AVY
Sl b aS L3550 5 0m 5 a0 1y SBF dige ol (sl aniy 5 L plosl e Sty oo el gy Sloss 035 1y 5 ST
Calisee sla oSus 5 das S5 5 flcdl o 1y (65558 5 o ¢ (S ol el e gl ity cdly Sl
s olantls g wl) Sl as

\A



www.kamus.ac.ir

Sd ol SO S w5 00 4 e Sl S sl b G S (65050 5 TS lige ol
Ll i 53 oS 34 o Shsly Sl 5 oo OF BB axidS 55 & s dalpt Ll Al Lt ) Sl 4l
s gl eassl B A b ol do s e Ll ge OF Jeamms o8 el 05 0T Ol 4 pl8l s oo

S5 ol

Slassks op ega 51l S g5 sl sl el Slets Lae il ol Jlo o s 5050 5 S5 ki
e Sl eaysl A Ga b OS5 Sl 315 SSlol ahar 5l il sla a1 0T L6 0l e 31 o)
ok 52 Dl i sl b (S5 s (olows Oloss ¢ b sla im0 5 VL o gl a5 Lils Osep5m 5 gl g
5 oobe 5Ly by daly s e ¢ (S55 sl olewr UL S S e S Ll S0s saae 34 =
H5S 50 S5 s sle Ul Al 51T 055 L5 5o ¢ O 5l adile B SR (555 51 Olo e plilid ST pimas
5t B S 5l glael W5 S e ol Lo Sl (3058050 5 S5 s gl s K s ol
¢ e Ly O3l 4 SeS e L 0y slasl LSSl 4 T all 5 K5 e Gk Sl Ime Sope 1 5 s
Sl U1 Sl Shis pae S S50 3 Logasn 5 A dal o Wy s (Kn C5 cnl & Sl )50l ) S
53 Lo (S5 sla olo 3l ol Oloys ABL pode w5 il il pzaas sl 680 05 (ST n AL 35 Dles K55
OSae LS o Jae Ll S5 5 il wl p oS olald Gl s 333 s g sl Oleys BB i ess3
A dalt lald S e 5o O S e 355 S (S5 S sS GRS L Ol e 5 A sl

Sl A e s e ax STl BB UL Ol e cnl gl s s dals S Rl e s el (sl
Sl dals 055 6 5 A3l Ol 51 ol b Sl e Lol sl Ul 8 e e e ol R0
0331 0Ll (S3lw alloan 5 S slS 5 ol 5 OWLS W5 OF 5550 o tege 31 (SS ol 0350 3550 onl 3 on (6345 Ll
NG

J-’u'»“))fwf

5 s K5 sl ol sl Sop 538 51 S 0581 aS 5 sl D3 Al e S5 L 1 ol 48 Jie 60,5 S
3l 5 S sl Sl 5 s ey Ko (sl aia 3 sy e Bl oS 55 55LlS G e Sy s Wz 0L ST
o3 s Cudls (92b5 e 0 g Ol 3 S e ddie A o) ey S S (555 0,2V B oS e S L
S 4 Ol Olag (o BUST oa Ll 3 G B sy g S S At e s palisn L o S S
ok s kel g8 s s SLEL L T 45 08 o SKS oy 4 nl s (a8 b Jue 558 00 ol
5 b b b Sl gl e md g Ol e & e OF 53 O3S 38 e ol 0dSTas de e 3
L3 5 3,0 a8 e 5y 38 g5 0 amye Olea 53 1y s ¢ 35 S5k 3 818 oS pa Jie s o LT 55 0 ke
L ol Class (Ols g AL axdls (¢ xe ol 3 e B3 S S @il 05 3 a5l o (Sl s Ul 355
C Sl Ola g o3l 5l (gl Ol s 0 3, 45 L a S esbel Olie s a4 35 gl 5 CBIS e Sy Sudge b
Sl Sl enl Sl 3 e Olas ¢ on (L5 oo S sl 4 ool3 S8 e il sl e )l s s

Cdd 4 sl s e Ly JQL,; o33Ls 53 a8 B sls aelsl feaod 4 e U ool ol 35 s b AS SIS 55

\4



www.kamus.ac.ir

2S5 e erl R e s Jees polbre S L Ola g (5 Sl S s T A 5e 53 OIS S ) peme 5 A weds
oSils 4 by (gl ) 395 5 Kby OLL 0 g L 1 Ol s ol 355 b ks o o g i 2 e 5 345 LS bl w5l
Ol g 5y ¢ Jde 01l S a8y w ae 30 S 53 Sl b 5 3 e 08 Olag oS b 0T SIS sl
sha |y s cre g a0 Ol g 3355 r@cuwjﬁ;;m; S STy aslels w1y as5e e S35 e
‘)J}}QMUJ‘Jui).ﬂﬁaul‘)&\QWWJJ@JJ&‘)}‘MW‘J‘J)UBSw‘j‘md&@)&lﬁ)ﬁ}..}jbﬂ
Aoy plodl a osl Sl s 5 pled (L O bl 53 5 S oSS

e )3 pedas O zman el (1A Ol 4 ladal e 55 Ola gy O 12S ol sl el LS il 5 Ol o
Sl a3 SO hls 45 i s e (gl ams g 55 Jbis 3305, ede Sldlas 0 il 3 gl s 5 S
Slbly 5 e s Bl sl S gs OUT ¢ mlaher (S S b 3 g LKAl s G S el o
3 SLa 4 SISl S S 058 oSS (5l S8 oS ol g S S oSl S amas 1y 3 AEES sdge
e S Aty 3 1y e &5 5S0 5 slial a5 a0 Jdie sy (il EL arepo w0 s w0 ble a5 Cldls 5L Sl
ol S5 53 obl s o (s i SRaleilanl 51 (S5 s e ey b i S e 50 @ 2l
3 5l el (g3l 0l 03 sl W o3sle 4 S0s S pl ok (S5 1 gl ahall 4 oS o el sl s a
el sl idsy 5 &S SWS il sl 4 Jb ki 5 cndls e el 5 550 S0 aed) 0350 s 4 LS
s Ol 25l s oo el L 1y 5,8l

L osbre 5 250 sl Jlie gl Olislany 5o U8 Ll dd sl S8 4 Oliwjlany lS 5 b 0S Olge 4 Jbs
Joie sl Jad cnl sl el gla Ol s 5 (SG & sl Sl ) e ad 438 e sl Lgsles ¢l
5 h Ol s slasl 5 Ol3gel GBI G 538 o sl Olal Qg 5 ps) Slasl 5 DLl sl s e Sl
s Sopb sl OIS s 1S e s oK 55 Gl S areso sl SS L Je il (3L S g
adlas & 5l 3L s oger il s 3 S bl e s b a5 sdalie WS L Oly e 45K 4S St gl
OS5 A G5 5 ol S Sla S 3 e A3 LT and 3 pedl a i b oty SVl 5 Ll
ol g 4y 1y OF 531 5 s (gl ke el &l a b Jue Ol 530S eSS e cpl 5o 1y 3558 (2 B 5 S
SNas 5 3108 o 6 Sl p dasee SHWY L b 5 el ol Slis Bl el d adies O35 Slis ol
Iyl S35 5 350 0305 plnil 3550l 53 Slalllae 4 o Jde 353 I35 &l Sl edd Jime Slios is Coly
S5, L LS ks sty s 50,8 8 S

Cilys adsl ol S @ Ghge Il S 3l e 535 ST S5 55 olS (g, 1 s e Slallas VAOT Jlu s Jie
o a5 dsb e Y0 S s ameso Pl (SorsS ke oty Sl s Gililesl alndl (sl sl 45 ol ples
o G el 5o RTS8 e mo B S e S e ol S35 plad sk S Gl Ll 2l (e
e 3555 53 W S5 b 5l 58 Ol | 5 ol Jiie S iz VA0 L s sl gls il mE s,
o8 gn a5t a5l s e Slio b Sl 5 das (il SUSS L blise Slio b gls s oS 5 S

A i Sl 3l et Jgl alelid 4 sl SlilesT Ll ¢ dol sy s 4 s Slio b LS

Y.



www.kamus.ac.ir

SaS L 5 5ls plowil 3555 olS (555 2 VAW B IAGT JL 511, 55 Slasbosl sl 5 55 LS amel Olea Jdie o Kisle ]
AS LS LIS ) 34038 (G s sbie 5 I azus 53 4 oS Dk Oly Sla o A3 3 ge VLl L, Nl
L SOLY 5 cpasls bk Olioen 358 L sl 3l 5 ol Oloy OF L3 a8 bl 51 dd Gy pme e il il 88 0 aday
Srire gode Limes 53 Q@bj@b)}ﬁﬁgb—)s e 5 Bz 5 Sl 5l 4 ol Ll e s
oSBT 2 e 4 e oS dils slizel e adadl a8 o S s J sl 5 cdS s sy ol - Jlas
B ke i g S 1y 53,8 Sl 5l (sl K3 e Sy Ol s Ty o5 1y ol il e 5 05,8 WMy s (il
sl oslss s a3 S Jlis | Jite slayl8 Blur &y 4 pomiils an Wl pl 534Sl B le anstlisl Olimenn Va0 0 JL
a}mJgu)gb@)\s,\;oUc;uuzlﬁ;@mQ;Js@:.sbq,:lﬂ&,a}y\jsdh.xxu)%t@,b
Dlael 51 (e Ol g e i 8 Sla o lg Sl () ks 4S8 S oS0 L Je 5158 some L3S 552

S JEs LV e 55 5 3550 A5 YA 0 sod (9, o Jde s i g5y 5 S sl

S

Jeolpe Lo 05 05 o Comes Lislis o 313 5o ba 5,808 5 s silen 1 a8 als sl 55 e 5l ool ojle S5
e OS5 s 13 1ol s Wl s 5 ls 05 03 1 458 8 leS ey Ol Jeallysmas 5 Sl
oL J5SUpe aS o Jime ;505 e o s S e 0548 (55500 e3le 1S L o3l 0L p s Sl S
b O s JSi L s Sas oo 5108 o pmnn IS0 cnl sl O3 Conal 3 oy e LT Ll ol (l0lso
Ly e Ol Zils il 8 gl 53 S 5 0 gl AT 51 g 3 ekile 3L glome Olimen ol 5 izl
A3l Sl s 1y gholies ool sy Lol ol ol LSCi5 asbo b placd osle i 31 5l0Lgs sla J 5S040 oS
2l S L 50 e a ki SaS | bl 3 S e oo la lasT a2l sl a0 G S 5 0l
e & 95 b s sl ol 51 L gl Jie pl Ll s g 05 S sl (6lOkgs Olaxtla 31 ke (gl e Oliiss
ol 48 A0S b ome Ol 5L et 5l 1 eSils B 5 il Sl 0" A 53 1) s g e
&Lﬂm:@lljspjlﬁéld}gnswo&\QTM.Gm)j;jlﬁjigé\.o\.ézésl;&OLL’\)g,.:xSU
e ol La 58 055 53 ks s 658 o o 1 Lemalid 5 b sl 55 6T 5 s b 03 sl (108> Tl o
u:,_f,;@um.x;uf&;,}upbusmjmfdwmw s 4,8 5 b coalis 51 (6ol toles
AT el ot 38 a8 48 (305U il e s Je AT 00 adian b Bae 5 eas 2SS ades
S sl s 45 SUM a3 4 S, S0 G b 5 s s bl 0l s 4 035 &l Sl day , e a3l oS &l
655 55 gdes 6 i a5 Ll 4 Vame Js ol Ciliies gla 655w SLYL 5l 2aS jln 353 o olss disliy o

Solow 4 g S 8 )gli,r:%&)gjﬁt}ﬁjwﬁ&;)ﬁd‘ﬁauwwomo sapiens, oL

AR



www.kamus.ac.ir

C,_.Z\v\.@;o)_}})boﬁfﬁ)bw;-lw‘J;)L»@‘J}LAQN)HJLAAS@UQWUJS&4.7-_53;*1.7-% Qiﬁwj
Ly oo bime S5 S oS Lgpslen €055 o0l IS 5 (i S L) ebie Jo ol 5 3500 s L 1 (S5 s
)Mﬁab}&&d&j@@\j)&jb} LQ)LQ..:{Y"' S 9d>— QJ.S‘V.AJ}A)(;JM w)}iﬁmﬁj wl;-«;jL}SLﬂL.;

A4 Sl a5 e s O55SOla 6 Se LB pa oS, 055 LS, b, uls il s OT 1l
\)o.i_)))j)y6JALECJLTJ}4>}wﬁg.};}gc\s&hdﬂy@CAw\@jJ.AK.S}‘_)Ls.)gdulb\t&:ﬁl:jrl&CM}A

L3S CaES 1y il ol e 5SS e e s G 31 e 03 JWsI L L S e J S

eer Len 5V OLs 58S SW5L 05 e 05 Sl sl 0Ly sl e li 5 el 51 G (538 amdd o o ol (T sl w oY )
03 a8 w s dys el o3 sy p W plie 5 5051 e 01l Kan b sl 5 03wl e LS 05w o8 05 5 958 go Ol Lixs
o Sl 48, 5 5lS 550 Ul 5l al Ol Ja g 051 b 5 4233 3 e s el s 5 Ol s Bl ol aile
Llosgm o s 6151 g0l o sis mg ol S5 Lol S Jgis Ol o L I 00ve 35 53 1a 003 45 ol o0l 0L OUT sl
OL5 @l oo e i Ol Olyss (S 2l 53 5L sl sl b (30 cnl 03 55b e Ll azils Jls OLES IS (sls ge 355 o o
St 53 Ol Sl 5 D5 G st L 5 0 cal el 5 anlid S 51 0T Gy 81 e 0 il (511 o 03 el

;ﬁw!wﬁélﬁ)‘_;hf|ﬁ- Lglj._.o}u;_

Yy



www.kamus.ac.ir

"“‘ & :'/‘
Lol RS s Sy Sl

L3,0 a4 yobe 5 5l i Jll) K

Hugode Vries ;5 z, 5! 3l Erichron Tschermak olJi ;i Carl Correns sls ol 4 elid olS a4 Jle s
eSSl i VATV Il 5 83 38l s S 30058 1 s esls ey el Sl Slis Sl oSl 3 il )
U s o s BB ol a0 ATT i Jie a8 s 55 0 55155 Gregor Mendel ol o ]
o3y L YE wiBy ol gl s sler Bl s 5 o LT Caenl 4 Oluaails (33 OLL I LS

Sy hy S A Slio JUE o e 5 (81 s s & Ol G (e SLiylal 51 13 6 Syl sl
Oy ) i s Sl S sy (gl s el Jls 0 el 05 5 Jsb wile Slio . s o (8,5 o3Il ate s
ol 5 e S Slis 8 38 slgndny Jotie bl doly s 1,1 1A08 Jle 534S o sols JolSS (55 3l dny o gt
o 5 S S s Jlis a elSS 4l Oyl b s 555 b e b (K05 5550 Jle (5 (4t sl ) s
DL b a5 y5e aS 1 655 5l o O Wi (5l 35 1 1 sl s (ls8 e & S 3 s s s g
S s on LS o

Ay oS et 3ot ant bt il Je ! 53 " Jsles Wl S (o) (S 653 g Olo3 OT 6 4l pss s

ol dtie el obe balie ol Jglu 53 ol o3 a8 0 S cdl s o Jtie llis andllas

Yy



www.kamus.ac.ir

O 53 a8 DLt s 355155 ;S S0 & 1y gl 5 2l plil oS (o3l 5 alaas L1 5 53 Sl 2 e 4S5l p g -
Sl el Al Slsl ;o) 53 6ok Dbl Yians (s S o andllas | (sl atn sl 5 (a8l Jlew (le 0L
2S5 s oSl Blie 53 3l ks 5l gl (gl e Sl A6 5 5p8 B pme Cpmasd e

s L a5 0l ol (b 5o 4l ol sl ) i S o 3 sdas i 93 VA BATT Gl b o
o33 5l 5 acalllan 5y 5a 5 Ll 5 dbn g o3 S ar 5 oa es3sms,S Sla IS 4 4y sy anlid | gy S Olub
ol el s S e S Lol slaslpl b Jie 0o 5l 2 s 5 ol Ol Sy 3003 L L3 el a5 5 L
) g5 5 S s e 5 K23 OVEFIAP 05y 5 4t gl Slis S 5 SlalS oyl « Jie sla ioles
LS oY @ Bl 5.5 S ol Pisum sativum sle S5 5 5550 b i i Ll dr sla 031550 Sl
28 S (K5

s AL Jo A5 S enss s Npd e esls isn sl a el eyl Ul

Lls 230 ge 55 5 IS S5 il (g a5l Slis OlalS ) 4ol

o s 03,5 5555 31 0lps e el J S LB ] a olS Ll 63,8 oSl e 5T s @ 4l ps s
Jm8 4 3l ol gl 0 1) U diecal il BB oS nl 3 (o mn b w8 (U 508 5SS
LS D Ve Sl e sl e Sl s s olS Sslaen S 58 e 51 S s 8wl s J )

.ml;twcwgﬁu,uﬂ)m,u«su;,))lﬁ;@usgmg;;‘;u)bs&uj;)y Jdu oS

Ye



www.kamus.ac.ir

ea 6/64
@]
Light
aabbcc Aabbcc
aaBbcc
aabbCc

Sl Gl Rl 5 ey K

Medium tone
/ \

AaBbcc
AabbCc
AAbbcc
aaBBcc
aabbCC
aaBbCc

AaBbCc
aaBbCC
AAbbCc
AabbCC
AABbcc
aaBBCc
AaBBcc

aaBBCC
AAbbCC
AABBcc
AaBbCC
AaBBCc
AABbCc

0= WS, umly

AaBBCC
AABbCC
AABBCc

SRR P I RRCHVPIR- S RO N [P S N

33 S 58153 055 pasia el Ga ST sk e sslined s ST 5o SIS w ol O oS85 allas
6\ﬂ Jb_,.« ud”‘ u‘j;- oS ealazal u..pl;- )‘.Ll;-.kq-)‘.lajﬁc\s.b)b)‘ﬂ‘ QUJ &:’b} ‘J’: | aJu')' C)‘J)}y QL@;—

SlasT O 6l 1y Ll S a s Sl poas iy o ol Siulosl a (sl oS Shlbs sl s, Yo | Lo

s s b 6L St (S5 el e GLSESS (ot 03 Il ) ((S55 Dlides 4yl >l e o
Drosophila e pb 4 4 o 56 G 235 oo 13 eslinal 3550 Olo3 OF 534S gl ool Jlr L35 sals 35

W 5 3 dS Ko iz 5l leﬁP@j}LE—IB@LAJT)JJJJ‘} (aea Y 354> 53) o8l sS

Yo

0330 6}5[%)45ﬂw-<° S5

sa

® e
® e
® @
Dark
AABBCC



www.kamus.ac.ir

Sl a5 gk 5 (5 b Glgrssses S ampise)ls (S5 sl leessses S (B3l 508 gl Jsha)s
S Tl mse nl 0 L 2l Sher SleT 4 Ol Jlie (1 53 o IS O p 585 e 57 I al (G 50)s
Wl el Gl s S 5 S8 ST 5 K8 e i 5 et Dl K 5 3l oiir 55 oS 28 (slgi5 o
Do gl o335 S Lt phid s (5L (555 » (S5 sl Sl la SGSS oS a8 ansdS 03 Lalsl 5o

A s S5 sbals gl 4de 5,4 5l o Escherichia coli
el oSl OF (S5 05l e 5 3515 ased ) LS 05 L 5l essls adds Yo b pln S a5 ess3 68U nl
3 Lalig U s ppsn (ol SUgla s s Sl eslinal csia BLsT i3 S oslizd OF 51 Slikoss sl s 58 51 (b
U aly o ba s (s Ll ol antle S S Sl psses S S0 5 a5dome 05 5 g5 i SIS b e 5

L g g g a s el 53 L LS

/_\ Original

PO Cars s 3 e 5 g e 45 (56 50) Ko S oLzl G 5, Ol 5 L0k g3 0 B K55 X K
35

S andlas gla i,
03,5 i e Slallas ST S S Vonn )l anlllas s 1y g ol sla sy (S5 sbis 5l e
05,5 iy Lo sla STl (pl b so amr n Cslea S 5L s (555 0 1) Dlidos Sl sl gy SUSS K
sl Lol Ly Slalllae oS5 (e 5y oJin Ul a8 515 ) 2 3550 Sl 5155 ol sk 53 5 2 Y1
SIS S 8 I e (S35 5 b Oode sl s L cois el sl sl DLLS (555 el sla 5 el
S o 3l S el odel s 0 m5ss Sras S s w4 diteed O SO o3l 45 (RNADNA oL sladls 2 5)

Ol o535 55 s ge A5 A8 55 WL YT 15 end b aS 05 Ol p 535 055 5 sl sk 5o o plil (gla o35 5,

Y5



www.kamus.ac.ir

w‘fdﬁjﬁﬂdlﬁﬂ\ouCA.N‘OJ\ATCA-W)M;)U4.)céétﬂ‘wﬁ:L&L@j}ﬁrk}u\é‘f‘ﬁ)yéj‘})‘}ag\;J\:mﬂ)d\-ﬂL.)_
u&Mé‘o}jﬁM@J}éuwbo)jf‘kﬂﬁﬁvbf}du)us&i&‘b@LAA}jﬁu:..a;ﬂ\s.));
sy el ) e s

5k

OBy 53 ol 4l LS5 oS U8 2 1 5 51 o Wile s (sls p3ms S S5 by (Telomere) Lo b
DD L 3 6l 05 LSS 5 Ailae TTAAGGG o, b« (65,55 sl g5 (6 et slobad 51 S a5l
J,A)_L‘)bL.w (_)J\_.)Lﬂk}.al_d LMD@)J}@'W&LoM&L&J C,.ALMI: wl«S o] L}.@;kagdyjﬁébbﬂ
Sl Sl o 5 oLl s Ll el (Dobell strand) caclas DNA - 5l calses i 51 a5 aSCol 55 5 Lol

s (G585 VTV ) oS

353005 2 b el SSled lasit S

33,80 S gl lipd fuate gla s Jlail L ol b cpl )
Shdades s 3 S ol 0 Olexstle 5 05l 5o b ilis sl Jgoms sk S o J 55050 slgnhY
Do LS 355 81 Lga 5l Al yy o 55 5 oo b 5 bl sl (S sl 511 p305 S (S ASbe 55 55
0 ol el 5w 53 p5505 S (S0l 5 ol UK el oS ol ol Lasiie o fpioman bleie Clablows
L DLl o a8 Sn Ll ot 5 sl 53 6503 (oolod (285 S5l 1 esBle A8 (580 lial 055 sbe sl
S | SCn 3y S0 gy andy 3 Sl ASles Sl 5T, ot DNA S (sl s wls s ddlon o 535,
Sl s 5T ol Sl s SO bl diasl cp T 0slssl 3 5 masl o o s sl L 55T
S 030351,3 SNy ol 5 5 530S gy S S Tl A Jo el s L1, i o) (Telomerase)
il e Gl LN o nl 5038 fate 5 andy Wbl ek (OSS la I8 et el SIS S

A%



www.kamus.ac.ir

iy g 5 a S )08 Sl Ssp b s el s spiee oS DNA lenl 3l dilen 5 a8 513 S b
3 guin (G

sk eslld xS

s sy gl o3I S A e S a5 pdis o0 581 el Jsb 4 e sl Sl ol dSles Has e s Sl e S L
Job Ll Je Jolw 5 Ol Sle s sl shos 5o 4 dadtoas 5 (s s i o Ll Ll o 2l 530
Ailen 33 a3 ul pliy Al esls s 311 Slask T a5 Ul (b ke cal il (o 2R g ok
Ailen o s 5 gLgnl 3l ternBy odd 5 sy Wbl sy pde i b sl lels S sl 5l Wshe o0l 55 5l
S Sl Sl sl andlnn; Sn jos b b e RalS sl Jlgte Sleses b alts 1l 23, K0d (5L
F dsb s fals ol jls alpls WIS ) Sle sk Jedd 5 LTS ul"'“ M5 sk 5 Lptee ool o
L hlnsp el Mool 48 (55 5 0wl y Job 58S (i 35205 el A3 w2 W Ty 0 50le33 Kond
adaly 3 e b Sbgu Gl o s a8 il esls OLES Slalin. ol ol T 5 dsee sl Syt
o sk ol Sl 4 o 5l Bl 36 b L ol sen o5l Jsb skl s aS) o il Lzl Lo sls Jsb
5 oAU 3l dlen il e sls U sk 2alS 0 38 LT s el Job LS i ptad oo pome sy i 015535
)quwtﬁ\nrﬁf@@. Lol 534S Il tiSCon 36 3L koo o 40 il a5 15 s 33085 8 L
S s LT 50 8 S8 5 sl ke S b e a5 Sledshee Jn Lpd on o psle 5k oS sk
o il w g Sa s b Ty s e g 5 b s JUs Cussdoee O 5 ol ok W5 (Sline 4
03 ol dsb 158l el e sl o5 a8 Wil esls DL Sasie gl sl (555 » ot plowil DL LT 5 lalie bl
Sl S5 0T 0y 5 o35 Jgb (sl J2alS L ol IS sn (Slatonnr 45 Spgo (s 3503 355 Wk
sl o ool 3 5T Usb (5 Ol one

g3l llsTelomere Binding Protein oL an o b5 an oy i Juate (55 45 ol 0 slgidy Jlio Ol e &
A3 e ils sy oy e gli b dlasl s (0T 5 2in b5 ) came slas a s o ol 45 o8 e el e sls (g, Ll ol
Sl dilon bazm 5 Gl b bag Gsls dsb s cle a5 Ll o 1) a5 s 5o 5 JLall OG5, 5
b e o3l e sl S Iy 2alS s (5a) p onSsn onl LS se sl 4zt 53 5 TBP (sl oSSl sl ¢ il
o) Lo 5l oliss Ll sl dudr Sealolr sl ol s Jisb opl ST Lisb 15T 5 o fuate a5 4,
et B3 5o Sl b L 5 e gl e I b (RIS S s el oliss el nl 45 35 0 ek 08

Bgias L Jsb il ials

YA



www.kamus.ac.ir

s sk sl

G e o gls Jsb sl ialSs sils Sl el S5l Jle 0535 51 Clabls (ol bl e Ol e o5l g
3daze Sldaslie s s (9350 S w0 1) Jobe Culginny ol s by plonil o Sl ol s e SULS 38, 0 )
S e LgSe o osls coxS(IN VITO) it )3 gt 3 oS o Sl Slogon slgd b 45 il esls 0L
Jsb alS el 51 Lpdn (Sp il s Wdhor 5 ol b e Lol iy OF 51 ey 5 s plondl |y o (9350
olgs (Sopdle Jolo Llsmn ol s 5 g odalie assos S o (oS 55 3l VL GuilS 3 sy Sl 2oy ol
033 Dlssx e sas Jsb LUl Sl 5 dades &5 50 (10 VIVO) o3 s g ge 053 Sl cpl o33 8 Jsher (6350
ol es Jsb ialS 4 Wi salis Rat (g5 0 s 2 K s Jlie Olgie 0 L dads OLES 1) Lo g5 Uk 2alSsy Joka
b esle 5 S T jae Jsb b cdlas ol sl oo i 51 tm ) 2 5 i 53 55l ol e s sl 5o
T i Slaslr s i e Sde SRl Ol Sl G S A el alis fpan 3l Cllae ola 1
A5 5 Vb e e b Sledse St aliuled] Slle ol b1 LK1 Tl oS s 5505 3 Oleiils 5 35,5
B aiS o w h Olaasiin 5 05 o 03558 Olgz 53 (S5 40 doal Oljee 4 ole s VL Ll o dl o 40 Jsone
Olez 55 oo Jsb VL 5558, Gael 40 B sg iyt Olex s Wl Vo 51 i 0Ll O gdes SO 350> 55 Yo Jlo
e b8 ol B 1 e Yo Jle UL U oles 4 0l5 5508 5o b e o el il polant] dll WYY (60 8 0
b e Jgb Il s e GRS sk ol Olaaasiie ) (S aes pl Lois S e (S5 Il Ve VU
S dal o DBl s weals 13 555 U o | dme 5 I 3 5 S s 5 el 45 (68 s Sl sy
DI Sl aols 8L s 4 53 Sl LBl 3 St XS o esSian 1 (5 Al 3 Sl 5T A 6l sk
slesl pl sdul 53 ol (San diS i 1 3 (S5 0bey e Als 5500 30 Sl ol 5 Sl 035 sas Jsb

Y4



www.kamus.ac.ir

E B U B s

Elepdubal: (00

Baalen 0 yras Harsineg's Sarthe

1 I S

Sls g se 5l g3l iy 5 Ak ee dsb 0 IS
253 DNA ol 5 07 (g 055 1 o Ske (Vb (205 0 s (poe (o2

sl 550 OF ol 5 odd asises S b el o orse ape il S Al o 13 Gl 51 01 Ste s
05,5 olubs 1) I8 50l Cle Au S o iz 31 25 S 0S| 5 5s el CalS i ol e Lol Lol S5
s e el 5 ) 45 L S e 5 S el C e U] 0l S5 K Gy b Ol Ll
4Bl opl Lpd oo e 1O (53 lo ol oz 4 ba s () Culgs 55 48 50 o ol SO s (Sl e DAL
SV Al gl Sap 4 smie Sl (e ege il L oS s e 13 L ket o dlge ool gl ke (Al
ch_ﬂo.u.ulf ol e ese el aS sl QLS sy ol o g3 0L s Sl 5 e OB 5 OIS
A2 o5 Bblos 258 S Olgimr 5 sl sa g S sy S (P53) 07 gk e 0 s oY Py
s (R ese el Tl 3 S 3 S (e S s (SE5 adls s e bl s S aS 0pd e a8 S
o3 el (Sl ) B Oliatils el (S5 Gl 550 O Joolo 5558 on os5 505 S sle ol g e
5 OS5y ol Ll o e g sl szl o Lo e O 5 Slas 5 SUJest SV 5y 5 5 50 OAS A L L
DLl ise s Slilaslopd (6HasL0 5 (Somdl (ol sl Ommen ()18, OASChe i oa 5 e la 1L
o s 5 L Sapdl 5 ol glajli) sl miy dies 558U cpl (Some 2 0l oS ledse tlas
oo sSB b agrlsn on 53 5 DLl 3 (ool Sk ol 25 e DI s 3 LT e A5 5 et slgnllad

.Jj,.igga odalin 0 239 6\) J"'J:"""



www.kamus.ac.ir

O e 5 o5k
Al A5 gl sk bsbas 5 odd 0 gt shas il S e Gl sha ail Sl s gl she O
L SUlS ol il e Wkl 2l andls 1y 55 a5l Jsb Bai SULS b Wbl ¢ e st oy 2300 )2
St Jolse pla b5 Les g bau 5 Wlye 45 5Tl a5 SBLS sloml Bl 55 s sl oy Sl el 3T U5 L
25 e et Wk ol 008 S o elge 51 (S5 53,8 sl 0 Sl sla ke 53 (5
b St e (S Sl ) AT 2 Ol S0 e Sl i en S 5
Slons Ly ol s an 1 1l Gl s ol Olgmn dads 513 O Wl il 5o 1y o5l i IS 5 5lo oS7 Slgle s
503350 5035 JAS e #3155 5 5 9o
b e Gl 5 3l s 5T ol ST i 3k 03 G SIS planil sl Lenls ol ) S
aalllas SO s Jlie Ol e an dads o3 Sae 5U5 glogysle i a8 &S il o Lasiie Kos (gs 3l Ll
Lol s sin Sl o sl Sl U5 S Cslan ST 0L ¢35 cnl 68 ool ol edaliie aLST sled 00
s S Sn Sl slam) OS0! a3l e 6l San ol el s 2l 31 el 3 1 i) Sl 3
Slass S 45 ddr Jolw byplast el 35 5 OISl s cnl 53 503 Ol 0 A3l s e sls I b 2als e
Sl 54y Al QLIS o glis

o SLakid b S il 3k a8 ) Sla 5 w5l 0013 13 26 S 51 ey S il ) s ) S 5l
S e L il el (Gl oy OGS Josie | 0T o8 (55 535 5505l RNA (2 (6 s
Gl el (J o Al o iz O (G il ol ch 5 s RIS Le el oSl s 5 4 el 5
Sl fg oy Ll NS 0 Sl sl she s aanly (s et sk Al gad 55l e B sae sl
Gaia L sl ) 0L a3l sl O Olaztle 3 oS 8,5 slgntss 3 Dalsy1 3 Bl ol el Olass plond
Sl OF lgatis p 0313,1 3 G 5 skt sbl a4 gme sla STy 5 W e 53 oS S 120 glgy 031,13

AR



www.kamus.ac.ir
DNA & RNA LS Lo
DNA sl L

Gl dSlen b s eng Bl el el &8 ol J e sl 550505 Sbe 5l SO dewl SIS 5545 S133 LDNA
iS (losle a8 s p5 ol 5y s RNA OF (65, 51 Jsbe 5515 53 5 55 e Jame ey s & Jod SO 51 S035
O i Glaann S (555 anllas e datils cpl ol e O3 ke s VAT JLe 3 23 S 6 DNA Lase,
Sz 4 35 ) s GRSl ol Joole iy U ke OT (55 2 e 535 gl ) Wl shes s
IS 5 1 esle ol e Al e hed Sl GV Ao 5 035550 ¢ OS] O3« S 3 oS 5 el 0L O plend

Ll ek S gy (S155 el 4 0T U s S et esle (Sl Coale oS o3 el
DNA (slazs , Olezsle

Aol gly 53 iS5 oS wmlos e s el VAT Jle s el e S Sl DNA Sl (om0 S e
S Wil o L5108 5  DNA Lol ol 5SS dly o5 4 3 5 asedo OF pliend Sleew) ool SIS 550y ouS530
sl 130355 15U Dler (Sl lind 05 S S Gaas (ooS339) Sy A3 S el s IS5 a4
oz Sk 3l S s sl 5L s b kel 5l el s LSS (T) e 5 (C) aisiew < (G) lsS < (A) (sl

cdl e godties w SSL Sl e 5 gt 5L 92

Yy



www.kamus.ac.ir

Cytomineg ﬁ Cytogne
ﬂ\ﬂ/’” H\@ix‘ﬁ
|
Hy & B, xf?q\ﬁ
|
L.
}_!x \"?I"/ B “\.?;1"' ;'"Q
i H

B
gunx’
i Nirogenous
H Bases
Adanine aam -
s gy Base pair HM@{«'"
A
=t Sugar -—tﬁ N
2z Phosphate L R <
Ny batkbone Sy
) i
H H
rach Thymine
H }i i
et
H o H
e f'& -~ \!’*F‘
fs ‘X
H” H "0
i
H
vapitmors Thyrmine In BNA
Nitrogenous ‘ o Ritrogenous
Bases Ribonucleic acid Deoxyribonuciele acld Bases

STl 5L« RNASDNA Olezsle 1V IS

03,5 5 L3S 5 g a2 Joate 0L 5T S Ll oo Dlied 058 358 e il IS 5 I SL 5 A8 4 e
ot 2 e 00 S 4 a5 Y S b Ll il 0 Sl a5 by S e S5 0T et i
05,5 LA 5 S JeeSden 055 oS Soge ol 4 Lsde hale o Sl ($25008 g S b Sl SIS S s
3305V slgn S ¢ tul (63 4ind Lgm S ool 51 a sl e s gm0 1y xed (935003 Wsw 5 eals [2STy Sos U plS 5 Sland
o e Sy Jlail S ey SOl 58 el (99580 o |y L cpl AS 0 st e 1 sl A3

C3gd e JSKES A5 S B gy eS553 Slad gy i 5 AT S S5y S oY g0l

Yy



www.kamus.ac.ir

S ol WS S S s ol LA e OLSS Cr lb S ES S s SO s S iS 5 eles
o3 el il g 33T Yoy S (S ol o SKs a3 2l A5 S 5 5 o1 06,8 S Sl 6 s Ca
230008 el A5l 5 s ST plplos daas o DS Y200 550 w0 |y S onl 5 03 g s s sAS 5
Aol glr Ssmy adl VL 53 0 S ey day Sl S 5 eles L3 AL OF 5 0S¥ en S 5 Sy adl VL

RIS
Va0 JL b o> CL.:

b 0 0T ol (53 pis (Slat gy oo o8 Ao SIS gy Aol oS5 35Y (slatonl s 51 S0 (glaty oy SODNA
ﬂdG ijjﬁ.l{.ﬂL:dAdeJ‘)}ﬂﬁbuaML&dAdejdG ij Jo-bﬁ))k.@;:éjl;-DNA .)\;\AJ\.,.I:J.A“M

C il e sl SOUSG L
DNA&‘AL.::) 92 G.:.)_)Lﬁ

6,8 Olllas 3l eslizal b K S 5 O smls i CaiS S 5 O gl ahowss « DNA (e 4 Olozsla 53 V407 Jla s
Jde ¢ paseia Slgblinal 5 e mile e 5 55 ol 4 5uShis 5 alSCL3 dhowr sy 45 DNA glaacsy ¢ oS0l and
S jia Oy 4 DNA Olastla CiiS Cpenl bl ay 52Uy 5 0S5 05e3ls VAT Dl s 5 isls @) 1 355 5Liab
s S 53 & O glaant; oS Sl gl 53 mysle o DNA 55 i OUT (solgiy Joben 58 3L 5> by ol
O, (slaes 5 tilan Slind = U3 glgi st « OS5 Osmdly e Gk )55 0 55 Sl D0 0 Vsane c (55
ool S T slasl 5t Jgba s (S Lo 5 pme 53 35 Gl s ey JT LSk ol 3 s 0
Sl 8,8 0 18 blie il go 4 baazd, @)u&xgrm LS e R mle s s s e
5 bl aidy e 5L L as; SO Sl sl e Sodes Gk g g Aalpat Y0 s andy (il 0<-Yand ) SO g
b S Rle s WIS e o b e s3Il kSl er STl e s Blie andy g b oand, S oalS L
o b b S3ad Gtz A ST 5C 5 G lasl oy sbors Slers S sy s a0 Js 2K U8 e

s 55en C- A TG oy s sl 55550, 5, T-A LC-G

Oseel o 5555 sleSls

re



www.kamus.ac.ir

ail (555 D390 Cundgn ok cpl s bl il 05081 U 5 05555 Gleast Gas Ll I slasl 53 B3sskes o)
sk ssp0 03 5 el o3 a el 3 oS ol st sl LSk 53 Ogeml i o 55 A S 0 O el 055 1 S

g S5 e e GS e ke el S 5 ed

Dl S el il S5S 5 el SIS G i Ol e 55 SESTy Dol b (S50 Jal s s
S Lsw 55 LGS LA ST slasl a8 g5k cblas oo o 1y W3l S3a0ds sbadisn IS5 s S0 S55 0

Cdsh o L5 3G ST s s A 5 C Uil e i o b S5odes Lsn 4 LC 56 bl

53 4Gl s ol sy (S5 sodes s bl GGl 5 Jgls 1B Caad ge SO 53 53 e O ssdes sl Ll ol 5s 25

RNAOLz=L

355 RNA Cilse 1l ko Jols 3 il oo SIS 5 sladnd gl 51 (S oS ol SAS 555 Aol CiieRNA
ol ol Dbzl sl &S ol 5 e GLoRNA L Wl 1) 5 4 o sasie ciilbs LT Sl plaS o a8 50
Coge a5 (St ok s Blo LE 5 gty G Vsans RNA S landy 53 e sle Olat L «S DNA LSl
S0 KT ooled S 4 fuate OH 65,8 olias caxlie RNA gl 53 sl 1S5 pde Jol e ol OIS
Crlabs 33,8 (o Sk p b Ble 5 S e 1B e e s b OH 65 ST 15 0500 on 03Y oy e 45
RNA ol pan 35 Jate O 4 zewsle [ 4 Ll 5 o RNA (bl RNA LS Liss o5 SIDNA Llis 5 o
S 03 g s g S g ge aRNA ¢ LU L 3 65 (55 5kay 353 0 2B lame 53 OF (5l ple Lol
jwfwsgjbdmsua,;\ RNA L 552 o aims Js bl s glazd, SO &y 0 bais L5 lams ;3 DNA &

S0 8 a5 3,40 a3 2 Ll

RNA ¢l

mRNA

Yo



www.kamus.ac.ir

Sl Ji.:bj Slus g5l 5 3 b sdge w1y (g5l S L}.Lp‘ by ool glas, S RSP &:ﬂRNA LmRNA
JIs men 0 5555 o 402 RNABSE s sy aids 55 51y A5 &S g5k ol oS O ol sl o opis ol
53 4025 MRNA Sl o5 ool e Ld MRANA sl s a5 558 ol 3L e 20 MRNA £ 5
sldshe 53> MRNA (Il a8 a5 g5k ol il 213 MRNA g lul ol sleanil L g s )8 50 o3 Js

.JM)@C,&L&\' MQ}.&)LS}.&
rRNA

ool SIS 55505 31 5 s ol s Kedl e Weesism s odins S gl op S ol 55505 sl RNA L LIRNA
Jeate Lol 0 5 mssms SLes s oz L5500 b MRNAL s 5550 b, RNACL s 4 S(RNA)

Lsi o bRNase Llis 5> s IRNAL 2 e 5 (glul Col 5 L0 e

tRNA

o bl ool Jm) T aibs 45 dizes 15,055 A0 B Vo Jgb o S S RNA 6l S5 36 sls RNA L tRNA
S S s el sdgs  RNA L (3l 0555 53 aexr 5 ol Jas &3l5 55 il ps5sms ol oKl 20
o 1y b a8l by e ol wel Al 50 s b 3l das e Laeis [ MRNA gy, o6 e 5 S
Bl s s o 3L ERNA I sline sliw « ciles gl 5513 53 358 e Blol gt b oy 40 45 S
s S e o IRNA IS IS8 S e o ) del dond Coaal il a oS 5505 5525 s tRNA 51 asl 5l Yo

a5 ol b s tRNA Ll ol ol ol 5T aloo s tRNA o il sl Jlail 5L e
hnRNA

RNAQM&\))J J‘:)‘JJ‘J;ML}}‘J)J L}'i::dj )‘jﬂ L@JTJJASML}& Qﬁ)gﬁ LQL.@)jlnA uﬁjMRNA Cj; U'i\
JSJ.:.C« f‘y@jd}ﬁ‘umﬁv;—‘y . J}.Z& =l a.,\,\S.,\SJg}a.,\,.S,\SflyL;ijgLam) Q)MM‘J\J)‘)J
Glgend 5 30K o iy |y Lol gbaanl s LWL MRNA & o s ol RNA ol sps e S 05 5l oS
MRNA & L5 -l dul 3 olsl 5l ey 45 353 0 48 NRNA 3Lo1 > s5l- RNA (1w 508 Gl 0T 0 3

R

SnRNA

vs



www.kamus.ac.ir

PSS e e S ngiqudihs(»u’zikbjj Lls ey anen s 55 a5 dces RNA S 50 wlakas SNRNA
Aol s bt Jes s 85,8 5 dies ke 53 RNA (g5l iles g5 Gla el Olos s RNA (] oS tiins

C s e Ll Sl ol 1y ladad ) 13 a8 s e o LT 4 1 RNA -5l
ScRNA

sasio 3ya ol ol Jas SCRNA tils o 13l o Jghe wudly s 3 557 30 RNA (S8 olabss 1s SCRNA
S s e gl S e fee la T a3 tend Olgie 4 s SCRNALS Wizee Olbiatils 3 a5 S s s

L Lls 5,5 S.R.P

L SaSG w ilass glads S 5 035 Joate g0 0 RNA e oS bl 51l ol 3T 0 51 (g ls p 5 Jos
ke s g > 5Tl Dl a8 e 5l L RNA ol 5Tl e A3l e 8T 05 o5 e ¢ ks &
3o ARNA o andllas e L RNA - 5 el il dil o ol o bl JS sl Js el cogline o
5330 K RNA ol S0 0350 dilge 23 Al 5 oolas 5 ol a5 5 5ler lls w3l onl oIE.COli

-l B.COli 5e L RNA wlin Ll ¢ 5 5 ool 5 sl s ol & sline e sl S

sl e FRNA Cle ol il ol 5, LRNA
. 3l SNRNA 1ile - 58 sla RNA S slaws s MRNA sl o aibs oIl 5150 L RNA
casb e S5 g FRNA StRNA cl of aab s 51 L RNA
3o s DNA & by o slemans 5l 6olbom 5 Sl o3l 51,0 b DNA plezile & s ELCOli 31,0 L RNA plazstla
Lilen Joo bacslie 53 (o1, amens Joo Jds e s ol oLl )y oo Jlesl sled il cpl by 5 5500

\n4



www.kamus.ac.ir

Cell Membrane

Gene - < Amino Acids

Protein

s ety Ol S L e S

W5 0 Gise 0 198Y Lo 3 (555, €l B0 L LT il (sla 528 53 (S5 i Wl diy Sl b
S S b s e oS Syl Ll 630k VARV i s S Ll Sl 655 Sl S
S ol M5 b e 51 e S Bl Ll L s (ol KB 3 0,8 A5 iy L3 0Ll 28 S S
Sy oS ol il s ade 3810 51 6ol 4 3 s a andly ol Spd oS ol LI s e 0oy pl 3 i
Al 5 S Ko ol sl s S Ty Dbl OF 03 ol 4 aen ob5S Sl Sl 53 Ll L L3S pdlel ulSs ki 5o

Sead 3)ly s e sla osjjda.ﬂquj&:b& sla ol T 055 31 Aesls sl ol s ol 1y Sladl sla rl.)d\ Ay

YA



www.kamus.ac.ir

d il (glapiS 3 s oS 3 Wl |5 ¢ e il pl 4 St 0 KlS o S5 ilige S 3 pshee 4l
oS UAS Sludl gla OF Wigw L aS 50 35S oy mai 5 Y LS g 4Bl Ady ise opl 3 amlding (54555 ol JLs
Slos 0T 53 bh s 1y gl oSy (3ls Sl 358 ool L A Jol hpe S5 655 2 O Sl e
pop 5 ode Pl 55id bt oS el ol OB s Hlizl M Lloy S5 e sl (S Db e
ool olpel pl bl ol 4 Olgr e 53 S5 wlige 4 S (310l 51 S15 e ¢ Ln g il (gl S
W e 03 Bl oy p S5 Slibesl Corpan S 3 8 sl 4 e Wss S e, ol e
bl et 5 Sl andls (6305 Hlaws gl G0 VARV Jlo 4 G S35 cwdige 05SIUAS b o Dls g g0
L s 25 e A 5 Ol gl 3l ol e Slagrgo W5 e 5 DUl 555 2 Sl Gl gl W5
wl,:;;ﬁ,.mdq)u.u\b;y'-éuali)ualpws@ﬁgL»\.w\«;.:l.usﬁjggﬁwl;l&‘\sx)b

s o plal oy plS e Sl ST 5 uns 25 sle oS LeT s Lendled

D3 Ll g B e o IS e B0 Oler el sl oSS 3 (S Dl ey 2 1 S L s
Bl o el Olusl 4 OF o 0 Ao ;5 VO 350> 45 hge S ja, i Soo b e Sledl gla (golew b 5,0
ole w5 03 o) Sl O S Ml 05 5SS SS 8 Dbl (ilS gl i
Jos 55 ol il sk G wnan 3 5z ge (S5 3l S SOl (g5 w2i opls S ol “Biology PLOS”
S ol QL 31 by aess (MUS MUSCUIUS) 3 go cplicl ol 355 50 G (S5 “Ctln ) stes anls”

¥4



www.kamus.ac.ir

W Dy 5 S Osane a8 oK osilials glo 0 ks 51 il 42wl pd oo g OF (S5 JlS w2
3y b olen cpl A Sl K58 5 Sl gl (olew ip Soo gl Il oS il Jla Bgen g odd iz
Sobe e ulis O adlan 53 s 230 4 AT 5o US4 ol plnil la tag 55, o )3 addllas
25 Sl s ey Gl 4S5 05 Sl Y 5l Ghe il O K h el 0l zeie (5l 51 s (Golws 5
g g b K 5l e 5 Ol Sl b 5l g o Cmen g0 55 05 158 gy 25 S Ll e
3 el 53 65510 S 055 cpl doss A pame YooY i 5o OF ol a5 4 311444 Jle 3 hge S5 aiis

sl o3 N3 Ogakee Ve Sl i Wl es S L | o IS

S50 iy Sy slagmlesl 5 b e 5 ol &5 el o 0Ll 0535 aspams b b lige (S8l
oSl & als W ige e a0 (Sokies Caali DLl sae 53 Sl S s g 5 (6,800 Ly, 3,80 &g W g
oo 5 S5k Ly, Canl Witme 5l .l i g 0L b 51 Ll G me ulidcan 5 ol s (Sakmann Bert)
L Olasl e s ol SIL glawes gl 45 Coslis opl basyls o ose e a0 6ok oalid 0Ll 5he s Sledlbl SIKL
LU, bl 5 KaC b aS 558 e 03) e 3)lee do 1 i Ol e 5 Wadshe ool sliss .58 pes S 1,
S50k 52 i 5 LSS Ll sy el DL S5m0 sk 55 Ols oS 558 0 0dial gl DL sl s
goome 5 MO Jold J- s pslhe 55k 4 (500 Sladshe Lisdn u 8 5 i d sk Obe ol DL ]
Sa b e 53l (S o3Il LB (s plael b o pasie slaslKins b oS ol (S SU GL o (s DL
Olss 5 ol 3 p oo OLi) sea> 48 Lila 5513 (oI5l jobie b O3 55d 0 0dal J b 2ol glie &8 Jsho S
Jshor S5l o sm g0 sk sl Glis 52 a8 (S S Glalgm Sl s L 0L cnl a5 oo (S0 0Ll 0

S Jae slae sl 4

oLl 5 58 (S slacals

LS s e Oliizes opl dl 515 S eSS 1) sl e 55 Iy as 58 5e Olatils 1 el o8 S
Yoo code) Ol le Gy e s 55 8 2OS cpl el il plasil o e L 1) S8 (K55 428) p 535
YY 50> J.«L:: ! S8 L;iﬁ:"j . Lles S SO0 ffj gl ¢l UL,aui.,i 095 S u‘l’ i 54iS YO 1 il
b Ol gy a8 LlaBl js iomes Qlide cpl e wlie Ol g5 L \.@j Slde s A oS el S8l O Ol
534S Lmes Shglr Ldse oS Jm sl Lgde 1 Sand sl Lasl s et b (6831w Lglasl s Lap e S
g s Lol 5 pls o3 IS 5 S S e 13 eslinal sy5e 3L b Sl Gleslen S5 e ) Ll
e lon sl il g 565 S 1o 1y al slapls 55 Loy (S5 wlal 45 515 dal st OISl Oliioms 4 gl S5 w2
Oeken YO Ui o35 0 ol s o analS g 51 0 (Kol 5 55 01 osdle 5 S a5l s el 225 5



www.kamus.ac.ir

MJ&QLL.) QLWJ‘LJM.GAJJ \);.Qbuﬁ)b}}y o ob)w.qaduj )‘Js.x.;jrj;j SJ‘JU\ A J}Ja-

535 39> 90 (L slams) pgij ol oS O dlass

Human (Homo sapiens) 3 billion 30,000
Laboratory mouse (M. musculus) 2.6 billion 30,000

Mustard weed (A. thaliana) 100 million 25,000
Roundworm (C. elegans) 97 million 19,000

Fruit fly (D. melanogasten 137 million 13,000

Yeast (S. cerevisiae) 12.1 million 6,000
Bacterium (£. coli) 4.6 million 3,200

Human immunodeficiency virus (HIV) | 9700 9

L0308 Jsels 5 by
4 oS ol 35 POB 03N 55 gr (6510808 65l S Ll Gy 1 S s e plolid oS 35 e (S5 e s
534S bl ISC2e Lol g o Gl e Sl gl ) 51 Sle O cpl ki Oliadils Lol oy e o Ol 05
5 bbb 05 cnl Blodd 3350 IS ol 01Kk g5y 51 a8 sl Jlad b 5wl i p 3 PO3 03 (Sl sl sk
ol s e cibgme L ghe pl iy 558 Jld el Slb e gl gl 53 PO3 05 ST Wdiias S5 olaasiae S Jleb
S0 x5 dos a0 03 655 il 3 gm o Sl ebd Sl Gl U S o pal 3 sl s S il S B kS
Gaim 35 p) Gas p Bl e 0 &S G el Kiasn 05,5 s ol el Cute il aKilesl Sl
S e |y Lok onl s (AT sledse A4S Gl gl sl 53 PO3 05 03,8 Jlad b Llodd G pe S e
S8l 1y o5, Cabsn Jool ates &S o 5len Sk lans ol 31 (S L &S ST Kaass 1y oY S
S8 ol S oS Ik 0550 15 05 S e el s a5 0 S 13 b ge 5o b s 6l b S ety
Wb 53 PO3 03 B (ol b Sl (K55 sl (S sm anS onl 5l e 5 S S WS S

A



www.kamus.ac.ir

&ifa; —=r 4 ASCN.N‘ 6\53\.& C.ZJJ ‘)m*; U‘i‘ ML@J}.L» C.»Li J‘AJL;G ‘_)LJ;; JLSU L}awﬂ d}l..» J_}..I:Lfa d\a.ﬁ L}Jlbﬂ
Q.:».A‘L}f\.i};):ASCA..»!C,.AM.SO.&‘E:BJ}..A.J:Mlﬁ)yjdbqﬂq@)sgﬁiﬁw\sﬁd«wlw

”
ols

Al pamn S el b g Ol 5L e 1 05 S0 L 055 sl e D555 Ll 350 O i3 cnl
ol e 3 S o S |y e s o3l (3 g5 e ST S e 0l (sl esle 23 5 350 e s, PO 03
ke Lo b e Glb et 4 by me 0 Sl 5 BB Gldihe 4 oS Sl 5 i kS
sl 03 g0 smel b g Sl AKilesT ledse 53 Jiss ol Sl eslinad ams X e o ST 5 il e Sl
3l eslizal .l 4y 51 LSS Sode 5l e Ol e 5 el i g SMlS Tl Wb ge S Sl sl ke A
S Salie Gl iSTs 4 e el e o)L 03,5 Jlad Lciils dalst el e a2 b il 3 Yozl 3
55 P83 05 05,8 Jles O 5l axdlS S e 5 SKie 1) Oloys awy sze Olgdl Al el b gae Ol dlax
Ol 51 o8 55k 5 03 ol Gl s Sl shos 51 (ol 53 il oddd o 55 oS 55k 0 0 () &S el (S S50

S e g 03 S Iy lantlu i WS oS 55 Ll el 4 5

LIl s ol gl

S o5 Ol g aband 3lse Sl eslinal b ol 4zl 55 S b 4 oIS el balils G o 4 el 255
PGS w63 S Gt 1 e ean (S0 4 Sl g sl o ol Aitne J e 5 OT QLS L s sl | (S
Jgamas S daly hodd ~1b iy 5l alaell il sl 1ol oo Shpspsbas al 0ud Ol 3,8 walisy,
Goo bs dle os 3l e Sl s daills Yoo ols ay S oS ol 5800 pdler JlelSS ssm 0 S ke 2306 )
Sl pl oy o 45 S35 p e oIS el deils 15 K SanS Glt 1y Of Wl [Vs Ogpke 0 Jalas glay 5o
A dal st Gl o i 4SS gl ol IS 0T 55 48 el (it Ol ST 5 skas opl W 6S e cazils odge |,
L a1y e o 03 heed S s S AU e Bl a8 5 S B alags SL Ol e s 23S Sl eslinad L
Gosen S psSome |y Slids ol ade glaes S alex Sl Ol (03,8 aslys, ads @S W5 65 e glapSly
Sl Sl San Lpd o H gyl b oS Sl s IS 5 (L aS 58 e dime glaoy S 51 (SO o pa
52 s CiiS laS o S e 5 Ole 1 (6805 05 S Lpd a5 mled sl 5w S b b 5 i
e3 Solew ol oS ol Gl S @ and bl Gl Slidos ol elal oS (Sledi g el il 5 Al LIS
Slolss ambd 53 Ll A 5 oBiulesl 3 L6l plas 45 ol o sme slap 355 OT ol ates bl 353 o Lo 53 Oy
0 OF gl s Spgo 3 5 odd atld o gime (8L Olpe 4 B add o Codle Sl ST (68U o
G5 gt O e Sop A8 Gals 5l ea 5 ede a5l sylies b BL bsy 5 el LB e,
R S 03 nl dptee B K8 S5 e asls i O (K8 5 Sl pde Sl e sy 5 o8 aiS

ARl



www.kamus.ac.ir

oo Sl e sl 5 oS RIS pl (G e Do el S S ands 5l s 5 e 1o 55k
Sheslinad LG ls o 53 0981 Slidss 055 cnl OV stems (03,8 asliysy axd 5 alCanl 033 ks o S8 5 Sl
Gl opl S AS s s Sl sz s sl 5L a5 A0S Sl Lol Gl o peme S 4 &S Sl SO Dls gz e
W oSy sle pY s s S Gl plend sl LSl S 038l by smed Slasz e Sl OIS e
S b s K8 S e ol cnl 3 e 5aeST oKL I e psle 53 By sl S sl OW g S
035 oS bo sl IS ol 03558 0T ol 5 g Yzl 5 oo i 2 03 pbse eSSl G ) 03 3
ol 2 e S5 4y Sl Gt OF 5358 00 S Ll 18 Ll 4 305 5l o o gean Sppo 4 Sl S
1S oo 5w el 5 058 55l oKty 1 akads sl (551 Solel Al azidls 35 5 atesl S el mb Sy gen 4 oS S
a3 55 05 K8 iS5 48 dam e UL L3 038 sl st (55 5 $3sm b s B8 Ldlae abi cph
S s Ol slacdllies 3y b codls (55 0o OF 3 i J 3955 5 o e s Jowr (slo e 4 1440
B s 553 3,580 s 53 0Ll slap 5 s ol € b sl sl 3 S e oK DT L &S 1, (Siyy oS5
S5 e S S8 5 68 Sl sy SIS0l s e w52 00,5 Do pUa L 05 g T S 3 0

5,50 5 slassl o 1 Sl slaesle 3l ege Jise 4 bog e (6 gme G si

fr



www.kamus.ac.ir

pow Jd

S5
Sl AT el il e s S oS AT o s i (S35 s S0 a8
05 s ety S o iy s S5 dige dbne 15T 5 s Al o a5 SCn Sl aslizad 5 axis (635 5m5 Sn
i 3 533 STl oga s shls 4l & 1S e (65550 g S slite Gyl 4 sleslal T s Loy
A5 5 Ohslr 5 OLLS oliia deesysl b ~ool 5 dd A5 sl a5 Sl Ly 5 e 5l Glas samme (5P 550 -
S o o2l o3 (Sl sl Sl o325 513,05 (81 s S 15 S
5 Gl 5 A baatl e elB 15 Soe) Sidan Jolse S wslpe can b 53 55 e ledss 2 0 -
i3 5 29013 5 GE mles (55l 53 Sleas 5 LIS Wy gl (L 51
5 OLLS (Silutngr 5 oS W5 sladnl B 55 TS5 2end b oty slanmedlS51 51 0T 53 48 iy 5 g8 Sl (slas poma -
s g ol O 5l
5 Al cwd 5 V0 CaaSh jasis 5 Sl (e (5SS gaame W5 0 KBS edige S5 506 -
P oS 5 i d pan
o5l e 33 A5 st Wil D15 551,05 T (sl b o5 slad s el U ot J o 3 aslizl -
L 5 s el 51 (5 503 0 -
Lo a1 5 b aedlS 5l S0 (6 n b A 5 3 S5 ki sledins 2,208 -
DLl Blis (Sl 3 U ealS 15 Son 5l ezl 5 03,5015 oo —

b Olge Wl 5,8 S e 5B L s S (S5 5S0 5m 3) ol o s Sl oS a (654 5SS 5 51 VL il
ol Sl it e 1 (6580 ST s S Gl (i m (gliaiils 5 Laasiie a3l s ($5 85T s 3l el i xS

S S 5SS s by L il s sl

SIS g s

5T 58 5 03 sdomn Oy oS o (62,005 b 4l (o S pardpm ilige b S5 (mlid S Wilen (535055
AL kel (BN 5 Gl san I s a5 el il ple 51 S rie slej g Juld (535 50 sm 28 im0 Sl
5 e Ol S e b i (S5 i (IS ge e lid s Dol (550 s el sl 3
SG el b () Sl dpmoms SO g A5 0 Ois G Sz 3 psle ol Ol g a8 S g 50 O

Al o YU sl S L G 5 s sledis o ) AT

S ) A}iﬁ Jﬂu S ) Lole J\.ﬂ) C,JJ}L:LAAJ&}LC« le)jL.S LQLALZ%)ASJ;WL?)JMQ‘}L;« b ngjj_}.ﬁﬁ
(ooliiolS (ardsy wdge (et kg (ond (SISl (endisn (Sislma S (S5 (JsSUse lis

T



www.kamus.ac.ir

}J‘,lef ‘_)J\.:j)) L;)Umu;:;j(édc,;-): U‘i‘ éb«}bﬁ“}w%ﬂj}mﬁg gé)l.wj_)‘} gwu)j;l;-
! o T JolS 038 o gh 0 03 pste 5 sdate Sl sl 3 s [ (s 2 slaasls s s L alad s

Al 0s 5 LS e G il Dlalils 5 peaasiie s s e s Sl ls 4 (50 s S
25 S Sk L S35 3 Glarla pb 5 S e ealinal (S350 5 b it pyle Wisy 5 (O S Sl
S S3ES S Ssm bl alel npmp (S e b (93505 BN 51 S (S (35S0 e S e
Pharmaceutical ;s 5550 5l Olge i pb s e 0L 1y ousliS 3 (35S 3008
. Marine Biotech s 34455, « Microbial Biotechnology . s < 5,45, Biotechnology
. Environmental Biotech - 5J:5,. « Forensic Biotech .6 iy L slas 650550,
S (5955, « Bioinformatic <G ,al,. food and food stuff Biotech sl o456,

Jfrb}&wéj_}j}"i:)f ...... C,Jbéj_}j_}«i;ﬁ‘]:ndustrlal

ISP P R '}35 ;

§, 4

EACRTSTPNPW
==
\ 1
:l?f.‘\-v'"
| vl Al f f"L"‘:’ S gl nntiesag Bl
LielS
B . ] [Tl -
g el / )
: F 2 0 N s
[Earaal o 4 ) 1\ "
& ., ,
$39 5 7\ $55 303 S
sl Pl jorh | g
o S el

Ol gle als 5 (35S0 ot n ) IS

Yo



www.kamus.ac.ir

S5 sm O35 aibrans Caale Jds 5L 5 Wl (ol CME:,« Sl 5 b Slswen fee 5 sdate laaxls
r&jwoﬁﬁ&j)}jﬁﬁ 508 SaplS .J%.;&::S;‘L@.;T&‘ﬂ Iy sWes gdoes ch)jJa@)ﬁjs)y 2l 03 Ol es
CA.>=3\)J.~';: vf.,b) LQUM\.M;- Jf.l""} 4;...4\.&3 (Lo cé))j\.&g ‘UL)."J cCAm.i)k?u gOL«)J sCMZL)\.@; alasl S el é;b‘.)

les S (518l 3955 50 03 15 0S8 5 S 03 Ol Olbiaiyalil s ey 35 dal s ) 350 s Lo 3t

SSPFS g aia U

b oS S 53 Ml 63l ) e i ot S o g O oS 05T 5 el a3 13 (655555 5 031
05 el i oy Ll o e OUS )25 S0 5 eslinals s go s x5 VN4 Jle s Erkey (g lows sl 53
osb 4 oS a3 &S sy Ead e &S el 0l U5 O1 3 o380 5,50 Lo 35 Y goames W 5 555 05000
Ll b dnw sl 4 Ghge e olS2I0s 5l chaim wiezman ;s s Jle Oles 53 bl ol o @35 eslials 5o ol
Gl 25 0 (555950 5 SIBIKEY lave 5 o8 ity o3 b i) 3l o 55 0 O goeliile b a5 055l 0 5l 5 inis

oadls JelS
B s i s 55 el 3l gl ol 58S L sl e (54 5SS 5 eslial sla ae) iy U
s 53 gl lis s Elmer Qarden Lo 55047 Jlo 5 o3l cpl i e 6550555 L Conlze (6550 585 50 05l5 a5
52 030 4 Lyl (34580 g slouil (g 53 20 onl b Olosen 5 03 5515 eslinals o s owikige 5 (550550 5
g iy s S5 pwilige aoee SO 53 0l e gl lie L3 s Jl s Ll &) gline iy a0 34 0 epeils
@Ol O S sy i pm oply 3,553 eslinalss e (55O i Gl KI5 anns 53 g3l 5 ke
53 ) S5 ESS g 3,513 eslinuls) pe S5 pikigs w053 (Sl EONe Do a5 3513 IS el (ol
Slpesan U5 o Sl Glopemnd 3 el 4l dalal Jbob ol ST 555 Sl Sl 5 0T 5SS 5 5 b

A BB (5P eSS s S

IS By e OB dle (6 e N puame A5 a4 i SladnT s 1 BTl eslinad Uy oS sl 6ys8 )
B LAM )‘ L@,:LL) 9 Ukﬂj"_}“" g@m J)K:.A )‘ JA; JLA )‘JA J;"‘:’ BEl C,.?-‘JﬁL;a aﬁ_.o 9 45).»4 9 QL":‘:’)‘; QL:M-S
LgLA.,\.:\JJ,.é Olyss cpl o3 ey o 0L QL»N}M&JL{J.}JL,JJ\)AJL@;;): g e 05 ,S oslinal (g3lws i

J\..\:'L;d wjf)& olud! 'b*"j;)ﬁ"."“}f.fjéjjjfﬁ_}f Aﬁjj‘}u.ib

\id



www.kamus.ac.ir

e e 51 3 JLeAr s 550> Mesopotamia olss; obs b3 Slls 038 el 5 (s55slS g8 IS

Ls\-\:.ﬁj wl...ﬂ le.a.]a.:m L L“M"@J‘int‘ QLS)M&M )l MLAKT c:Lﬂ.‘.‘.m‘LASJ...al;- QJ.; 4.:5‘5‘ c)jé—“
ol S w i oS Sl s JT Slend slge ( SlIE slse ol ] dges 5T S g 0T W5 55 e snile bl eslind
ol Sl eslial Jigy 58 OgSlen 5 D88 s w5 See ol oo S i nl g0 ol 53 dins ysla e
S ol s S5 5SS sn CSeST 5l eslanad L TN & Ssh e S OSI als aslsl Ll S5 s baawl B

S Ty ek 2 (e LlS 5 (63 s Caemety 5 48 S 5 S0 o 10 555 slau] b

Sl Ge p s G35 el iy (S5 5 Jpe abml 0 S5 ple SWS L S (35S 5 003 T
Sl Sl JEI AV dLe Sl Sl esss al 38 e 355 a4 SR Doy als Su 0 Sas 5 A ey 4
S35 b Slo a1 (63955 s gladiT B 55 Olaetils OT 51 3 6 s LT s ol 15 o 4 edlS 15 S
il S s 5 K55 5 i el 53 Sdpdg s oS L3S e eslizad bapedlSl (5,500)
2315 b1 (5,8500) Slispoart oiS 5 POl 0 U izl 5 spsle cpmasite J S50 Sl SlapeilSas
St ol il 1 o SIS 3 0l LT Sl eslizal L 6 s 57 5 5 g0 Ak Sl Sl soast b a1 (5,800) 5

sy s VL S

tv



www.kamus.ac.ir

S 31 kS dle e
&3 e VAT
VAYY
YA0O
YA
Y4y e
1414
YAYA
ARAR
\4oY
Y404
Ya0¢
V400
41
14V
14V
Y4vo
14va
Vavy
Y4VA
V4AY
YAAE
YaAT
144.
Y440
AREN%

Y44A
Y...

3

SIP S g pae az )U0) Jsd
Jo 2oy et Glas iS5 a3 (g3le sl
ba (e 5 o S
Loz 51 ol 3kl
sl g skls
DNA _iis
OB hai 3 L S 5l eslinad
S3sLaS e SO Lo 5 (55150 5 03l ) enlind
S5 ge S35 Lol Sl slic
(oo gy S (Koals Lo 5 g 2 28 LS bs e Ciis
S 5 Osmdls bawys DNA - sl (glans ) Olazsle ciS
Sy N o g o3k BT Ol 85 5 e 5
Jole s
DNA hﬁﬁ’};wrijiggiksthA?
S5 slads cass
05 S oS s (s
Sl 5 glade akins S (slga Sl S
LS 55 3m (3L AT sl
SISl Sk 53 ases 05 Ol s
© L 2 Ll 03 0k sl
Sl S 55 el A5
DNA cbdas oS ol PCR 25 ¢l
S5 oilige STy odsl o DNA (GOl 5 ¢l
35 4l 1, K85 wige 55U o5 EPA
Sl o8 sl o Ll 503 s
o3 3 yo S JalS 55 (sl alS
Sl imelS b, s DNA o 5 PCR lostisal b DNA - i S5 gl
rolew sl 2is
Leolen el (sl gl sl sk Sl ealinal
3 o g ga 3 Gl 5 84S S 05 JalS Sl
b e 801 51,55 (ol 5 0Ll o 55 oS Sl

A



www.kamus.ac.ir

05 Dl g e 53 e pikigels (65955 g sbao )8

spde b Aok ol el 5 31l e s OF (slassliws 45 ol gl SIS S5 edige 5 (S5 5SS
5 Olawste sl gl LGl 5 Cuslio bosgr glanl Jole 55 ade SlidS 5 Slel ) 51 ol L liiS
b i SE s SN ey 5 SKl Ol L SlidS ) aS il ez s cpl s Llekd sy a, OFKEa 5
ool 5 bl Sl Ol sl o3y s Slle kead 5B 5 ool Sl b S wdige bl Ll 03,51 5555
2ok wa s I g e 51 6sS e e b aS Sl OF Jlis 4 iy e Sy Sl e el s ol bl s
el el 53 b 03 sl s w0 ks ol Lol las walsl 1 505 35 5 Ay e 5 035 adi ba 2ulS
ol s G (S5 5SS g (slas 1S, Aol 5 o b asel Wsde pl 53 O 3l 1 5 s gl S0 i8S
LS S5 el 53 35 0 035 o o5 smins 3l dalp s olayl 3 3l o 1) i (S5 slaair ol s oS

il e i OF el 8T Gl 6 550 Bl a (ST g b G 2alS S 0938 5 poke il leal ]

SIS (65 4 5SS g

33 el Ol sl ol gl Jle b oldeslse ¢l Lol Silidl 50 5 Oler Cama O533l55, s 4 a5 L
o $IsLES 3 Al Sl 5 g SIS e 55l 5l en g el gle Jle s (505l SN guame A 55 aie
5 Sl (LS Sl 5 Slal 3 eslii] e 4 Cal el e o 4 5 sl 0 lin S a iy (63,5LAS @
3,5 o3 esliad 5,50 olys 5 pls SN guame A5 55 55 SIS n s Sl s Y g gl Aot Sl
Shoslisal 3 s Sy aS SRIPl sle i Ol eslined 3pd aie milr sleslse el OMSCEs oy s G
b oy ool oo s 0ley 5 b agse Jals 50 5 ole OV pame W5 0 (505050 5 S8 wlige slo s
U 5 DLl Gle i 3 055le 45 Olgr oisd dydond b (3 otr 5 (5 kol Olpe 4 OaLS o8 ool 0
sedle LS I3 el A Sl Sler 5 05 50 S e 1B e 5 e s el Bl Gl i sl
Mg Blesysl Jes 4 (K55 0hslr W8 S L3 50 SLIBI Oleiils (o (6 1Ss) asy )l 5 OlalS s
2 U5 e S Ol ol el el S el K85 el sl shes 1 S5 S5 0l

sl Oyl 5l Sl Sl e s edid S ) 5 55 dald mio sla 0dSia 3
(gm0 S Bl O 5 e 0T 53 5,8 e B 3 (ol Olees Jalea 1 OF 48 sl Dl (g5l 0418
Cldshe 3l canl o B ol el g 358 W Jsl s s boalin Sl S Slis L LWl s (635 5e
el 55 o G e LT s el p 35 CnlS Sl g 3 O 30 g p3se,S 200 L () Sl
Ph A V8V Ul s Sty (il Oleas 4 gm0 S Sl g2 LS5 1 Ol el oS 1Wa g e Sy
Mool &S ol al SSHS 5550 3 g sTal L AS sl JIs &S A g S 03,5 04 w0 350 lan Wilmut

¥4



www.kamus.ac.ir

plas Uids oS 3,5 A5 (g3 g0 Ol ol 13 8L Ledias cnl sl (Bolo 1) v e Wil e (g3l Ol
AU oS b s se ipd bl el on and s s e 5o 8 p S e ST Osm 3L Ll ) Jsl s se Sl
ol b3l a8 S 5l et 4SS el 3 (Sd o) belse

VYAG oo gs 53 Ol sl 55 e (3l 4 At S sl OLy, ¥ IS

S8l ol 31 ol G o8 55T Gl 4 K5 e slos sl o e 3 S Ol e 1 OBLS (3l o
Sl 3L 20 adslolse A5 50 5 5o0laS Sla enysl b 5 DY pame CudS Dosed g el dxly ) 5 Shes 158
Coslie 5 Colim o 05 5 4zl )l 2z aladl a5l 05t b G 0lLS iy s el Sl el
S kel Gua s 13 8 DL Pl gla sl sl 3 5 S e J S Ul ol 4 cans 1 OLS
DS 5 bl gl O s eolpen Al a5t At Sl SBL S e Gl ) anes o Al UL
debeal Lyl s a8 ol s Shae Jul3dl ol asly pa 5o olg (HOlol Gua il slls la G55 5l L
A= s sl 28 les ediS J xS gla 05 s 5L 65 SV Ol G DL el G b 4 s Shes 2l
Coge w5 oo ) DU POl Glaal 5 ol S 65k 4 il e el W5 e Jalpe a0 oy

250k 25

kS g )

sl s 53 g S Y



www.kamus.ac.ir

ol 5 U 4 e Caaglism T

e sl 1S el Casliem E
DS e 5 Slaaias 4 Ol o0 1) S50LES s SIPFS g oz )8 o Sodes
Ll 5 Ol 4 pslie OLS sl
LSl atiiS foms OLLE slowsl
B s s Slelen 4 pslie SLLS sll
Sos 5 LS o ile o Lyl 5 s plie OlaLS sll -
sy SE slai sl shls 0L sl
S = ey Sl (g1l DS sl -
SV S Bl 5 e Ay ke Bl i S e S sat (51l DAL sl
A Bl Sl sols glae g 5 OLS slml -
3,5 Lol Ll yomen
5 eSSBS Lk b g il oty Sls sast gl oS Sl 5 sleals sl -
WS Joe 5l3 5 STy 5 o3 ST A5 S Ol & S sl sl
LS o iy 3h5 e b oS Slgals il s Leaale syl

Ll 5 Ol i a e slie OLALS

Va4e Jle o3 s JUsl 6,505 35 g0 a0 1) o) 5250 SO 31 Sl L06 Oldieiils (6550550 50 GLSESS anw 5L
Lol sle Olgins |y S5m0 5 slalie 5 olalS FDANAAY 5 5 s S cis a3l as e L3 S5m0 oS sl
o sl Ll (S 551 o 5 0 S A5 0 b e Sa0S SKST pl Sl eslinal b 0 pSTas 58 B me 0 0

S Sl a4 OLLS ol gy 5 ol anl JWEl s peieam 5 any (D03 e 3l gadate OLS 4 ey 8

o\



www.kamus.ac.ir

ST 158 ol (63506 o olS a5 Ol oslizal ams 4 oS | laziS aglie L5l 1 gl 51 4dis 4 e
Ly Gpausa poesdhe oS 3.8 0 Sope SUT ol b Shend opile ol i lawusa dlua 23y sl o
oy il 3 Sl 5 Cuaglie bl W 55 ol slpe ol OLeily ls Jisa 1y Sl 3 Jasmea s sleS s
5y 5 D3 el s 0pSlen 5l sy W ST pl 5 S Gases 4 S b e 5 ol sal ol s e
5y VY 5 3 STVA 550 VAAA Il 6yl Sl ol 315 il 3550 (5303 Olen B S5 15 e S
Syhien 353l p s iy Kasy elalp OpShen 5 ol 03 S35l 5 £33l (PRSP SN PG NS 3

sl S5 5 g 5 G el 53 e esls S SN V0 Sl oS
Tl 5 s Sleolen 4 polis OLLS

S305LES SN gamms 4 0L DLl 055 5505 2 odle & Lt AL lgslen ontege ) (208 5 s s Glesben
Wile e OLLS 3 pslie QLS slgis (& 03,5 OSL sd e Slsa 5 ST a3 51 (ol 53 0T 228 Wl
Sl @ LS 5SS Wk o 0550 Gl Bl b oslns o s Sl oS LSS Y 5 5 slaS sl
O g1y it LIS ool 5 ()5l (sl 05,5 5ISL e Bl e 0550 (slen B polie o Ll s
e VU 5)l5e LS 5 0n5 g pte 5 adate Sl SCdslom ool ledns il Cns 5 sy 4 pslie QLS @ U5

Ll e s ol 3 Sl
Lisile 4 sl olals

OLLS « Ledle (350 oo (63L5 350 50 5 LeiSdle 5 s Ll L a5 (g i 5 sledle L oojole mls ledss
30 b L 5 5SS sshite e Sl selS iSile s Glyphosate Jte olpw a5 e ol 55 o5
pslie LiSdle o L BT SL 5 (SO ar S cary g i Sle JLS Sl o pidS Caglie 05 03 S

.J\.;‘AJJS
Covw Loyl 3 ol Jamss QLS

3ol s s sl S S A s 3L lese Vb > Lpsd LSl s Wil a5 LS 2
Cogar S GBS s p b a3l iSO a3 53 S e JB e Ao il Oler bl LB sl
Lol 4 Wil s L5 4 S o ey Ol 0S5 (sl VU (6 pamel SLES ile St Sl 5 s 55050
LS 3 L35 48 Lot a5 gatate OLLS Lg3 ol JUil b dilie St Ll 3 ool 2y 3 OWLS ol o slie
i gy 5l LS 151, e (6l Ul J ptms (sl JUESI L o Ol yins S 355 50l L nlisl
) s S35 Ol e 035 opalt L i ol 035 1y il s Ve e Yoo B alS ol o
L Cmzman dins L) Jpene - 51 5VG lales 55 15 OLLS ol B ladl 5 g 5 1 58550 OS50 S5 s 50

oy



www.kamus.ac.ir

ol Sl ool DS @ 533 e Sl b Gl Slasle 3 6 mds 08, e s Ay Jies sles sl

Lleds Olals b ool e il s Cwslae
o}.a“, M}J' C)Uh\,.f ‘_;‘JJJ?,

S dgts 585 5 Shas dlanlyy Wb oo w5 0dd artle K03 03 350 5o b olS 5 0505 3 a5 50 L dsle e
s L opl slaaseas sl (il 51 5 L opl Ole Soudd S5l s L5 ol Sl b Lgan 530 585 5 Al s eslo O
Nutritional o Aol v e mes Gl S8 Gledn)l s & aS Slaese 5 OLLS Al o olS
ol 2 (O 5 e Ol gy 315 gl 5 Ol 4385 3 5 3 5 3,005 51 0L & ol a5 GENOMIICS
s Al a6 i AT 0Ll Sl 5l ol 0 sl e o ol AL A s 51 (5345 Sl slie lils S
e g5 Jml deals igle 5 i 55 5,Sn 035 omly b e L5 oo Sline oIS ()5S 4 A sl g 3 5008

s dal g Ol s Lgals S 53 (555 R ledsle OWLS s Ll sl o)

A ol s5b) Sl 5 olS b Ert S

S 4Bl S S plis Canp g gl)ls 45 SLS

SosleS DV a5 o Ll S (G ol gy S e Sl 5o Gl Comer L) S R0
30 g 5 5SS g 2003 252 s 5 S Oleily 3 sdos £0 bl L YT e bl 0S5 0 ol sbal
5K a5 (65l N puamee i8S Olelily il I L ol dal s KuSS Sl e gs ol Aol Jials sl 3 b
Wﬁ)j@mougﬁ OT 02 6,8 55 W8 J 28 Jgtems S Slgs Js Ol sm OLS Ad ) Cs e sl Lo
Sl b pwamas Lilolss S Olaily il 53l el OF 6L glaai 58 55 g5 cpl JUil LS g oo J guammas Oloil; il 31 Esly

05 S8 Sl b piomans ias (21531 7Y0 G 1) g n dd s Olekily dilandl 5 o s 03 53 sy J shee 51635

oy



www.kamus.ac.ir

sl S Bt s LB AU Lol ai, e e il Eel 558 e eslinad T L 5l S et gl sk

MH ‘5J\§.U\.a C)Laj ‘5‘J|.> Ly ‘;’\Aax.a} O\Al.:f

S sl She ege ol Sluls Al s aal axil g ris B Lb Ol S par S aile JSlaese 4S5, 500

SIS RSP BES VRIE P VPRI SR WU SCIJUC ot NG JPct c Ul PR PESUG PR JEC
St (g Kt b Slys Comols gl &5 SaLS

4 s QLS 3 Lty cpl A5 5 OLLS w0 SLdl 5 s Soe ciliss sleatis st el JWal b Lgnn 3 5SS 5
s O gekianSTy ool (515 4 Slaeses sbaml 5 OLLS s s slgnnSTy A5 Jle Ol gins e 5 5 ol
4.,\:.&) w‘).} JM—L‘ CA.C‘LJ Cﬁ-wﬁ_ J‘A‘}} L;’iz': “ &i)f)\:.w.: ;‘)"‘JJ" ny QLALS)J u:j}am)‘ J.';ﬂ L};L@\:ﬁ:jﬁ u\o:jj; OKA\ Lij
et e 53 v Lean T 5 Lensb 5T a5l ety W5 6l kS slanedlS51 Olimy OLS riomen s dal g

lesls OLES ey opl 53 1y 555 SIS Sae 5 Wlods 4 S a5 s VL
&é}vs‘; CJU‘}:.?-

4 sph g i A Coanl ol 5 el 03 S Iy (g e Caesl SIS lse w0 5L Came 05580555 L35 I 0554l
58 5 L S il Sl 65 53 Lo Oal SlaSins U LS 5SS 353 ke O IS 3 55 iS¢ 505
il 4SSl s 55 5 eSS 4 Ol e (S5 SleulSes b pamen L5 e Wl e A3 Sl Al
Tt 5,5 oot slsn 51 26 15 el 0155 0L 5l nl & cilise sl DUl L2l VU Sl 0T 2oy ol 5 10
gl Gl F bl 8 Lhd 258 A5 o pe St a pliand ol leS Sl JWEEIL 5 Olatils
Rl OpSlen S Jas sl ST 5 LTy 5 eais W5 Glaals )8 Ol 3l 5 oo S50 5 et slasl Al
S a8 Ol 285 0 el S5l 5 58 Jle Ol gns 55,500 SIS W as 0 51 ok A5 55 (53,208 s 2
A-G 1 0Ll Ol slasls OLadl od 0 STn 35 od Ik il o ol D135 5 6l S0 5 ol Sl onSis
LS 15 JU SIS 5se oab B 0 S oler S e b A 53 il e Sl 5 sl Jle Olsins b S 03551 (0L
S a0l Opde Sz a8 Sl S35 1 ) LS Sl b e 3l e YL Sl OF 250 oS
b S Osnssn cal A G s eaale 53 Ay Osessn W5 sles ) b il s sl SUS i,

.J;:M.a:}5-@Lﬁ..««jjf}léjziﬁjwﬁjwﬂé\)lsdxl&gwagwu@

Sy psle s S35 s

0¥



www.kamus.ac.ir

S5 el Gl L Sals sl s C‘J‘e‘ Jola ool 5 Sy g’)J—‘* L) 3 SIS an iy 3,8
Ol odle a5 ol JS05e (S Ol o (S iy 5o Gl axdy (LS 5 ol ol b el
Mg g 5l e 085S gl cdghas 05 sl 5 Sless OF e (oo W53l g 5 b (Ole Mg 51 op jasels
Slr et (IS s s 81 5 Sn sl LIS 50 sla (55l 5 (il s CuS o le il sl STy
pd e Jold e 5 Lol slas S

S Sy s 6503 ol b olew Oleys 5 b Sole 31 6ty Oblew G35 Glilhe et (sl el
7o e w05 o Sl 5 (S pshess SPpS i 208 Sl e la sad Olse 4 e dle 4 s e
15 S oLl

Sleys 35 )

Ol o585 Mol ey b= ¥

O s ol I8 50 G S (g5l 43 ¥

ol anim 8

L}.i.&ﬁrl&u\:jijdjjﬁbj)@ﬂbrl&ui‘#}wfﬁﬁrl&ijdﬁiﬁjséjjjjxﬁ.}j)ls

L33l e
J;“)L‘;‘J‘i)3)‘)"4"d‘jg}‘;}‘;ﬁ)é&:ﬁéusf)l‘suiw)‘

Sleslon 5 o e 5 G108 Sler e (S5 Sla s low o5 S Sleslom 51 6Kt ol 43 s 055 s b

s Sl

S 5 e e 5 e s« (S55 Sk Glenlon Ol sl s i 0,5 5 3l
Sl Sy 5o i 08,55 b

Sles Kb 05 o 05 8 3

(S 5 SlenSly ( Gleys0 sl dsle Biae Wy elS Ciio 5 5L plUS a oS (S 659588 sm 3 2 lae caslie
IS gl sl g 5 Cpmiko g ¢ oSom 5555 52 ¢ oS 335 oSSl 585l 5 LginSTs DNA

S a ot Sl modn e (S il 585 Do s 550 S8 4 Sy slacd iy o)
s by ol o L;J.ES 5 Kl dalps el oley o e CISTERUIE sdul s sl JuSU s

00



www.kamus.ac.ir

s gl ¢ 0T (535 5 5 035 Leolas SYMPLOMS & SigN Lawles 5 3le Jbiny bus o K5y 50 Al
el S8 Slapioaw 5 bl dgslon Jolse 035wt lil LI (535050 03 5 s o0 ilew ole 5 (sobe
A, Sl Jns (S e (SaSSn S il (D38 e Do il 5 Dl e e oisle
Iy Sy 5 585 5 Oliails 05STon Yoo} Jle 53 OLdl 055 15 JolS S Ll o OF sl 5 Sl 51 2o
sl e leS dloar Uil o SLSTOSUSS el e S5 56 5 e letio e 5 Lol
35l ST Slebs b odleds Sl iy Glos ot (B2 b leolen dglb e Ll (il sl slos

Lpdo atle ooy S L ablie sl Fe 5 LI S slagls g5 cnl 5l alol sy Slelid e

3L 03 ol L5l plaS T 8 e 3,8 a3l ys0 sl RS Ol g ol s S5k 555 Sleston
357 Sleogart L3l oS s F s Lles SO L i 3 1 355 Slow st W6l 51 (5 0 oS sl 355 0 53
05358 anl o 10 Lo i adly o anil jalles S5 oWl glyls Lasl i Ve 51 Lo a dls yos HISCET Lo s gt 3 I
s (Solow ¢ (Olae By s (s S Al Slgslen AL 0 050 G el bl gl e &
dr g i s Jleys 05 QLI 53 s o558 b (JSS ls G5 0S (b sen (e VB 0580l ae
el 5 s S Rl e b e pde Eol 05 K el Sl (S ple - (S5 Slesles ar s Slys 05 0
SWke G35 b 55,8 S 0 SSlogm sl sha (555 2 BlF e Sl 05 Al 50 o Sland AT 3 S ol
05 Slakas 51 Vgane Sloys 05 dial 3 55 355 e Jie 55 Ay d 4 ol 2O\l G Sy gl 53 45 5,8 s L
SAS 55 Sladenl Dlelas 5101 3 4 Gl G (51255 00 00lital &5 (6,500 (S350 25800 485 0,0 (Sl L
S Ol e i se Jos 4 lalas )l Il Ll o Sepds 5 305 0 e3linal Ll SJUT ols 5 L RNA ; DNA

338 o e sy S M S Ly a3l 05
S AP se-Sly

Sladadl szl (S s 5 edd B Se e IS5 ST Sl Sty Sl 684 W5 s &S oS Ulg s
LeaSTs 55 (sl Jlomls 5 S edalie (gl DNA 5 5) 05l b oS 558 slenSTs 53 0155 o s s (8350550 5
rl 5 e ealiad Ll g sl G 1 ek g oS LT el b ol aniS L edd s (slaeilS s Ko )
Slesly (S 55 DNA (lessS ana il oS o S o 53l s ilr (555 sl sl g 55 U6 5050 0ol
OF & gas 355 go o3litual a8 15 Son (03 8 gmal 2 32) ieml 3l 53 30 55 51 g5 a0l 55 48 s W5 poler o

st e B esla s S sole Sl

O TS 1u) P ¥ QW P P N JEC S UV WU T Ve Py S VESSURR N S IR g U RO PRE P A
5 S Slbs sdams 5 Vb Sl slbaanl b b e Jlid sl 5 SIS L Lty Ysene oS | b oS 15 So

D355 1y el 2SS laad 5 03,5 o OF L5 4 ol ed8 15 Sen 055 55 0T 05 I 5 e Slalis b 0T 51y

of



www.kamus.ac.ir

550 OT M5 (510 mlin Olijoe b a0 oS 5 55 (SladoonsDly JUEl a0 3l s 5 ins 13 U550 0505 slaseandly
sles

Sk 3l dendy SL S 5 e KU S STy Gl LS 85 S golal A8 s Calbee D ype
U‘i‘ J\.:;U LS\J’ Jﬁf )‘J.; oslaiul S48 BET J}-‘Jﬂ Lg\f ny J}":’L;‘ ""‘i‘ L@.:T Lg,\:,wﬂ)/\.i Lgbwk:;—\.« 9 ol "\"i\ v.:g}.}'};
Ll sk J=1 e ClinicalTrials) b stslis b (s L) 0ladl sl 035 5,20 5 SIS 055 50 51 Sl
S i b e Gl ISl e 4 5L STy SO sl s s W (5l S e Jsla Jle s oS 355 b
Good Manufacturing Practices) ) L& b gl s okl SblS oo G sl sl Ll 518wl o oyl
S L e G bl 5 edis B350l aasie SalS 513l s GMP L glke sl Sleul 5 &g 5 GMP

..»Jf CoaS Lo

DNA sless

23 Lsles Jule 055 5m) (io A5 sl LT 53 o8 Ll slgity LSy (sulay Jod (55058050 eSS i L
5t 53 e o) s & 0 Slelshe 0355 el cul Al sl pY ONAY LS55 sl Il b Laaiis
S J S g dol sal O5g ML ] M b O IS0 e s STy ol SLlse o tege 5l 5 sd e als

J\..ZL:JA g_).)u Bl L}j‘)g;”“‘i\ Aj.>v.3 B
IS loyBgs b (o s

S b slen opl Al e O Slshe 53 JLESTL 55 G U5 5o (S8 pal W Sl il leoles B (ol
Jio Ol giny s Lgolen b a4 Comd 20 ool = (el BT (shls el ity Ll melyr 3 (o3b5 ¢
P T P e RO PSP POyt PN JUC S N U JOUNSE P PH W
S L5l s a5 ab g e b0 5 OVl SLLls LB leds 0 Lgn 5 5T s s psle aia 5o
(s Sl sSL sl Ol e Lt onl o Sl SIS T A5 Ol b o LT 5 0 38 Obes cnl O
S SIS 3 ol Jbmss o 55 o)Ll ad; Day 58 o ol il Ui pos5n 1531 o S 512l 6151 ¢t s 2
St alS sl Ll s ls el e |y (93b5 (s se 45 L L ol A5 s WS Jl s s elide
Ly s 5 el Y5 bassble ol Jls slse cpl A5 Bk el edd S5 SV 1 2L e s S e

Genomics .55

oy



www.kamus.ac.ir

Dol slie Sl 3 5 ol |l ol 45 sl 0352 imsSogbe 53 0350 S0k 5 e S5 Sl e 5 05sn
14470 Il 3 Ll (S5 lgmn) 0335 I s SUaLCHGP ) 5Ll o535 055 5 553 o o gmn 55 Koo 35 oo
S5 B e 4 Olalils DLl p 535 055 A oS L ey 3555 sl @ el e plaST L Y0 o) Jla s 50l 65,0
Laly My s Gl Slio ol S 4 Dbl G b laasr plod 0 by o 35 LA L5 0 sl 0L
SV ples sline 33 5 L3l WLl (S5 il plas md) 4 oS ol dal gt 536 1 Ol L5 cnl Slalks 5 S

L s s 53 5o S Sl | ludl kb, 5 s s e

ol Sl iy S5 Sl (Bo e s ol leolen Ll ) s e SV Gl sl sl O pSles
U i 0L S Sl g ad e ) el ol leedd Sl ol aslal plad 4z a s il ol ) 05 5any 5
5 sl 5l Sl e s p sl sl 3 e opl lasskes Odew jeda kime gliiedls Sea 5 sl ol
Shedal s laesls ol 5 a2 IS oS il oo Sle ) il 0 ol odesy JB S @Tﬂ;‘-l S (6595 g0 slaarls

Ao o cilies Ol (sl eslizal LB 5 35,0k Sledbl 4 fias 1 Wl 5 esls il 1 .. s HGP

s 355 T o 05 S 513 55 o 4 ks S ST Gl ES §gsse el nl b s e gy
G 35 4 Cond St OMUS U 2ty hgm s oS (933 e jshay oS) o 3l Glol 3 35,0 Lol cpl Slubis
G s g5 O Slabd sl il ol Kue L 03 S8 s SO s L el S S
dies Slasls 5 bapsd olabd Jbss 03 Ol 08l s aege 2003 OF Skl 5 sl gl 3b5 s3ladl

Proteomics <55,

A Al 5 ey Dl el 8 13 0T (53505 8355 53 0Sles b 68 ool gl sl oS 555, 5l
ik 05 G s S ol bl DMl oS 5550 53 g bl o (S 555 1 055 0o O1 318 ¢ Gl 533
Sy o 45 K058 5 050 oLl 3 ey ied 05 S w01 Loy 5 0Ll O 3 sl A5 sla Sy S L
357 2550 53 p3Y Gl Sledbl sdas & Ll &S S 0I5 0 3 Al 2t Sn g5 050 5 ol s SN 5 S5
A Sl o Leibe & o0 Ui b gl 5 bagls b s Dbl pl 5l 5l ey s ol il s
S35 (L pen o ) 5l dm b e s dal g T ST 51 68 a3l 5 s el 3 Oy s D
Slesn M b as a1y a8l b aalie sleadis a3l e 0B 1) Ollalils o8 dil o S50 slassls ~1b
3 ol O5Shen 5 035 55 00 b 5 03 S Sl pSe 55 S8 oK 3555 UL L pd Sl L 0 53 (6552

AlilS ool a e 55 hin S e Ol GlassiS (o b pis
sl K yls

OA



www.kamus.ac.ir

el s ol Sl K 5 bl W S sl 1 s el St 58 (Siledilen Ld g, gl b Ol ils &5 Sl
S5 Sl 45 055 e S Sl e S5 S5 8l pimen S b il 555 gl 3y 0 L
“}.’J ch.ﬂj,.a;- L: &Lﬁr‘bﬁ&)b LSJJ\J U‘.’.‘)bb Ju.JLi Cewd QJ‘J S92 4o ML:JS}UL; L};‘J}}y V\:J_’J “og ol 4.:,\>L: ‘_)T
BERE; L}_;L@,fljig Ol ilwdilan a4 Comy ol 0 oS Jlul b sl 03 208 jleas sl @28 Ll o e
e Gl Sldshe 51 Gl el L Slsgrpo 5 ol ol b e e s g sl ool s g 5y il (sla S

Al e 55 ol Ol ge 5 Ol glols Ko S il a5 AL s

) glradl 5

LSl 51 S s b 585 sm STsel Jbn 5 cns slas o8 5 DNA Chips wsbe cews laasl s
5o Ll s Sl 2505, s oS A5 cws Sleasl s W5 o DNA Glaaes; Sl eslizal b lazasl s olacedsls
S50 53 ey Slaadls ol 5 s slas IS 51l Jsene glaedl s 1 G sl Wl S S e Ll

.zt _» DNA Microarray ; DNA Chips

Sl b S5 A B Y s A8 5 S lald el b i 50555 (65055 ol > : DNA Chips
Fr b ks w8l) b ey s 2 (05 Sen Yoo 51 1208) gy sl BB I 2T O e OF o 5 sline
S8l Sl edd o bl ul b Jseme DNA ot 038 ssbme e 5 ((Studly slpe 5 O3l
STy g Al S S S Sa plee WS s s S G 4o 03 sl s ) Ol e
L e Ol Ol Gl Sl e P 0l )2 Jseome DNA 0 a5 0150 558 S50 Dy e

J}":’L;‘ A}m‘ﬁ L}J‘j‘fe

}Jb b‘}?& “ ‘ﬁl.‘ub r}a.w J" oalana!

Clis Ol 5ol 5 ealitnl gl Vgame obss pgas Ll (sl O35 9)ls 3l padiie Gl O35 o &S (pl L
o 00 Kges SLS S Olge a4 9ol 534S sdd ol s g 31 ASU a5 68 L Vgems 1)tz
DL ol s lad ol askas S ST les Wl ke o 208 Slasla 5 S e 5 ol LSl
& Oliis IS 1l sl 3,8 o plonil 3L OT Jlad slge b esle glalid 5 (3l (pls Sl dns a0 3 das
&S bl 51 as s 6)}1@7.' 03 S a3 1y pbus ediy Sl ge cpl plo s Lol 5l L oslas ) gk s
S S g e 53 1 gls Sl ge 45 Sl g gk soslper ok Sose 4 bl Jld el s
iS Lol 51 ks ooy 5 Sy Olantle ghls ad e cpl 2in &S| cod o S8 Ol 5 plubs 5 S 5

oo 311 T 015 e a3ty 5 el Sy sl sl b, b edin JILLE VU slales > LS5l 51 (6ol

04



www.kamus.ac.ir

ns bl gd o et bt belge i i laelSins ahows 4 Vsane SLS 5 opl (bl Sl S S
2ol Gl Solgs 45k ea acad s

S | 55 (5 gl dom 51 e (5o IS Ol 31 L5 e ed B s K ke s 45 o (slagssl 5,8
eed a5 35 glolid 353 e gl sl ek il 1S bt esle g ol Sl (S5 aibige sbaEss b
3 o Sl sa onl 51 VG slie Ao 5 S & Sl 5 A3 el A s oSl s (stisn sla i, b esle
355 mbos DY ame SIS 3 ge Ol L5l 4 rmeen L sld onl sy 5 dal e L 31 Glesl
Gl S5 piign b 3l ool s w0 (58U 31 e (gl al s SIS alss sl ST L ablis s oy
g oo oslinal 3L e 53 Wad S 5o g L 55

b oo (S5 i 25 Jole lps SV pamme SIS 3 i Glald ity (i b S L es
b b sS o 0 SIS D) il 36 b pale ool 2 15 oo baipmSTs 5 bap e 5T 50 5 0y 4 S8
CES S s KBS Jelos L Ol L b e slalle 58 sl T ) o s b L Ol
oo oo e Jld S35 B 51 S 3lse 035 et 5 SSEplalid 5o dilg e er Sl e lad
Aol L s

Cxs 5 ($555S s

Sheslial Wged Olgs a5 )05 a5y o Ao Plaw o aews Blee o oodle (5 5SK5n Sl sles s
(5% C\j) Ls Oslas 31 & 0 50 rle))lj o o b Ale L3550 gl SIS bl C\f&.\,«l s la M@)ljjifa
ol 35S sy 3 5 s (5 San (gla w3 Sles o el by T gladul 5 35 5 ol e S
2 o sl sl W s sl glolle s adibiaas s 350 g s BB gle St s
Loe 5 o 53 35S s 5 L L b ao e S0 Sl s el s W 5 b sk pliand (2118 o

Al o Dl e



www.kamus.ac.ir

3

8

8

Number of NMEs Approved
8
1

-
L=
1

0-
1990 1991 1992 1993 1994 1995 1996 1997 1998 1899 2000 2001

. Biotechnology Products

g

g

g

g

3

E

T
o
&

T
o
*

Biotechnology Products as % of NMEs Approved

. Traditional Pharmaceutical Products —— % of Biotechnology NMEs

o DY grazes A 5 b A le )3 5 4 4S5 g DY gz A 5 058 5, ST SO

£\




www.kamus.ac.ir

pile> Jad
S s alge Sl am w0 5o Lol 58 5 b oy Sos Caa

5 L Sn 5 UL 3 0 ool i Sl Conb 53 LT 20 5 s g o s Jolse o stege b g S
Xt g b gy Sen S Ll i sT oo @l 1 Ol U Sl g L ;S ) (6350 5 ol OT SEUI5. 0,15 sy
o L Sen 48 Jlm ks (i Sl 5 085 4t ey Soenls 655 OLnlels e T e il am 5
L g 3 3550 Slens Sor sobod 035350 Glbas b ol oSe S Sy (gl o o 5b & 0Ll sk 3l 5
oSS ey Dls g ge IS 5 A3 A gy oo S 5335 g e O3 35 50 O sl o3 035 2 YO
oo gl 15 18 e Sy Sl ol e A3 e (655 0k Slagge 3 45 Sliend O kS edas 5 Jias

.J\.;)‘J 6\ slcS U':?’G J@tw BEl U)\j-: ngb.;
Lo

S st e Tl QLS 5 Sl 5 0Ll s T S S sl s Ll 15 Son 1 e 5 (g 550 L S
A Lol 5 5y e (6 L i3 Dl s g 51 5008 50 e sy 23 S e Jie ens S5 2 Dl LT e 05
IS o 5 sl oS ol ilesl Laul 5 53 1 Ll 5l ok Ll @ 055 a5 axils (slosl Dbzt b g S 4l o
e il ¢ Lge LS e 5 Ay o gomd 65k lesls plonil LT Sl (sladisl b o)lys s andllan OLulid o s 355153

il 43 S g (5led S Dlalllan g gy s b LT DLl g Sl SCS L SL

S e Dy B Ao L (681 0w 6L S Bl o ST S 4 b 6 Shas b Ll 5 s
Vo, b debe Lyl s s SLLy 36l w6 8L S gk ke sl e pl s Sl A OBl oS sl (5 8L
534S algasdiome U by sl gt ity 55 e oS om 51T e o 550 e sy 0 L SL Sl a5 5,
U155 A 1 a6, SU Vel YE G, L iUl e en ol (6,50 ls gy (650 A Slas Lyl
S e S Sl Gl Ly S el 5 LB il aoes Lol 5 5 ealinad b o (sl il (slgs S
0Ll ps SLa Lamen 535 g Sl b e 3 L s St e Ol 53 T o s 5l ab 5k 4 T
Gla Y 5 L 5L S 1as S8 6 8 (sl aadizc b 058 pae b Slem 5Ll 5 ol o slgn s pmeandl e 5 6l
e Sl S Sl by e sl sl 5 LadlBilesSlad Lale (slgd sl Jacils LIS 5 gl Ll 3 3 VL
LS SAS1y 58 G sldlie.cn Ol sl 0 5 16 QLS saSidg s Ko s 5 (g0l (sls Lamee 4
Syt By 0L S 5 U aSul b S Ay a¥lede 5,508 slelame w53 ol 5o Ly Sndins o 0L I
Sl Sonmal LS ac sy 3 o Lps Son 6lo e a5 olee 5l 51 (S g 5l conlie Jaos ol 5 4S5 .S

S Ja Jl i (51 S 1B 350aS 5 4is o 8l b s ol Jame o3 515 Ll 2506 LS s

£y



www.kamus.ac.ir

lews 29

S 5 el I sS850 slls s s 003 G pls sl oy Slosr g0 ple b ot Slo ot (nils o 4 gy 5
4—{&))1“Oj)b)éﬁi.igé‘ﬁuﬂjﬁj&;Sjjw‘.w‘aﬁ&b—‘wgﬁjﬁ&;ﬁbjdabﬁRNAL')'DNA
s 25 IS b los e S S sy lalab 5 S 5 il ezt Sl s Olson sk (sl 5T
055 Oy p 35 OMSES ¢ Olatl 3 5l 5 035§ gite Sl L s oy 30 S o Loy Jshes )l Jame a8 550 o S0E5

e S 03 1 Ol gl 5 OLS ¢ L 51 530 Lews o se 505 (93U 5 sl ol Sl 5 35 slgal

e

Jole o e JUast LB el (S5 5 oS00 Sl st Ll by e 308 a3 53 a5 LB LSS 5
)‘u%ﬁﬁdk}uw‘uﬁcw‘d‘mﬁ)Jéﬁfﬂwom%ﬁéjwu&y6@‘%(&)%
jé&jé%}%@)ﬂb&‘@l&@d@‘))dﬁﬁ )‘&L&L@g‘)kyw‘&;ﬁf%m‘ﬁb}ax&wbwﬂjﬁ

B

5y Sl s ens i s Ken LeanlS 1 San 5l ats l dins o LT 1 L5 5 5l SISl anes g6
byl Lz sl ST s (65l (S5l b 5 3l LB 1 5L 0 S 5 (6551 d ) e JT bS5 i
5 LS aile L B dulad o i o s o8l 5 (AL Ll e (155 0nl 53 5 Lpon s Ol 5 SbE s 5005
2 1 0Ll sl Sl g5 allan o s sl o 5 anbls s Cnb s s 538 5 3l 4

c sl e s 1 65L5 leslen WSl oS i S Sl ol
s 395459

3 lodise S s 15 LS 5 ol lpe 3 5l s 03 Sy T oShe 0L 1 s el s LSS b (6l

-J)‘J)‘}&jj)ﬁjéﬁkﬁ}jbﬂ)) U\)L)ut}- u.i‘QLAjUaA MJ&&.{JJ\) U\)‘Ju\;- QJ;N)},\})‘&L}UL@JT

Closkd 53 1) 5u) Slssm g 3l olis 355 it e Lo Spa 054 015l a8 ol VIVE Jlo 51 (5055 S oo
a3l Oltiaisls 516l Oloy opl 53 .35 13 G 3550 (6395 5 M5 05 W 05 2l 3 3 S sdalie 45,
S 38 ams SIEVal WA e o3 ledd sbal oliy b e 51 LendlS s S s S oSG 0 (93, 5Kl
d i RIS LS w4 oS e slis 3 el 53 S e s 1 LT 5 et e sl e 35 Ot len ) s S

41



www.kamus.ac.ir

o S 43S Il Ve 5 g IS o6y el K5y 5 g5l 6 (5 b Ot L35 UL SaS asllizls

o Llodls ‘}’j-’ oﬂbwug)bbéﬁy ol

SV s e

St s Ly SU o S 5 Laansl 15 Ko 150515 355 oo o gus Lo S 515 ,Ss ses O35 51 SO S
5> g SL 3l maS slas e L ) il g 28l LT 3las Gras slalr L3 ool (65U Lpekeo (S me 0 S 8 5 il
aS coil plan i i glaas gl S 0 St Lol s Ko 50 1 jtege old L o 3L S

Silage Sran JBL LT 5 008 SaS Cnib 0 plasd pobe (2 08

L el jsb aw ol sdd Grie e b S e w SOIUM oY wty; 5l 5 il 0L S SOl L S s
228 o plete s oSome S Sl ik 5 258 n BOBL (e sy 0l 02 5 e ol 4 SIE
ol Sls edge 1y Gioss b 53 0SSl Coles 5 wdis oS dules o AU gl e a1y S sl 31l gl o 2 b
S35 b 4 530 s s o 5 O Ol LS (S esdle 45 1 A3l e il 5 (S Sl ol
ol o3 il s 5 Ol (T slse ¢ gdme slge 51 b gloes a8 555 GMbI (6300 40 sl Ko St o315 Lib o OlalS
0 ( gdre dlge ds ;s £0 31 ol Sole e Jldl JT o) Jal i 3 S G go slpe 31 K pa a4 &S ez S50
}y}'@jgsu‘}sﬁ?ywﬂ;g)zcwtvjs&ud\;wl.tﬁwpwj_.jm);w‘vj;\,ﬁwp
s ot ows Sl cpioman 5 cilisie Olhas 3 paige alSze Sl e 5 G il 0l sl s wis, b o
SSb s ST 5505 3 S G 4 Al o sSas alaly [SaSG L Sb s 1ga 5 Ol Olsee o st 4 5 035 oaie
5l 538 b OlalS L s (S by 4 Sb s s ge O 4SSl 3D 513 S e analS OF lgn s
e S G Ll s 55 o S S8 1 JT S G ST sl e Lps A0S o 1 e s 5 5 Ut s
I 5l S50 S G808 & oo a4 asly S5 05058 Sl 5l s e S 5k 4ol miy CSle w
cend i abl 1S e O pesdle sesm Jpd 5 i b L3 Lalls s o S mhaw 3 55 5 LSl L e Ll
3odd ol 55 S i 53 gk dg s ek Sl pl Bl e 053 4 ot Sl Ol bl b
I el a5 sl slge (S5 edis Dls g ges w Bl S A 53 S Slasiia ) 45 Col ol Ol et
S (S 1pn Jos a3 L35 o palh 0Ly (b 03 500 s cd b sl 5 g 51 ol 0 e
PR S CH PPN H T @),\:Msgwgﬁj@su ol 5 adyl Sy e 5ol 3,5 5 St
N3 0sa o sme 3 atslslge oS al8a T o spmms 4 SLs ahs oy 5 axi S alb WGl s 0l 5 e sl
ST olge L el go 5 Ay w53 5 03 0 My Dl Al 55 oS s g8 QLS dil delos ol 5 5 L0 S 0
Shtnled o dis JTslse Ll 515w pn (S5 anelr cnl w50 LB 5 L SL Sl blel o Jols mazs
S ess3 S5 a8 13 0lalS eslinal 3550 5 03 S ST LT 55 s g ge ol Sobie T slpe wis H s b
WalS Sl g b Sl a4 sl o3 s Il 53 s 555 LSl o a o ol 33,8 o LT Sl sledlas

41



www.kamus.ac.ir

Sl o S 5l FaS e e i b 1AL e 8 egesbs 5 edd UL L5 S e LS osline
o bl Gl B Sl 328 5 U 655 i a5l i o geeme Ol T St day 4 0T 5l 5 ey JlSS
Sl oS sb e blie GLSL 5550 53 i el al 5 ABL a3 SUBL (S5 5l e 3B S O 5l e Sos 5 L
A3 G SldlS o sz g alie solie slse 58 (al 5 el Bl g il el a5 b YL sleibe
S e 338 e gl olel 6 WS S dlasl 4 ek S 2l S O s 40 5 0 35T S len
OF opd Sl 5 olens S o ol AST Jlie ol 35y 5 035 081 ST Ao s Te (ol 45 355 oo adusl i
s S J s el w3y e deShos T sl sad S8 LT 5l S8 ol sl 5 Sl sags S
st (3 b5l e 5L 5 Ol Linys LSt 3 opl plds dlied ot Adl (o G5 Sl S 53 592 50 o pedS)
S W gy a3 oS Likipn o g 4 e Ol b (585 Gl ey ples LS (T IS s el b
S1s Mgy 55 S 3 o3l et s LSl i LSS sl IS s by sl SLIL oY b e (sl
Sl s pole o3 b 5l daas e 5 e lasl (6ol &S oy Gl LIS L ) D3 a)ls e S8 Sland gla

Jﬁ&uw Sl

Salnd
Clay Silt ! | Gravel
Fine Coarse
2 pm 20 pm 200 pem 2000 pem
(2.0 mm)
Soil <—|— Nonsoil

.'+
- Mg* "
. nt - K+— Cl( -K* -~ 7 ]
_Ei +K' 0= ’+ qr[?:le ‘E+ + Ca™*, Mg, H*,
g l;(:_ EE Na*, and Cl-
~Ca* K+ -- K

K+ K+

2 S pyle I il il 2 OT (ISKL 5 (S 5 5 s e ¢ )SI Dl 63100 S

70



www.kamus.ac.ir

Sl i s S

533l o Lol ls 3,513 5 OIGL 5 1en «Ollls SIS 5 Ws o 5e0) ol Sdms 3l 51 (5l sl b b lses S
o oeal Sl Ol pa Bl SIS 0 5 JBE das e B s3dae (s s bt Slis S s
ool ol el G WYl ol 5 Ges i (plewd oS5 (S Sdb sl

S ol

O 5Sie OLll5a (i s led s el Sy Sl s Sws,San DL (6 ke 3ls sl peidol St
5 S sl St oS SO gloule Bld 51 0L ) S wemne 5 Q8L (ipe (S la o S s 0550
mdd&mggsbu)?.}‘yp@}y&bdb‘hb-wwj%Mbyw‘jb-x)bda&i}rfbsjb-ub
O, ool sl 5 e olls sla Q)WL;\)\JWSB. ssjfda;))é.)wg_ﬂ;'-): Lol ey 5 wl; NPV
o b S s il 5 b a4 L SUss S e S kB 1 o3 S e SUed s s Koo spmms O AL e
L;‘)‘J;JK.’) le.,bl;- UAJ:MJJJ uj‘.)&« J‘jﬁ\.ﬁ&gb w‘))jm&&i& oslw J‘jﬁ@b Liﬂ J‘jﬁ LSJLi) ods J‘:)‘J\f
rjl:)_,laf L sobe cpl Grme B slge 505 S &S 5 s 5SS sl ol ols s LS 5 x5 P DS

S sl S

Gl 255 035 G 5me JE b (s Conmy o sb e 2105 SR s o Cgeie Ly Sis odas O3l 51 G S
e il e 58 o s s Ylaal s Sas 0 sl slaw ol S sk cd b Js a5 o e e O 3 S 58 K05 @
S 350 35008 Tl 13 53 s Son 48 s e OLES Sos el 5 S Sledd b 0 S ST (95 (6,5 o310l ddgne
el b 5 s S slb 05 a5 gm 0353l Sy A2 3l g aSCaline S o o AT S e b 5 035
bl g Jro M ol e 53 bl 03 5050 (o o Badame S SIS Slps T 03 5 b (e SR e e

MJL;‘

44



www.kamus.ac.ir

;.élﬁudk;l)sq&kgdb-pfﬁ)::lwWﬁL@U.i:AJLi.;S\:\ Jsd

el | LB | Ltn ST | b 8 | el o 3 Gas
Yourr | VY4var | YeArverr | QVOrans YA
Ovvne | Ovnen | YgOeer [ YYVAruo Ye-Yo
0+ YEenn IARIN OVeran Yo—¢n
Yoo Teee O e Yyeae 10-Vo
- AR - Ve \Yo-\¢o

P o s esp S s Son slad S B33 it 51 el i s, s L SL SUE s s S 5 Ol 3
YL@J‘&-‘jJ\ﬁSJAUx;ﬂﬁ)‘f}}&&j}bb%ﬁb}‘@J)‘K&&ASM})L@;TJ‘MJ}J&M&A&Q
iy sl s Y Ul Ll i Ay Bl h b S s g 0 s 35 el 63 e Ui LT Bl sl

fasle el 3 SL s Ly S gl O3

SV ool DS e 13 addllas 3550 S s Sl ol Js gk e sk 03 Le SL s ax S e e S|
S ams opl s ey e Sb o e) SIS G 4SS e g S s GEOSMIN ey 55 oL 4 sl sl Ly S
0355) By b OLSL5 (adls 0355 2,8 (o plandl pshics Ol anlad andd 5 i 8 (Sl sl sy o A5 Loy S
Sl 55 o5 g Lo oo Sl azas cpl ol L S a3 Yl e o ST 3550 3 (Cpme o L3 Ol S

1 el S g 5T 5 Bl ) s 50 2

568 sl sl SIS Sl sl O s e il S s bt ST L 2 SL ) S sl 4 e 6
30 ol oa s 5 oled o (o3l ey U 55 d e e ek 350 e LSS S8 Gl lae 5o i 8l 25
G5 etk 2l 25 25,8 o b o ST 5 L 5SL 035 ¢ saree ol Vool i )6 035 ¢ goman 3,8 o 15 s 5
Wiy e sks S b ek 5l b b SSced 686 sl sl 5l gt b ks
S Gl s prmen 5 s e SES sb s Gl s sl e s 8 stk 5 b S
S S 53 5 T et 5 A Sl Sl e oY 5 U Ly S ) sk a5 e es 35 Sl
Coodl dipd o sl 55 St (6 matlads Goe b ba Sl 5 LSl 51 6l 3l digme A0S o iy ol 0113

14



www.kamus.ac.ir

doe ol S S A Sl (s 00 5 S e bl b Shsile la £55 51 (S e LS S sl
s 55 Crenl S gl 53 b SLsL

S 1 Sobe sless S

Slrslen glsl o i el Saelasls Lo S il 035 Sle S S5 4 oS Sl liolen sl S L
ALty 03 Al o olo i b ania i Ske Lol gt e S sl Sl Mgl sle 48 o glie L
o) ol 5T s bl Al gl gl 61551 il S 53 1y (S5 s o8 Ll sl e sl See
03,55 S| Sl abo g aSalin ol o 503 0 oy 053 S 0 b Lgms LS 51 5 0 s (Sl 03 o555 0l
3 S 38 S 4l 1 Y blasl o5 el w0301 Olpm 4Y 03,5 D8 5> el e ole BS54 e
Joo) w5 e ndkmdS (S Jele) S ey 2edSe 55l 6,5k Lo SL ol bl dleyn S OUS
o SB Sl gl Sliben e oo 3 655 Sl 55 (IS 0,86 Jolo) i b pks NS s (o 55

S e ool a e A 5l e 0 3l O (05 (T b SIS e 3 Ly Sl cpl Jaee ol 51 LLIL
o) s dims e S L 6 1y St (gl e (slers S 81 il e Lt ST UL LS 55 15l sless oo
o sy QLS 3 LeS3,05 5 S s deSali LS55 51 ol iles A DS o oS ushy 53 W50 azs
53 G les S 3l S 3,8 e bl S b Sbe s 1y st Sy et 5l s Lyl oS Sl B
B. s ookl (e Ol 3 S eslinal Wl 51 BTG e35ke sl 018 o 5l 5l s s Ty lo ol -2
o oslizal Sl i J S gl o less el 5 ol 1 les o i 5ol 55Y 5 5 025 (S Thuringiensis
1ot el S S o A e S b S ol el 5 a8l B 0 e i s o ool sl 350
Lol sy g0 0> Slidos 5 Lzl 5 la s s Aile 358 oo 3L i 3 5 sles (sles Son 31 (6500 ¢l Sb= s uis

vl i e SBTL o le g ealizad (gl
Sk gy 53 s sl S 56

o S o L asspe 3 Lslen opl 13815 S e (ole sl LS 3 b o8l S ) o 4SS 555 L
ke b oS5 S ol 153 3l OF (sl Sl oo dlnd w0 (5305 (Samals S Sl s i

b o s 5 L&ow a2 1o S slowhk)
v S 5 L ST e s ol g 6 b gl 4ty sla rm:;@)ljjifa R T e

525 o ol Loy Sy Sn 5 (6155 (5la 555501 sy a3l S Jae 5 sl al 2 3 55,0581 ol Jaim¥
sl o3 3l St s Sl 55 s sla el Sn 03555 L oS

ZA



www.kamus.ac.ir

R e

S gor 45 a0 ool Ola ol 31 A0S o sb) oS 35 Sl A Ly S 51 (b (S350 D i 035 30

lﬁjrbd‘ﬁw\))ﬂ‘;ﬂo}m‘d‘&fiwwjSmu)‘};uﬁ‘}lfdb}wawJ)‘\)w‘j

el e SL Lo 5 St 3 3 g ge Sl 2l 5 ls Sl 5 S 4 53 e B b o515 Sen ol a2
s a b CO20 5 a3 s b 85 S 5358 o bt JIolse 4 CO2 g 31 5 5555

. J;Jlsjf

L;i“i Cmmi)ﬂu&os; u.,\,g:gyf L}JTJ‘}« 4‘.’.)"5—\/
S 33 g sl SL gl

Lol o IS ok w0ty S s g md Caenal Ll 3l Lo Js 205 355 S 3 5L Lo 8L KT s b
e w5 oy 1S ASle Lo L Sl pam s sz dld s w0 s Bl S by Ao s Y o b

1 abe LT o tege 5 Al solis et m 53 1 ol 2B St sl U s e s 55 Kt S syl 230
ko p S S 9S b sl dao Silidg 15T 5500 9 (S lon Lo 5SL
S5 05,8 cal e Sl A3l e e S oSS Uy (sl e ST Loy S 5l anes ol

Agrobacterium ., i, ST

s o JUH SL (S a8 5 s e 0 L JE (Solew 5 3L o AeanDl (5ols 5 ol e p S (6 SL )
SAL gl 65 51 pams S oo alinal ol 4 sllae 05 055 305 sl S e dige 53 658U cpl S es el
cil e JE sl o8 5L

Azotobacter i

56 Lo 5 S o sloml S a8 s ol ) LS5 oS o 3 il e 0,8 S S 6 (sl s 5 5L
e Vo sl S eSS al ol s LT Ol 53 3 S mte L sl 455 s kS e 05 m ipel

vl i s aiy; GLbE s OF sldad A8 o Ay £/A-0/A 3la O 3 5 sl Cotte

Azomonas bsessl
Sl EEA ol Tl 15 3 5 03 ka3 VBIS LAGL o S LI @ 0B &S el (gl s e 2 S 680 S

£4



www.kamus.ac.ir

P 55

Sl A5 ,Sn Syl 5305 3l g el (55153 (5,50 355 4T 3 g5l sy ) 3l S e e n S (5,50 K

A -~ Cbu\

LS5

-3)‘53}2-}&‘5)\.7-5}4\.&)3 AWQ}&\WQ)}J‘\{

T}’i.}"
il U3 5 Sl J S 5 S lls das e plondl ST ST Sn b s Slen Il s Ol e 68U

-Cﬁw‘ J\.::) @)JGT‘—\'

TS SRt

Al o 3l S w530 0 3T S 55 0T sl S 5 dm A3l o b 3 0l sdias 1SS e o S 8L S
P LS e IS kb leSBL b5 6 8L )

L

sl sk OF Gl WS ST s sl e S L Gl s s el s S I 6 SL
DerxiaL.s s

e Ol Oy O350l Ll oo 55 s Sl Do 0 a8 LSl o Dl eSS e 0 S (gl dee 8L S
5 oo L3kl el Sl oS eslanad (65 )

Pseudomonas .. 5. ;...

sl o e SV 5 e b5 Sute 0131 AnST s oS WEL o0 s3lpm 5 St e S sl e 6 5L S
5= R0

)JAJ\.GJBH‘M)JB&%L@‘@‘Q‘EJJJ.‘S})MB&@ﬁaﬁ}bu(ﬁ&ﬂrﬁ&f&ﬁ&\@&ﬁb&i

-J}S&%ﬂ\)@j‘josﬁf)ug

L0
s ) ot VIS 35S (6,5 ol AEL o 58l 3 1y la ke p S (550

SuslsE



www.kamus.ac.ir

sas3l5S
J\..Jl.dj 03 g CMJIA)YUng Jbﬂ)‘ J\:MS‘ MJJN rbu\ b Q‘JZ:; ;L:?-‘j ML}& < SJ.:P-J RN Lg‘ AI:ALQL@J“JSL:
S ey S5 sl S S8

Olalgw 23568 Lol sles SL
Polos JSCi5 s S 5 E5les S opl wil e SHZ s a5y i o Sisilen o 1A L SL S e Sl
il o s 5She g pdl pes Al I gl e Sl S Jols Il 05 S yim

5 pses Sansdl g 30 olgo sl g gl s dile WSl o T slpasl bl saiSad S sl SU pss 658
o 9 58 g

SSusilpes wle w8 o s CO2 w1y JTolS 5 5 uuS ol SH2 o5 il o ole SU e s 05 S 5m
v oSS A s 5 e SSLA s

o g g ASle L3l o Lbge 5 5 SH2 saiS a5 gle S el 055 5™

DILS s 9 (S )l9d (2 Sl S

Vol SU ol ols s i slaslpIls 5 Oy 5o i 5 Lpd e 3L L5 sbme 5o SSler o Ll S s L SL )

55055 23

Jsl o5 3

s as o gy Jskw 0530 1538585 S e eslinad CO2 s 6l ;U,&Jt@;ﬂolﬁ«{SHZ 5 e SU gl
ekl 55 i 55 LS 55 5l S Ao i3l b B L5 IS (gl 05 8

£3° 03,5 2

)Jf-’fu}“’)vjj VL.ZL: L5ab ja &j%&\)‘}ﬁﬁ}%‘d}ﬁ‘cﬁﬁu\y MQM}.NL.{}V\:;LS}.W)‘J;)JG L@_U:Sbuil

-‘ij)}ﬂ.:}fs\ ML&CAJ‘O)},LAQJJJ

e 035

A



www.kamus.ac.ir

el el Wl s s s ke O g il 3 855 S elinlCO2e s sl 05U e

0 ks sl 5355 (P 303 5w 3355 om0 s e 355 FSLgn sy dile sls il Al 6l 8 g

el 05 S

G A5 8L bls 5 il o s Bl o3 05,80 i Ol 4 (6358 DS 5 ae 4 3l (gLl
D

0SS

S Osm 03 s s gy s Up o S 4 CO2 s ol 0o SN e Olgie 1y il b s Al L S ()
Jeis S 05,8 nl 53 slosed Sl SU Sl ams il ol 5 C s IS 5 ST (sl pams IS Aol IS o b a0 J sk

] Ju.)‘}e

o5 S

e Olge s I slpe 5 tl o I slpe G me 4 3B 3l o 0l pa) OS o lols 5 ) andy 058 cnl sl S

s S s SIS Al as (on e 5 05 Sl
ia 05 S 5

v Sby sl aile des @ L5 0S5 SL ghils 5 Bl o oy e e (6518 05 S onl sl S

B9 5951 Sle SSL 09,5

g o e 03 S p5 e w0 S ol sl S
VoS

Ol bS] L3l o S3lsn s S e SL cpl Sh dn oS pmagm Sy A3l e 5,858 kS S g SL
-uﬂ‘}l:\aﬂbﬁ; 39 rjj}j.:.: “Jl’f"”‘)ﬁ: ng)Ju'JﬁJ grﬁjsl.:ﬁj guALSy»jJSL» Lile LA ~<° rbu\ &)‘_}A ‘hi‘j‘;' DL b JJf_}f

Yojjfﬁ)'

\Al



www.kamus.ac.ir

Sl SU sdien $lpn e 05 55 L SU asS e et Ly STl 5K 5 ol o5 8 50 S ol sles S
4\.“4”5}).,\.3.«0 ‘rﬁjjjtﬁ T}lﬁm‘ﬁj ‘%j:jg )‘ .)\.J)L.C« ﬁjjf U‘i‘ LSLG‘.’.J'SL’ IS SO0y ﬁjjf ﬁ.) U'i‘ LJ?‘ &.::.SU‘}:.KA
o Frali gl g 5 o 5SS 5 oo

Y‘ojjfﬁ)'

deSt gle 2 SUA s s st e e B A i s 5 s DB 05 S 05 ol s 5 1 sl S
D5 $3ln e o 8 (Ko (isu cnl Gla sSL disls sy wsSS 500 5 L i Sls i didle Sy i oS
crbsasis i 3 ke e SU e il e SUsal sdiS ST sl SU B i sl SL il e G 58l g

sl e s S S
‘_)) 4.:\};- )‘J o.)u‘b' LQL@_.{JSL ojjf

L;.:..Z;gSL;-J.pL.G 4}-}7;)3‘}1_9».” .)sﬁjf&&iw)ﬁ ‘_)T LQLQ AJSUMJ;MI:L: L;d)b-ju.ljb Lg‘)b L@J*JSL:)‘ ﬁjjf U‘i‘
s oSSl gy LIS, il o sl Dl 5 g o sien dle T 1 pdmy Al 0 By Sen 5 Ll
S ool B s S nl 3l el il e Js Bl o e p S alediS ST slg SU

M sl 8L oy 8

‘.J“iijsfjlg Lole JujJuLfan\i: ng-).a Q)LM}MLA&LQJ;T ‘JTS‘ jd)’\& J\?“j 4W r;;«.ﬁ\.@iﬁb U‘»’“
e Olse 0 OF 51 s il o ol 5 580 035 deSl 3B 33 oSG S sl 5 oSG S (S5 S
XS e sslizad (g3

BS s g5 b ok sle SL ey S

J\.QLA)LS\ CJ)J&;}<JSLMJ¢LA)>JML@41)‘JMMbwumw}bﬁ&ﬂrjféﬁbﬁ ujjf U‘i‘
3575 Los S opl GlesSU 3 pan Ll s 55 ST See Ll b s s des (s3ln 1) il e (55
Sy bl S S0 S 5 Sshas dpls asle kil oo 3,558 08 LSl 3B Js Lites oy 55 8 4l

Cpd e (63,558 O sl e GIbI s 5 05 ke
1o el sl SU °j,§

T LS5 S 53 5 el e SB s LT B8 AL e s b s e eiete oS LSt ool
RS el 4 Leslie delawl Loyl 5 s il e Had WIS 4 3B G )l B G geS 5 Sl las S
i $3lpn o p IS le gl ps 5o 1S oS Jl s disl e (5l skl el 5 el kS

\Al



www.kamus.ac.ir

sl O ol o e 0 5 sl SL oy S

S e s e S s s5E LS 5 e b s St LK s Al S s 6ok 5,28 L S ey S ol
ST e legSl ) WSk w5 ol S SleSU ot s siln L T ) ae s i L
cen St S esStn e St e S (s s

b o5 SLsSe 055

wl&ﬁ;ﬁgjéju,\g-}mgwm)muﬁjspwl LSl e a5 (s5lee gwu@lcﬁbrﬁ le St ol
. J“"‘;'L‘L;‘J’}” rwqﬁjWofi}jL.@..\f;sg_il&d.i‘}?ﬁ))L)‘Jsﬁjbjs‘jgﬁﬁb'-gdb'-).)ujj
Lgts ST 05 8

ajjfwl).a\.:isl]éjw);ﬁl ‘(’)}5Lﬂ")S};‘C”‘“‘.‘.’}"EJI‘”"éL@i}S\f")‘3)‘3)‘}3°jjfdf.‘)> Sk 6[.@4*JSL:)‘MJJ£'
5ok Jlie 55 15005 Wpd o S il ploual Eol diten (gl axdy oSS e w L S Sl s ool Ll a8 13
)Jj.)w.}:b&&:;jf L;.“;TA.,\ASJ&)); ‘J:S‘jMLJL;“CAA:Ar; ﬁjjf U‘»’“ éL@i}SL} w‘)‘ﬁ@b&h}dbb

RERPR- R NG Y SB):J:J;J%JQ:L;LAUI?L;L@.USQ.x)jid:ﬁﬁéb'-):&jjjﬁldsw4>.=3:3

\Al



www.kamus.ac.ir

< Diversity of bacteria in soll
e O c
% s g
(%] w
Q, 3 g -~
& 3 %3 s s
o 3 ] ]
R = g &
E 2 g @ &
§§ &
3 § 8 ¢
o) x € = ;_.;i.:‘ Qﬁc‘" N
& &2 B & o e
o o & & o
45\.7 Q s -5’5"
"‘4’;;\;. \ {J‘% Ggﬁ
Gﬂgﬁn ,00 G‘ﬂ(}
0 e,
N Sulfy, & b
Fiprobacte’
OPs _ _"‘-..____ﬁ___ -~ harine group A
DPQ = —. > i _____.i-I‘f' Green su[fur
Dictyoglomus L S Cytophagales
gbﬁﬂﬁr
Cﬂﬂm{herm ?hﬁ"???us,@e )
gles gﬁ'dm "Mococey,s
Eﬂnowg uaﬂ‘
Tn 0 B
g% “ogy,
™ .
6>
u“"*\d&
p
4
Archaea
S s b 8L e gt S
SE 3 39750 Sl 8 g2

ST

S ST 5 a8 sl o ol Slaszge pl AL e odiS s gla s Son 3l s il ]|

Ll sl LSS marmn sla S L J ke SO 1 LesSllr 3l o 2T sl 31 5 b sS Ysans (5 Sl LS s

Yo



www.kamus.ac.ir

50 s IS LSl niy sl e oleti) 05 T 51 pdmy 5 ls Ol T Sl (sl el OLe
OLLS wole LS sl o 58 sl Lds IS esdle |5 dien gl osgd b5 o3 6T 51 i Lol disl oo 5o
o ol S L S LSl Sl o RNA wdllas Ll 51l e oS sy glaslis 5 s IS gl
L Saisis p ley eals Cws 311y 555 Caddls IS a8 WS 51 s dien s S5 555 5 and WSl ile amy dil
Do LSl Slasein oS go sy oo Wl 6 583 5 55 DLy g0 IS0 (5 31 1 Ll s g oo 55 20
S pam Js S gaeslinal 05 58 e Ol H20 515 dims o plowil s 328 OaLS dile LesSTlr 81350 oo stalite
SSOb s LSl 5l pan s Bas e o 3 SO 53 LSl Sl (Sobs LS e eslinal s o)y H2 51l
ok oslen 2l ge SV 53 A0 S e By s e s diS Olse 4 1) esle LS S Ly Slials Al e By 550l pand
LIS 5l tile LSl 3l poms 13 555 050 523,55 55 s s oS Ol S A6 Lol ol il L0255l 51 LSOl
53l sl s Sl 3 s s s ol e LS Ol 3 i pa S Ayl s L disl e o)l BB
sy oo odalie Jodr 55 &S alailen 35 o odis 35 W8T 51 pdm 3 SEB L S 5 aps e sdalie s e gl

RO PO F VN SPESUN S ISP ST VL G AR IVEPRN - AP EEL LI PIN (R I PRI S

\44



www.kamus.ac.ir

S Slasin Y J 50

b Lo olgs o 3 & o3 4145, I el et s 8
Sl
s P i o9 kedS ba k| Jh S e Sl | by S
A BELL
S Ok oS s LS bsa il | S S Laslst | s S
o )8 S5
GFE sl | e A A, 5t csablisis | Johe S| 5 oMW sl | dsn S
Sl o5
3k Fgh ol 8 b,k b ja s, ol sy |l osed slesd b 56
J 55155
ol g 65k, Pk aulis SV 455 [oF-- JRPHLS S S b I s by
R Sasst
G | g 0SS el SN Sy il dajfs,js | Jhe S A S | kb,
P L g (b

i s oxh s S Gl iy 5 ke S s IS 5 dsn S s pd e sdalie Jsde 3 &S skiles

- Lt e il

le,6
s o LSS e dien (A8 say PsSTy catann b sl SN s LI Ly IS LSl Y
S 3B amdiies sl Lol o Js diilos 651 LB 51 am aSST s g Lokilos g Lzl Sl 2
355 oS 5 Pk LB b o5l 0 528 oo (olew sl OWLS 5 2t L SU 4 Gy dites OWLS 5 U5
ooy L) IS s e il Slesle s Ll as s apsly Lnes Gy 58] e LB plad.o)ls

J}.\i.:.a odalie

\A4




www.kamus.ac.ir

Sl AL LS (ol b 2B Os S e ) Cob s Sl 5B sS4 o e Olye 4 s 26

S b pl L e S OIS L e B e i e Lol 4 s dpd el s S s sk
J;:Jjj.)uj)‘u.p}}).}. ASQJ}‘)SBJ)J?}AL}SL\PJ‘}AUJWS&&ASM}W&AS@)J}JML@%)B

PRPCRPNTPUN-F A PRES

b L Jo A5 £ ol ia | el 055
T
555 5 Sk Sy Sl et g Sl Ui | 3y i s aholl | ST 5B | e Sl
OALS sols Sl
355 5 S sl 5 AL BTNl | s b s akols | B | CmetiSl
;}‘AL.S J)‘J
355 5 S By ey SHI D oS 5 L O ol S o 5555
PSS
< 2333 s 1 Lew Ok ol s S 3 5|
QALS Ll

YA




www.kamus.ac.ir

s 5555
L;cJALb JLW..ﬁ dL}-)JLgLA ax.aj)l;r;ot} Lgﬁ)jfU".'J‘g‘i‘MJ &}J&@Lﬂ)}ﬁjb QYW}SBJ)@W&)
g

g 5]
aeS I 0555 ol Sla 15 st o 55 sl 4 kel 1 LB ol s Loz )6 g 0 31515 b oy
ol e Slajlia S e B S 0B S e s Sl sl sp8 e JS5 Sl el w gl
SIS 53 b e Sl S o 5 50 Gl 325 O3 Slae @ s ndeS ol Sl o5 s o ST 22
o bl Ol 5 0Ll 5o ol slenlen Bl Wsd o SO s I s Olsilr 5 OLLS 5 el gl

LS o b s 3l onls galiamsl Sl slge ple 5 SLig  S10E slpe 05 S dls 3 b 5l 5 duS

s -

s iy L pgrhens JSUES L B ol e L Sos I alsas 06 (SBE st (o) (slex B LSS
Lo s LS a0 ssS LSTES Lghs ppebn iy 5 St il 55 Wl 0 g o s 3503 355 ke
o> ) oseds 3553l S, as Ll WIS LgdeS St Sis 4 G 5 il i 6
oo g il 35 dils i o A5 WSS oS sl (65 0T a S cnl oKile3Ts a8 s st
JSE el S5t 5 S e by 255 o Adshos Jole 0 LS S shle ke pn s Lawb sl A5 p ka5
Loy ol ¢ e 3l bl (Sl 4o 48 ooyl 5y s T il o ST 053 4 Ll 2353 o

LAM—U

ot G b3 50,5 b esue il ol (S ol e Sl o0 T 2 5 LBl o S ST (sl 6 e e
s o s S i das o s JSCES 5 A3l e [len 0B S oS ST LIS e gk o kS
Al i e W ese

Srr sl b-o

L@;;)LB U‘»’“ .JJ)‘J LS el Qb)JuLijsjb-)J L@JT)‘L;\MMJL;GLS‘SJ.SA rLM.;-‘ rb@w\.\m}‘w%)g C);u.i\

va



www.kamus.ac.ir

A s&S —¢

Jshoo 055 92 0 ) S8 s 58 0 5 Ll and &5 il o oliS s 2 sl s 5l 250 LSS
S 3 23 S 0 s s Sl (3l ol SO s b 8l ) S 03 00 g e e L3S 5 A3

s e en ) Coeal 5 i

b Sk L e edi o S la S LBl 3 s s Bl S o el L (152,500 £ 6
Tl das o S5 s 208 ol p s 1 LS 55 Son dmalr 05 (5 0358 31 o pn Ve i 25 50 Sla (e
iy bl adS K5 5 ZaB e w MiKeS b, i oS 51 S ol ol |35 aadS 55 Sls 53 1550
oSl s z,B 5 Oljee oS auy o odal 3 (o pon alaily (5 oS Oly 5 Sl 4y e« oS ThiZA 5Y

NS s Glate 5 S 3 s e 155500 sla 256 L (Ao A0S ) sl OLLS Ul e sen
2B Cl e pen nl 5l ol a5 AT e 525« AsiOlOmycetea . Zygomycetea Ascomycets
olS s 53 ) ool 4 S LS 5 Sdls Kos Bk 5l 5 Db Sl Ol ol 4 gl ole U] 5 o e

AEL S on 2B L g5 Ol

Sl ns o8 53 35 g (e pad il (p e 5 (5 03,58 b (e 3 s o Al 51 G 50l (e e
5ol bl e 55S0le sen S1ls L 5 pls Cidas 5 0Ll i )3 eslizal 550 OLLS 81 s il
S game 55 Rl 0 i nl Sl G5 s U5 o e 0B Ol oS S e SO
5 lad 25 13 5l (pland o ealgh B paae Ol o (e sad ol (pl Sl oLl b izeen 38 szl (55,508
sl fegen bl SLLS L il Sl s (Sogl 5 ole s Be 5 5 Wl B 5 SIS e gon
St 3,Shas g bl (6 A bl Ll e cdr SISl i ST s e jobe aSyl s a4 il s
s (s oo D13 dham 3550 1SS i) S 1ol Jolse)odis glo 2 ol 03 (g md Culie Codls dalp
olS i) ot (So3ggm sl aix oled 15550l s jen alaly dias oo OLES 352 51 (s 5 Lo ( (25D
Lotisls o 15,580l s jen sl b B 3 (oo &0 olS sled pizman das o 513 555 50 S | Ol
oled 5 ekl Sl s walad GBS amd 08 e 1L o eteen ST a5 OB S W sl SO 4 as g
reren Bl @l o S Glalmo B ocgb e SIS Ol B e S e 80 5l b e S
sl 2B Sbt Sl Gdee polis Ol 3 ol e a5,k aegen Gl 0LLS 53 il e sl S0l
2 sl s 200 S 25 e B Ol dge el 8.8 Do 1l S Sk ml en Sl
53 Ol OLLS LUl 2l g 1550l gla 206 oS sl 5l el JLSas Ll s s sl olalS )l

ek 5o oSl Sn ol 4 1 s o T s LB b e S| o 5 S ) e lie 5 id il

A



www.kamus.ac.ir

SlassS 5l red sl o SRSl e 150l la 256 45 el ol edide s o Y| Biofertilizer L

.mpm&uwﬂﬁamémﬁum ol Uz gland
S oA sless

LS &S el a8l Jskul sLSs 5l (Dictyostelium discoideum) sus Svss pke 50
eIl s AP s S e plel e s s e gl e pl
JSE S o M5 SIS Sl s s e 0 B s ey LSS 5 SIS ol (S S
o eed 3 gl 5 &S o M gk Bl gl e RS e s Bl Gl e e 5 s s ) ) o r
el i b g S 5 ol 0SS I 53 S e sl ile al sk S sl a5 058 eSS

3,8 o pll S5 Sl S5 5 el 53 Bl G b ) i e S

SV el s o L5 ISl 5 B sl LS5 5 ol A5 ks £ sen Sy AL o g3 penly edins JSCAS LSS
S5 s ls Lyl 15 53 (253 oo bl ad oo LSS ) sl S0 oo Sl a5 350 (0 Jeob i e A5
e pondly o il 5 T o s 4 b le el gl el 53 Blndl 51 das o 1y dile ol Ik
S 5 el pslie S Uk Sl pam s sed e LSS i sl Aol Ll 5 s ST e sl 1) A s

W 599591
Sk pl s S e 5 G, O ST Ll I Joko olps a5 Ll o0 S5, lgdshe b 55555
Olsilr K ET 51 pdmy 5 Ll 505 S 5 s OF 53 Ta5s8s 0 Al oo St LB LSl 5 s osn g SL
ot AR gt sy Go b Sl S5 s  Lsd e aled s S s s 5 e steal T st sl ULl S s L
L 1) (S5 5 am Jol L SL 00,55 b s S5, S 5o S e 4diS s SB G b Sl S50, it S

AN



www.kamus.ac.ir

W55, ol lers S it Jsds

b Jae « yod el 05,5

Sl SN o e L35k LY | 159 Kxale
Lo b op et WIS 51 | oS sy ls I | a3 538

L)> (S ot — el | Sl
S bs eop s ol 15 5 55 Obyls ose | 15 sabene
i 5 Sl S| 53 50l 1535 ! 1535 gl

(1) 5 szl OS5 — 3l

55 el A5l T 51 s s ls ST LS5 181 5t e S e 545 S50 o b ol s S
S 555 cedp IS SB 53 Al e bt ST s OLISIE 31 e S e sl solan LS5 Sl 5 Ol

s el Ol oo 1y sl 5 5 st oS sy
(L3 58 5L )lgel= &

DLl 53 5 A3l o bl K sreealialsl wsle LT S5l amy 58 o S, O3S slaly b s S 515 Sn
Lile 3wt gy Slemel ) oy L o 0is b iy Sleel i SB s s S e sl 5 el (Sl
Ik 5 ool aedS Dy S 51 T am gy s (351 s sy Slaeel 31 Dledla 5 Ll 3l oo (63U3 1y sl 58
5 S Ll d w el g ol 355 e pol At 3 s pe Bl S O3S (Sl i o 3 s e ol i &

e slde YU oyl
(1333 5ke) Ol 15 030 =

M‘fﬁ)‘;‘p;\jjm(fQJ.&JQLAJL;{‘J_L)‘}JJ)‘JM‘}JY)W‘}ML&O}BJ}‘)LAM.)L?)‘)){:A U‘i‘
o 51 Le,SU 51 b Ul 030 okl (5 ol Bl e bl B Ssigian ool b e Wgel Sl ias s

S o5 1ol S sl S (s e on e 5 1 Sl e i il 2l e (S35 i ST sl SLske

AY



www.kamus.ac.ir

Golen byl OLls o3e aSST 5525 b nsd o SO55S1 dales Ll ol s il Csl oS il (o S
= g_)b‘.} u}a Q@m)‘y@ &)\jf AKL»})J JW.I:L: L;‘LSJL‘}‘ &)‘}A L}JJ..:) LSMj C"i)‘)Li L@JT )‘ u‘"’”u‘jﬁ Lo

Sl sl g eSS 53 sege B (S5l e
Tﬁ)})}«;ﬂ“(_

g e Ol 4 JUSH gl S ad sl M5 5 L3l o Sl 5 0Ll (ol IS s el e
vl O8N, ol LSS 5 LV bele pangendl S opl Ole IS e s sl
s 0

Sl gz o 5 pns S5 0 B Sl ke S (g5 s s Ll e b 8 s 0l o DS s 4 S s w0
g o ol 5 36 dlasl oS s el s S oS 03 T (Slgmns s S (85 05m S 51 AES o Iy Cmnl OF 03
il amils SLs iy ed Obyoe codld JaS s ool Sl & b W w

5 ol ol odss W S35 5 b a e el S S 1 03 0SB (s s LS 2 S e iy (6 1t el
Sl L) o 3l 3l walS @ Ol edlS 15 S & w3 S p polat] Glews us 05,5 asie Gl Y ane
(b3m53 s o Sy ST GSUS psmsy Wb S e Gl SL sla3b sy 5l i Gl Sl
VUL eds Lade s e diltte LS 5l gt gl ol il s e 5 SUy Sl
03,5 Lol S wigad ar |y a5 (8L 030 iS5l (ol e (6 SL g8 SO eolant) SBs SL 05 S s sl
2l Sl oS e e g 2SS (L Ol o geass la3l U das o )3 el Sl 5 Cusby Ll d s 1, 0T
oS alS U s 6,0 Sh O sl o 00 Ol S e 6Ll ol Ol 6,50 S5 45 23S L 4 |, S
ol S Wl e Gilesl sy S wised 3 oseasis b ssms wlii coele (A B YE s e S e O
A aspe 3B S sl slome s e BB OT 51 Lms s s 45 o peasie (sledlos 5l plome 0315 550 b )50
36 (ool slhie sls adnen S e 13 Sl SIS 5 psle sk 4 Jle dir 45 pla nes sl e s 4
o s mes 5 Sl 3l Sos slees ST s 30 g cnl oS J ndiil e B s b psms s o sase
A3 s s gLl oS5 5 abnsl e Jipme slentS A 5o Ll el 5 50id 5wy Jpmamen (58S go Je 51 (SG S 552
s el s 4 O3l o plnil a3 5 ol L1 LT s e OISl ke (sl SL cpl 035 03T L LS 0 S
osm ol 03 o olen Slagzr e 33l L 5 ol k) oy w0 o 3lpe w25 Sl S0s el andl s LB S
sdizes 555 Ol Sl ;SU 5l meslie At o)l > amps Ol s 5 S andnl Jio Jaoes Lol 5 4 LB 5l Sl
Sl b e 5w s ol IS sk a4 diles SL S s Ll il OL e STl s Wlg e s e @
B S Gopb a Sl ) S S Sl i S e 5 s G 5 T Jes e 5 S
S Ol Sldhshe il Sl ads e Slsympe pl cliadie OLES SL Gla3ls 355 55 sl ol Slallla
S8 slee o (preas S ke o a8 Sl SU S elgl edle 4 5 LI s L) sl 4 S s
Sl 4 03,8 Ay s & 56 sl L Olea s b Ll 8 s (s e sl S 4y S el i ol

AY



www.kamus.ac.ir

Q),SUOJj g.,LJ:L: M‘J)j}j SB-L;LAJBGJMJL*JJ‘ ob).} f‘y&bﬁ)ﬁdww‘j w‘@.)}.&d‘.lﬁ Q\)‘Jﬁ

Ul el als AiS e (6,8 gl S s Dl s e gl Jee w5l S el s
Amensalism(e b < SL,I55L L onl S3) bl ANEAGONISM(SKton 1) s ST

by S S i 5 AT e Sy e SET DL Sl S o 5 S Al e 350 oS 55
A5 Lsd e L SL o gl Sl Sad Glews s 058 oo L SL Carer J S Eel S L s 2l
iy mBle o sladnl g ediS Uy Gl SU ekl L S ) pan sl o sl L s bl (SSY

.kﬁ&ﬁ»«ﬁ)}ﬁum

<k
Sl S s el nl Bl el 03 g s S5 Comer Gk eedlS ol Sn a0
sle st o3l ss Bdellovibrio s, s il o (a50k 6 alalssl 530k (6 el 3B 355 o 3L sl
255 s LSS ol o el 3L S Ol e o Oliee oL 4 O (655h ol el e p S
Sle S L el L e s e 2 S Sl Sy LSl 550 Wl s o el Sl o s ol slgms
Sl oo LB L ObalS o5l skas s Y she (g ediS Ay

i

Sl sl S s s s Jls sl s BB K1 5 65800 Sl s 63b5 Ssles O1y el LpannsE 15 S S350
s s 8 J= 55 L5 8550 b (o ol8s Vaane 5358 0 ai S0 s 5 dr DI 0 2in 0
asbe sy 4l OIS Sl S35, b s L S IS Ll daealg SU ST sl o S S oS

AY



www.kamus.ac.ir

b €55 5 s Comarr o abal) £15000 Js

o) Coale 65 sl p Al 5l Jol wns daly pb | s,
AiS e sl Casgdoue KidSs gl Db g Competition -.i, \
I A or 55 257 50 ) plUS g . . Neutralism  s&s Y
—S) s ol ! Jy s g 95 6l + + Mutualism e b gl Y
(z.8 (symbiosis)
el S 5l @S 1) Jolis 458 o1 31 68 S ol 3 " Predation(sl.») s 5, ¢
xS Pl 4.1.'\.35
S D w5 1, Jolis 1558 51 31 K1 w58 5l B " Parasitism i 0
839 6\# r; ).\.'..h.s &ij salaiwl JJ}A@J«
(!
Sob g Ly p s dlaily ol 3 458 S sl " R Commensalism ;! o iwor !
(S 55 45 (555 o) 0L & 5 (0 35w 4 Jlis
0L & 5 g & Jolie B yb diy o0 sl Db S . Allelopathy .1 £ v
Amensalism y (inhibition)

Ul 5 s M@)U;i:" Obe alail,

s man ol Jale OLlpler 5 Slim 81 os 5 ol dode Sl sz se 5l ol 10 b eSS0 055 &1 L
50 e KNI Sy s e oled 4 Sl e 3l (ol gl 2 1 Olge a3 555 5 sl oo ba edlS 15 S
o M ae ol e & el Sn OLL e S201S olSis [ S bl (ole e Sla g 5o 3 WIS e
Lpd oo b r ol L 6 b Bl Sn S o 5 0 ) Sl 5 aspe S0 ole 5 Lgels oSl il

g Y 5 1 LB 5l s ose WS 2 S le axpe S e b 6550 sl 0 1wl ale (5 505 sl e oS

AO




www.kamus.ac.ir

b3l e Jos ol el 4SS 0 SRSl S s sly 2B 51 ol sl 68 e 5l sl 655 a5 S e
Gl g o> o IS ol g S 2 3 15 01 5 LS oo Sl palls S (sl ) 200§ G b BT axpe
355 e 4 Mycentangia Loutesle ol ol & 05 i 5550 el o sl ool o ol s 50 5 SI
s e s gl ‘ijmf)‘ ‘G)G . w;f B UU)T)-’ B gﬁ. axoge s sl LI AL s S SWJM BERN]
o B gl s 1 e Cosby 5 o e sl 5 o)l S (S (298 3 LS n eslal |y S g 5 6 oY
S O Al el o ) 03 (S5 4 530 b b onl 206 05 s s pes L B L s b b e e
Olsl ool o&aws 53 . jls tewier 50 3l (6 eliS Cu sl SU L ol i ol el 03 50 = sl el
Lo 5 S s sl e bole 5 S e W LK el e 1Y lenabus (30168 o SleensilSls S
s Wl St Sl e Wl eedlceyS Sl S olSies s Wil 5 Wedske Al e Sl
SEaS Sl S o s il glasl bre dps s sy s Wl Ol s s LedlSls S
Ly a BV Jo/o PH IS (ghla o sleamlEols Son miy Al Slss 112 22 33 Gl Gl iS5 Ko
Jadr 53 OBS Sl 3158 olaus U3 3 go Slaa S ST yls 5y OEAS i snts (3,168 olSaws s il

Ll ol (g

u:‘)‘jf 5L<:~d> BE) J’.‘:’ L:\.:"J"SJLA’ 9 rﬁ; Lg"_}‘k?;i: Lile Q\)‘.JSJU )‘ f@j )‘J a}o LST})};J).’. ¢ LSJSL’ B a))k.c«

AF



www.kamus.ac.ir

Rove beetle

;"‘._i‘ W o
Springtail  fungi killing @
= a nematode

SB i Jole ¥ IS

AY



www.kamus.ac.ir

e PP R A W P S JE DcP s QU PRES

QRTCENP R PR ¥ 550 ¢ ASL
A\S C\S\G P 5eS s SA5 Sk
A\S\F S b sl 505 58
A\S\F S\X\G V5S sensy 545 S
A\S\F\H CWX\G ol B S S s
A\S G Al eSS s S
S S\G R PO PHRP R g
A\F\H\E CWX\G Al oSS 5 s
F\B\L C\SX\G 55k s
A\P\L S\GL\Y psibonsy oolses)sho
A\P\H L S

L S\G o3 S 5SS ]
: G s esheely 55
M H2 + CO2 \ F p55leess p g S sk
F\B\L X\G pibunss s Slis

=X wlu=S JJ).LA=C QLU)_&=F : *6jj‘cm
JspdS=Y oV =L 5.5=G
bl =A S leSe =S Sl =F 0 R g oV s

Oiase=H 6= E o5, =B ot =P

AA




www.kamus.ac.ir

amw)béumg)b;ﬁﬁjdu(ﬁjé@b

o el il 5l e 15 1 Sy S 5 o skl 3l S LS S s b 5 il 3] e
w:)é)Li_AA L},QL_f J)U\_f ~° &J}-)L\;}‘ BEl u)j‘j J\.:MS‘ L u.ajs Q\x}jﬁ& J\.:jjj ‘_)}:,,.Sljdjjzml <

S Gl Bl Ss 5 O 5 g il

e yod 55 Sle L L Lak s sl o S0 il o B 551 Sl L L e pen (S5 Db 0L p 5 pms
ol aialel, 31 SH2 (02 . CO2 AL o padsin 5 plia il dels s (218 olSaws 5 Olas JBL o S ol 350
o5 okl s 5 S e I I 150,C02 SH2 655585 5 53 35750 G 5551 sla (8L oy o psiss 5 4 5 0l
Uil w olasyms WIDNA - Slabis 5 b 5l Js aasl pes iy a0 530 G 5 551 sle U ST s s L 6,108 e 0l

sl oy
)‘J ABLAL;AJ.:;}}G)L; u;......:.fo.h

Syt Sl pan 55 55 Septobasidiume a5k s 256 il o wls 2B & Jo a5 Gl Ol i ) s,
et ) SO0 pedle L apd e Sos )SE Slpie L OF 085 o Sl Bl s s e S8 s
B daly 5Bl 2Bl BB &S pleess 5 esle Bl andls e sen B pl L oS ot Gleass 5)IS e
ot 203 LRI L 3 e ) SL1 L S 5l oy o ainis Sl o Gl ot 55 0l peedlSo
SASL 2se 53 S 0 SGS Sl Al s b sy Al S8 a5 Lsd e OUT 6l L s el 5 s

LS oy Ol ol s L e sl 5 (5 0 iS A5
Sl Slawd slge gl sl 1S 0 k 4

Ol LS 1 i b JTslsn ls sdge 0 dipd oo 3005 S 3 S (53050 a0 e S S sles S
(SIS gla S T i Sl slse 5l (Soln SS mio a3 ddgre Lsd e i ) 4 Ol L
pslie gy Son (SaS a5 Jas ol 55 (Sotbe Slasd 3lse opl 51 (ol 5530 g0 315 S 3 5L e 4 Saudly
31y OLid 595 31 psst 4z i 4 8 IS w L Jl iS e d ool aSaln ool s 1S 0 i Jle o by xe s
f Sl 3lsn o ol 65 Al s (6355 4 Js Ble o U Vb e 4 OF 28 0t G e L S L ek
LA Ll aasb OB e s b Clie 008 e (Sre SIS oy Sl ol (Sl s oo 00 Do e e
di gy b 050) oS oo My e A5 OBt a3 5 03,8 oS1 e s (sl s 1 s e e T 0SSl

Slalss 5l slse ol 51 e LL sl vf:.;—u Shead 350 aon (55 o M A 503, S Iy e S

A4



www.kamus.ac.ir

Olele 3 S s Dl s o il L33 o o L SL sl il Ja 5 S (6 580 8 ol 5 Sloand
5 (e 35S ko) 2,4-D 25 Cile 55 5550 cpl o Jle 51 3 p 0ol wses Slee s w1 ol Wl e Sland
Lo 3l b s esle pl Sl 038 Y b 6l 24D Ol w IS ol Sl el (S e 53) 2,4,5,T

RG! L;Lgbj,\}ub ULA)U)j)
6\;’-)3 CW Qfa;

. (Photodecomposition ) jis w sz o558 aw a1y Sb s psen Slas b 5 4 Jstes Sladl b o fege
53 pye (AL Glodil B 8 e 5 e L a8 3500 el Ol 0 p S Sl b Gl b s aliend S 4
Ao das a5 S 3 oS (old 5 Sy dule e ol 4 el S b IS ol 5l S pa s S
Sl A s e S S Sy s & Olges S Cl G Wl a5l el 53 Nl s S
o oS 55 S psen bS5 a5 gl e 5 Sl s S alse 5 ess Sl s b oISl S
w Ll I eline a5 1 o g (S Slgrs Sn iomlie usby 5 I alge 555 ol a3 3l A ke Julgs ol 2L
WS e all S5 e e Coneb 5 S s 5 A 0 4 e Sl Wl g (5550 Ol (05) Ol
o 4S (S350 3 Wbl e Rl 5 el slaml sl 4 p e sl 5w gl b Bl S LUl 05
T 4 3l LS e lale ST eg OlSL SLS 5 nl b b 53 s Koo il sl o533 St w b sl sl
) Sl Sl s Al g alsl 5 edd LT s SLS 5w L S 085k b Olesen slad 5 4 sladyl

S S pgane b e el L o DIl x5 3 g0 o e Sl 51 aS ol g 31 S s
o5 L 53 Mlg e esle 55 a Bl e pslie 53 3p oS 550 e e DUDLD 4 S s 0T w5 en s pslis
OLs AeS] 3l e Ly eapls St s plie g 50 T Lial SLL G ¢ pals (s 03,5 3 s a5 abai 5l 5 A5
e e silsr o s 3 DDD s DDT w5 p Gl G 3148 558 0 b stk w
S dess Ve Sl i slen i s 4 s 53 ile o (BL 0T 51 Ao 53 B G dadd ole s Sl ey Vpons 5 035
B Lol ol sls s DUD.D @ s s Jlar kit g el 3L adsl o) g0 Oles 4ol 22 51 0D.DLT
G55 Y ssd 55 58 e |51 Soull enls il Sl s 1 S aps 5 b S e 015 o S il 05 S

c L, D.D.D w1, DD T Lus 5 LUl s S

Il S 5 g o 53 33 3L Dl Mt 3,13 el pyr o3 3 O S o i 03 D5 SleS s 3 F
S 0T shley b Sl (Seslil 0L silr 5 OWLS w53 5 it 53 ool 5 353 o o ol 53 0T 520
.J_}..i: T J)U W} AJﬁY\g L}ng ‘_)‘J:A Mﬂd])l}u )L.f;.é NG JLA o S 9= 52 (_)TJA; m.}j °;ﬁ)“)‘ili

Jle 5T 51 @ss Gpmen Sl Cas 3L gl el O55e A 0y Sls g e slis 5 e (S g;.j oAb



www.kamus.ac.ir

Lo 3 ¥ slogs o Sl odiy Dl se j3 s 4_>J Aol e by el ol e b, 58 51 ol 5 VAV
s oasle oyl Oldl 5 o e OB & S B e el 5l Jlade e Jy LS o e AUl W) g

el 0 s 5 Ll Sl il Ol b 5 5Ss Jle 3 b5

Sb s sl cu A 5 s cpllas s Ll 5V Jsir

Paramelers Condition required for microbial activity Optimum value for an oil degradation
Soil moisture 25-28% of water holding capacity 30-90%

Soil pH 5.5-88 6.5-80

Oxygen content Aerobic, minimum air-filled pore space of 10% 10-40%

Nutrient content N and p for microbial growth C:N:P = 100:10:1
Temperature (°C) 1545 20-30

Contaminants Not too toxic Hydrocarbon 5-10% of dry weight of soil
Heavy metals Total content 2000 ppm 700 ppm

Type of soil Low clay or silt content
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Atmosphere: Nitrogen fixation

Denitrifying
bacteria
W 4 Plants
Lightning
; -
Absorption Consumption
Decomposition Animals
‘Ex/cretion | Excretion
Soil or water AMINO aGidS= A nitving bacteria  Uric acid
NO4~ NO,~ _ and urea
(nitrate) S —__— (nitrite) N AMMONIa « 7
Nitrifying Nitrate Amnifying
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Technology Examples Benefits Limitations Factors to consider
In situ In sifu bioremediation | Most cost efficient Environmental Biodegradative abilities of
Biosparging Noninvasive constrainls indigenous microorganisms
Bioventing Relatively passive Extended treatment Presence of metals and
Bioaugmentation Natural attenuation time other inorganics
processes Monitoring difficulties | Environmental parameters
Treats soil and water Biodegradability of pollutants

Chemical solubility
Geological factors
Distribution of pollutants

Ex situ Landfarming Cost efficient Space requirements See above
Composting Low cost Extended treatment time
Biopiles Can be done on site Need to control abiotic
loss

Mass transfer problem
Bioavailability limitation

Bioreactors | Slurry reactors Rapid degradation kinetic | Soil requires excavation | See above
Aqueous reactors Optimized environmental | Relatively high cost Bioaugmentation
parameters capital Toxicity of amendments
Enhances mass transfer Relatively high operating | Toxic concentrations of
Effective use of inoculants | cost contaminants

and surfactants
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Some forms of contaminants

are trapped in fibrous parts
of the tree or other plant.

Enzymes in fungi and
microbes released from the

plant react with pollutants
and break them down.

Other pollutants are
absorbed into the tree
from the roots.

Some pollutants in the
soil are broken down
by oxygen and enzymes
0, enzymes emitted from the roots.

AR



www.kamus.ac.ir

Dl ole 68 558 bl Eol Llg o eedlSe cpdir (VG oS 015 s

(Phyto degredation or Phyto transformation) _L.s oS

(Phyto volatilization) s =5 oS

(Rhizospher degredation ) aiy; kowe VL Cos

(Phyo stabilization) . LS

(Phyto extraction) _!| zuul ol

(Rhizo filtration) (gl aiu; O gl 2k

(Phyto restoration) sl 0s el el

oS 3 355 o Bl olS Loy ba O aygond Lilate 5 6lS 3 mi 3 O 5 St (sla edtVT o 5 Sl 40 bk olS
Ay iy dar e VU sy 3 ipd e s 3l () Sl Al 3 L elS law e o (sla sV (s s

3 S Mg (e LS Ly ety Jae 53 S VL e Sl ilie gl 0005 L OlalS
LS 53 55 o BBl SLs 3 e sl oW1 05, S sl e 5 LS 2ig o e 3 33l Olpe
Bl & s 3 iy 40 St 1 3l Jlisl g1, (Metal- accumulating plant) ;6 eas oS QLS Sl s
oV ol (gl oS (gl a3l eslinal w6l aduy Ogmel 2l 505 o eslinad olS 3 b OF 03 5ed azilil 5 o S, ila
e 581 53 i olie O3 (531 (ALS (sle 55 5 gl o5LEL ns 5 b e (sla O 51 (53 sl

s e 0L Ty ol Jles o sl

Rhizosphere

sy ‘_}"-")5 e Ao 5 gld r},}KA:Y L}.{.;

VoY



www.kamus.ac.ir

Ol Jod o1 sl e 1 53 (K jobie O3l (530 o 46,8 Saay b o 1 Y o

LT ol gl ki Ol e g |l e plail
S
Myriophyllum Haloragaceae Se Phytoextraction, b 4l
aquaticum Rhizofiltration
Agrostis Poaceae Zn Phytoextraction PP
capillaris
Vallisneria Hydrocharitaceae | Cr, Cu, Hg, Pb, Phytoextraction, s i,
spiralis Fe, Mn, Zn Rhizofiltration, N
Phytovolatilization
&,
Juncus effusus Juncaceae As, Se, Zn, Ni, Phytostabilization b 4l
Pb, Cd, Cr, Hg
Typha latifolia Typhaceae Ni, Cr, Co, Zn, Phytovolatilization, s ais,
Mn, Pb Rhizofiltration )
K] LA UL,J
S,
Ruppia Ruppiaceae Se Rhizofiltraction la s
maritima
Lemna minor Lemnaceae Fe, As, Mn, Pb, | Phytovolatilization, s ais,
Cd, Cu, Cr, Ni, b £
N . g
Se, Zn, U Rhizofiltration
Lemna trisulca Lemnaceae Rhizofiltration, s o
Phytovolatilization b,
Potamogeton Potamogetonace Cd, Cu, Pb, Zn Phytoextraction, Rhizofiltration s aiy
ae
natans e sl
S,

\ey
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Azolla filiculoides Azollaceae Cu, Cd Phytoextraction S ool Bl e aio,y
(08

Eriophorum Cyperaceae Cr, Ni, Zn, Fe, Cu, | Phytostabilization b 4l

angustifolia Pb

Eriophorum Cyperaceae Zn, As, Cd, Pb Phytostabilization b 4l

scheuchzeri

Phragmites Poaceae Zn, As, Cd, Cu, Pb | Phytodegredation b 4l

australis

Polygonum Polygonaceae Zn, As Phytoextraction, Sl Bl e aio,y

amphibium Rhizofiltration,

Phytovolatilization

la

Nymphaea alba

Nymphaeaceae

Cd, Cu, P, Pb

Phytoextraction

la

Hydrilla verticillata

Hydrocharitaceae

Hg, Fe, Ni, Pb

Phytovolatilization,
Phytoextraction,
Phytodegredation

Phytostabilization

la

Lycopus Labiatae Cd Phytoextraction Sl blede iy,
europaeus .
Cynodon dactylon Poaceae As, Cd, Cu, Pb, Hg, | Phytostabilization, | & . ;s <l s ai,

Mo, Ni, Se, Zn

Phytoextraction,
phytovolatilization,
Rhizofiltration,

la
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Equisetum Equisetaceae Pb, Zn Phytostabilization b aiy,
arvense
Arundo donax Poaceae Ni, Cd, Zn, Cu, | Phytoextraction Sl bl e aioy

Pb n
Mentha Labiatae Se, Cd, Zn, Phytoextraction, S sl bl e aiogy
aquatica Cu, Fe, Hg Phytovolatilization n
Mentha Labiatae Cu, Cr, Fe, Phytoextraction, | &, 5l sl s <o)
longifolia Mn, Cd, Pb | Phytovolatilization n
Phytostabilization,
Rhizofiltration
Najas marina Najadaceae Cd, Fe, Pb, Phytoextraction, S le bl e aioy
Mn Phytovolatilization a
Nuphar lutea Nymphaeaceae Cu, Ni, Cr, Co, | Phytoextraction Sl bl de aioy
Zn, Mn, Pb, a
Cd, Cu, Hg, Fe
Potamogeton Potamogetonaceae Cd, Pb, Fe, Phytoextraction, Sl bl e aioy
crispus Mn Rhizofiltration W
Potamogeton Potamogetonaceae Cd, Fe, Pb, Phytoextraction, S sl bl e aioy
perfoliatus Mn Rhizofiltration

La
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Potamogeton Potamogetonace | Mn, Pb, Cd, Cu, Cr, | Phytovolatilization, ols o s 4l
pectinatus ae Zn, Ni, As, Se Phytoextraction ~
Salvinia Salviniaceae Cd, Cr, Phytoextraction, sl e iy,
natans Phytovolatilization, &
. (S )
Cu, Mn, Ni, Zn Phytostabilization, -
Rhizofiltration
Tussilago Asteraceae Zn, Pb, Fe, Mn, Cu, | Phytoextraction, ol Bl s 4l
farfara Cd, As, Hg G
phyto restoration, o
phyto degradation
Ranunculus Ranunculaceae P, F, Cd, Mn, Fe, Phytoextraction, ol o s 4l
aquatilis Co, Ni, Cu, Zn, Pb | Phytovolatilization, b S
[&]
Phytostabilization, s
Rhizofiltration
Scirpus Cyperaceae Cu, Pb, Cd, Ni, Zn | Phytoextraction, ol Bla s 4l
lacustris Phytovolatilization, b S
(S )
Phytostabilization -
Spirodela Lemnaceae Mn, Ni, Sr, V, Zn, | Phytoextraction, ol Bl s ais
polyrhiza Cd, Cu, Pb Phytovolatilization, G
o
Phytostabilization,
Rhizofiltration
Empetrum Ericaceae Zn, Cu, Ni, Cd, Cu | Phytoextraction, ola o s als,
nigrum Phytodegredation LS,
Elodea Hydrocharitacea Zn, Cu Phytoextraction, sl e iy,
canadensis e Phytovolatilization, b £
Phytorestoration -
Carex rostrata Cyperaceae Cu, Pb, Zn, Co, Ni, | Phytodegredation s ey,
Cr, Mo, U
Oryza sativa Poaceae Cd, Co, Cu, Pb, Zn, | Phytoextraction, ol Bl s 4l
Ni, Mn, Fe Phytovolatilization, G
(S )
phytrestoration, -
phytodegredation
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Sulfat reduction S04% +8e” +10 H" — H,S + 4H,0
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Class of contaminants Specific examples Aerobic Anaerobic More potential sources
Chlorinated solvents Trichloroethylene + Drycleaners
Perchloroethylene Chemical manufacture
Polychlorinated biphenyls 4-Chlorobiphenyl + Electrical manufacturing
4.4-Dichlorobiphenyl Power station
Railway yards
Chlorinated phenol Pentachlorophenol + Timber treatment
Landfills
“BTEX" Benzene + + Oil production and storage
Toluene Gas work sites
Ethylbenzene Airports
Xylene Paint manufacture
Port facilities
Railway yards
Chemical manufacture
Polyaromatic hydrocarbons ~ Naphthalene + Oil production and storage
(PAHSs) Antracene Gas work sites
Fluorene Coke plants
Pyrene Engine works
Benzola)pyrene Landfills
Tar production and storage
Boiler ash dump sites
Power stations
Pesticides Atrazine + + Agriculwre
Carbaryl Timber treatment plants
Carbofuran Pesticide manufacture
Coumphos Recreational areas
Diazinon Landfills
Glycophosphate
Parathion
Propham
24D
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solioly
Abiotic stress. Outside (nonliving) factors which can cause harmful effects to plants, such as soil
conditions, drought, extreme temperatures.
Adaptive radiation. The evolution of new species or sub- species to fill unoccupied ecological
niches.
Aerobe. A microorganism that grows in the presence of oxygen. See Anaerobe.
Agarose gel electrophoresis. A matrix composed of a highly purified form of agar that is used
to separate larger DNA and RNA molecules ranging 20,000 nucleotides. (See Electrophoresis.)
Alleles. Alternate forms of a gene or DNA sequence, which occur on either of two homologous
chromosomes in a diploid organism. (See DNA polymorphism.)
Alternative mRNA splicing. The inclusion or exclusion of different exons to form different
mRNA transcripts. (See RNA.)
Amino acid. Any of 20 basic building blocks of proteins-- composed of a free amino (NH2) end,
a free carboxyl (COOH) end, and a side group (R).
Ampicillin (beta-lactamase). An antibiotic derived from penicillin that prevents bacterial
growth by interfering with cell wall synthesis.
Amplify. To increase the number of copies of a DNA sequence, in vivo by inserting into a
cloning vector that replicates within a host cell, or in vitro by polymerase chain reaction (PCR).
Anaerobe. An organism that grows in the absence of oxygen. See Aerobe.
Anneal. The pairing of complementary DNA or RNA sequences, via hydrogen bonding, to form
a double-stranded polynucleotide. Most often used to describe the binding of a short primer or
probe.
Antibiotic resistance. The ability of a microorganism to produce a protein that disables an
antibiotic or prevents transport of the antibiotic into the cell.
Antibody. An immunoglobulin protein produced by B- lymphocytes of the immune system that
binds to a specific antigen molecule. (See monoclonal antibodies, polyclonal antibodies.)
Anticodon. A nucleotide base triplet in a transfer RNA molecule that pairs with a
complementary base triplet, or codon, in a messenger RNA molecule. See Codon, Messenger
RNA, RNA.
Antigen. Any foreign substance, such as a virus, bacterium, or protein, that elicits an immune
response by stimulating the production of antibodies. (See Antigenic determinant, antigenic
switching.)
Antigenic determinant. A surface feature of a microorganism or macromolecule, such as a
glycoprotein, that elicits an immune response.
Antigenic switching. The altering of a microorganism's surface antigens through genetic
rearrangement, to elude detection by the host's immune system.
Antimicrobial agent. Any chemical or biological agent that harms the growth of
microorganisms.
Antisense RNA. A complementary RNA sequence that binds to a naturally occurring (sense)
mRNA molecule, thus blocking its translation. (See RNA.)
Asexual reproduction. Nonsexual means of reproduction which can include grafting and
budding.
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Autosome. A chromosome that is not involved in sex determination.

B
beta-DNA. The normal form of DNA found in biological systems, which exists as a right-
handed helix.
beta-Lactamase. Ampicillin resistance gene. (See Selectable marker.)
Bacillus. A rod-shaped bacterium.
Bacillus thuringiensis (Bt). A bacterium that kills insects; a major component of the microbial
pesticide industry.
Backeross. Crossing an organism with one of its parent organisms.
Bacteriocide. A class of antibiotics that kills bacterial cells.
Bacteriophage (phage or phage particle). A virus that in- fects bacteria. Altered forms are used
as vectors for cloning DNA.
Bacteriostat. A class of antibiotics that prevents growth of bacterial cells.
Bacterium. A single-celled, microscopic prokaryotic organism: a single cell organism without a
distinct nucleus.
Base pair (bp). A pair of complementary nitrogenous bases in a DNA molecule--adenine-
thymine and guanine-cytosine. Also, the unit of measurement for DNA sequences.
Bioaugmentation. Increasing the activity of bacteria that decompose pollutants; a technique
used in bioremediation.
Biodiversity. The wide diversity and interrelatedness of earth organisms based on genetic and
environmental factors.
Bioenrichment. Adding nutrients or oxygen to increase microbial breakdown of pollutants.
Biologics. Agents, such as vaccines, that give immunity to diseases or harmful biotic stresses.
Biomass. The total dry weight of all organisms in a particular sample, population, or area.
Bioremediation. The use of microorganisms to remedy environmental problems. See
Bioaugmentation, Bioenrichment.
Biotechnology. The scientific manipulation of living organ- isms, especially at the molecular
genetic level, to produce useful products. Gene splicing and use of recombinant DNA (rDNA)
are major techniques used.
Biotic stress. Living organisms which can harm plants , such as viruses, fungi, and bacteria, and
harmful insects. See Abiotic stress.

C
Capsid. See Coat protein.
Carcinogen. A substance that induces cancer.
Carcinoma. A malignant tumor derived from epithelial tissue, which forms the skin and outer
cell layers of interal organs.
Catalyst. A substance that promotes a chemical reaction by lowering the activation energy of a
chemical reaction, but which itself remains unaltered at the end of the reaction. (See Catalytic
antibody, Catalytic RNA.)
Catalytic antibody (abzyme). An antibody selected for its ability to catalyze a chemical
reaction by binding to and stabilizing the transition state intermediate.
Catalytic RNA (ribozyme). A natural or synthetic RNA molecule that cuts an RNA substrate.
Cation. A positively charged ion.
c¢DNA. DNA synthesized from an RNA template using reverse transcriptase.
c¢DNA library. A library composed of complementary copies of cellular mRNAs. (See Library.)
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Cellular oncogene (proto-oncogene). A normal gene that when mutated or improperly
expressed contributes to the development of cancer. (See Oncogene.)

Centers of origin. Usually the location in the world where the oldest cultivation of a particular
crop has been identified.

Central dogma. Francis Crick's seminal concept that in nature genetic information generally
flows from DNA to RNA to protein.

Centrifugation. Separating molecules by size or density using centrifugal forces generated by a
spinning rotor. G forces of several hundred thousand times gravity are generated in
ultracentrifugation. (See Density gradient centrifugation.)

Centromere. The central portion of the chromosome to which the spindle fibers attach during
mitotic and meiotic division.

Chemotherapy. A treatment for cancers that involves ad- ministering chemicals toxic to
malignant cells.

Chloramphenicol. An antibiotic that interferes with protein synthesis.

Chromatid. Each of the two daughter strands of a duplicated chromosome joined at the
centromere during mitosis and meiosis.

Chromosome. A single DNA molecule, a tightly coiled strant of DNA, condensed into a
compact structure in vivo by complexing with accessory histones or histone-like proteins.
Chromosomes exist in pairs in higher eukaryotes. (See Chromosome walking.)

Chromosome walking. Working from a flanking DNA marker, overlapping clones are
successively identified that span a chromosomal region of interest. (See Chromosome.)
Cistron. A DNA sequence that codes for a specific polypeptide; a gene. See DNA, Gene.
Clone. An exact genetic replica of a specific gene or an entire organism. See Cloning.
Cloning. The mitotic division of a progenitor cell to give rise to a population of identical
daughter cells or clones. (See Directional cloning, Megabase cloning, Molecular cloning,
Subcloning.)

Coat protein (capsid). The coating of a protein that enclosed the nucleic acid core of a virus.
Codon. A group of three nucleotides that specifies addition of one of the 20 amino acids during
translation of an mRNA into a polypeptide. Strings of codons form genes and strings of genes
form chromosomes. (See Initiation codon, Termination codon.)

Coenzyme (cofactor). An organic molecule, such as a vitamin, that binds to an enzyme and is
required for its catalytic activity.

Colony. A group of identical cells (clones) derived from a single progenitor cell.
Commensalism. The close association of two or more dissimilar organisms where the
association is advantageous to one and doesn't affect the other(s). See Parasitism, Symbiosis.
Competency. An ephemeral state, induced by treatment with cold cations, during which
bacterial cells are capable of uptaking foreign DNA.

Complementary DNA or RNA. The matching strand of a DNA or RNA molecule to which its
bases pair. (See DNA, RNA.)

Complementary nucleotides. Members of the pairs adenine-thymine, adenine-uracil, and
guaninecytosine that have the ability to hydrogen bond to one another. (See nucleotide.)
Concatemer. A DNA segment composed of repeated sequences linked end to end.
Conjugation. The joining of two bacteria cells when genetic material is transferred from one
bacterium to another.
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Constitutive promoter. An unregulated promoter that allows for continual transcription of its
associated gene. (See Promoter.)
Contiguous (contig) map. The alignment of sequence data from large, adjacent regions of the
genome to produce a continuous nucleotide sequence across a chromosomal region. (See
Mapping.)
Cross-hybridization. The hydrogen bonding of a single- stranded DNA sequence that is
partially but not entirely complementary to a singlestranded substrate. Often, this involves
hybridizing a DNA probe for a specific DNA sequence to the homologous sequences of different
species.
Cross-pollination. Fertilization of a plant from a plant with a different genetic makeup.
Crossing-over. The exchange of DNA sequences between chromatids of homologous
chromosomes during meiosis.
Culture. A particular kind of organism growing in a laboratory medium.
Cyclic AMP (cyclic adenosine monophosphate). A second messenger that regulates many
intracellular reactions by transducing signals from extracellular growth factors to cellular
metabolic pathways.
Cytogenetics. Study that relates the appearance and behavior of chromosomes to genetic
phenomenon.

D
Dalton. A unit of measurement equal to the mass of a hydrogen atom, 1.67 x 10E-24 gram/L
(Avogadro's number).
Death phase. The final growth phase, during which nutrients have been depleted and cell
number decreases. (See Growth phase).
Denature. To induce structural alterations that disrupt the biological activity of a molecule.
Often refers to breaking hydrogen bonds between base pairs in double-stranded nucleic acid
molecules to produce in single-stranded polynucleotides or altering the secondary and tertiary
structure of a protein, destroying its activity.
Density gradient centrifugation. High-speed centrifugation in which molecules "float" at a
point where their density equals that in a gradient of cesium chloride or sucrose. (See
Centrifugation.)
Diabetes. A disease associated with the absence or reduced levels of insulin, a hormone essential
for the transport of glucose to cells.
Dideoxynucleotide (didN). A deoxynucleotide that lacks a 3' hydroxyl group, and is thus unable
to form a 3'-5' phosphodiester bond necessary for chain elongation. Dideoxynucleotides are used
in DNA sequencing and the treatment of viral diseases. (See Nucleotide.)
didN. See Dideoxynucleotide.
Digest. To cut DNA molecules with one or more restriction endonucleases.
Diploid cell. A cell which contains two copies of each chromosome. See Haploid cell.
Directional cloning. DNA insert and vector molecules are digested with two different restriction
enzymes to create noncomplementary sticky ends at either end of each restriction fragment. This
allows the insert to be ligated to the vector in a specific orientation and prevents the vector from
recircularizing. (See Cloning.)
DNA (Deoxyribonucleic acid). An organic acid and polymer composed of four nitrogenous
bases--adenine, thymine, cytosine, and guanine linked via intervening units of phosphate and the
pentose sugar deoxyribose. DNA is the genetic material of most organisms and usually exists as
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a double-stranded molecule in which two antiparallel strands are held together by hydrogen
bonds between adeninethymine and cytosine-guanine. (See b-DNA, cDNA, Complementary
DNA or RNA, DNA polymorphism, DNA sequencing, Double-stranded complementary DNA,
Duplex DNA, Z-DNA.)
DNA diagnosis. The use of DNA polymorphisms to detect the presence of a disease gene.
DNA fingerprint. The unique pattern of DNA fragments identified by Southern hybridization
(using a probe that binds to a polymorphic region of DNA) or by polymerase chain reaction
(using primers flanking the polymorphic region).
DNA polymerase. See Polymerase.
DNA polymorphism. One of two or more alternate forms (alleles) of a chromosomal locus that
differ in nucleotide sequence or have variable numbers of repeated nucleotide units. (See Allele.)
DNA sequencing. Procedures for determining the nucleotide sequence of a DNA fragment.
Dominant. An allele is said to be dominant if it expresses its phenotype even in the presence of a
recessive allele. See Allele, Phenotype, Recessive.
Dominant gene. A gene whose phenotype is when it is present in a single copy.
Dominant(-acting) oncogene. A gene that stimulates cell proliferation and contributes to
oncogenesis when present in a single copy. (See Oncogene.)
Dormancy. A period in which a plant does not grow, awaiting necessary environmental
conditions such as temperature, moisture, nutrient availability.
Double helix. Describes the coiling of the antiparallel strands of the DNA molecule, resembling
a spiral staircase in which the paired bases form the steps and the sugar-phosphate backbones
form the rails.
Double-stranded complementary DNA (dscDNA). A duplex DNA molecule copied from a
cDNA template.
Downstream. The region extending in a 3' direction from a gene.
dscDNA. See double-stranded complementary DNA.
Duplex DNA. Double-stranded DNA.

E
Ecology. The study of the interactions of organisms with their environment and with each other.
Ecosystem. The organisms in a plant population and the biotic and abiotic factors which impact
on them. See abiotic factors; Biotic factors.
Electrophoresis. The technique of separating charged mol- ecules in a matrix to which is
applied an electrical field. (See Agarose gell electrophoresis, Polycrylamide gell
electrophoresis.)
Electroporation. A method for transforming DNA, especially useful for plant cells, in which
high voltage pulses of electricity are used to open pores in cell membranes, through which
foreign DNA can pass.
Encapsidation. Process by which a virus' nucleic acid is enclosed in a capsid. See Coat protein.
Endophyte. An organism that lives inside another.
Environmental Protection Agency (EPA). The U.S. regulatory agency for biotechnology of
microbes. The major laws under which the agency has regulatory powers are the Federal
Insecticide, Fungicide, and Rodenticide Act (FIFRA); and the Toxic Substances Control Act
(TSCA).
Enzymes. Proteins that control the various steps in all chemical reactions.
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Escherichia coli. A commensal bacterium inhabiting the human colon that is widely used in
biology, both as a simple model of cell biochemical function and as a host for molecular cloning
experiments.
Ethidium bromide. A fluorescent dye used to stain DNA and RNA. The dye fluoresces when
exposed to UV light.
Eukaryote. An organism whose cells possess a nucleus and other membrane-bound vesicles,
including all members of the protist, fungi, plant and animal kingdoms; and excluding viruses,
bacteria, and blue-green algae. See Prokaryote.
Evolution. The long-term process through which a population of organisms accumulats genetic
changes that enable its members to successfully adapt to environmental conditions and to better
exploit food resources.
Express. To translate a gene's message into a molecular product.

F
Flanking region. The DNA sequences extending on either side of a specific locus or gene.
Food and Drug Administration (FDA). The U.S. agency responsible for regulation of
biotechnology food products. The major laws under which the agency has regulatory powers
include the Food, Drug, and Cosmetic Act; and the Public Health Service Act.
Fungus. A microorganism that lacks chlorophyll.
Fusion gene. A hybrid gene created by joining portions of two different genes (to produce a new
protein) or by joining a gene to a different promoter (to alter or regulate gene transcription).

G
Gamete. A haploid sex cell, egg or sperm, that contains a single copy of each chromosome.
GEM. A genetically engineered microorganism.
Gene. A locus on a chromosome that encodes a specific protein or several related proteins. It is
considered the functional unit of heredity. (See Dominant gene, Fusion gene, Gene amplification,
Gene expression, Gene flow, Gene pool, Gene splicing, Gene translocation, Recessive gene,
Regulatory gene.)
Gene amplification. The presence of multiple genes. Amplification is one mechanism through
which proto-oncogenes are activated in malignant cells.
Gene cloning. The process of synthesizing multiple copies of a particular DNA sequence using a
bacteria cell or another organism as a host. See DNA, Host.
Gene expression. The process of producing a protein from its DNA- and mRNA-coding
sequences.
Gene flow. The exchange of genes between different but (usually) related populations.
Gene frequency. The percentage of a given allele in a population of organisms. See Allele.
Gene insertion. The addition of one or more copies of a normal gene into a defective
chromosome.
Gene linkage. The hereditary association of genes located on the same chromosome.
Gene modification. The chemical repair of a gene's defective DNA sequence. See DNA.
Gene pool. The totality of all alleles of all genes of all individuals in a particular population.
Gene splicing. Combining genes from different organisms into one organism. See recombinant
DNA.
Gene translocation. The movement of a gene fragment from one chromosomal location to
another, which often alters or abolishes expression.
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Genetic assimilation. Eventual extinction of a natural species as massive pollen flow occurs
from another related species and the older crop becomes more like the new crop. See Gene flow.
Genetic code. The three-letter code that translates nucleic acid sequence into protein sequence.
The relationships between the nucleotide base-pair triplets of a messenger RNA molecule and
the 20 amino acids that are the building blocks of proteins. See Base pair, Nucleic acid,
Nucleotide.
Genetic disease. A disease that has its origin in changes to the genetic material, DNA. Usually
refers to diseases that are inherited in a Mendelian fashion, although noninherited forms of
cancer also result from DNA mutation.
Genetic drift. Random variation in gene frequency from one generation to another.
Genetic engineering. The manipulation of an organism's genetic endowment by introducing or
eliminating specific genes through modern molecular biology techniques. A broad definition of
genetic engineering also includes selective breeding and other means of artificial selection.
Genetic linkage map. A linear map of the relative positions of genes along a chromosome.
Distances are established by linkage analysis, which determines the frequency at which two gene
loci become separated during chromosomal recombination. (See Mapping.)
Genetic marker. A gene or group of genes used to "mark" or track the action of microbes.
Genome. The genetic complement contained in the chromosomes of a given organism, usually
the haploid chromosome state.
Genomic library. A library composed of fragments of genomic DNA. (See Library.)
Genotype. The structure of DNA that determines the expression of a trait. See Phenotype.
Genus. A category including closely related species. Interbreeding between organisms within the
same category can occur.
GEO. Genetically engineered organism.
Germ cell. Reproductive cell. See Somatic cell.
Germ cell (germ line) gene therapy. The repair or re- placement of a defective gene within the
gamete-forming tissues, which produces a heritable change in an organism's genetic constitution.
GMO. Genetically modified organism.
Green revolution. Advances in genetics, petrochemicals, and machinery that culminated in a
dramatic increase in crop productivity during the third quarter of the 20th century.
Growth curve. See Growth phase.
Growth factor. A serum protein that stimulates cell division when it binds to its cell-surface
receptor.
Growth phase (curve). The characteristic periods in the growth of a bacterial culture, as
indicated by the shape of'a graph of viable cell number versus time. (See Death phase, Lag
phase, Logarithmic phase, Stationary phase.)

H
Haploid cell. A cell containing only one set, or half the usual (diploid) number, of
chromosomes.
Hemophilia. An X-linked recessive genetic disease, caused by a mutation in the gene for
clotting factor VIII (hemophilia A) or clotting factor IX (hemophilia B), which leads to abnormal
blood clotting.
Herbicide. Any substance that is toxic to plants; usually used to kill specific unwanted plants.
Heterochromatin. Dark-stained regions of chromosomes thought to be for the most part
genetically inactive.
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Heteroduplex. A double-stranded DNA molecule or DNA-RNA hybrid, where each strand is of
a different origin.
Heterogeneous nuclear RNA (hnRNA). The name originally given to large RNA molecules
found in the nucleus, which are now known to be unedited mRNA transcripts, or pre-mRNAs.
(See RNA.)
HGH. See Human growth hormone.
hnRNA. See Heterogeneous nuclear RNA.
Homologous chromosomes. Chromosomes that have the same linear arrangement of genes--a
pair of matching chromosomes in a diploid organism. See Chromosomes.
Homologous recombination. The exchange of DNA fragments between two DNA molecules or
chromatids of paired chromosomes (during crossing over) at the site of identical nucleotide
sequences.
Homozygote. An organism whose genotype is characterized by two identical alleles of a gene.
See Allele, Genotype.
Host. An organism that contains another organism.
Human Genome Project. A project coordinated by the National Institutes of Health (NIH) and
the Department of Energy (DOE) to determine the entire nucleotide sequence of the human
chromosomes. (See NIH.)
Human growth hormone (HGH, somatotrophin). A protein produced in the pituitary gland
that stimulates the liver to produce somatomedins, which stimulate growth of bone and muscle.
Hybrid. The offspring of two parents differing in at least one genetic characteristic (trait). Also,
a heteroduplex DNA or DNA-RNA molecule.
Hybridization. The hydrogen bonding of complementary DNA and/or RNA sequences to form a
duplex molecule. (See Northern hybridization, Southern hybridization.)
Hybridoma. A hybrid cell, composed of a B Iymphocyte fused to a tumor cell, which grows
indefinitely in tissue culture and is selected for the secretion of a specific antibody of interest.
Hydrogen bond. A relatively weak bond formed between a hydrogen atom (which is covalently
bound to a nitrogen or oxygen atom) and a nitrogen or oxygen with an unshared electron pair.

I
Immortalizing oncogene. A gene that upon transfection enables a primary cell to grow
indefinitely in culture. (See Oncogene.)
Incomplete dominance. A condition where a heterozygous off- spring has a phenotype that is
distinctly different from, and intermediate to, the parental phenotypes. See Heterozygote,
Phenotype.
Initiation codon. The mRNA sequence AUG, coding for methionine, which initiates translation
of mRNA.
Inositol lipid. A membrane-anchored phospholipid that transduces hormonal signals by
stimulating the release of any of several chemical messengers. (See Phospholipid.)
Insertion mutations. Changes in the base sequence of a DNA molecule resulting from the
random integration of DNA from another source. See DNA, Mutation.
In situ. Refers to performing assays or manipulations with intact tissues.
Insulin. A peptide hormone secreted by the islets of Langerhans of the pancreas that regulates
the level of sugar in the blood.
Interferon. A family of small proteins that stimulate viral resistance in cells.
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Intergenic regions. DNA sequences located between genes that comprise a large percentage of
the human genome with no known function.
Introgression. Backcrossing of hybrids of two plant populations to introduce new genes into a
wild population.
Intron. A noncoding DNA sequence within a gene that is initially transcribed into messenger
RNA but is later snipped out. See Coding, DNA, Messenger RNA, Transcription.
Invasiveness. Ability of a plant to spread beyond its introduction site and become established in
new locations where it may provide a deliterious effect on organisms already existing there.
In vivo. Refers to biological processes that take place within a living organism or cell.
Ion. A charged particle.
Isotope. One of two or more forms of an element that have the same number of protons (atomic
number) but differing numbers of neutrons (mass numbers). Radioactive isotopes are commonly
used to make DNA probes and metabolic tracers.

J
Joining (J) segment. A small DNA segment that links genes to yield a functional gene encoding
an immunogobulin.

K
Kanamycin. An antibiotic of the aminoglycoside family that poisons translation by binding to
the ribosomes.
Karyotype. All of the chromosomes in a cell or an individual organism, visible through a
microsope during cell division.

L
Lag phase. The initial growth phase, during which cell number remains relatively constant prior
to rapid growth. See growth phase.
Legume. A member of the pea family that possesses root nodules containing nitrogen-fixing
bacteria.
Library. A collection of cells, usually bacteria or yeast, that have been transformed with
recombinant vectors carrying DNA inserts from a single species. (See cDNA library, Expression
library, Genomic library.)
Ligase (DNA ligase). An enzyme that catalyzes a condensation reaction that links two DNA
molecules via the formation of a phosphodiester bond between the 3' hydroxyl and 5' phosphate
of adjacent nucleotides.
Ligate. The process of joining two or more DNA fragments.
Lineage. A chart that traces the flow of genetic information from generation to generation.
Linkage. The frequency of coinheritance of a pair of genes and/or genetic markers, which
provides a measure of their physical proximity to one another on a chromosome.
Linkage map. See Genetic linkage map.
Linked genes/markers. Genes and/or markers that are so closely associated on the chromosome
that they are coinherited in 80% or more of cases.
Linker. A short, double-stranded oligonucleotide containing a restriction endonuclease
recognition site, which is ligated to the ends of a DNA fragment.
Liposomes. Membrane-bound vesicles constructed in the laboratory to transport biological
molecules.
Locus (plural = loci). A specific location or site on a chromosome.
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Logarithmic phase (log or exponential growth phase). The steepest slope of the growth curve-
-the phase of vigorous growth during which cell number doubles every 20-30 minutes. (See
Growth phase.)
Lysis. The destruction of the cell membrane.
Lysogen. A bacterial cell whose chromosome contains in- tegrated viral DNA.
Lysogenic. A type or phase of the virus life cycle during which the virus integrates into the host
chromosome of the infected cell, often remaining essentially dormant for some period of time.
See Lysogen.
Lytic. A phase of the virus life cycle during which the vi- rus replicates within the host cell,
releasing a new generation of viruses when the infected cell lyses.

M
Malignant. Having the properties of cancerous growth.
Mapping. Determining the physical location of a gene or genetic marker on a chromosome. (See
Continuous map, Genetic map, Physical map.)
Megabase cloning. The cloning of very large DNA fragments. (See Cloning.)
Meiosis. The reduction division process by which haploid gametes and spores are formed,
consisting of a single duplication of the genetic material followed by two mitotic divisions.
Messenger RNA (mRNA). The class of RNA molecules that copies the genetic information
from DNA, in the nucleus, and carries it to ribosomes, in the cytoplasm, where it is translated
into protein. (See RNA.)
Metabolism. The biochemical processes that sustain a living cell or organism.
Metallothionein. A protective protein that binds heavy metals, such as cadmium and lead.
Microbe. A microorganism.
Microbial mats (biofilms). Layered groups or communities of microbial populations.
Microinjection. A means to introduce a solution of DNA, protein, or other soluble material into
a cell using a fine microcapillary pipet.
Mitosis. The replication of a cell to form two daughter cells with identical sets of chromosomes.
Molecular biology. The study of the biochemical and mo- lecular interactions within living
cells.
Molecular cloning. The biological amplification of a specific DNA sequence through mitotic
division of a host cell into which it has been transformed or transfected. (See Cloning.)
Molecular genetics. The study of the flow and regulation of genetic information between DNA,
RNA, and protein molecules.
Monoclonal antibodies. Inmunoglobulin molecules of single- epitope specificity that are
secreted by a clone of B cells.
Monoculture. The agricultural practice of cultivating crops consisting of genetically similar
organisms.
Monogenic. Controlled by or associated with a single gene.
Multi-locus probe. A probe that hybridizes to a number of different sites in the genome of an
organism. (See Probe.)
Mutagen. Any agent or process that can cause mutations. See Mutation.
Mutation. An alteration in DNA structure or sequence of a gene. (See Point mutation.)
Mutualism. See Symbiosis.
Mycorrhizae. Fungi that form symbiotic relationships with roots of more developed plants.

N
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National Institutions of Health (NIH). A nonregulatory agency which has oversight of research
activities that the agency funds.
National Science Foundation (NSF). A nonregulatory agency which has oversight of
biotechnology research activities that the agency funds.
Natural selection. The differential survival and reproduc- tion of organisms with genetic
characteristics that enable them to better utilize environmental resources.
Nick translation. A procedure for making a DNA probe in which a DNA fragment is treated
with DNase to produce single-stranded nicks, followed by incorporation of radioactive
nucleotides from the nicked sites by DNA polymerase 1.
Nicked circle (relaxed circle). During extraction of plasmid DNA from the bacterial cell, one
strand of the DNA becomes nicked. This relaxes the torsional strain needed to maintain
supercoiling, producing the familiar form of plasmid. (See Plasmid.)
Nitrocellulose. A membrane used to immobilize DNA, RNA, or protein, which can then be
probed with a labeled sequence or antibody.
Nitrogen fixation. The conversion of atmospheric nitrogen to biologically usable nitrates.
Nitrogenous bases. The purines (adenine and guanine) and pyrimidines (thymine, cytosine, and
uracil) that comprise DNA and RNA molecules.
Nodule. The enlargement or swelling on roots of nitrogen- fixing plants. The nodules contain
symbiotic nitrogen- fixing bacteria. See Nitrogen fixation.
Nontarget organism. An organism which is affected by an interaction for which it was not the
intended recipient.
Northern hybridization. (Northem blotting). A procedure in which RNA fragments are
transferred from an agarose gel to a nitrocellulose filter, where the RNA is then hybridized to a
radioactive probe. (See Hybridization.)
Nuclease. A class of enzymes that degrades DNA and/or RNA molecules by cleaving the
phosphodiester bonds that link adjacent nucleotides. In deoxyribonuclease (DNase), the substrate
is DNA. In endonuclease, it cleaves at internal sites in the substrate molecule. Exonuclease
progressively cleaves from the end of the substrate molecule. In ribonuclease (RNase), the
substrate is RNA. In the S1 nuclease, the substrate is single-stranded DNA or RNA.
Nucleic acids. The two nucleic acids, deoxyribonucleic acid (DNA) and ribonucleic acid (RNA),
are made up of long chains of molecules called nucleotides. See DNA, RNA, Nucleotides.
Nuclein. The term used by Friedrich Miescher to describe the nuclear material he discovered in
1869, which today is known as DNA.
Nucleoside. A building block of DNA and RNA, consisting of a nitrogenous base linked to a
five carbon sugar. (See Nucleoside analog.)
Nucleoside analog. A synthetic molecule that resembles a naturally occuring nucleoside, but that
lacks a bond site needed to link it to an adjacent nucleotide. (See Nucleoside.)
Nucleotide. A building block of DNA and RNA, consisting of a nitrogenous base, a five-carbon
sugar, and a phosphate group. Together, the nucleotides form codons, which when strung
together form genes, which in tum link to form chromosomes. (See Chromosome, Codon,
Complementary nucleotides, Dideoxynucleotide, DNA, Gene, Oligonucleotide, RNA.)
Nucleus. The membrane-bound region of a eukaryotic cell that contains the chromosomes.
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Occupational Safety and Health Administration (OSHA). One of the U.S. agencies
responsible for regulation of biotechnology. The major law under which the agency has
regulatory powers is the Occupational Safety and Health Act.
Oligonucleotide. A DNA polymer composed of only a few nucleotides. (See Nucleotide.)
Oncogene. A gene that contributes to cancer formation when mutated or inappropriately
expressed. (See Cellular oncogene, Dominant oncogene, Immortalizing oncogene, Recessive
oncogene.)
Oncogenesis. The progression of cytological, genetic, and cellular changes that culminate in a
malignant tumor.
Open pollination. Pollination by wind, insects, or other natural mechanisms.
Open reading frame. A long DNA sequence that is unin- terrupted by a stop codon and encodes
part or all of a protein. (See Reading frame.)
Operator. A prokaryotic regulatory element that interacts with a repressor to control the
transcription of adjacent structural genes.
Organelle. A cell structure that carries out a specialized function in the life of a cell.
Origin of replication. The nucleotide sequence at which DNA synthesis is initiated.
Overlapping reading frames. Start codons in different reading frames generate different
polypeptides from the same DNA sequence. (See Reading frame.)

P
Paleontology. The study of the fossil record of past geo- logical periods and of the phylogenetic
relationships between ancient and contemporary plant and animal species.
Palindromic sequence. A DNA locus whose 5'-to-3' sequence is identical on each DNA strand.
The sequence is the same when one strand is read left to right and the other strand is read right to
left. Recognition sites of many restriction enzymes are palindromic. See DNA.
PAMP. Ampicillin-resistant plasmid developed for this laboratory course. (See Plasmid.)
Parasitism. The closee association of two or more dissimilar organisms where the association is
harmful to at least one. See Commensalism, Parasitism, Symbiosis.
Pathogen. Organism which can cause disease in another organism.
PCR. See Polymerase chain reaction.
Pedigree. A diagram mapping the genetic history of a par- ticular family.
Persistence. Ability of an organism to remain in a particular setting for a period of time after it is
introduced.
Pesticide. A substance that kills harmful organisms (for example, an insecticide or fungicide).
Phage (particle). See Bacteriophage.
Phenotype. The observable characteristics of an organism, the expression of gene alleles
(genotype) as an observable physical or biochemical trait. See Genotype.
Pheromone. A hormone-like substance that is secreted into the environment.
Phosphatase. An enzyme that hydrolyzes esters of phosphoric acid, removing a phosphate
group.
Phosphodiester bond. A bond in which a phosphate group joins adjacent carbons through ester
linkages. A condensation reaction between adjacent nucleotides results in a phosphodiester bond
between 3'and 5' carbons in DNA and RNA.
Phospholipid. A class of lipid molecules in which a phos- phate group is linked to glycerol and
two fatty acyl groups. A chief component of biological membranes. (See Inositol phospholipid.)
Phosphorylation. The addition of a phosphate group to a compound.
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Physical map. A map showing physical locations on a DNA molecule, such as restriction sites,
and sequence-tagged sites. (See Mapping.)

Plaque. A clear spot on a lawn of bacteria or cultured cells where cells have been Iysed by viral
infection.

Plasmid (p). A circular DNA molecule, capable of autonomous replication, which typically
carries one or more genes encoding antibiotic resistance proteins. Plasmids can transfer genes
between bacteria and are important tools of transformation for genetic engineers. (See Nicked
circle, pAMP, Relaxed plasmid, Stringent plasmid, Supercoiled plasmid.)

Pleiotrophy. The effect of a particular gene on several different traits.

Point mutation. A change in a single base pair of a DNA sequence in a gene. (See Mutation.)
Poly(A) polymerase. Catalyzes the addition of adenine residues to the 3' end of pre-mRNAs to
form the poly(A) tail. (See Polymerase.)

Polyacrylamide gel electrophoresis. Electrophoresis through a matrix composed of a synthetic
polymer, used to separate proteins, small DNA, or RNA molecules of up to 1000 nucleotides.
Used in DNA sequencing. (See Electrophoresis.)

Polyclonal antibodies. A mixture of immunoglobulin molecules secreted against a specific
antigen, each recognizing a different epitope.

Polygenic. Controlled by or associated with more than one gene.

Polylinker. A short DNA sequence containing several re- striction enzyme recognition sites that
is contained in cloning vectors.

Polymer. A molecule composed of repeated subunits.

Polymerase (DNA). Synthesizes a double-stranded DNA molecule using a primer and DNA as a
template. (See Poly(A) polymerase, Polymerase chain reaction, RNA polymerase, Taq
polymerase.)

Polymorphisms. Variant forms of a particular gene that occur simultaneously in a population.
Polynucleotide. A DNA polymer composed of multiple nucleotides. (See Nucleotide.)
polymerase chain reaction (PCR). A procedure that en- zymatically amplifies a DNA
polymerase. (See Polymerase.)

Polypeptide (protein). A polymer composed of multiple amino acid units linked by peptide
bonds.

Polyploid. A multiple of the haploid chromosome number that results from chromosome
replication without nuclear division.

Polysaccharide. A polymer composed of multiple units of monosaccharide (simple sugar).
Polyvalent vaccine. A recombinant organism into which has been cloned antigenic determinants
from a number of different disease-causing organisms. (See Vaccine.)

Population. A local group of organisms belonging to the same species and capable of
interbreeding.

Prion. See Proteinaceous infectious particle.

Probe. A sequence of DNA or RNA, labeled or marked with a radioactive isotope, used to detect
the presence of complementary nucleotide sequences. See Nucleotide.

Prokaryote. A bacterial cell lacking a true nucleus; its DNA is usually in one long strand. See
Eukaryote.

Primary cell. A cell or cell line taken directly from a living organism, which is not
immortalized.
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Primer. A short DNA or RNA fragment annealed to single-stranded DNA, from which DNA
polymerase extends a new DNA strand to produce a duplex molecule.

Probe. A single-stranded DNA that has been radioactively labeled and is used to identify
complementary sequences in genes or DNA fragments of interest. (See Multilocus probe.)
Promoter. A region of DNA extending 150-300 bp upstream from the transcription start site that
contains binding sites for RNA polymerase and a number of proteins that regulate the rate of
transcription of the adjacent gene. (See Constitutive promoter.)

Pronucleus. Either of the two haploid gamete nuclei just prior to their fusion in the fertilized
ovum.

Protease. An enzyme that cleaves peptide bonds that link amino acids in protein molecules.
Protein. A polymer of amino acids linked via peptide bonds and which may be composed of two
or more polypeptide chains. (See Polypeptide.)

Proteinaceous infectious particle (prion). A proposed pathogen composed only of protein with
no detectable nucleic acid and which is responsible for Creutzfeldt-Jakob disease and kuru in
humans and scrapie in sheep.

Protein kinase. An enzyme that adds phosphate groups to a protein molecule at serine,
threonine, or tyrosine residues.

Proteolytic. The ability to break down protein molecules.

R
Reading frame. A series of triplet codons beginning from a specific nucleotide. Depending on
where one begins, each DNA strand contains three different reading frames. (See Open reading
frame, Overlapping reading frames.)
Recessive(-acting) oncogene, (anti-oncogene). A single copy of this gene is sufficient to
suppress cell proliferation; the loss of both copies of the gene contributes to cancer formation.
(See Oncogene.)
Recessive gene. Characterized as having a phenotype expressed only when both copies of the
gene are mutated or missing.
Recognition sequence (site). A nucleotide sequence--composed typically of 4, 6, or 8
nucleotides--that is recognized by a restriction endonuclease. Type Il enzyrnes cut (and their
corresponding modification enzymes methylate) within or very near the recognition sequence.
Recombinant. A cell that results from recombination of genes.
Recombinant DNA. The process of cutting and recombining DNA fragments from different
sources as a means to isolate genes or to alter their structure and function.
Recombination frequency. The frequency at which crossing over occurs between two
chromosomal loci--the probability that two loci will become unlinked during meiosis.
Regulatory gene. A gene whose protein controls the activity of other genes or metabolic
pathways.
Relaxed plasmid. A plasmid that replicates independently of the main bacterial chromosome
and is present in 10-500 copies per cell. (See Plasmid.)
Renature. The reannealing (hydrogen bonding) of single- stranded DNA and/or RNA to form a
duplex molecule.
Replicon. A chromosomal region containing the DNA sequences necessary to initiate DNA
replication processes.
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Repressor. A DNA-binding protein in prokaryotes that blocks gene transcription by binding to
the operator.
Restriction endonuclease (enzyme). A class of endonucleases that cleaves DNA after
recognizing a specific sequence, such as BamH1 (GGATCC), EcoRI (GAATTC), and HindIII
(AAGCTT). Type L. Cuts nonspecifically a distance greater than 1000 bp from its recognition
sequence and contains both restriction and methylation activities. Type II. Cuts at or near a short,
and often symmetrical, recognition sequence. A separate enzyme methylates the same
recognition sequence. Type III. Cuts 24-26 bp downstream from a short, asymmetrical
recognition sequence. Requires ATP and contains both restriction and methylation activities.
Restriction-fragment-length polymorphism (RFLP). Differences in nucleotide sequence
between alleles at a chromosomal locus result in restriction fragments of varying lengths
detected by Southern analysis.
Retrovirus. A member of a class of RNA viruses that utilizes the enzyme reverse transcriptase
to reverse copy its genome into a DNA intermediate, which integrates into the hostcell
chromosome. Many naturally occurring cancers of vertebrate animals are caused by retroviruses.
Reverse genetics. Using linkage analysis and polymorphic markers to isolate a disease gene in
the absence of a known metabolic defect, then using the DNA sequence of the cloned gene to
predict the amino acid sequence of its encoded protein.
Reverse transcriptase (RNA-dependent DNA polymerase). An enzyme isolated from
retrovirus-infected cells that synthesizes a complementary (c)DNA strand from an RNA
template.
RFLP. See Restriction-fragment-length polymorphism.
Rhizobia. Bacteria in a symbiotic relationship with leguminous plants that results in nitrogen
fixation. See Nitrogen fixation.
Rhizosphere. The soils region on and around plant roots.
Ribozyme. See Catalytic RNA.
Ribosomal RNA (rRNA). The RNA component of the ribosome. (See RNA.)
Ribosome. Cellular organelle that is the site of protein synthesis during translation. See
Organelle, Translation.
Ribosome-binding site. The region of an mRNA molecule that binds the ribosome to initiate
translation.
RNA (ribonucleic acid). An organic acid composed of re- peating nucleotide units of adenine,
guanine, cytosine, and uracil, whose ribose components are linked by phosphodiester bonds. (See
Antisense RNA, Heterogeneous nuclear RNA, Messenger RNA, Ribosomal RNA, RNA
polymerase, Small nuclear RNA, Transfer RNA.)
RNA polymerase. Transcribes RNA from a DNA template. (See Polymerase, RNA.)

S
Salmonella. A genus of rod-shaped, gram-negative bacteria that are a common cause of food
poisoning.
Satellite RNA (viroids). A small, self-splicing RNA molecule that accompanies several plant
viruses, including tobacco ringspot virus.
Self-pollination. Pollen of one plant is transferred to the female part of the same plant or another
plant with the same genetic makeup.
Selectable marker. A gene whose expression allows one to identify cells that have been
transforrned or transfected with a vector containing the marker gene. (See B-Lactamase, Kanr.)
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Semiconservative replication. During DNA duplication, each strand of a parent DNA molecule
is a template for the synthesis of its new complementary strand. Thus, one half of a preexisting
DNA molecule is conserved during each round of replication.

Sequence hypothesis. Francis Crick's seminal concept that genetic information exists as a linear
DNA code; DNA and protein sequence are colinear.

Sequence-tagged site (STS). A unique (single-copy) DNA sequence used as a mapping
landmark on a chromosome.

Sexual reproduction. The process where two cells (gametes) fuse to form one hybrid, fertilized
cell. See Asexual reproduction, Gamete, Hybrid.

Signal transduction. The biochemical events that conduct the signal of a hormone or growth
factor from the cell exterior, through the cell membrane, and into the cytoplasm. This involves a
number of molecules, including receptors, pro- teins, and messengers.

Site-directed mutagenesis. The process of introducing spe- cific base-pair mutations into a
gene.

Small nuclear RNA (snRNA). Short RNA transcripts of 100-300 bp that associate with proteins
to form small nuclear ribonucleoprotein particles (snRNPs), which participate in RNA
processing. (See RNA.)

snRNA. See Small nuclear RNA.

Somatic cell. Any nongerm cell that composes the body of an organism and which possesses a
set of multiploid chromosomes (diploid in most organisms). (See Gamete, Somatic cell gene
therapy.)

Somatic cell gene therapy. The repair or replacement of a defective gene within somatic tissue.
(See Somatic cell.)

Southern blotting. See Southern hybridization.

Southern hybridization (Southern blotting). A procedure in which DNA restriction fragments
are transferred from an agarose gel to a nitrocellulose filter, where the denatured DNA is then
hybridized to a radioactive probe (blotting). (See Hybridization.)

Species. A classification of related organisms that can freely interbreed.

Spore. A form taken by certain microbes that enables them to exist in a dormant stage. It is an
asexual reproductive cell. See Asexual reproduction, Dormant.

Stationary phase. The plateau of the growth curve after log growth, during which cell number
remains constant. New cells are produced at the same rate as older cells die. (See Growth phase.)
Sticky end. A protruding, single-stranded nucleotide se- quence produced when a restriction
endonuclease cleaves off center in its recognition sequence.

Stringency. Reaction conditions--notably temperature, salt, and pH--that dictate the annealing of
single-stranded DNA/DNA, DNA/RNA, and RNA/RNA hybrids. At high stringency, duplexes
form only between strands with perfect one-to-one complementarity; lower stringency allows
annealing between strands with some degree of mismatch between bases.

Stringent plasmid. A plasmid that only replicates along with the main bacterial chromosome
and is present as a single copy, or at most several copies, per cell. (See plasmid.)

Stop codon. See Termination codon.

Structure-functionalism. The scientific tradition that stresses the relationship between a
physical structure and its function, for example, the related disciplines of anatomy and

physiology.
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Subcloning. The process of tranferring a cloned DNA fragment from one vector to another. (See
Cloning.)

Subunit vaccine. A vaccine composed of a purified antigenic determinant that is separated from
the virulent organism. (See Vaccine, Enzyme.)

Supercoiled plasmid. The predominant in vivo form of plasmid, in which the plasmid is coiled
around histone-like proteins. Supporting proteins are stripped away during extraction from the
bacterial cell, causing the plasmid molecule to supercoil around itself in vitro. (See Plasmid.)
Supergene. A group of neighboring genes on a chromosome that tend to be inherited together
and sometimes are functionally related.

Supernatant. The soluble liquid &action of a sample after centrifugation or precipitation of
insoluble solids.

Symbiosis. The close association of two or more dissimilar organisms where both receive an
advantage from the association. See Commensalism, Parasitism.

Synapsis. The pairing of homologous chromosome pairs during prophase of the first meiotic
division, when crossing over occurs.

T
Taq polymerase. A heat-stable DNA polymerase isolated from the bacterium Therrnus
aquaticus, used in PCR. (See Polymerase.)
Telomere. The end of a chromosome.
Template. An RNA or single-stranded DNA molecule upon which a complementary nucleotide
strand is synthesized.
Termination codon. Any of three mRNA sequences (UGA, UAG, UAA) that do not code for an
amino acid and thus signal the end of protein synthesis. Also known as stop codon. (See Codon.)
Terminator region. A DNA sequence that signals the end of transcription.
Tetracycline. An antibiotic that interferes with protein synthesis in prokaryotes.
Thymidine kinase (tk). An enzyme that allows a cell to utilize an alternate metabolic pathway
for incorporating thymidine into DNA. Used as a selectable marker to identify transfected
eukaryotic cells.
Ti (tumor-inducing) plasmid. A giant plasmid of Agrobac- terium tumefaciens that is
responsible for tumor formation in infected plants. Ti plasmids are used as vectors to introduce
foreign DNA into plant cells.
Transcapsidation. The partial of full coating of the nucleic acid of one virus with a coat protein
of a differing virus. See Coat protein.
Transcription. The process of creating a complementary RNA copy of DNA.
Transduction. The transfer of DNA sequences from one bacterium to another via lysogenic
infection by a bacteriophage (transducing phage).
Transfection. The uptake and expression of a foreign DNA sequence by cultured eukaryotic
cells.
Transformant. In prokaryotes, a cell that has been ge- netically altered through the uptake of
foreign DNA. In higher eukaryotes, a cultured cell that has acquired a malignant phenotype. (See
Transformation.)
Transformation. In prokaryotes, the natural or induced uptake and expression of a foreign DNA
sequence--typically a recombinant plasmid in experimental systems. In higher eukaryotes, the
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conversion of cultured cells to a malignant phenotype--typically through infection by a tumor
virus or transfection with an oncogene. (See Transformant, Transformation efficiency.)
Transformation efficiency. The number of bacterial cells that uptake and express plasmid DNA
divided by the mass of plasmid used (in transformants/microgram). (See Transformation.)
Transforming oncogene. A gene that upon transfection converts a previously immortalized cell
to the malignant phenotype. (See Oncogene.)
Transgenic. An organism in which a foreign DNA gene (a transgene) is incorporated into its
genome early in de- velopment. The transgene is present in both somatic and germ cells, is
expressed in one or more tissues, and is inherited by offspring in a Mendelian fashion. See
Transgenic animal, Transgenic plant.
Transgenic animal. Genetically enginnered animal or offSpring of genetically engineered
animals. The transgenic animal usually contains material from at lease one unrelated organism,
such as from a virus, plant, or other animal. See Transgenic.
Transgenic plant. Genetically engineered plant or offspring of genetically engineered plants.
The transgenic plant usually contains material from at least one unrelated organisms, such as
from a virus, animal, or other plant. See Transgenic.
Transition-state intermediate. In a chemical reaction, an unstable and high-energy
configuration assumed by reactants on the way to making products. Enzymes are thought to bind
and stabilize the transition state, thus lowering the energy of activation needed to drive the
reaction to completion.
Translation. The process of converting the genetic infor- mation of an mRNA on ribosomes into
a polypeptide. Transfer RNA molecules carry the appropriate amino acids to the ribosome,
where they are joined by peptide bonds.
Translocation. The movement or reciprocal exchange of large-chromosomal segments, typically
between two different chromosomes.
Transposition. The movement of a DNA segment within the genome of an organism.
Transposon (transposable, or movable genetic element). A relatively small DNA segment that
has the ability to move from one chromosomal position to another.
tRNA (transfer RNA). The class of small RNA molecules that transfer amino acids to the
ribosome during protein synthesis. See Transfer RNA.
Trypsin. A proteolytic enzyme that hydrolyzes peptide bonds on the carboxyl side of the amino
acids arginine and lysine.
Tumor virus. A virus capable of transforming a cell to a malignant phenotype. (See Virus.)

U
Upstream. The region extending in a 5' direction from a gene.

\%
Vaccine. A preparation of dead or weakened pathogen, or of derived antigenic determinants, that
is used to induce formation of antibodies or immunity against the pathogen. (See Polyvalent
vaccine, Subunit vaccine.)
Vaccinia. The cowpox virus used to vaccinate against smallpox and, experimentally, as a carrier
of genes for antigenic determinants cloned from other disease organisms.
Variable surface glycoprotein (VSG). One of a battery of antigenic determinants expressed by
a microorganism to elude immune detection.
Variation. Differences in the frequency of genes and traits among individual organisms within a
population.
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Vector. An autonomously replicating DNA molecule into which foreign DNA fragments are
inserted and then propagated in a host cell. Also living carriers of genetic material (such as
pollen) from plant to plant, such as insects.
Viral oncogene. A viral gene that contributes to malig- nancies in vertebrate hosts. (See
Oncogene.)
Viroid. A plant pathogen that consists of a naked RNA molecule of approximately 250-350
nucleotides, whose extensive base pairing results in a nearly correct double helix. (See Satellite
RNA.)
Virulence. The degree of ability of an organism to cause disease.
Virus. An infectious particle composed of a protein capsule and a nucleic acid core, which is
dependent on a host organism for replication. A double-stranded DNA copy of an RNA virus
genome that is integrated into the host chromosome during lysogenic infection. (See Coat
protein, DNA, Genome, Host, Nucleic acid, RNA, Tumor virus.)
W
Wild type. An organism as found in nature; the organism before it is genetically engineered.
X
X-linked disease. A genetic disease caused by a mutation on the X chromosome. In X-linked
recessive conditions, a normal female "carrier" passes on the mutated X chromosome to an
affected son.
X-ray crystallography. The diffraction pattern of X-rays passing through a pure crystal of a
substance.
V4
Z-DNA. A region of DNA that is "flipped" into a lefthanded helix, characterized by alternating
purines and pyrimidines, and which may be the target of a DNA-binding protein
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