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2. WualAINIINlnaMInaa DNA

meluiasaduesdaitin axiinszUIUMIAa-Ao DNA ANEITNING
Tﬂﬂ@ﬁ’ﬂm‘sﬁmmmmmﬁlmumaq meluaaa lunszuaumsiangulva
VO IEIU (gene recombination) qumﬂﬂmﬂuﬂ‘sq,mummmwaamﬂuwa
21NN IAA-A0 DNA WUFIAIN5H 1aan1siin-as DNA 1300193801013
2513 DNA angNay 1i303n0uTUUUN Q19310 (recombinant DNA) ftilus
Q1ﬁ!§ﬂﬂ@!ﬂﬂﬂ1sﬁ’ﬂ-d@ DNA mglsaa uaninszinluviaeanaasaum
WHIDY ANNTN50]UNSAN-AD DNA luriaaanaasininal? cv‘i'flﬁm
a1N30AA-Ad DNA anaeniugeiag fulagluliveuvasiia iiudo
aNIeaNaWNTINHg yuanla
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Recombinant DNA
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—» Transformation
—» Transfection
— Transduction
—» Conjugation
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((s¢necloning and DNA cloning)
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1. wanadia (plasmid) tilu DNA 29usmn
circular DNA) audfiaguanlaslulunuag
uupnise (extrachromosome DNA) Fafiuun
dszanme 1 flawd - 200 dlawa (1,000-
200,000 ALd) WuluisaawuAN
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tullvwiadszann 3-4 filawa laefibuiwnuenljjiucag
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2. wanainuasnuaniizeazaniatiuy DNA wins

(DNA vector) d@msumslaau DNA Tasluuunaiize 1
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- e - 1 Y P V) (3 ] o
(specific epithet) uslniuaunian i tanlwus
restriction endonuclease #uanlaainuuainiss

Escherichia coli = Eco v3a
Haemophilus influenzae = Hin
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N1 ldaKIa IHAUBIAIHUGUNATNN 1154 ECOR 0
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Escherichia coli RY13

Fudinuas DNA #la’

AARADINIL o o
MERAINIAR

ANALNIL

Hemophilus influenzae Rd

Bacillus amyloliquefaciens H

Haemophilus parainfluenzae

Haemophilus parainfluenzae

EcoRI

0 5-—-G AATTC--3'
ag

3" CTTAA G- 5

Hind 111 5_--A AGCTT---3'
Has

3/~ TTCGA A5

Bam H 5'..G GATCC--3’
IHas

3'---CCTAG G- 5

sl 5'-—-GTT AAC--3'
Has

37--CAA TTC-5

s L 5-—-C CGG--3’
Has

3/--GGC C-— 5
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USIUVDI DNA §1%5UMSINSH DNA
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Agrobacterium tumefaciens

Q& ' @ DNA containing the

gene of interest
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ﬂ’]{[ﬂﬂ%ﬁl%ﬂﬁlﬂﬂﬂ’]i’ﬂﬂ’lﬁﬁuﬂﬂﬂ’é] mﬂaﬂuuuaammﬂﬂm

nu DNA a4 1258 1aiu

O msinardanuas DNA nidunuaINyHELiiansInnau DNA vaglisa

flianeuu i3 (bacteriophage) atlulutanavas DNA araudas
(Recomblnant DNA molecule) i mﬂuunuﬂﬁamﬂmmwﬂﬂﬁlu
saduatuuaiise lhyaaufinsuinmaias (replication) i lwlalasans
Tutana DNA 31nnd1 1012 Taanamealuaiiiss 1 94 Fathizms
muﬂ‘%mm DNA mmuuwﬂaslmuvhm dmsuhsawsawaaniailain
matfinBnuinria DNA fiZani cloning vector
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(PCR or Polymerase Chain Reaction)

MAUAM T PCR (Polymerase Chain Reaction Technique)

PCR uJumﬂuﬂﬂ’mwuﬂ‘%mm%umumm

DNA Tunaannnaad 2 mmmiﬂﬂamiaﬁmfn
In vitro enzymatic gene amplification
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1. DNA Uit (template DNA) 114 DNA Nfoamslnau
2. #hnalelnana 4 ¥iia (deoxyribonucletide triphosphate [ANTPs])
3. "l‘INi!N@S (Ollgonucleotld Primer) 111 DNA fﬂ‘dﬁu“] N2LIUNU DNA NA04n135
mmﬂmmimuﬁummﬁmN’mﬂ DNA
4. gmmmasmd’lmmam (Thermal cycler) ﬁﬁ@ mmua"lmmaas (Thermocycler)
gﬂmmmmmiﬂmﬂﬁmmﬁcﬂﬁlﬂﬂﬁmﬂaﬂumumﬁuﬂnamm"l’mmﬂ
ADINTI
5. fivllesNmunzan

d a a Y c§ v = A :’ Y
6. 19U]w3l DNA polymerase ¥1iaga#iniigdla Fozanamnanuuaniizaluringiou



UnzenmsdatAnsi DNA ilwmﬂmmmmnmﬂmamaﬂh Taaluua
az3au (cycle) Usznauniu 3 Aunan fa
1. Denaturation Lﬂumumaummﬂﬂmﬂﬂmm DNA wiinuulvtiluans

mm Tﬂﬂ%ammuﬂiwmm go- 95 oC
2. Annealing of Primers Lﬂumumuammmummn 50-55 °C
maﬁlﬁ’lmmaimmimmzmmru DNA udd1giuutagl AS9UsINaInut

nalalnsiisudiulaminaslalason (Ranalalnsgan)

3. Primer extension LUualunanmsasnaaig DNA @raludsausngain
Twswasldliunanaain 5 Wl 3’ Tnemsvinnuvaatanlasi DNA
polymerase lauamugiiluiniiazatinigig 70-75 °C

MIdIATIHAzANIRMAEIAY 3 Tuaaud q i ludiwin 20-30 58U ¥
1sila DNA analwitiianiuaiwanuin (amplified product) %5a #isanin
Amplicon



DNA Polymerase uazinaaleIndna 4 siin

- DNA wsiuas
DNA minvy . e

A» » 25
\&) >

1. Sudves DNA #ld 2. uan polynucleotide mu 3. angamgiiamdersana
NNBAIABANIDIFAA ves DNA minvusennnsu S50-55 C o liiAAmIoY

Taoldeomainlszine 95°C  3zwin DNA minvwue:
Tsesmonusclalasau

5 - | I:.i;l;;’;)m

4. Jiugoemaiihimnzaudents LUV

3. ﬁﬁ:““’“"“ﬁ mawves DNA wedinersa
2-4 swmawq AR helhidanisermesms DNA

msas9a1s DNA Taaunadnaisaisustansu (PCR)




Fadnaanislaautulaginaiia PCR

1. wakalldaasamirguilaaniluiiugadaan lAENIT8519
TdsAunaadnis SeAaInmslaanlaelys warainuad
nuANITY KIala lhsantinarnsandandaanlinunsasalusnn

aanala

2. ﬂ’l‘itWNﬁ]"l%’J%GIjWIJ’éN DNA Ta#3s PCR ’ﬂ’lﬁ]ﬁl‘*ll’é]lilﬂ‘l/\lﬂ’lﬂ
Lﬂﬂﬁll% l%ﬂﬂﬂ’]ﬂlNNﬂi”U]%ﬂ’]iﬂi]ﬂﬁﬂ‘Uﬂ’]’]Nﬂﬂﬂﬂﬂ‘Uﬂﬂ

ﬂ”l AU ﬂﬂT’é]Vl‘l’l AUuad DNA nmwmumuauﬂmguuﬁlu

Q A doa

GNEIRI® l?l‘l’l&lﬂ’l'il?l‘i’]f’l]ﬂ’é]‘l]ﬂ El’lﬂﬂmtﬂﬂﬂﬂﬂﬁ?]ﬂ



dszlasvuuaainAaita PCR

1. ltiinfFanubunidzanudas 4 midSanasnnwailuvanGann
faun uardnituiuldlnanna IngarAanalisain maauunﬁﬁ'ﬂ

L1 mimuﬂ‘%mm DNA 21096 1nuNNNas6 (mammoth) ‘I/Iﬁi;ll

[ |
= | (=N [~ |

wuﬁﬂﬂtuaﬂﬁuuﬂﬂau M IREINT8 ﬂﬂmnmmm{lumummn
g lluad

D, mmmimmwaau DNA ﬂ‘%mmuaﬂélmmmumma ASTULRAA
maaﬁmmmﬂjmmﬁu A9 ] eml,ﬂuﬂﬂmm T URRALIBKWIDIR

Mun ﬂ’]ﬂﬂ{l%ﬂiuﬂ'}uﬂ’]iﬂ o33l

3. Tamsiagau DNA vadtsagaintanu’laluasss inud Anutindni
NHUGNITTH swmanamsanie hyaaad (HIV)




aluu (genome) ||- A15HUENTINYT N5A
faRaanmmnamelutasuadaidin dalsznaumems

wnanssulufinndea (Alualuiuaios) ulalnrewnieuazln

AAalINaNdd i UUIAUAI lNNRLEINNU 3,200 aTUA

wd (3,200 winztud) dsznavinmadndszunn 80,000

g1 visauuAnizaw Eschrichia coli ivwinvasalun 4 ola
%4 (= | (= | (73 %4

wda  Usenaumsaudszainm 4,000 au 1iluan



O AMUNUVNFTIHTIABRALALINUNANNULANANNY TIFINIIN

anngauanuuaniainls Taeldmsin DNA muauluing
dumng uaaridudn DNA Tlusnumalaedsms waddnlnsiy
i aslajiluuuvasunu DNA (DNA band) fuAnAai%
iﬂuuummuﬂu DNA ﬁ]wmmmmaﬂmmﬂuummmumm
iqummmuTmmNTulnﬂmqaﬂumummmummuu q e 1511580
ANNLANANYaluasuau DNA fannmsinuasanlvinn
211211 Restriction Fragment _ength Polymorphism =

RFLP mmmmélmﬂmmammﬂmqwuﬁﬂﬁu (genetic
marker) la’



Nitrocellulose
paper

DNA + restriction Restriction

TR
o —
TR

Alkaline =~

solution

@ Restriction fragment prepartion. @ Electrophoresis. The mixtures of €@ Blotting. Capillary action pulls an
DNA samples to be tested (in this restriction fragments from each alkaline solution upward through
case identified as samples I, I1, sample are separated by electro- the gel and through a sheet of
and IIT) are prepared from the phoresis. Each sample forms a nitrocellulose paper laid on top of
appropriate sources. A restriction characteristic pattern of bands. it, transferring the DNA to the pa-
enzyme is added to the three (There would be many more per and denaturing it in the pro-
samples of DNA to produce bands than shown here, and they cess. The single strands of DNA
restriction fragments. would be invisible unless stick to the paper, positioned in

stained.) bands exactly as on the gel.

. Paper blot
' peeled off

Rinse away
unattached
probe

—

DNA probe
in solution
in plastic bag

© Hybridization with radioactive probe. The paper © Autoradiography. A sheet of photographic film is laid
blot is exposed to a sclution containing radioactive- over the paper. The radioactivity in the bound probe
ly labeled probe. The probe is single-stranded DNA exposes the film to form an image corresponding to
complementary to the DNA sequence of interest, specific DNA bands—the bands containing DNA that
and it attaches by base pairing to restriction base pairs with the probe. The band patterns for
fragments of complementary sequence. samples I and Il are identical, but I is different.



Biotechnology and the future of man

Biotechnology © msuszgnsildanug
Aenuaiiidindialselosi mul3am,

F!i;uﬂ’lW‘l’ll?lﬂﬂﬂ’liTﬂﬂ’ﬂ”lﬂﬂﬂim‘U’Juﬂ’l‘i‘wu‘q
danssn (genetic engineering) uas
IMATAB 9







Biotechnology and
the future of man
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Bacterium Cell containing gene

. @ Isolation of plasmid DNA of interest
e R and DNA containing gene
/ - of interest
. TN
N S @ Gene inserted )
Bacterial Plasmid i e

chromosome

DNA of

Recombinant DNA Gene of chromosome

(plasmid) interest

bacterial cell

Recombinant
bacterium

l O Cells cloned with gene of interest

l ® Plasmid put into

©® Identification of desired clone

, c& Copies of protein
@ product isolated

Copies of gene
isolated and
transferred to
other organisms

.~
el

X

4

wneen by

&5

Gene for pest Human growth
resistance hormone treats
inserted into stunted growth
plant @ Various
applications
Gene used to alter bacteria for Protein dissolves blood clots

cleaning up toxic waste in heart attack therapy




Insert normal allele
into retrovirus.

P et retrovirus infect bone
marrow cells that have
been removed from the
patient and cultured.

@) Viral DNA carrying the
normal allele inserts into
chromosome.




mstlsznslanalulafisommuazmalulating DNA

Tudagiumslylszlaviamnmaluladiminwuazinalulatinig DNA

grnsadszanalanail
1. wugiAmiiluiugri hlgmsAnvniiaanuantaneiuamansuasdaiim

VI 4+ msdnEeemvaauaiiuaiog g

<+ anaantanalnmsmupamsiminiivactin
¥V (3 ¢ﬂl ] n = a a
4 anananlalwlsziauiiuanigsswinetinvadlusmslanuazgaiilan

<+ invadwsatilaauasgaslaninuasiiansani Mlwasnsadnm
ugAnssnvadtingA1alan (eukaryotic genes) Turtasalusaialanla
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2. Mmadszansltludamsunnduazindunasn NN

2 1 mMsItanlsANinIsAnLLa

+ﬂ’liélslil>‘l'lﬂ‘lfl>ﬂ PCR waznsIadaumemAlAlaaatanIns lWsta
IflAIﬁ]l?li’]fl]ﬂﬂU?ﬁﬂTﬂNmﬂﬂlﬂiﬁiuﬂﬂNﬂﬂﬂuuﬂiﬂlu

+ ldlumsnsaaaviiansimsinia HIV s

2.2 MINTIDINRY [IANNNUGNTIN

<+ feaufiaziinsuaniaims

(T
+ anammsiuniuzuadlsa



2.3 MSUUASY (gene therapy)

() a ] P= | ¢dl a V4 (Y c A CQHJ P | P= =N a
Wuwmatalunsagauhunfuin lddasaansatiiattdantindni
lhasanANNUNwIaduastn alwauinitludnfttuiisiinunu

dunainsunnsad lalaals lsaitluwnglnnissia g 1

Tisahlstunisanetinaznasimsantinitduannsananunig ld uazld

l’:l‘lMJﬂI?l‘l’lﬁl’ﬂ(‘lﬂ’l’ilfl]’lvl‘ljlal‘lflwl’llWﬂi‘lﬂa’]iﬂNﬂu‘"ﬁlﬂﬂﬂ’littﬂ‘iﬂﬂg

Tasadinnuaansatunmsunsnalunvasii hsaaanglasiulsuuag
Au lalae Ligiu1sniaadntadtia tiiiaIwIn tihasa1ndauninKvuIn t

mMsanaadfatasuad hidlagnannaliuad
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matluadlsaniinssnemaauiiunlsa

* T3nA Severe combined immunodeficiency (SCID)

& o V& A ) a ¥ o Y] 'y
t‘lJ%T‘iﬂ‘I’l”NWWcjﬂiiN gtﬂuiiﬂuluﬁﬁuﬂiﬂﬁiﬁﬂguﬂuﬂ‘lﬂﬂLlﬂ%ﬁl

IHEBINAINMIAALa L aLanitay

WAV A LN1TUNUAMIBEUNABIANIITN A8
1. MIAUANNINTINUVBIEUIRANTU AR R AN NN NADIN T NRNZ AN
2. mMsdain ldlmsunsnmvadtwn i lunvasan Lilditninniia
s iungnldnintnan

3. ANuasalunsussatininhiadnamwzinuwaan




wineaaalUnfnlnay o 11 RNA vasuaanalné

il v @ . *retrovirus flo 'hsunummuqnnu
e lilAGu WD RERRINEN-retoViis nmmmnlauu‘l\h‘\‘lu DNA 1@
wasnfirhia LTS wormsnin e DNA ¥03 host

: Q m retrovirus umnm‘hﬂuvmé‘lsm"qn
n'lammammomwansoaudm

@ DNA vashimhweadalni

luﬂ""‘w%"mﬁ“"‘iﬂ’” unsmn Wllashilauvesdihe

swadiliundandInay
o mn T lsameveardihe

Tunis an

misinwlsadigduinia




~(&®
healthy

individual

normal human gene human gene
isolated and cloned msencd into virus
nonharmful virus containing
virus (vector) normal human gene
- e W
mslyguvalunu

vxrus injected into patient
wuh abnormal gene

bone
NArrow,




a v d Y
2.4 ﬂTiﬁ%NNﬁﬂﬂﬂ!“nﬂN!ﬂﬁ‘lfﬂﬁﬁll

msnanaasluuanyan Insnaailuy Inaldnslarautiumawanaiini

3 DNA @1uHau

aa

ML asduUAN TR aR LAz I sAunAaIng

v

mMasuaneguadlasa HIv Tnamsasnalutanalisiwaauuuunisui
HIV Talumsungrsaanils HIV llimznulaanamaridlunscua
lnaAununazauNUMsUNiaKNsad LI ALRa AU TIF1TANIANY

Tasala’ |
a = a v d & a o U % a Y V)
msuanllsinvastirhisaiilunannaunszsaniniameadasnaninuni

a Y o

w3l hisadarnginamaiianszsAiszuugiANnL



Aa v d a .
113N uamwaﬂﬂmcniﬂﬁﬁumwuﬂﬁ"lﬁmmmiuiaﬁ DNA anéNay

(revombinant DNA technology)

Some protein products of recombinant DNA technology

a v d
NAANUN (product)

NAMDIN (made in)

M3y sz Tew (use)

Human insulin E. coli Treatment for disease (%Jﬂ‘leﬂ!‘ij‘l‘l’illﬁ—!)

Human growth hormone (GH) E. coli Treatment for growth defects (!ﬁNﬂ’J]ﬁJg\‘i)
Epidermal growth factor (EGF) E. coli Treatment for burns, ulcers (%ﬂ‘]&ﬂ!!ﬂﬁl’h/‘lﬂ?ﬂ)
Tumor necrosis factor E. coli Killing of certain tumor cells (‘3»11!“]5%15!59\1@ﬂ)
Interleukin-2 (IL-2) E. coli Possible treatment for cancer (%ﬂ‘]sﬂll%!%\‘i)
Prourokinase E. coli Treatment for heart attacks (ﬁ]ﬁ}ﬂiﬁﬂﬁﬂi})
Porcine growth hormone (PGH) E. coli Improving weight gain in hogs (sﬁuﬁmﬁnqm)
Bovine growth hormone (BGH) E. coli Improving weight gain in cattle (!ﬁﬂﬁ]ﬁﬁﬂgﬁ)




a v d a !
msranansransamnldsfvurasianiaainmnalulad DNA enenas (revombinant DNA technology)

Some protein products of recombinant DNA technology

a v d
NARNNUN (product)

NANDIN (made in)

M35 52 Ta% (use)

cellulase E. coli Breaking down cellulose for animal feeds
@oenaglamiluermsdnld)
. a A d' Y =
snomax Pseudomonas bacterium  |Making snow for ski resort (WAAYiNZINDLIAUAN)

Interferon (alpha and gamma)

S. cerevisiae; E. coli

Possible treatment for cancer and virus infections (ﬁ1ﬁ’ﬂm!§eﬁ

naan s

Hepatitis B vaccine

S. cerevisiae

Prevention of hepatitis-virus infection

YV U a &, WV U Y
laanumsaae hSadudniay)

Colony-stimulating factor (CSF)

Mammalian cells

Treatment for leukemia; boosts resistance to AIDS and other

o d :’J
infections disease (ANTANZIS AT ARDAYI AZAIWIBAT FINNT

Isnfaroauq)
Erythropoietin (EPO) Mammalian cells Treatment for anemia (ﬁ]ﬁﬂiﬁﬁﬂ‘iﬂx‘l)
Factor VIII Mammalian cells Treatment for hemophilla (ﬂ]ﬁﬂjaﬁﬂnlﬁﬂnlﬁjﬁq&ﬂ)

Tissue plasminogen activator (t-PA)

Mammalian cells

Treatment for heart attacks (ﬁ1ﬁﬂi§ﬂﬁﬂ%)
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> DNA luudazauianansnainiauazwsiadnazasauas
Wasnudadlild Seaansmia DNA snfigaiiuanalalnela
INATA RFLP maker A37ad@aujiluuu DNA saunumyitaaaianing
Tada iauanaais DNA muamiase 9 finaaimanlusicn
TUNRAEBHA Enda18fiun DNA (DNA fingerprint) 1W31Za18
#inW DNA vagufazAnazuAnNA19nY% antawnsaehuelaun’
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suspect 1 suspect 2

nrun N IMa1eiun DNA (DNA fingerprinting) 910010 DNA veiynna

ABI0IaY 2 (suspect 2) n3eny DNA mmma’wmym:m

O #0619 DNA #o3a9d01iun1nunaso g Inin Wi IngnsIsiing nas
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@ il DNA Tay PCR voann 10613
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DNA isolated from two
sources and cut by same
restricion enzyme

gene of interest
plasmid (vector) ’

(Could be synthesized or
obtained from library)

@ recombinant DNA
|
v

maluladgns DNA Tunysliin/gaviug

[ ] paunis Wy nazdni
( transgenic organisms )
v v v
( useful products )




MIATNFINTINAAWUSHUGENTIN (genetically modified organism: GMOs

138 genetically engineered organism: GEOs) wazmannItudninaziy 1
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4.3 ﬂ1§ﬁ§1ﬂW‘Uﬂﬂ!!ﬂﬁx‘]WH§ﬂﬁﬁN (transgenic plant)
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wounded plant cell
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/ releases factors T-DNA
that atract
Agrobacicrium, 1

Agrobactennum cell

Ty plasmid

wound

T-DNA transterred into
plant cell
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thost cell)
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(gene inseried into host cell) (gene of interest)

DNA munay (DNA ¥83
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Mo fouaziundsin)
(recombinant DNA host
DNA plus gene of interest)
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(cell multiplies and produces protein)
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(genes may be inserted
into another organism)

Tsawngnadadusrogniuior Wi lod
(protein may be harvested)
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(phytoremediation)
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