
tb: 
nis~nauvisor~ufiu~rul~6u~arruuuusn6a~~a5uui~Buroriow dI~u7s7n  

uwi~A6a~ni- i  ~ ~ ~ 1 u 1 d a u r i a ~ u r ? n r m n i ~ ~ o ' l ~ ~ 6 i r ~ ~ b a m u ~ ~ u ~ 1 ~ ? $ d ~ 1 ~ d d 1 u  
d d clinailu~ra6;fQu r ~ n u 7 u o ~ l ~ i ? u ~ o i i  3 U M ~ J  iio 

C . 3  d d dn 
1 .  i ~ ~ u ~ o d w n I ~ ~ n r n a a ~ u o ~ u n u a ~ i ~ u . a ? n  ~ S u i ~ a u ~ o $ ~ c l u m u o ~ i ; J ~  

%aa~m$u & n i l  Genomic DNA 

2. i ~ ~ u r o ~ j i ~ ~ n n c G u " u s 7 n ~ ~ g ~ o 7 ~ ~ ~ u b o  Sun47 Complementary DNA f i n  
CDNA l m u ~ ~ ~ ~ o 1 6 G u r a l u a a ' u a ~ 9 ~ ~ ~ 2 l a d ~ ~ ~ ~ d ~ u o ~ ~ ^ a m  

x - 
8: nd 

3. G L G U L O ~ ~ ~ ~ ~ ~ ~ L . G ~ " ~ I ~ ~ ~ " S W I J L R ~ ~  ~ + o l % ~ i ? w l ~ i 7  ~ 5 o l 3 i a a C u n ~ m n 7 ~  
bmd bbfl~l$bi~l'X6 

n7sbm;uuftbi?wbas7nbra6j L G I ~ U B J ~ ~ B ~ ~ M W ~ ~ J L L M ~  ~nd,w+a k i t u  
AJ 91 n ' l ~ i 0 ~ n ~ s i ~ i ? ~ ~ a d d u u 7 m l u ~ a ~ a l ~ ~ ~ b 8 a < a ~ ~ 7 l d I n u  ~ ? a d i l d 5 ~ n s i z ~ T m u  
ii Southern blot Wu~i a~m5uua ~ ~ ~ ~ o l f l ~ " ~ 0 a 7 m l ~ j d 7 n i 1  100-200 iiIa LUA (kb) ~ ~ a j  

Gild ~~un62u5"b ~5nlwslvJ5Qa h ~ 2 n i b A b ~ f l  
1r~u~ns7nki~$u~an6auuutm?uu!&s7n~u 91 riiu b d~lno&ddiruu 

W d  Y d 01 d ~ait luoinri lu~wnzln~booa~o ui!ii8wfiuiau7n lmurm3uuo1n~ua~uorrclnun 
d o ~ m ~ S u $ u d n  q r ~ h ~ d a ~ l w ! u I n s r s u r ~ ~ ?  B~G7W~n'ulfi.ir.drbS~oa~nQ PI q 91 -80 
0 Y d  nclY sz 4' c n7s~n"u~uo~uolmua~u~nul6u1un$i 1 1 ~ o n ~ i n u a ~ s ~ m ~ u u i ~ B u ~ o s i r ~  ~ % m  

b-d Y M% r ~ n ~ . l r a a n ~ a o ~ l u o 7 ~ 7 s r w ~ z ~ $ u ~ f l 8  
d n1stdauflrBuron7nEja ~m%u!697nbua~uodlJ q rdu IU IUL&JJ 6uiudou ua:: 

ad w dY & A  n ~ u n a a n ~ ~ i n n ~ s r w ~ t ~ a u ~ ~ u o ~ u o  InuG1i~u~o~4auiumlu!ubmsbsu~~aa 

u & l ~ ~ d t d o ~ r f i M ~ ~ 1 ~ n " ~ ~ b ~ ~ ~ ~ n " d 7 ~ n ~ f l 6 a ~ A 7 ~ ~ ~ ~ 0 f b ~ ~ 6  ~ a u  SDS uez8crGu 



~1Wanaaouuuinbu~~8nl~sl~%1~ratn1fiuim~~ua h u A q l n d i n ~ s ? a  

uasdnaiuoianlu 260 u i l u ~ u a s  
a c: n is~m3uumra~rao in  mRNA 

ni r r~~suul~6u~a Inu i8~6u io in  mRNA ~ ~ L ~ I U W R R G R Y  BJBUUIJ!U~~~IS 

a r r~aan luu i~d -a~~aa i  uaz!uoiu~zn&~rii$u ~i~o"u~ad'l6oinnisaans~'1uioin 
mRNA o r r f l u h u u a ~ i i u d ~ ~ ~ u ~ s a u  ~wnzmRNA d a ~ ' l u I d n s w a i ~ ~ u I i Y w i u  

A' 
nim6f l~rdd~ai~unsau aanfiuu5aur~h ~ba'u~ad'oinnisaansfs'duioin mRNAu 

a: 
l i u n i i  Complementary DNA )I% cDNA & s a i ~ u ~ a d ~ & a i u " d ~ a  uu~sn6as 

~ n w i i i i i d ~ u ~ a $ u ~ ~ m  aanluaiuadn uazlwdqs ~ a a i l n  uh isuun cm'n mRNA 

oin~daa6;6sndiauil$~iIu~u~~uulunis~s~nsiz6 CDNA lnul.a'baulg6 reverse 

transcriptase ~ i a ~ R k l a u l f i o f  lnEan~baln6ddszno~6au~u~~ ~ a i u  q LUIILUU~W'I 
~ u a f  i ~ i l d m i z d d a i u  3' uad mRNA 6 a o ~ ~ a ~ a r o u s t n i i d b u w  T LEI: A $4 

k m n - 6  CDNA m o ~ n n l u f i m i r  5' W 3' I n  ul3~adg6reverse transcriptase 

<a c: n i a 3 d r ~ a i ~ w a r a u r ~ ~ m u S % w i d r ~ 4  
CP ni rkmsi rnaraura 'bu~o~Cu 6 i d l 6 & 1  50 i i7ni i lnhA ninsluPi61~nm 

oeii~uuaua~Bu&ndi~oz~~~nsiz9/i~flubaG~nEan6~~~~6~iu~~uaa"u dia~i(ai$s 

aasmu usrii~i6uw~d~un'ulu1iudd~~l1~0uf~uu"u u a i i s ~ B o u c i a I a ~ I n ~ a n ~  

la ln&ndidaul$~6ul ru '  DNA ligase 
~ n d  d n is~d~ns iz~~a~~n~an6~a~n6dna iu i "s~aasn~$n 'uad idna '?sua is  LiazB 

rd u nisuica~ndsa~~~~nnzna~a'tb~a~buu~a~uu~ I u n i ~ n i s n i d  2 5% t n  55 Phosphate 
0. a triester kaA"shosphite triester ~ ~ ~ a ~ i % ~ n ~ n n i s n k u n u n n  d$Eanii lah6dh 

l d l u m u d a e n i l s l u ~ m  ?- q hutuaau~rsn  t ~ a  a~n'pbldlM"C9id 91 ~ i i ' i $ i d ~ n 7 ~ - 1 l & i i u  

h 6 - a  R'o~i l~sn'uniazi i~u 91 uodrua A c ua:: G ~ i b T ~ f i n d ~ n i u i l 6  laur~una i  PI 

d W  benzoyl L%id LU R A LLaz C LLael~uA~ isobutyryl r$ld ~u R G ~ a J a ~ u ~ a n 1 s ~ s  Ln5lz6 

uRI? nida a d ~ u ~ ~ ~ f i ~ $ a a a n ~ f l e r e ~ ' b $ e i ~ d d a u b b a ~ f ~ i  91 dimethoxytrityl f i l k a  on16 

~nddau6aunsnadiddau 
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W d U  udstd w ~ t ~ n d  (Competent ce~i)r~~zsu~ro~rooinniuuon~munszu~unis 

transformation niod1tw~1~iimdW~u~a-~~a036~~ri pBR322 U B ~  pUC18, pUCl9 

dl~~~~&Jd@ll(~arnbda phage) i - - 
1 ~ ~ u Q r 5 u ~ o n u u u i m  91 48,500 drwGnisdist#5a\$i 91 2 L L ~ Y  no 

1. Lytic pathway l m  oluii r5urouajl~?wdbQi~d'bfar~1d~~~ fin ~~&l/il$r~.lsd 

uvnfisuuanu87diouoynin~~r'~oo~ui ' 

W . 4  W 

2.Lysogenic pathway ~ ~ l ~ l ~ ~ ~ ~ Y o d ~ 7 ~ [ ? s w t 1 ~ h ~ L ~ U 7 t b b ~ U 7 0 ~ ~ d ~ n l ~ n ' ~  

h s ~ u ~ r u u n t u v n ~ i i s u a ~ l r r s n ~ d ~ u u ~ u d ~ u u n ~ ~ r ~ u r n r i i ~ r i i ~ u u r o ~ ~ o u n r n ~ i  

rfldodlulnslulauuotaunijsu ll ~daiinis~iaotlnslul~uu at uuniifiu diofiaz 

FiW~e\(~osrnid)  

noaii~di7u~o~Qr8urodi~~~mduFiu~ornisdisotwirotlua~disu q Giiu 
rnTotauiu haiugm ~0~nbqflddl63"~ ~7R~hofu"bbnzd cos ,site Y o~dioasufini r A o  

d~u~$muisa~ss~6r8urost~u~d.rffuvio~u:uuotdio~~aufimlIn'kilrri noaiin pJB8 

~ ~ ~ T R ~ M ~ M  
nisafit$riu~o library G~5uroduunl6n"taumoir1~~6~6;~1uidon'~~~c1raof 

v w w  u d s r 2  a u aszriiuatlur.assp~nsz~6ds~.ainm~t~~s r5nuo~dionuaun rourodlr q dui 

BO 453 369 



drd~  d  W d r t  ain6~uaamnaonanmnrofarau~~~d~~umfiuni Genomic library riau6r6urod 
a c  w krnmrfiuuoin mRNA r6oGiuidoCunnrmoir~ardi udioaddbaaa bbaaorl6 cDNA 

library YuimuoJ library ~ u u . Y Q J ~ u $ Y u I ~ ~ ~ ~ ~ ~ ~ N  3 x 10 kb 
a e: 

n75doNdo$M;cAbo~bon"PIb3Rb@~a"d 3 '33 40 
cl 1 . r ~ o u d o ~ l o ~ ~ o d a 1 u ~ ~ ~ i u ~ 6 ~ i j ~ o i n n i . r ~ ~ ~ a u r a u ! ~ u ' n ' n d l r w l r  

(Cohensive end ligation) 

2.r#ouda6r~urodaiu~(~lunt  end ligation) 

3.ni~~~oudo~rZurnd~daiuri lurua~ctud~~mainn~sdar~mirnr6 aaCur$i 

Wddaiu 3' ~ I D J B L ~ U L O ~ U L ~ ? ~ M $ J  I F I ~ ~ E I w I ~ U I  terminal deoxynucleotidyl 

transferase 

n 7 m ~ ~ o w 7 r ~ n ~ d & o d n ~ a  ~iui~nfii!diK~~umouK~doldu" 
cww P uad~dio inn i~moBtZuror~ iCur~nuo5ua i~ i  r$iriraaagsuno 91 d.rtai 

d ~ r 2  ~r a nsuodraa6 M% dsrain.ruoddionuaumboubodi~ qf% rilu library M% .gene bank 
ad ad P aanism~ao~ilnaud6odnimor raa6$~~umiufiil~'y\ai~uafin n - 

R'or 4 o n o 7 n a ~ I n i l  (Phenotypic selection) 
I 

fi8u~aon1dr$i1d1ur?n ua iu~ndaon~du raa6~?u iu  d  

91 r~a:%nwmrn 
dnngr~mndi~~oinQn~mruo~~ra6eJ'?urRu 91 n"mui.ro<qt"~n1nu3%~$ ~ ? d f l u  

cd .a ni3lflau8~6odr~anl%ranrmosn ~ ~ o d i ~ a o ~ ~ ~ ~ ~ ~ i ~ n ~ ~ ~ m d ~ o n v b d ~ ~ a ~ 6 ~ ? ~  91 b$u 

expression vector 
-4- cils?o~~r;cAu?aou~trtbad (immunochemlcal screening) 

f i i l i ~ o l n a u ~ ~ ' o ~ n i s u a m ~ a a n l ~ m u w i i m l w ~ ~ ~ w h 6  6%ldsfludnnsio~ 91 

W a d  n honuaaum udlddu&nciia~liuam~~l~u~ddrdu~m!~1i~i~o0z$iar6~n'bmn 

~ 3 ~ 1 6  ud6odiiunuftuo6 do1d3#u&miouwinuoeiirioob 91 u~insasaouldsffudraai 

~ ~ ~ ~ u ~ 0 1 o 1 % r ~ o ~ 1 ~ o 1 d ~ ~ ~ ~ i ~ ~ u ~ d ~ ~ u d 6 o ~ n i ~ u .  

Nucleic acid hybridization 

n i s 6 ~ 1 r ' l o n b a u l m u i ~ % r ~ a ' 6 . n a u d 6 o ~ n i ~  oiosrwGw 

l ~ " n ~ w l ~ 6 i i  rwiz~6~~o~dn"miubrntod~ubanbmgflaf l~  91 'Imol%$r~uao~5ooi7frZu 

r o d 5 ~ 1 ~ ~ u a i l u ~ ~ u C ~ h u ~ ~ ~ t a ~ a l ~ " ~ 0 ~ ~ u ~ r ~ u t ~ r r o n ~ u r i l u K a m o u  dun 
Y tdura ~ $ 8  niir~urod%sassauud7 Probe 
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nisdsrqnffla' 

I . w ' u ~ 5 ~ 3 n s s u n 1 ~ n 1 ~ 4 n w ~ f u  mnirnn1r%w;5~2nnumu1~n1%1~1l.a' 

o5~1unabdi~  7lwtaaa' tdu n~3uanao onaadiiw dijniu1f-ru.rz~41~fidsflu uac 
e- w 

d l ~ U b ~ ~ ~ 1 ~ ~ 1 ~ ~ ~ d ~ b ~ ~ t ~  ~ I ~ w ° I ~ I U I I Q ~ ~ U ~ ~ W ~ ~ B U ~ % $ U I ~ % Q ~ ~ U ~ % ~ W  Wwuln12 
ddn ttaz5?'ww1n1%uo~Gdu~3m 

8 w 2.wir~;i~~nnun1r~nm~nsaut~wz~~tt~m$ou n~sfinawiiwuw~mqJsza~$i 

Q L I I P M ~ ~ A Q  W U I L I I U ~ M ~ W ~ ~ ~ ~ ~ W ~ Q Q ~  visa f i ~ w a w t m l d u t r a i  OT WSIW(RBW 
~jnh2fi6ttr i  Q I ~ M ~ S S U U I  9 niswlminIu w i m m s d t i l ~ d ~ ~ ~ a a ~ ~ ~ o ~ ~ ~ s  WPR 

d d  s4 Wsftu~aarilii u.r d~uC(tdu2o~~uan1~~~3m$ou tdw msaiiduunn tsonriou~a~u 

~ ~ ~ w u ~ ~ w : a a ~ t S u u ~ d ~ G n  

3 . $ u v 5 ~ ~ n s s u n ~ ~ n ~ s ~ n w ~ s  tuiwilunu~ndon~nl?ud~~w'ufi"~~~~wzIma' 
tdu n~a~uwawPmZ~uu rnsaii~iiusiiun~ J s q i q  uazRIR.i n1s&dia61un1w 

bbUWd tfh(l4 

4.wita%~n,un1dn1s,.S q tdu n1s~i1Burl1~nluuilau6tilu'bfnurt5d 91 

e-4 u nlsiiro&fifnfinul$bnnim. PCR msanaalufiuwntouro (DNA figerprint) 



~ ~ u 7 n i ~ ~ ~ z l ~ ~ i u i " n n i ~ ~ w i z ~ ~ e ~ ~  hgt 11 ~u~anfid'ai<e~ ( E.coli strain 

Y loso ) usmi~'l,~~nsndiu?uoyn~n hgt 1 1 A i j o ~ I u ~ a ~ ~ y n ~ ~ ~ ~ u i o  

iaquazqdrh5"f 
dd Q d d  ff 

1. H 'a~~y~an~oura lu~~~~ao i  hgt 11 tU~ll'o~~ymrm~ou~o & k ~ ~ ~ m z t i  

?in mRNA da~mwnc~zao~r~~~a~yiq 

2. L& E,coli Y1090 

3. OIMI~LBUJL<Q LB medium 
d ' a  

4. QlHl3bcJU9 b"b0 LB agar+amplicillin (1 00pglml ) 

5. top agarose 

6. 1 M MgSO, 

7. amplicillin (100pgIml ) 

8.. 20% maltose 

9. SM buffer 

10. ~aomla~b~13~gua3flad M w om~auq7fla<~uim 50 ml uaz 15ml 

1 1. automatic pipettesbbwz pipette tips 



~ i n i ~ s d n d ' ~  ~.cor i  Y1090 d d ~ i l u ~ r a A l v a i ~ u ~ f s ~ ' ~ ~ ~ i o  hs t  11 oin 
A ' Y  '3' Y W d Y  

glycerol stock Uuolfsl'iLRu~lTo LB%agar+amplicillin (1 00pgIml ) ~aud~aa~u$~aud 
Y d 
~aanqrufsnD PI 37 O c ~flunsirrbiiu ( 16-18 &I~J,I ) 

ihaoud 2 n~~rm?uuraaklH*nl8a E.cor Yl090 

1. h uL.& E.co/i Y 1090 f sd~~ f l~ f l k l  no1 ~ a ~ ~ ! d ~ ~ l t L ~ ~ d ~ ~ Q l M l T L ~ ~ d  LC0 

LB medium dd arnplicillin (100pgIrnl ), MgSO, rnM us: OA%maltose (LR?UUIRLI 
I& amplicillin (10Opglrnl ) hu?u 10 PI. 1 M MgSO, dlu?u 100 PI, 20%moltose, 

i i u ? ~  200 PI a d l u  LB medium diuau 10 rnl) ~ . ~ d i ) l i ~ ~ j u d  37 O C 
LY 

2. ?M~d~~f .hu  overnight culture ~IU?U lrnl !dldh LB medium #;R~&Q 

arnplicillin (100pgIrnl ), MgSO, rnM bet OAXrnaltose diuaw 10 rnl L~did$n&fs?u' 

37 o C L ~ U L ~ R I  2-3 $aI~~ounmLJr&d~ OD, ~ ~ m i m  0.6-0.8 

2. ud~.lre&n.rru:&uu"~ ~ i l u~~a ids ru im  15 ui?~ 

3. d l  LTin d d f l i l f i ~ n  (iilrn Q M ~ W  uijo.bbfs~09atb refrigerated centrifuge# 3.000 

rpm ~ 3 u ~ a a i  15 ui?~ 
r a w  

4. ~na i~ i~~au~no f i i i ! d  uA~rcllomznau~.lraB6au 10 mM MgSO, (L!U 

CR) diu? w 3 ml L L ~ L ~ B ~ ~ U ~ I ~ L ~ J I U ~ ~ I B ~ ~ ~ ~ ~  ~123' 

Y 4 
$M~DMOI 3 n i % ~ h  dilution series a09 cDNA library 

L J ~ ~ I  CDNA library I Y ~ ~ ~ ~ ~ ~ J V K ~ B ~ J ~ U I W I U ~ ' P J L ~ ' Q  E.COII YI 090 h i l u  
b W  w 

L ~ R ~ L ~ I ~ I ~ ~ ~ Q U ~ ~ : J I ! ~ L W I : L ~ ~ J ~ M ~ I ~ ~ U  

1. lldd hgt  11 cDNA library oin stock dluau 5 pI 

2. ~f tu SM buffer add 95 PI ( dilution d 1 ) 

3. dilution d 1 a115 pi ~daduvla on!u1n~~~iu(iil^a3a~gnfsaa~~dd Lba'ab~U 

SM buffer add 95 PI ( dilution d 2 ) 

4. fl l$l$a 2 la: 3 oufi9 dilutiori d 5 



C 
YUSIOH~ 4 ni5~wan hgt 11 =DNA library 

2. ~ ~ o m d  1 1.d SM buffer add 50 111 

3. 'Id diluted hgt  11 cDNA library dilution 1 6 4  dilution 5 a r  50 PI 'IdadW'Iu 

Maomar 150 PI 

5. Ji~aan~au~'s~l?d$a 6 saon1dud1udiaii6u 37 O C ~ ~ u n a i  30 ui; 

~Ao'Iv~is hat  1 1 absorb {IJ host cell 

6. bgu top agarose bMe? ( 3.5 ml ) ~ n r ~ ~ ~ d ~ r u i n r  45-50 O C a a k l h ~ a a ~  

IlluR5%?d L u ~ l ~ f i $ i ~ u t ~ h  bw a9'uuslu~u ( LB+amplicillin ) ( ~ u n o ~ ~ ~ E l ~ ( " i 1  
d w &  8 d oriitnm~f? &dm top agarose ibarbnau top agarose 'IMYI?WWII$ ri~uw top 

agarose stu$ah &$u~asio~ltis~u~udst1da"ldd71fs'durioul~ J q  u ~ ~ ~ d ~ d ~ u i ~ w i r  91 

PY dY 
iaualaoi?a~rii 3 7 0 ~  ~ ~ n a i l u  2-3 4aIuariou b(sr("ii&mout' ) 

PY d 
7. ~ioiu~u$a 6 1.u W~wirrauananr~nir q PI 37 o c bilunai 16-18 42Iua 

8. 5u$au 'u~ .u i iu~wa in~~ ( plaques ) d ~ ~ ~ l m n n i 3 ~ r ~ s ~ ~ ~ u b d b ~ ' u ~ 1  ~ytic 

cycle uaa kg t  11 LIB~~IU?~MI<~U?U hgt 11 dda('Iu stock cDNA library GvIG?~ 

~ 3 %  pfulml ( plaque forming unitslml ) 

(Preparatlon of higher Phage lysate) 

s ind i j ~n i3d~~bwan  cDNA libraly ~U¶J%~JU~P:I~YIBI~I (plagues) 

buurilui%ou~ornuwaa.J (recombinant DNA) n r h i i ~  DNA uod h g t l l  <¶J cDNA 



d# o 
1. ~iu$f!fi cDNA library aindfiuLRnisd 2 ~ 0 ~ b 0 1 ~ 1 ~ ~ ~ l l ~ ~ ~ ~ ~ 1 n ~  

uin~n^uldlajGau~n^uld~~~:w ~in'Y;i9noOaw o ~ u n a s  

2. 1ca E.cdi.Yl090 ~db~uba~6Sbps"oi~u (host cell) 
2 ' 2  

3. QlMlSbAU9b"llE1 LB medium 

5. ampicilin 100 mglml 

6. 20% maltose 

9. SM buffer 

10. Top agarose 

I 1. w aamlu'bns~saum?flad I 

12. waom~saoam3%a4uuim 15 bbaz 50 mi 

13. automatic pipettes LbAz pipett tips 

14. Paster pipetts 

15. fdiu~$abbuu~u'baaiqrim 

1 9. bGlll~'bFFib~d 
aLI 0 qsni - n i s ~ 6 u d i u a ~ u u n ~ ' b a ~ r l i a a i n w ~ i n ~  2 96 ~nfinwioz~"Rnrli?6'bmn"'b6 - 

S Q ~  d 1~~6o~6urrnzrfi1w"b"aa~w 2 rvmz~$~aai l inuni i  a e z ~ u ~ d " ~ o ~ 1 ~ n u n i i  

i i l d1 -?8~rcadsu~  (Plat lysata method) - 
1. ~~d~iuwaisbanf~bdnd'b%ba"oba~f~d~duua'uddwain q (plaqe) Anjdnis 

v drr az~i~db6udiuawodbbsJ"a~iauwuw PI 9 ainodafu~d~du PI phage dilution buffer vlia SM 

buffer 41wu 1 ml lu'v\aemlubnsbsaoaa3%aB 



2.' ~5a.l Chloroform add 1 w u n ~ u ~ l l b $ ? 6 d ~ ~  4 OC ~i]uL?nl 1 &b.ld M ~ Q  

+iu~utdaIviclio~nloudaanoin~u 

3. '%dm phage stock oin% 2 IwT641u~wdstuim 10 pfu (plague 

foming unit) %iiuiwRn 6u E.coli host cells 4iw?w 0.15 m l ~ u w a n n ~ $ a u u i n  15 
a: d d 

ml (bmtiu host cells ~ i uuunou62 .  unn 2) n i sno tnnu i i s? l o t l%  phage stock 

fiuim~viiln&6a~riinidn~tiilsw f iur ioumiu~?"blu~~nd j u~n i . i d2  

4. dihuw~uoinVIO 3 bJt~dlif!omclnii 9 PI 3 7 " ~  L~UL?PI 20 w i i ? ~ d n I ~ d i o  

bbnt bga6j absorb n'u wed maflKoiCu 

5. L G ~  top agarose d L M B ? U R ~ ~ U ( ~ ~  OC) a i l W 1 u k ~ ~ ~ u ~ o i l d i o ~ ~ a r ~ ~ a ~  
d d W  '24' a ~ ~ a i ~ u u ~ u ~ $ b u i 6 u b b ~ ~ b ~ a d u u 0 i u ~ ~ ~ u b a u d b a ~  LB+ampicilin dk~d$?o i  

6. ~ l o l ~ $ . b ~ d ' h d  37 OC ~ 3 ~ ~ 7 8 1  8-1 0 ~ ? I ~ T u ~ I u ~ ~ I ~ u ~ ~ u ~ " u ~ ~ ? " u ~ ~ P I P ~  
Y a: 

1wir~aan~sijRi7wmtI~bfiau~~w~~n ~ ~ o ~ s i n d i a G n i s ~ - j s ~ u ~ n o u r i ~ I K ~ ~ n f l ~  
a 7 k ~ ~ a n  (lyse) Ghtkwun 

7. !Ru SM buffer e;l~uuoiu~wir~$odium 4 ml dndi dndadstwiiddi 

6ufioiudi?uwisi$R'u ? ido iuLrn tbb i8 i f i  4 "C ri]ub?ai 8-10 &dud r i l~i lwld 
lF inas~ur i i~u i  q ~3u=iruc q w$o?i;loiuuu~n:o;la d i k ? i j l i l u $ 8 u  

8. m SM buffer oin& 7 adh.waomlib$o d u  SM buffer 6n 1 rnl eduuoiu 
'24' f u ~ ~ o h ~ d ~ o d r i ~ c l a ~ b w 6 ~ o ~ b ~ ~ a b v  SM buffer uedds?uCu sM buffer o i n Q  7 

9. b5u chloroform ndld 0.1 ml add w wulmunis vortex ~QnG'ou g i ld  
d d 

bw?uJn 8.000 rpm bilub?ei 10 ui! biol&nubra&bun!~sunn~lrnou 

l o .  h fl supernatant ~ d ~ h w n a m n c l a m w  blu chloroform add 2-3 

d ~ ' 2 4 '  B 
1 1. plaqe stock nl9u~eijdiu?udiouinds:uirn 1 o'~-I 0'' ~~UI~I~JRIUIS~ 

eC( 0 asnq 2 4la~~1rnnaB~uawJau (small scale liquid culture) 

1. I % d e i u u o ~ w s i a ~ ~ o i ~ ~ d n  dli~$o~aira~lduuiwd~wnin 9 (Plaque) d 
6 a ' n ~ n i s ~ d u i i u ? ~ a  4 r~~irli$5/Gwsrno~u"w1d'bi~~'bub~nfl$oiCu fiiu?w 0.2 ml 
a : "  
m;~~~ ITd~mw~ i i $o ' n~  15 ui! (~si~uura~drioiCumi~u"umou6 2 und 2) 



LLE ESP 08 
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5. proteinase K 0.1 mglml 

6. 10% SDS 

7. 5% CTAB, 0.5 M NaCl 

. 8. isopropanol 

9. absolute ethanol I 

10. 70 % ethanol 

11.1.2 M NaCl 

12. TE buffer 

13. ~aodulna~sauePa3a4 

14. ~aan~saum5%4 "UMIR 50 mI 

15. automatic pipettor bbat pipet tips 

16. ~ I J ~ I ~ U  

1 7. Deep freezer (-70 OC) 
d 

18. bn5Qd refrigerated centrifuge 
d 

19. bflaos microcentrifuge 

ACI 0 

16911 

i a A  1-DE 52 method - 
\ 

1. dl phage lysate d i u ~ ~  15 ml ~dn~h~aa~1,saum533$ lluiR 50 rnl ufhL6u 

Buffer ~ l a ~ ? d  50 111 d i ? d u d i i u  3 7 ' ~  b!?uh?ai 1 .aL?lu~ 

2. %umaatsiu 20 % PEG 8.000,2 M NaCl db~up'~ 5 rnl a ~ W ~ ~ u l % W i n i ( ~ R j  

kd?rwrilku'~ 1 &IUJ 
d d 

3. h W ~ v l 3 u ~ n  10,000 g ~ U u n s i  10 uifl d 4Oc 

4. m supernatant 8 4 ? d a a j ~ j i ~ a o a u u n a r ~ 1 ~ ~ ~ ~  91 8djntlril~ L ~ Q ~ % Y ~ J L M R ~  

A L M B ~ ~ ~ R ~ U I I K M ~  



6. lftu DE 52 ion exchange cellulose d d l l ~ 3 ~ 1 E l e ~ ~ ~ u  LB-broth BJWH~QRB:: 
600 LlI uru1K~$15u&uni;w8n~nam1dui 20-30 n t d  

7. ~ c l < u d ~ d u ~ n s s u ~ 5 ~ ~ ~ ~ ~ ~ ~ 3 a i  5 I utk h e  supernatant I J I $ H R Q R I H ~ ~  

u h b h  DE 52 addln 600 p I  w a ~ ~ ~ P i ~ u R i e n i s w 8 n w a a a  
z d 

8. ~ ~ j u ~ i i n n r d ~ u d  v h  h a  supernatant I d h 4 ~ a a d r r l i  
t w  

9. ~Gurnsataiu proteinase K L$U$U 0.1 mg/m~ 10 PI ~ ~ f i d H  5 u~ f i  uB? 

L?U 10 % SDS 1dId 50 P I  ~ i W I f l l $ ~ f i ~  

lo.  L.%Jrnrazaie 3% potassium acetate add 130 PI  JIW ~ d ~ ~ d l d ( i l  dud 
I 

aru~nii PI 7 0 ' ~  10 uifi u8~the1~1ud1u(iinu'dn 10 u i i  

I 1. ~iIdr~4u~IUrubnrrsllum5~qQ LBUL~~ I  10 w i  

12. h e  supernatant W I ~ H ~ Q R I H ~ ~  U ~ ? L ~ U  isopropanol f i u i n r ~ n i h a ~ I d  Jl Id 

udIu$~iuddd (-70°c) ~flunai 15 uifi rra'?Ji~d~1<e~~i lwr?ai 15 u16 
13. rn supernatant &Id d~ntnodK~~i~ran(iou u8~aznanmou5ir~ura&3u TE 

4 1 ~ 3 ~  30 P I  

n7~~m= l%ua~a i%a~mu 
I 

1. Buffer L1 

lEIuIsb%f Rnase A 20 mg 

lau!sb$ Dnase I 6 mg 

1 Mtris-HCI (pH 7.5) 0.1 ml 

0.5 M Na,EDTA 20 p1 
5 M NaCl 60 pI 

Iud'%r~~ns&~ua 1 mi ~ n ' ~ ~ ~ u A i ~ d u f I ~ ( - ~ o ~ c )  PI 

2. 20% PEG 8000,2 M NaCl 

PEG 8000 20 n7u 

NaCl 11.96 n ? ~  

azaielu SM buffer ~ ~ 1 6 f i u 1 ~ s $ d ~ u a  100 ml d i ~ # a ~ m ~ l n l r a a ~ n ~ n a d  

3. DE52 in LB-medium 





(Restrictulon digestfan ef bacteriophage lambda DNA) 

phage lysate diu?u 15 ml $u~mw"io~nkraionrnau~i8uiori?o TE buffer 
2- 4 imu  30 111 d~u%ni~uun~nwardiGi5u~o~~ndia~~i~ob~~~u~amerw~a 

(recombinant DNA) U ~ ~ Q ~ & ? U L O W ~ ~ ~ ~  Eco RI L&IUUR+~ cDNA OO~UIOI~RLQULO 
ad d d  uosiiauaian I I 

3. 10 x Eco RI buffer 

4. sterile distilled water 

5. 10 x gel loading buffer 

6. 5 x TqE buffer 

7. Ethidium bromide 10 mglml 

8. Agarose (elctophoresis grade) 

10. electophoresis chamber 

I I .  power supply 

12. UV Transilluminator 

2 L6u 10 x Ew RI buffer ~ d l d  6 pl 

3 d u  sterile distilled water 8dld 7 P I  ' 



6 L ~ U  10 x gel loading buffer RJW 2 !uh3h3 r~B j~ i !d r run~~o:n i~a~b~a~ban  

1W31Y/E%I ~ ~ ~ u V I U D R  DNA ~ R U S I R J I U  1 M ~ U ~ I B J O ~ ? ~ I ~ ~ R L O A  

7 luvlc?u~nvl~uadd~ia7 Ivi+ruonffrBuroG!ritneiau6au ECO RI a ~ W l a a r d a  

rfiou~n'uulnuGiirG'tbrauida:~~im 5 bb38n.r t~u$ind!d 4 !ulnGns ua: 

10 x gel loading buffer 1 rllln38n3 

8 r~nm&a~diun.r:u~!Y/fiilnu'b.a"naiaiid~neJ' 50-60 laan' riluraaid3cuinr 2 

tala4 M~orun3rtd~ bromophenol blue ~ndowd!d!6jll3:uim 80 % uadnaiu 

oia11od a:ni%~~roa 
a4 a 

9 ~nmn$odiiun%rrddfii rfiroa!dairuu UV Transilluminator hra:uunnniw!< 
d -  a w d d  

( nirnaunun~nw6~1inr"RnuiiBu recombinant utluaion 11 ozwunouitbu 

Eco RI) 



(Agarose Gel Electrophoresis of DNA) 

~w ' loen ia i~u6~~u inn i i  rtdfidiu.ronisuon {resolving power) pniioenilsataa 

uin~m~rnui.ina~n&hu~r8uta~~r'l;bimu~lndi~~~~ju~~rua~uaoonoin~!6 
d 
s ~ ~ f l 6 ~ I u r n n i i n n i s ~ i d i  6v bua (DNA sequencing) 

azn~dbarga3aa"nTmaTd"aa 





unr td l~ns taa !~~ i i i u~s i )~~u8u~os t~ndoud i~~~n iu luu0~  PI 6i;iiuuim 

IwnJ knnis~n8ouduo~iit8uroa:a~niira~dii~uim~iin PI uuimu o~;niulunclst 

iu<un3lu~.~u+uuo~otn-1ba~ o~n~bsnd~ii~~iuuGuGuuinsniu1us:ivuim~~n~~ PI 

nis~n~ouduoaii u8u~oluotnibsa o:Gn7iuLwir6~~uurgu6il~dn'un31~~ i t u ' w u o  
dotnibsa 6iliuaunis 

log u = loguo-K, T 
dd u 

u = szutnian~~ou~oundoudIuo~ni'6siu~a 
dd u 

Uo = ~ ~ L ~ ~ W ~ ~ W R L O U L O L ~ ~ ~ ~ G ~ I ~ ~ R ~ ~ W ~ ~ ~ ~ ~ I U O ~ ~ I T T I L ~  w 
d 

K, = ~ud3t~nan31uwd7J(retardgtian coefficient) 

mr fi 
3. T~w;daosaro~ro 

~~o"urodiuuiardinir u d a ~ l J n r ~ n l d d ~ ~ n i r o ~ ~ ~ d ~ u d l ~ ~ t n i b ~ a ~ s ~ I ~ ~ ~ ~  PI PI 

ddi~Cu ~un~n'un3iuua'u$ur.na~atn-I~s1usa n~iuus~uo~naurilrlf l iaaz 

~3iuusrEonuuo~yirurloi Tmuh !d k ~ ? u w a ~ a O m i i ~ 8 ~ ~ ~  ~RSJ;LI~LUUI 
1dos~a8KW(su~ehe1ica1). st undoud dqniiuuuu t&uws~(~inear) huuuu-xnsu 

d d u d  
Gn(nicked circular) s t  Lnaounmnqm 

4. osddaznouaosGwsdo~ - 

n~sm"Rod~~ii1bu~a1uornibsa~~a~u~~n"uo~~d3:nouaa~n~iuu~~~oou 

60 453 385 



rd  P uo.~fiw~dof uivrdomuuu~.a"#iv?hrnn'bwg~fi~modl tburoij 4 aiin 6 q d  
!fi ~ i n ~ d  2ituur~+Llu~wrdnib+u$ubn"fl!a" rdu 1 OX buffer nuiun?iuii 

rd  4 rfluGw~dornun?lu~+u+ubflu 10 d i u o ~ n - r i u r + u $ u d \ o  TAE. TPE an:: 
w w  d m 

TBE bhkiiri?uroalufj r i?u~~bdofdi~(alkal ine buffer) Ianu~rouromurdu? 

(working solution) (stock solution) 

Tris-acetate 1X:0.04 M Tris-acetate 10X:48.4 g Tris base 

(TAE) 0.001 M EDTA 1 1.4 ml glacial aceticacid 

20 ml of 0.5 M EDTA 

(pH 8.0 ) 

~ris-phosphate 1X:O.Og M Tris-phosphate 10x:108 g Tris base 

(TPE) 0.002 M EDTA 15.5 ml 85% phosphoric acid 

I , 40 ml of 0.5 M EDTA 

Tris-borate 0.5X:0.045 M Tris-borate 5X:54 g Tris base 

(TBE) 0.002 M EDTA 27.5 ml boric acid 

20 ml of 0.5 M EDTA 

Alkaline 1X:SOmM NaOH ' 10X:5 ml 10 N NaoH 

Butter 1 mM EDTA 2 ml 0.5 M EDTA (pH 8.0) 

1. agarose (electrophoresis grade) 

2. 5x TBE buffer 

3. Ethidium bromide 10 mglrnl 

4. 10 x gel loading buffer 

5. elctrophoresis charnber(mini gel) 

386 BO 453 



6. power supply 

7. UV transilluminator 

8. Polaroid Camera 
nd 0 a ZYII - 

2. $4 agarose Q I U ~ U ~ ~ ' ~ J ~ I ~ R J ~ U ~ [ U I ~ '  LEU electrophoresis buffer (1 X TBE) 

~ ~ " b ~ n a l u  Ly'uuidn'o~nls'bmu6a q W mini-gel $nl$d?iUl~ agarose 35-40 ml 

filn'oJnl~l&uu 0.8 % agarose gel 'L$ agarose 0.32 n?~d~%ld0 i40  ml 

3. i i W  agarose a-alu~mu u d d s ~ ~ f l ~ a ~ i ~ ~ n m  ~?olu~milulns~adG~ onnu~a l~  

&~'L?rr ir~ua~~tdstu~m 60 "C ~88.1 ethidium bromide (10 mglml) wld ' l~n'  

na~uru 'ukp f iu  0.5 pg/mI ( 2 .b.dnslR~lsdo 40 ii~tiims) WRU~$L%I~~IQ~ 
n~myuda~pmiu~ q 

4. LYI agarose a ~ l u n ~ m n ~   LOR^ ~m5ud.a" w LII u~uod~Ifi~Rmd QJDI~~BI~IJ comb 

arddcl1u61u~$~un~n1mso~~a~ ~ ~ ~ L J D J  comb ~ ~ ~ I J ~ I ~ ~ R I ~ W ~ J I J R  

dszu~m i bau. sa'LG'~an~~+~6a 

5. ~ka~n~aauG; lh  r i ln inbal t lu electrophoresis tank m buffer (1X TBE) RJ 

~da~~aunn~G'~w~daf iaubaau"uu~dszu~m 1-2 uu. Fine 7Ba cbmb non 

6. WRU DNA sample 59~ gel-loading buffer ~ h ~ ~ o m R i o  ~ I J R J . [ ~ Q J ~ ~ L I ~ ? #  
#d'=icr w  

disposable micropipette (gel-loading buffer flocw~doswuauou 2 . a h  t o  . 

d d 
bromphenol blue <u xylene cyanol, brompheol blue orLnlounluoknL?awo q 
-cia d d a  nun ~owrod~u~qdsruim 300 ri~u~~~az~naounmn-j7 PI xylene cyan01 dszuim 

- d u  
2.2 L ~ I  xylene cyanol ~ a ~ o ~ d ~ u ~ m n n ~ ~ a ~ o ~ n u e ~ b o u b ~ d d ~ u ~ a d s ~ u ~ m  v 4 kb 

3- e w e  a uonalnuudu glycerol GO sucrose WRUQLJ L ~ B ~ ~ J Z M R I O U L O I ~ ~ ~ ~ ~ ~ H ~ ~  Gn , 
d w e  - 8  w d d d  DELR?UU gel - loading buffer dL%uuinilnl~asJ 10 L ~ I  nJuu nlumrou~osi? 

ndw ad v 10 IuInsb'n la' gel - loading buffer 1 luInsi?im.i lunlsri1i?iLiinInsIv6 

6~~nnk&~~~~~u~nuims~1un"r"9'tb1m~bfi,uoub~u6a1,d"a~9~b~~u P1 d~u'naz~unm 
W d 4  

B L E ~ L ~ ~ I ~ T ; I ~ ~ ~ J I ~ ~ M ~ ~ U ~ ~ " I U $ O R ~  9 9 Bt8u~ou1n.r~1udiiuul.a50 uaua~m~ou~o 

bdi?u~odqfu' Hind Ill H?EI Eco RI H?'so$JRad 
, 



a: 
7. r d o ~ u o n & q o l h ~ l i u u a ' o u ~ n ~ ~ ~ ~ ~ r $ a  gndi electrophoresis chamber u$qi?doua 

b: 
Idfl ir i ' i f i  power supply RJ voltage ~ ~ ~ d s z u i r u  1-5 I7afi1~1a~. G~Zurosr 

m'Rouioin cathode ($q~di)!dfh anode($qfiunJ) ndi& voltage l$!d~,ftuId 

P~~!I~$L~~RR?IU~QURJ 91 4 ~ 0 r l / l  a1 UGLBULQ l a  unj? 7 I d  hw?~ mini-gel 13 50- 

60 1786 Z ~ r ~ a i ~ ~ s z u i r u  2 ~~IXIJ L ~ Q  bromphenol blue ~ ~ i a u I ~ ~ I ~ ~ ~ s z u i r u  80 

1. 5x TBE (0.045 M Tris-borate,O.OOl M EDTAO 

54 n?XI Tris base 

27.5 n?u Boric acid 

20 ml 0.5 M EDTA(pH8.0) 

a r a i u Z i l ~ ~ 6 f i u i a s  1 ERZ 
2. 1 x TBE 

5 x TBE 1 hu:(il 4 h u  

3. 10 mglml ethidium bromide 

$4 ethidiurn bromide 100 iiiinQ ~ z a i u h ( i i  10 iia5iin3 launisn?uuu 

magnetic stirrer 
1 

1-2 &?J~XIJ rii~lIa"buuqn$oz~i~Quu~oud (ethidium bromide oisr!?u strong 

mutagen ~ a u q ~ i i o n a o n ~ ~ ~ i i r ~ u ~ t ~ ~ u m ~ ~  

4. 10 x gel-loacjing buffer 
I 0.4 % bromophenol blue 

I 

0.4 % xylene cyanol 

50 % glycerol in water 



(Recovery of DNA from agarose,gel) 

hJ$jlnisunCf 4 fi8nwrGou recombinant Xgt 1 1  DNA 6~u~ou!~rj 
c Y W d  

E w  RI umruundi?uD6nhslfi$1 ~ud@%ni3u unplnwaeaununu CDNA non 
2 W W  U nd d uioin;iuotmlsaiivaioii aiu6u~+uiuluunu usiazlvunplnulrfi~do~an~moa 

CI Pd Ram Prep-A-Gene DNA purification system (Bio-RAD) 

i aq l~az?  J n d  

1. 1mun"~n"w~olu~uoenib~~0inu~f]~~13n~~n" 4 

2. 6973fitQiu 0.3 M Na acetate, 1 mM EDTA a 

3. 3 M Na acetate pH 5.2 

4, low melting temperature agarose 

5. TE buffer 

6. Phenol : chloroform : isoamyl alcohol 

7. Absolute ethanol 

8. Prep-A-Gene Matrix DNA Purification Kit (Nio-Rad) 

9. NA 45 nitrocellulose membrane 

10. Pspom!ubn3~.aua?ga6 
11. automatic pipettor bbmz pipet tips 

4u 0 

?sol7 (Prep-A-Gene DNA purification system (Bio-RAD) - 
1. ~ m ~ ~ n u ~ ~ ~ u ~ o C ( d i o ~ n i ~ o o n u i ~ i 6 u ~ u ! d 1 d ~ m ~ ~ ! ~ b 1 ~ ~ ~ u a ~ k l ~ ~ ~ i ! d ~ u  

~vSuJ~v%u;iumnaJdfiuPsaoa nimnz~ufiuiaruo~;iu~~i~i lw~vi i Im 



2. LRU binding buffer RJWJIU~U 3 L ~ I V ~ J ~ ~ U I R S ~ U  9 bL~7'dlYbdbb%1~~1d~l 

oaanij 91 37-55 OC d~:uim 10-20 uiG ~un.r-.&+@n:~iuaum 
q 

e a e a w  
3. rRu prep-A-Gene matrix sdYbd (5 PI dq 1 P g  DNA) wtlu~~ruinu hon lsR3n  

aeomni?uYbduib~ubaei 10 %I$ DNA 0fYb~%7<u matrix 
w 

%. --~iYbd~ura<ad 30 iui$ M matrix ~nmmowtm supernatant %dduh$id 

matrix 67o washing buffer f i u lms  25 ~ f i i ~ a i l d ~ u i a s  matrix 6 l d f a ~ o  3. 
b: 8: 

5. h a  matrix 67o washing buffer ndMum 3 RTJ ~ u n i ~ ~ i d n ~ d ~ m n i u ~ m  washing 

buffer id!<%? 8.l GI 

6. a: DNA 4rni:od~u 91 matrix oonlmob6u elution buffer f i a ~ i a ~ r f i ~ < u f i ~ i . ~  

%ad matrix dIdu$a 3 LLR~LL%IU~I~~$I~U (37-50°c) LSUL~RI 5 uiCi 
B ecec 

7. ~iYbdhu'ula:a~ 1-2 uiG Id matrix mnmznou Giu supernatant B ~ I U ~ L Q U L Q D ~ Y ~ ~  
I h a  QGIIM~ iiGr8uroYbdI#i Q%~?u?!~GI ~ Y b i 6 o ~ ~ 1  ethanol precipitation 

d f j l n i s d  7 
a e 

~ ~ ~ ~ R ~ U I L D M L Q L ~ I ~ W ~ ~ A ~ ~ R L ? ~ L R O ~  pGEM3Z 

I (Cloning In pGEM3Z plasmid vector) 

luundadni.rd 4 rre: 6 dciiuuikm%~u DNA q in~neuvad hgt  

11 doo DNA Rio~BuYbau' ECO RI ireclsir~ongu CDNA o o n u i a ~ n a : n i l ~ a r ~ ~ ~ l h  

~udfju.?ni.r6~z1nau cDNA &~fi& vector ~fifl l~ii% plasmid aG(l pGEM3Z 

(w&~niuriun~u^TGn Promega) ~ J L ~ w w ~ ~ I R D R G ( o u N ~ . ~ " ~ " u B J I ~ " I I ~ ~ ~ H ~ J  

5aassazsdns& 

1. ~ D N A  d 6 a ~ n i . r h ~ ~  ( ~ i n l j  ju.ZiniA 6) 

2. pGEM3Z DNA 
\' 

3. glycerol stock Y adbqeb E. coli strain JM 109 

4. agarose , 

5. 5xTBE buffer , 
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6. ethidium bromide 10 mglml 

7. bauhld Eco RI 

8. Eco RI 10 x buffer 

9. b O u h 8 . f  T4 DNA ligase 

10. DNA ligase 1 Ox buffer 

12. LB-agar plate bLQ: LB-ampicillin agar plate 

13.50 mM CaC12 

14. selection plates (LB agar + 100 Pglml ampicillin + 0.1 mM IPTG + 5 0 p  glml 

X-gal) 

15. petri dishes 

16. w a n n ~ C a w i n  50 ml 

I 7. ~ a o n l a ~ l ~ a ~ ~ u ~ ? f l ~ d  

18. autometic pipettors rLnz pipet tip 

Y d 
% M ~ ~ M W  1 Determination of the amount of cDNA insert 

a5 d 

~ n u o r s i o ~ n n u ~ ~ u d s r u i m i l  cDNA $I dilute onnaln agarose gel uuu 

~~UIIUL~IIR h l l n i ~  run agarose gel r o d & o r i i d  cDNA ~ f i u u h  standard DNA d 
~ n U f i u i r u  raw ~ D N A  (u%h Gibw BRL) btJd1 ~ D N A  (10 nglpl) ~ l u 2 w  2 p 

1, 4 PI, 6 load atIuwr?ud 1, 2, 3 a o ~  1% agarose gel niudi<uu<~nuon& 

O d l d  cDNA C( LF~TUUIRIQJ IUM~UAL~~Q (k id cDNA uld5:UlIU 2-5 IUIRSPRT) run 

electrophoresis niudnG (I1 gel ~ ? ~ J U W  UV transilluminator OrlllUlSnWnU 



& 
wHel€IHd 2 Digestion of pGEM vector with Eco RI - A' 
Set up Eco RI digestion "uas pGEM DNA mspb 

PGEM DNA r PI (naiu~CuJu 0.5 P ~ I ~ I )  

10 x Eco RI buffer I Pr 
Enzyme Eco RI A PI 

Sterile distilled water 7.5 P I  

Total volume 10 bll(pGEM DNA ~$hJil(l50 nglpl) 

Incubate d 37 OC 1-2 4abud 

Y 

\ yi)el~Hd 3 Libation of pGEM DNA to cDNA 
d 

3.1 n i 3 ~ i  vector : insert ratio W ~ O S ~ I Z W ~  

IRU~~ 7 hl sJ'n2.a" 1 : 1 H$"T~ : 3 molar ratio  ail vector : insert 1% 
BmsdalddluniT~diou molar ratio du mass ratio 

Ng of vector x kb size of insert X molar ratio of insert 1 vector 

Kb size of vector 

= ng of insert 

3.2 Set up !gation of reaction 

CDNA insert .... ~g (aiuddiu2nil6-ain iYumawd 3.1) 

T4 DNA ligase enzyme 1 unit (1 v,I) 

Ligase 10 x buffer PI 

nuclease-free water -aun?u 10 P I  

, lncubate d 22 OC 3 $21~4  so 4 OC 16 $21~4 (%iu$u) 



d d 
ImuaeQ~ set up ligation reaction ' d n ~ a o ~ ~ u ~ ~ 3 u ~ a ~ m e \ a u y u  

rdld cDNA insert u ld i i  ~~i l l l~%~$id?a~iman"d~~~ m 10 PI  

&WIolci 4 Transfornatlon of pGEM DNA Into host cells 

4.1 Preparation of competent host cells (E. coli strain JM 109) 

1. streak plate vod E. wli .lM 109 uu LB plate 

2. Incubate single colony 1% 5 rnl udd 16 medium L ~ d l f i ~ ; ~ d  37 OC 

dl 
3. ?u$uu inoculate 1 ml uod overnight culture a~lu I00 ml uad fresh LB 

medium ndid 37 OC ~unaz6a!~'cii OD, daeuim 0.4-0.6 I%ra~ida;uinr 4- 

5 &Iud 

4. ~~$lSIa~une~z~ibb~dbb$adi~d centrifuge d 3.500 x g L ~ w r a a l  5 MI; d 4 OC 

5. resuspend L S I ~ f i i l l  0.4 volume l l o d  ice-cold 50 mM CaCI, 

7. centrifuge d 3.500 x g LBWL~BI 10 uifi d 4 OC 

8. resuspend rSIat%i?u 1/25 original volume VDd ice-cold 50 mM CaC12 (culture 

, 
IOO rnl 1% C ~ C I ~  4 ml) n ' a~ r l i od i~ ru i i i od~wnr raak~umn~p i j i u  q 

9. dnzuziird~~a?nadid(au 60 uifi ui'aidurj~ld~aom 7 a r  200 PI rrril$i!d 
w w 

l $ V h  transformaion i&au n~u~~r iwiaude tfll transformation h ~ n i ' l ~ 6 u  rga6 

Ia"bKr'lRu sterile glycerol a ~ I d  Maomar 40 LLI ahm~ul id  -70 OC freezer I 6  
daeuim 2-3 ~ 4 o u  

L 

4.2 Transformation of JM 109 competent cell? 

1. r8u pGEM DNA ~ i % a u  1 PI ( ~ l n t u ( ~ ~ u d  3.2) a d h  200 P I  uQJ E.coli JM 
w w  w 

109 competent cells (ain step 5.1) uaul~lcrninu 

2. tRu pGEM DNA biuau 5 PI  (~in$unnud 3.2) a~ lu  200 Lll uod ~ .co l i  JM 

109 competent cells ~ n ~ c l o ~ l ~ d ~  

3. L L $ M R O ~ ~ " ~ R O ~ I U $ I U G J ~ ~ U ~ ~ ~ ~  30 MI$ 

4. $VJ~a~~ulu$lI.4 water bath (42OC) L~WL?RI 2 u1; (heat shock) 



6. t k J  LB medium s4W msonar 0.5 ml ~11dudd14h~ud 37 OC L ~ L ? R I  1-1.5 

+?IaJ4 

7. plate 100 PI  I D 4  transformation mixture selection plates (selection plate 

fin LB medium + 100 W m l  ampicillin + 0.1 mM IPTG + 50 W m l  X-gal) 

8. Incubate plate G l ~ f i U d  3 7 ' ~  

9. wno~auusr$u6iu?u recombinant colonies (~vI?) non-recombinant 

colonies ('nil Eiu) 
t 

lo.  flluuvlouf! 1-9 6.l ligation reaction ~nf l?~?uR' . l~  

LY 
nlsm'suuolvlsuudmfammwz17awzw7u 

1. LB medium 

n ~ i s u n  91 J ju3nid 1 

2. LB agar plate 

Bacto-tryptone 10 n?u 

Bacto-yeast extract 5 n?u 

Bacto-agar 15 n?u 

srsiuiird~irsuimn"4m~~fl 1000 ml d?u pH ~ 3 %  7.0 f i o  I N  NaOH d i tga  

~nani.rooIc~tn.rd .rooutEuac (oamniiJ.rruia q 91 50 OC) t n s ~ l u ~ i u t w i r r $ a o h  

u u i n r f f u d i ~ u 6 n a i ~  91 82 uu. s i us rds ru ia  25 ml n ' d ~ a " b ~ ~ t t ~ " d  uc~7tn"u1flu$b~u 91 

3. IPTG I X-gal selection plates 
Y twiou LB agar irsu1vl.r 1000 ml RIU& 2 n ~ u ~ n s ~ l u o i u ~ ~ i t t " ~ ~ a t ~ u ~ i ~  

' a r ~ i o d o I ~ d  

ampicillin (1 00 mglml) 41tbatb 1 ml 

IPTG (0.1 M) 4'luau 1 ml 

X-gal (50 mglml) 4'luqu 1 ml 



(Isolation of plasmld DNA) 

5aqrrargdnsd 
2 Y 

1. ~IMLWIZL~UJL~EI  E. COI~ d transform R i u w a ~ a i i ~  POEM 32 

( ~ ~ n d j f i n ~ s d  7) 

2. LB medium 

3. ampicillin 100 mglml 

4. miniprep lysis buffer 

5. 1 N NaOH 

6.10% SDS 

7. 3 M Potassium a 

8. phenol : chloroform : cohol(25 : 24 : 1) 

9. chloroform : isoamyl alcohol (24 : 1) 

10. 3 M Na acetate pH 5.2 
I 

1 1. Ethanol (Absolute) 

12. Rnase A 10 mglml 

13. STE buffer 

14. 10 M Ammonium acetate 

15. ~aoerlulns~dauerf9aQ 

16. automatic pipettor bbar pipet tips 
w 

17. d ~ t c i ~ d u  

18. ~ n d s o t n d ~ n a u ? u ~ o l ~ ~ i j  
aCI 0 asmi Plasmid Miniprep (Serghlni' s method) - 

d Y dd 

1. n a ~ a o l n l a ~ r d u a i r u ~ a  3 ~ n ~ a ~ u ~ d n ~ a u a ~ ~ d u  I i n l a i i  s t ~ u a ~ c l ~ s ~ h i ~ < a  

LB medium + 100 pllml ampicillin 41~7% 10 ml 



Y d  rvl<ur 2 uifi ( ~ i i u ~ a o n ~ s i o l ~ t (  4 ' ~ )  
91 

3. mm supernatant f i ~ l d  
91 

4. fltaiumtnoubrfl66?injo STE buffer 100 p1 

5. L.8u phenol : chloroform : isoammyl alcohol (25 : 24 : 1) ?!luau 100 PI  WiW 

(b$bgln'ubm ~1%' vortex mixer 

6. f%lWdubM&IJ 5 ulfi  lo supernatant ldbi'buMclo~lMd~gab6~~ 10 M 

ammonium acetate saWl%Gnin?iu rbu'uqmw"iu bflu 2 M 

7. ~5u~ornuosd~iuCm 2 ~diuord?uislsrftu w ~a~l%ru*ilnituh t~dzi b~~rb~uba~i  

15 0b7fi 
8. f%iWdu~~:u~b~ub?aiuiu 10 uifi [ ~ I J ~ L ~ O U R L B U L O ~ ~ L I  70% ethanol hl$ 

menouuh khfltfllinjom:nou#b8ubo6?injo TE buffer 14 pl 

9. biu Rnase A (10 mglml) diu?u 2 PI  GII~~$~IJ~I~~# 3 7 ' ~  b~ub?fli 30 

ulfi bdodio'n RNA 

I. miniprep lysis buffer 

50 mM glucose 

2 mglml lysozyme 

2. r n ~ f l e ~ i i n j o  0.2 N NaOH, 1% SDS (b&uuriouniawmao~) 

1 N NaOH 1 i3GGi1.s 
10% SDS 0.5 9f l8sf l~ . 

sterile H20 3.5 ik1 i%3m~ 

A' 
3. mrflefliu Rnase A tldn~oinnirdudouuo~ Dnase . 



s t a i u  Rnase A 10 fs8nTu ~umrataiu 10 mM Tris pH 7.5, 15 mM NaCl 

~ I U ~ U  1 ml dihkurilur7ai 15 %in" rdadisiu Dnase u h d ~ a o b h ~ u a ~ a d i ~  

u 

4. 3 M K acetate, pH 4.8 B Z B ~ L I  K acetate. 3H20 ~IU?U 8.16 n%Jbbdl 16 

~ Q % G I T  dqu pH I%kh 4.8 fiu glclal acek  acid d?urlssuinskCrila 20 ~ A ~ S R T  
u~7oiir&ln unisooln rfisd 
5. TE buffer (10 mM Tris-HCL, pH 6.0, 1 mM EDTA) 

0.5 M EDTA, pH 8.0 , 20 b.~lfis!ins 
t3u sterile H20 icl~<fiuinz 10 Q a 8 8 ~ i  

di\ddr~ r$ab~ unisa d 
6. STE buffer 

1 M Tris-HCL pH 7.5 

0.5 M Na2EDTA 

5 M NaCl 

flT"flfi~1~3~09"b~U 100 

K7adi~waniswmaos 

r 

White 

colony 

- 

11 

20 

37 
\ 

Blue 

colony 

- 

112 

300 

463 

Vector 

PGEM DNA 

Eco RI-cut religated 

PGEM DNA 

Eco RI-cut A7 cDNA 

PGEM DNA 

Eco RI-cut A7 cDNA 

PGEM DNA 

Eco RI-cut A7 cDNA 

% 

Recombinant 

0 

12.3 

6.25 

7.4 

Tube 

1 

2 

2 

2 

Plate 

(p) 
100 

50 

100 

150 



ECORI-cut h 2  CDNA 

PGEM DNA 3 1 00 800 100 ? 

ECORI-cut h 2  CDNA 

PGEM DNA 3 1 50 - 113 ? 

- 

dfjir6nisd 9 
- a #  Y d  ni3bb~nanmmb~~b~~inb~aruae;ia 

(Isolation of DNA from plant tlssues) 

nisflnwhs~&~uarclGid"uo~dui~~ ~i lu&~i inisuun~r~urooonrinraa~ 
3 . 4  " u o ~ ~ ~ i i 3 5 0 1  n i s ~ ~ ~ n # ~ ~ u ~ ~ ~ ~ n 0 i n ~ ~ b o ~ u o ~ o 4 ~ ~ a i u 5 ~  ijniinni.ilaonL?ldnu$i 

W d  u 
Iviraariumnlnunisun ~iaiuruu~usudvia~u~~rfi ' iuaniulmni~run' $IIMRLOU 

~ l d  a LoO1nnrnauhuuoanoao6 $ l b n  ~ouLau?~w~~nu phenol extraction LLar ethanol 

PGEM DNA 

PGEM DNA 

precipitation ~ii~ai5r8uroii?uroulru' Rnase 

? 

2. extraction buffer 
t 

3. 20% SDS 

53 3 

4 

4. P-mer captoethanol t 

50 

5. isopropanol 

50 

6. TE buffer L Q U ! ~ ~  RnaseA (10 mglml) 

7. Phenol : chloroform : isoamyl alcohol 

- 

8. chloroform : isoamyl alcohol 

9. absolute alcohol 

- ? 



10.70% ethanol 

1 1.7.5 M ammonium acetate 

1 2. refig urated high-speed centrifuge 

13. microcentrifuge 

%nia ~munjasilin Graham et. al., 1994. , 

1. umr~ol~vlrin 1 niuIu'bni~'bnu~flu~ns~ouraaaunou~9~~u"oar~~iu~ 
a d  

2. Ciu buo b u a ~ d ~ d ~ a o n ~ u ~ ~ s b ~ ~ m ~ ~ a d  ~b$a LGSJ extraction buffer add 1 ml wdu 

I~$ i<uTn u n i s w ~ n ~ e n a u 8 a d i ~  i~$di~ l idud q 55 OC L O W L ~ ~ I  20 uifi 
3. ~ i ~ a o n ~ d u ~ ~ < ~ ~ ~ ~ u ~ ~ ~ b ~ s b q r u m ~ f l a ~ ~ ~ u b a a i  5 u i t  

4. ;in supernatant W~dwennhlitQu chloroform : isoamyl alcohol (41 :, 1) 

nP,ulmsbYiln"ob 

6. 6'1u supetnatant !d~d~)aan~tld~~Ka~fiu 7.5 M ammonium acetate S I J ~ L ~ ~ U  

f in ins  1HO ~viiua~fiuims~Ruv&a~fiu absolute ethanol (bk~$m) RJW 2 b Y i i  
un~Lrsuins~Gu u~dlfludiudtd~ 41 (-20 C) ~ilunai 1 & l u ~  

7. du~~<u~~ i lu~aa i  5 uifi 
w B 

8 .  bn supernatant $4 Ridmmo~Si?~~ 70% ethanol ~~J~~?~~LI$LL$JLLB:R.P~U 

~ r n n w R i ~  TE buffer 50 pl , 

niassil?a~a~iaazaiu 
m d d  

1. extraction buffer ( a m  1) 



9.1 g sorbitol 

1.21 g Tris-base 

0.94 g ~ a ,  EDTA 

Iufiuia=i$~clun IOO ml diu p~ ~i lu 7.5 d1b~~htlTl13001~lbfl3d 

2. 20% SDS a r a i t l  SDS 20 niu 1 u ~ i l c l ~ 6 f i u i a s $ ~ c l u n  200 ml ( ~ % i ~ n k u d l  

I&) ~ d & J ~ ~ h ~ 3 d H l 3 ~ t Q l e ~  sDs l.$~%l.4 

3. 5 M potassium acetate 
add 

4. extraction buffer ( a m  2) 

(2% CTAB , 100 mM Tris-HCI , 1.4 M NaCl , 20 mM EDTA) 

CTAB 2 n?u 

1 M Tris-HCI RH 8.0 10 ml 

NaCl 8.18 n ? ~  

0.5 M EDTA 4 ml 

d ? u d ? u i a ~ K ~ i l u  100 ml ~ I L ~ ~ ~ ~ U Q Q ~ R L ~ ~ ~  

5. 7.5 M ammonium acetate 

6. Phenol : chloroform : isoamyl alcohol (25 :24 : I )  

- 1 phenol b % f h . 4 V ~ ~ ~ a ? l n t l r f i 1 7 @  phenol ~du.dludl~$lduC( 9 65 OC 

b b k  b h . J  8-hydroxyquinoline AJW 0.1 n?ud~ phenol 100 $~Zi013 ' 
8: - rftu 1M Tris-HCI pH 8.0 R J ~ J  100 ijaBBas w ~ u ! ~ b ~ i ~ u k s l ~ f i ~ I f l ~ g u  

8: 
phenol bb63r"du~l aqueous phase bbtlnaonoinKu 

8: - a319 p~ uo~.au$i ( $ ~ u u )  gi iu inni i  7.5 M+~IJ niujd in i i  7.6 IGtn 
g : w u  

~oiauGifilf~u$a~Ru 1 M Tris-HCI pH 8.0 a~Id5n 
w  8: * d ,  - f l 1 ~ 1 9 ~ ~ 1 1  pH V ~ J " d ~ i 6 l ~ f l l ~ l ~ ~ ~ l ~ f  ~bdln"~~ 7.5 

- tRu phenol r a s 7 ~ h a R i i i n i a d  4 C bui TE o$~uuu 

- ~dodio~ni=iI%w~u phenol Ku chloroform : isoamyl alcohol (24 : I )  lu& 

i a u  I :I 

7. Chloroform : isoamyl alcohol (24 : 1) w ~ u  chloroform 240 ml ~ I J  isoamyl 

alcohol 10 ml bfiuI%~an&li M % s o u ? ~ L L ~ ~ ~ ~ Q ~ ~ ~ ~ Q u ~ ~ Q u ~ ; ~ ~ ~ H ~ B ~ ~ J  

400 BO 453 



1l8Ginld l o  
a r: 

n7~Mld%Jl~~slsQ~slsQ slsslsa td%Jl~El'l~L~~bQ 
\ 

(Quantitsrtlve of DNA and RNA). 

m s ~ l f i u i m l ~ 6 u ~ o  uaefiu?maifiEu~a ~gu~nniindbi~iluuin ~ w s l z ~ i f o  
ddn> @ w rmcm Rbhuo.  M%I ni?bbwboain6dua?n\~bba? -~idudar&dnnun?~ubu'u%u'bu~a 

d d o dl~ifu ~vtonoznnuiin?sadulR m'iszaiun~nii~ni~neP,uim~~fi~Im~dIfluu"u 

~audold ~ ' r m i s d ~ u u l ~ u i n d ~ a d  2 it Wo , 

n i f  ~ i f i u l m #  b 6 ~ b 0 f i  u%a~dn'b~r'bd'bm~um? 

'b~fa~m?qaC biiuciintufl~~d 995 ~~RBR. I  u t h ~ h ~ ~ l ~ i i  absorbance d 
n~iuui?niuria~ 260 UII~LURI ~mflI$f&n&ub~~blank - a 

2. g i i l  absorbance d~f ldd~u?u~icl?iu~u'uu'uvodnf@~an~n mJu 

n~iu~a'uuiva~m~a:aiuGbBu~o (Wlml) = Azso x 50 pglml x dilution factor 
P, w ni561~baw~inalusauauaasal.sazaier DNA 

n?iu tbakuo~mrazaiu~b~ub~ (pgml) = Azeo x 50 pglml x dilution factor 

= 0.57 x 50 x 200 

= 570 pglml 



dilution factor = 200 

a i n n i ~ n ~ m  DNA ~ i n ~ u ~ v ~ r ~ ~ ~ i l ~ i ~ n i i n m n ~ w ~ ~ n ~ n "  PI 260 UIIIILUPIILLR~~ 
280 wiIwwel.r DNA dm~m~~ain Iu~in:~ ier Ia~  

riibk~ d~wsd~aiq  PI 91 u uglu~ = O.~~/IOOO ug/u~ 
dd a' UBIJ~IIU 10 ul UQJ DNA solution U~LQULO = lox 0.5711000 = 0.0057 ug 

100ul d DNA = 100 x 0.0057110 = 0.057 ug 

IwIuljjv 4 n?u d DNA = 0.057 ug 

o'ibfia 1 n% DNA = 0.05714 = 0.0143 4919 



PI a: a -w  # A  A' 
onns ~flunisk rR4uniroy7nd ~ a r ~ ~ u i n i s ~ ~ i l s r ' b u " ~ ~ ~ w ~ ~ w ~ w u ~ ~ ~ ~  ua: 

m 5 z h K t ~  

Qaiu nmunuw vo~Fini~~l&unuiyty?lng~uiu 

n i  ulR'unuiyty3 luwanrnGqy~~'unf a9w'u@r w .n. 2542 lgd i  Mum 
a. 0. 

i r u i u d i d ~ 6 u ~ & 1 ~  ~~~~i~umnsouuaeuoubnmv~~nisu~n~l.a'n~f~uiul~$m 

LOU K~QLildb4dU 

mmSaw auiud~ k~ i i?~ luo l ru~a i~b ia  uazIinufis t ~munztn~ho uviIa~sinu 

d ~ ? a % w d ~  O Z L ( ~ U ~ ~ ; ~ I L O ~ U I S U ~ ' " U O ~ W ~ : ~ " I I ~ ~ Q ~  Rb~nisbhsoungufid t$a 

U R ~ ~ A ~ I L I ~ ~ I I  ~ J I ~ ~ I M ~ ~ ~ ~ w I ~ A I ~ ~ , ~ I ~ Y ~ ~ ~ ~ " I I L ~ ~ I ~ s ' $ ~ L O O . ~ ~ ~ ~ U  Y ~ Z L ~ U - J  
a: d' 5% h a u f f ~ ~ a ~ w a i i n 6 u  7 ndu oa5wtr~m~~ri~~~0inn1sdf'ud~~w'ufmuia0 9 

d ~ ~ u o i u n a i u { u n s o ~ l f i n i o l ~ u v ~ ~ ~ ~  luw.rznaiYq~3in%l;Rs C: W.R. 2522 
w d 

un%~iut~uniuwszn"11s~'t~ly~g~"~3~"~ils (auun 2) rr.~.2535 uazws:n~Gyq% 

in%Gm ( a ~ u d  3) w .R. 2542 



.- 

Q4p. u auuslaioh mullnuiyq?Kdndi~ w'uffia (cultivated variety) tflunqudou 
~?ouioin"bftn (species) 

#a dd a mmC~f6n"si~w i io  wirpanurr~arneiilu~niwm~uaiG 1,~azoj~!6$iuildl~lr 

dpflEld1dU.~f ~ ~ l ~ ~ ~ L ~ ~ ~ ~ l $ ~ f ~ ~ ~ l & ~ d ~ f l ~ ~ 1 ~ f ~ % d 0 ! ~ ~ ~ ~ 1 ~ d ~ ~ ~ d 1 d  
uwf~a iu  8~uu'-liw"ufirZul6nn~%i 91 oonuioinilquai L L ~  ~ l r i ! & ~ i u i l # ~ &  

oq u u #a dgnadiauwfvaiun'~iu mul&n~ry?i'luw~tfi%u'qqnqun~odwuqw%w.fl. 

2542 ~ 2 i f i i r r u n ~ ~ ~ b ~ u ~ @ ~ i ~ ~ o ~ a u  91 gauw'ufiaili biod?ud1dhf 8nw 
a P O I  d nnaod rr~a?oubw albilsz~uaGnidnig&i o z ~ ' o d ' l 6 ? u o ~ ~ i n a i n ~ ~ i ~ ~ i d b b n z  

R'o~rliCo~na~d~iluu~d~z'buaf.b'n'uF~ 

dd u w n ~ ~ R ' c l i ~ n ~ ~ % ~ q n a a ~ D *  Ro n~zu?umhnml.im'iw'uqn~~ununufii ~ftn , 
dd- 8 d o i n L u a ~ ~ m ~ n ~ ~ u r n ~ ~ u ~ n ~ u m u a i ~  m~wicqnnud Knuda~oinarruaiG 

rrio~igwir~ns-iudk ~ngizfifu r i i u rC~~ds~u l i i a+~uad ian i~~n 'ucnsk~  

nnulu~osw"a ~ilK~cinw~zdllri~nudmn~uiriousliumsuaiG 
unuiyy~niuldivraz~iau'qq3(Iun~o~w'u~a w . ~ .  2542 fiirrunlJiwuf 

i a~rrdd~6o inn i s~e iorn~w'u~nnu  (Genetically Modified Plants) ozsiodCiiu 

msds~b~u~ansrnun7d6iObnaiudao~n'un7d~~niwdofdb~ans~"~u e n i w  
rrioro'aGniw.uo~d.rzaiau doudo:omn~rd~uw'u@al~d!6 



dcr w llwir<Gaml vluiun-aiuii n~uuos8anuwu;nnurrwza'nwmznid)"1qnw~11aw$ 
w d  ' 

rvliiourisnnijiuniitnir iiqmauu2rawiznqnaiii uuo n~&aazrmndi~-Jin 

n ~ u 8 u l w b i a a ~ w r i u u  uazkicluiun~ius~uii~~irbiad~~"uerierw'u$~"b6n~u - w ~o~~jad i i~mmrumn~ni iqu i~wi r  

r m  Y b-u dcr -wicqwawutiia~~aw?& MUIL)R?IU~I w'u~wanu~dkawi:~u~~"~~~knguau 1 

v l i f ~ m u l u i i m i n  ~~z!i~~u~n~~r~~uu~ilu~i(f$akvllj$~!~-~n~~rduu 
b-u 3 -2 rlluwirmawuriia~rawizXuaiuw~zsia~~~wu q 

dm Y b-u d u a nmniqrtawu~iio~6a!dlrd. vluiunqiuii wir;wmrii~G~nirr~udsrm~~souo~ 





w #a #a A' 
1. ?uonnr~fiuu$nsodw upa~~iuclzw'ugwawu~!adb~wi:du 

i. nonluauqialunismh q Cam n u n u  w'ufflatdo~nL?W wifi.adi r i i o  
i a  uvi 6 4  

w UcY ci?u~nuo~wu;waQnhq tdamsd~d~~w"uf  Rnw nnclad Go76 L ~ Q  

flszlu~6nidnq~Ci 

w #a 
3. oanluo y rymlunqr~iiu &MI murm w'uf4rja~iin~nL?W wuTwadi visa 

hurrddd3uln uotviuf6a&ni-n ~blnmnl&d~w'uf flnlvi nnam v6n 

io'u !JdTaqdcadn'ni~nirCq 



d I. uurruuiiua W.W. 15 rraz uiy%dsznnuuuudiuo wbuvl(ininuaiud 

st~'ba"burruu W.W. 15 dnwGn~iu r C i ~ l i i d  nr nor{unsorKufGa nsuiainis 

rnvas hunurn~)  vl5nladni~Ws~ciiu' BJW&,IIUL+IM~~I~ m nn~?;nso&bf 

l a  nsuiainis~nwas i uns&~z r !uu4~0y indC~~  I ozn'o;lrBadimsu 
A' ~iiuuh~rhniy n l s h z r ~ u u  ciiu?u $00 u in  (dn~uh~msuunzr!uu 1 

J C ~  Qdiioiu q m  5 3) 

2. ~dElL<lVi~16'b6?~ LLUU W.W. 15 LLK?IZG!I ~Qunisas-ao~nu bElnIlb &d l  

wd 
A' d 

2.1 ~iin~idsznou~~u~~iun"~unzr~uunniwnrwiz~~u~iaoy?n!inli 
I 

- hnsriiunnsvh'bd q oz6o~iihrui~?nnlri iuCasdraiaduWi<~ 91 

dr , i i~?ar i i~$w dnani.innnIvi rraz6a~iaiu!o$aiusa~&1 rujniu 

'Ad w - Iunsnml~y nnsIad~ ~Gunisrr~uQ5ynn~ y n n s 8 $ i n ~ i ~ ~ ~ s ~ r a a ~  

i1rilu$6iuuouvlu1u~~~1~iiuft~nis~orQRy nna 
\ i 



lord - ~mmniuwir$R w d cr nisnm udu~dl6miu9"ai~a u i  uwirf 
a: u f i  uuuun~sCnnisuuazn uua w go u 

w w l  Tunsfiduonaidins~~u viznuonm.i\llinn6a~uFiiafa'id~z~nda~fln~ PI wnuiiuo PI 

A 4 
nirlnsgwiwn' f i o  Insais a;annd Urn86 niunwnubiunu&~?' 91 aazw%u~iun PI 

~~i imnmf i Ir iugaua~~niu~u  30 i u  $duvi~uiiuu<d iia-Cuqziio iinaz 
a: d h~~~iiuouuuuo~Fii~~i~~6?u~1uoff~'udunriirnnGoio9uhnzriini.mon1u P I .  

dY ; *  w 

ii.1~nisvunzrduuaniu~uwit.~au~Gjas~inliw~aunjuuuu~q~sia~nia j . *  
3 a: 6 4  a~~n~iiinliIuaniuduwizrau~uuka~uui~~nniuIu PI 30 5.4 

d wl 
5. uunwuudiuo~6?u1u~1~qn1su"u~zuduuuu~3~z60dd~u~niudou~u 91 

t 3 uo~dsmi~nsula~nisunwwa ~o~niruunz~fiauaniu~~wiz~~u: LIJddoldu 
1 

a.lnluIuiud 31 unnnu uo~usinzq 1rsio~Cniiuiyiruand41~2uGja 

o@&diuuada~lusou3dafiu nluuuu w.w. 17 & ~ u n ~ ~ d f i u ~ ~ o u ~ d i h ? l  

d~%unsuiain~sunuslrnz~lls~~~o~dou~ou'b%~siu 

ddol 
5.2 lunsnmun~su~uvi~aana~n ruazdiuauuo~Gaoy?nG~z6aduu<d~C 

uFiiariidnnuIauI+uuuu w.w.18 

ddd 5.3 Iunsmnunisu~iuu B o ~ i  4oa!a i;onniuduw~zuiad~ao;?nd 

old wr P - 6 . n s r u n y u l u h ~ ~ \ i d ~ u m a i u $ a  5.1 uado 5.3 w & d i u r ~ i a ~ i d ~ z  

i i n ~ h & n i s l % d 6 ? u l u i i K ~ q  PI dfjuTl~nn$inrniuTu~aai PI 45 5% niwir 
~iau~~uuaiwCn~iu~~iariid~~iinis~nu~nluii$1'~~w"u g 6 5 ~ I ~ h n i y d g n  

unu5nw"u i cn~~o~ului i~ la i l6do~daw"uszozuaw 2 3 ~ u b u d l u h 6 q h  

gnunu3n I, 



cr d wcr 
8. luns~nuu~u#iniyrdst~c6at"11o~ubb~u~u~<~~ PI ln%u~iiuoniuuuu 

w.w. 20 si~wrinciu~4inriid N noc {umocwif4s nsu'isinismms 

oquimcicoon oind~r~nniiunie ( ~ E S  ~xport  Permit) aC'u&o?c 

1.2 ~oinriidnnanoiiiuunaiiolfisoy?nli ~inn i ioca~cn iun~c~o 91 

a d oyryindeonnaind~z~h~16~nie Scozannnujtoouryiat%-ILQI q ~oluacaiuuoao 

fiin'u~udoc 13 uardoc 14 Y ocuuunfi'Roouqia 9 (w.w. 14) 

(Phytosanitary Certificate) a~ugaa?c 

cd w A' ~un~r id~ ib f i~~o l i ;s~~?nv~~ola inn isbwirbac  (Artificially Propagated ) 
X bawlrain 10 d.rr~n~siJsi~gdu Austria, Belgium, Denmark, Canada, Germany, 

Italy, Luxemburge, Netherlands, Republic of Korea, Singapore, Sweden, 

Switzerland 



2 .1  CU~~IVQRIUUUU W.W. 13 d o w ~ n d i ~ b ~ i ~ ~ i l d  N nnOd~U~5nOdw'Uf 

cd d d d lunsri~~1~.li7~jaa~fnri~5a'1~~nvo~flao~?nunuu~d~fii~iimludsz~nnown 

uom~~aaind~zbn~$~ndia$id<~ $ ~ i b f i ~ r ~ o d ~ u ~ ~ n ~ i u ~ u d s z n o u b d u  
~ G i t o ? u s o d  ~bM6idr-h ~ f h  (Certificate of Origin) rih6U 





1.3 i a u d ~ t f i i n i s k ~ ~ n  ~~n~iu~5iw~ido~fiinisasaoG~~y?n!inS - d w~o.mnuo~ljjaoy~n~d~?~oon-iinn~o~as~ PI nun ussl~~a"buwfi%~ygiaidoon 
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45. nicsw?is$a&iuwi'u~~~~as~aQalm 7 

1. bt toxin 2. Coat protein 

3. Acc oxidase 4. Glyphosate 
C1 el 

46. nicsar?isfia6iuwi'ud~1 arcsdi%%w.nna.J1"dm ? 

1. bt toxin 2. Coat protein 

3. Acc oxidase 4. Glypbosate 



1. bt toxin 2. Coat protein 

3. Acc oxidase 4. Glyphosate 

48. $o%a!d%$d3zbu'a~oinnisdsdi u!ud!% 91 ? 

I .dsbiiuCu~wiuduI6 
d d  w 

2. I6w"awa~anwmtbrGniibGa~ 

3. ~is~andm~sIdmr~ou~6 4. amn13~fieiuosEuIdI6 -91 

49. ~~mouni . i~ i i iuAru%o~%i~ f l "~~~oU'o~a  

1. vector 2. Incorporation 

3. transcription, translation 4. yn%a 

50.6osini33as~~a<uvosiuniuuon~ubfl3bs~bbaui.a ? 

I .issiiuEuesai~EuI6 
dd w 

2.164awa~anwmz6n41~5u 

3. ~iisi+1rdmijlubm.i~quI6 4. aani3i%idaosii'tbgi!6 91 

51. ~ ~ ~ s i n i ~ ~ a ~ ~ a ~ o s ~ ~ o ~ i ~ m s n " ~ ~ w t b r ~ i u u " u m o ~ n i ~ ( i ~ ~ ~ n r ~ ~ ~ ~ ~ u  ? 

1 . d i l b i l ~ ~ ~ ~ ~ l ~ ~ ~ ~ 6  
d 4  o. 

2.I64.awa~anwmrdniibGa~ 
d cc 

3. ~ 6 i s i . a z 1 w  m$s~~bm;lsbouI6 4. nafii3~%id~osCu'bai!6 91 

52. ~iesrfh%([1 ~ w ~ ~ i i f i ~ I 6 u f i  91 ? 

1. Plasmid 2. Lambda phage 

3. YAC 4. qnu'o 
53. ~ i ~ r d I 6 a ~ i o i n I ~ ~ a ~  a ~ a a q  

1. Plasmid 2. Lambda phage 

3. YAC 4. CaMV 
w d  d d  

54. enzyme ~iinlnd%~b'daunboubo1ie1~69aJb%i6aon'u~o%o'b~ ? 

1. DNA ligase 2.' RNA polymerase I 

I 

3. RNA ligase 4. y n c ~  
55. Gum ounisdsdl ufiuba 1% Agrobacterium es~s0innl5~l~ul~i$~6316~b;bb~a~~$ I 

$1 o ei isbei  o l d ?  I 



3. du Agrobacterium 
\ 

4, ais~~~'Lani%nmaoseiolfJ 

56. Jrya7nisri~riiu5 d m o  Agrobacfedum GMRI uhguun biuu"o'bm ? 

1. i a l ~ ~ ~ e r s ~ d o a u i s a ~ m l d ~ ~ u  host 2. m~w"cb+47 9 ~ ~ i z u i n ~ i j u l f J  
d ' d  

3. ~'~ao~~o$n$ilK~iim~8naGuain 4. nisu~msaonuos5unsduln 

57. ~ a l u n ~ ~ l m A ~ J ~ ~ i n i ~ ~ n ~ i ~ # ~ ~ ~ ~ ~ ~ ~ d i ~ ~ i n ~ i n  9 

2 d pl LY 
\ 1. idu~~ers~mera 2. G~ULUOIG 

3.4am3zp$a 4. yn%o 

58. enzyme WG~~~C(I.~'<QAL~U~D'~$III~~ b8k.riouff ov~olm ? 

1. DNA ligase 2. RNA polymerase 

3. RNA ligase 4. Restriction endonuclease 

59. u'nlmnciia;nn'os 

1. !h DNA'-vector {u DNA 6 ~ a s n i ~ ~ ~ o ~ ~ ~ o s ~ m ~ a e r ~ ~ W r a d ~ C ~  b~ua<'~a 
w 

2. 4% DNA -vector <U DNA d6osnin~ou~10s&~au~o~l~dei is~Cmn'u  

3. $% DNA -vector 6U DNA d&~nis~~o~n l0~~m~au~ou1~daCm~@uan 'u  

~ $ 0  dis<un"l$ 

4. ~ n y ' n  
rl ad d m  

60. ~ ~ S ~ ~ ~ Q R B U ~ I S L L R ~ J ~ O ~ I I  0s uu3nImnu~uuinnd~m 

1. antibiotic 2. Gus assay 

3. southern blotting 4. LISA 

6 1 . X-Gluc L?U w'%s"n'u%olm ? 

1. antibiotic 2. 'Gus assay 

3. southern blotting 4. acetolysis 

62. hygrornycin &~s"n'U$akm ? 

1. antibiotic 2. Gus assay 

3. southern blotting 4. acetolysis 

63. electrophoresis lu agarose gel R'u&a"n'~Mfl ? 

1. antibiotic 2. Gus assay 



3. southern blotting 4. acetolysis 

64. d-~dlal b ~ n s a  q ad; l ~ u l o  t~u9~f k a ~ f !  RNA polymerase L U ~ U I  lnl:us:l iuhnlr 
n o n s ~ ~ 6 o ~ i i ~  RNA 8 u n i i  ? 

1. promotors 2. Reporter 

3. selectable 4. Screenable 

65. gene n ~ ~ i ~ ~ a f ! m d ~ ~ i n n ~ r ~ ~ w o i n ~ ~ ~ ~ s ~ i ~ ~ o e r ~ a ~ ' a I ~  

1. luciferase gene 2. Cat gene 

3. gus gene 4. Tn 9 bacteria 

66. ni~~ddlerii~~~flrd$i~os'biifln7r~6~o~~ra~~~~r~m~ siixei~d uaQm J Q ~ I  ? 

1. PEG 2. Electroporation 

3. particle gun 4. Microinjection 

67. n i r i s d - ~  erdulm erl%nrr ~~ix'bdflit Q ? 
I 

1. PEG 2. Electroporation 

3. particle gun b 4. Micrainjection 

68. n i 3 b R ~ ~ 9 J n ~ ~ I f a ~ b ~ U b ~ 6 ~ ~ ~ d i x ~ b ~ u ~ ~ ~ W ~ d d i  g o  ? 
/ 

9 

1. PEG 2. Electroporation 

3. particle gun 4. Microinjection 
c w w  a 

69. nir~.a"i]dmuniuuin~ijndnlt8u~o~Jid~resgs~no PI ? 

1. PEG 2. Eleotroporation 

3. particle gun 4. Microinjection 
n ~ d  

70. n i d ~ [ i i e r ~ ~ 6 a e r a ~ a u  q \$~6ri$oIflh1 ? 

1. pollen tube transfer 2. Laser beam transfer 

3. whole plant transfromation 4. g n ~ n u ' o  
71. nirdiricunir~l(aan'~lfi~w'u$~d1~i~~~dra~~9~w'u~$~~ri ? 

1. lClA I 2. ISTA 

3. AOSA 4. qnynu'o 



2. ISTA 

3. AOSA 4. g q n ~  
C d  4 

73. ~ u i ~ ~ u ~ ~ m r t i l ~ l j m * i U p a ~ ~ ~ a l n  7 

1,. lClA 2. ISTA , 

3. AOSA 4. pwjn<a 

74. #unauniscii rirunisri(a~<ufi%w"~$~dl$r~ri 7 

1. nid8ouwif 2. nisw'cclrusnwif 

3. n i a u u ~ n f  ruljnwicf: 4. %d~<a%nEm 
75. n i s d ~  ru~nwifld~~rr'uri  q ~ n m s n s ~ g  ~'3paY"~mapaIm 

1. nisd i4 Q u G ' d  q 2. nisw8nruinkf 

3. nis~ws~~wiru~nGpaf 4 ,  %~j~+d.~ti~ 

,- 

I 

, 

L 
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4) qnynQ 

6. nisaa~s:niuCm~~wni~~iuwawGm~~uuIm ? 

I ) ~ l ~ a " d ~ % l ~ l d  ~.~mnssud~n?+ 

2) n1sl.a'bm"ra~oi7mani.sn1s~n ws$uu'i;r 

3) nisl~~uR'mw"u$l 

4) ?ntdni7au1 
drr - 

7. nisdjld;riirwic$~i~uanvnrtdlniit~ul~'uri6iulm~'1~ ? 

1 61ueraw8m 

3) nsdR'wu~rnis~o'stybQufiq 

4) onynub 91 

drr w 
8.' n i ~ d i ~ d ~ ~ w " ~ f l ~ ~ u a " m n " a b ~ ~ ~ ~ d ~ d s 8 ~ 1 ~ C m ~ 3 ~ ~ n w m ~ ~ m m 1 ~ ~ ~  91 ? 

I) GisswawGm 





1) introgression 

2) deletion 

3) addition 

4) ?nCa 
a: 

16. iiauini3uoc!ad$niinaiouumoul6~~ri ? 

1 ) ni~wauGiuaQm 

2) n is~ f ia lw~waou6  

3) ni~nniuvju+ 

4) ynuYO 
d ' A '  

1 7. ni3~Au;mInsIuIruImu;mw ~fiuuuui~w! ~ u ~ m ~ ~ u ~ % ~ n i i  ? 

1 ) allopolyploid 

2) autopolyploid 

3) chromosome polyploid 

4) wnGo 
9 ,  

18. nreuaunis introgression wuiufftJo1m ? 

1) ~ u h u u o ~ ~ n s ~ u ~ r u n n d i u n o m ~  91 ~i!aafimwifc PI 

2) niswi urduacInduIru 

3) ninAuGuu oaIn3Iu1ru 

1) allopolyploid 



2) autopolyploid 

3) chromosome polyploid 

4) ~ n % a  

21. ms6~il~~ii~nisn'onwi~Gu~uw"a~unii ? 

1 ) mutagent 

2) chemical 

3) hormone 

4 )  pnu'o 
w d Y d Z  n 

22. m nrw%-&8fi1 MWI~M w unuu~d'tbdufii ~irclw"al&ri ? 

1) iilariufdiuatiinisnsiuwif 

2) fossil 
d e Y  d a 

3) uwunduyum 

4) qn%a 
w n  dP: 

23. m l u ~ u ? t @ u o ~  vavilov u¶jJiudl Lii~riarmbd'tbnnu ? 
I 

1) 6 fiu 
2) 8 

3) 10 fiu 
I 

4) 12 5% 
24. d s t ~ y ~ O u  ~ a ~ f i ~ ~ i i m ~ u ~ u & b  ? 

1) $7~~8o; r  

2) ii7a 
3) winln u 

4) nsr4uu  

25. o ~uinylet. ;addl ~irchiuko 
1) uirclt4 



4) ww 
30. fiTlafiala! WI Q1'ulru stolon ? 



3) M$LLWSA 

4) Q 1) ~ a t % o  2 gn 
32. i a d d h ~ ~ n l u  corm l o  7 

1) i o n  

2) uYu~nfi 

3) i'dtd 
4) nsr~fiuu 

33. ~ ~ ~ r a i a d ~ 0 i ~ ~ i ~ i n d ~ u v ~ ~ r ' ~ ~ s i ~ ~ ~ ~ n l ~ 6 r ' u n i s w a u ~ u n 4 1  

1 ) nisGuKsaf~~uuoiCu~w~~ 

2) nis~u~saf~ruulri niCu LWBI . 
3) oldiinaa 

4) lnau 

34. vegetative apomixis wu~wfiaacala 7 

1 ) adventitious embryony 

2) parthenogenesis 

3) embryo genesis 

4) , pnQ 
36. nis'Nwif~~uuoi~uvo~~adaon%o1anSji~qnGo ? 

I) Cistutadoldli~du 

2) d x u z ~ ~ n f i a b 4 i ~ d w  
3) tfinnid j a d a o ~ n R  

4) +a 1)   at 2) q n P ~  
d 4 4  - 

37. ciawuosmon~ajlnuaawaausiu'l.a'do~~uaswaa~~nmlo ? 



1 ) meiosis 

2) mitosis 

3) binary fission 
1 

4) nnh 9 

d~ dl a 
40. double fertilization wan Lna'uumo ? 

1 ) Ialn R 
I 

2) LQJRHL~~~U 
3) ii?LqaKH 

' I 
1 ) homozygote 

2) heterozygote 

3) heterofertilization 

4) homofertilization 
dl 

42. iIrC(u~uniro~ttiiinif ri~uatoo~~nm~~m'uurioumonuiu l juni i  7 
\ 

1 ) chasmogamy 

2) allogamy I 

3) cleistogamy 



1 ) protrandy 

2) diecious 

3) monoecious 

4) protogyny I 

44. ~ad~m~n6a~i~nr~onGa~iiu~iunn'ua~p1u6u~~uan'u finndq? 

1 ) protrandy 

2) diecious 

3) monoecious 

4) protogyny 

45. ~jadijinrn~jiiju~ririoubn~~Ca~fiunii 

1 ) protrandy 

2) diecious 

3) monoecious 

4) protogyny 

46. ~ n w w ~ ~ r 0 o d i n m ~ i f l d d o n n ~ o d o n ~ ~ . a ' 1 ~ 1 u u o m b n ~ f ~ a ~ b ~ u ~ u n  ? 

1) sporophytic incompatibility 

2) gametophytic incompatibility 

3) heteromorphic incompatibility 

4) homomorphic incompatibility 

47. monlcbbuu thrum iiCnwarbbuu'bm ? 

1) $u~smoei~nbouombnmGaiGu PI PI 

2) $unmod~~ni~uommrnsr?riiu PI PI 

3) K~rsmorj~rGu~Guan'un'uu~mrnwm'ariiu PI PI 

4) 1) Liar 2 )  pnhc 

48. ?%m~bbdun13waa~~ab~dl~m^mna~bbdu~~i1dl3 ? 

1 ) nl.iaonRanG'~uom~n waGabBn 



2) n i s i 7  bud pollination I 

3) n i s u n u ~ n n s I w A ~ n r ~ ~ i i s i i  

4) ynCa 
49. i l ids :~nnlnd i jna~u~a inaw~er~~~G~u~an~wuind~n ? 

1) miau<u 

1 ) prohibited . 

2) restricted 

3) plant quarantine 

4) I) rra: 2) nnGas 
91 

52. n~sr~u~nlvlr$wir~nssu~rIunniwmsu"~~~~~u~u~~u~aIn? 
1, 

1) ex situ 

2) in situ 

3) testube \ 

4) green house 

53. nisrfiu?nl~1~$ahqnssu~"IIuan n n i w s r s u a i ~ ~ o  ? 

1) ex situ 

2) in situ 
\ 

, \ 

3) testube 

4) green house 



1 ) ex situ 

2) in situ 

3) testube . 

4) green house 

55. nisrwizr~u;lr8uu~laFjalu~~a~unjffanisriiuinwrruuln ? 

1 ) ex situ 

2) in situ 

3) testube 

4) green house 

56. n ~ s f t n u i n ~ i u ~ ~ ~ ~ r ~ ~ w ~ f t o u o ~ i a ~ m r i l ~ u " u m a u ~ n u a ~ n i s a ~ i n ~  7 

1 ) niss2usau r$a$u!nssu 

2) nmdszriuwa 

3) nis$mui r$awi!nnu 

4) n is l .a"d~zlua6r3~wiGa5 
w b-w 

57. n i ~ ~ n w i < i u w ' u ~ ~ ~ i ~ R i  L ~ R ~ ? ; I  u i  ( i ~ w u 5 n u G a I n u i n d ~ ( 1  ? 

1 ) niss2usau~Gawic;nnu 



1 ) short stature 

2) improve quality 

3) cross ability 

4) wnsa 

64. ~m~ulj"nro~Inauijor1sfJ"~~ 

I ) lnsuoinsluia~l~an'uo~~dlu'bw~~p9~au~un"~~usl 

2) I n a u i i ~ i w ~ ~ ~ ~ u ~ i ~  

3) Inau i jna iua~ i  ~au~nra~w'saf , 

/ 

4) y n h  
rd w a a d  

65. dnngnisnmsluwah~l  u-~b~dfibtb~ ~~oddiua~Inslu' I~uei i~n'0a~o 7 
I I 

440 I 



1 ) nisb8m chimerism 

2) msfim mutation Y odlnslahiu 

3) ~f im~inan~w~~amgou 

4) ~ f i m n ~ i u i i n d n t u o ~ a o ~ n u  

6s. $ ~ ~ n ~ i ~ d ~ ~ n n i s d ~ u d ~ d f i n ~ u ' b u ~ " d  

1) (~S?Q$E~YDUBW"U~IUID~&~ PI 

2) n i m u n u w i r ~ i n u ~ i ~ n d d ~ n d ( h $ i ~  
cdcr d 

3) nis6m~ijonw"u~nan~m~#01eriuw"ufei old 

4) n ' i n i s d a n n n a w  PI I q m  PI 

67. $F.l'b~d~ld&l(ii?fi~ 

1) bau~in6uf la~~u?n"uo:~~1~1wd~~douh~d~un 

2) lnauijaniw 1~uw"ufnid 
0, c 

3) l n a u i j n ~ i u a ~ ~ r r r u o v o t w ~  

4) ln~uoioliiuioinriu~tu~io~ua"m.N"ufn"l6 
68. ~ ~ o l $ ~ f i n n ~ i u n i ~ ~ ~ i 1 o ~ n i s ~ n ~ ~ o n w " u f 6 o ~ . ~ i o e i i ~ l s ~ ' i  ? 

1) n'ot~~~n?iuuddnunidwic~nssun"sausau~16aer 

2) I ~ ~ u i j a n i w ~ i l u w " u f ~ i 1 ~  

3) l n a u i n ~ i r ~ a j i  ~auouo~wirf 

4) ( ? n h  

69. ~nw~:niuuonddnngl~~~u~~~mu~i~erniioeii~ls 7 

1 ) phenotype 

2) genotype 

3) environmental 

4) qnCo 
70. nics~iin3lulndwa~wa'oino:l~ ? 

I 

1 ) genotype un:i?sbr?mtku 

2) improve quality 

3) cross ability 



1 ) penetance 

2) expressivity 

3) cross ability 

4) qnu'a 
72. u'okm6agn~mznisqnrniw ? 

1) color of seeds 

2) tall 

3) resistance of disease 

1 ) minor gene 

2) major gene . 
3) polygene 

4) multiple gene 

74. g n w m z d n a u ? u & u ~ ~ ~ a i u ~ f i u n i i  ? 

76. wq~nssuvoasuuuu additive gene action tfluuuutm 7 

1 ) n i s ~ ~ s r c ~ a a n s n s u t d u a ~ ~ n i c  
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2) n i s u ~ n ~ n n n v o ~ i i u l n u m  l i~i (u2a'n~nir  

3) n i s ~ ~ ~ n ~ o o n v  o ~ i i d ~ i l u 7 ~ ~ C u & u 7 n g o u  

4) !n+o 

77. epistasis riin~innisrrm~oonv~~~urOurruuln 

1) non additive gene action 

2) additive gene action 

3) dominance gene action 

4) !nulo 

78. nisziuvo~inwarrdsa6o~nwar6ou~u%ubiu+oln ? 

1) non additive gene action 

2) additive gene action 

3) dominance gene action 

1) non additive gene action 

2) additive gene action 

3) dominance gene action I 

4) modifying gene 

80. d n n g n i s & 6 m ~ s ~ ~ ~ ~ n ^ s w a d o r b u u ~ ~ o u a r r ~ u ~ ~ a ~ ~ u ~ r n ~ ~  ? 

1) non additive gene action 

2) additive gene action 

3) modifying gene 

4) xenia 

81. n i ~ ~ n ~ ~ i u m u i s n b u n i s d ~ ~ ~ ~ v ~ s ~ . n ? ' n ' b ~ ~ i n ~ ~ ' b s  ? 

1) n i s d a n n n a a u ~ u ~ d i r  91 q 

2) n i s ~ i f i i  regression a 

3) %ainfii combining ability 

4) !n+o 



82. {rdii genotype r iua~s~rYu%aInuinG~n ? 
I 

1 ) specific .adaptation 

2) general adaptation 

3) modifying gene 

4) xenia 

83. ~ . a i d s c n a u c ~ ? u ~ a ~ u  genotype R'uh65.uTaln ? 

1 ) specific adaptation 

2) general adaptation , 

3)'modifying gene 

4) xenia 

84. +i.atrcru& rad~um~.a i~ in 'nw516cw'~~nsf  u rhu.u.uln ? 

1 ) heterozygous 

12) homozygous 

3) mutation 

4) nnTa q 

85. na~u~~d~saunidwi~nssu~ucr611 w m ~ . a i ~ ~ i i n F ] i n m r ~ ~ ~  ? 

1 ) natural outcrossing 

2) spontaneous mutation 

3) environment 

4) nnA& 91 1) ua:: 2) 

86. n is~adanwi~i .a~] : : lKw 9 Q ~ ' I ~ M M ' I ~ " M ~ o ~ ~ ~ F ] ~ u  ? 

4) dscainssio~'Lliinaiu~~~neii~'~~i~w'~~n~su 

1 ) chromosome mutation 2) spontaneous mutation 
8 t 

3) gene mutation 4) @ki;lqnu'o 



1) EMS 2) nitrous acid 

3) morphine 4) pn6'adqnu'n 

90. a ~ a e i a w I m v a ~ i a r ( ~ u u ~ ~ u ~ \ ~ ~ t  ? 

1 ) Euploid 2) Autoploid 

3) Alloploid 4) Autopolyploid 

93. f i i a d ~ a ~ n s ~ u ~ ~ u d r ~ u Y " u b ~ d a u p m b ~ a l ~ ~ ~ i ~ u n i a ~ u ~ ~  DL%? ? 

1 ) Euploid 2) Autoploid 

3) Autopolyploid 4) $El 2 b b 6 3 t  3 n~l$Eld PI 

94. m~"~~~mi[mnd~ual~~.a'ndI'b~bn"m Polyploid r~r i iv  ? 

1 ) Colchicine 2) Amine 

3) Nitrous 4) ABA 3 
?r 
n 
r )  95. ~ 1 s d r i a l ~ i a ~ i i n l w 6 w  aau~u"u~r~nlw"~d~n^^au~n'~liau~e~~~a~~aa"ia ? 
2 
1 
SL 

1 ) Vacuole 2) Spindle fiber 

E 3) Mitochondria 4) Lysosome 

96. ~ ' d a i i ~ 1 ~ m b ~ a d ~ m ~ n s ~ u ~ ~ u b ~ w b b u ~ l ~ w 6 3 a u 6 b b ~ a ~ t ~ ~ b f l w ~ ~ a d n 1 s " ~ a d ~ u ~ ~ n n  

? 

1) nKau 

2) iklu 
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3) fllbbd 

4) F%lfllGlM~8J 

97. nisl~rwnlwl~ii~aniwG(riiu~nwira"aw"~6~n~~u~~'ba"bfa~aamrrn'a~uniaErs ? 

I ) in vitro germplasm 2) Field gene bank 

3) in vivo germplasm 4) invnu'n 
Y d  

98. ni~r~u~nl?nruarua~waniwMdam~nfb~w~m~uu~.a'~a~n"u~i~~m q P1 ? , 

1 ) Alcohol 2) Nitrous I 

3) Liquid nitrogen 4) Liquid hydrogen 
Y d  d a  - a  

99: q m ~ l f ~ r n u ~ z ~ u h ~ ~ ~ i n w r u n l u n # d u a n i w w r u ~ m n a ~ ~ i ~  ? 

I )  -lOoOc 2)-196Oc 
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