Subject - AGRICULTURE BIOTECHNOLOGY

Unit- 1

Organic farming : biofertilizer and biopesticides

BSICERC ki (Organic Farming) —

ST Tt U UET FU-0ITedT § s FHel & ITTE & (o0 YThids Saredl, IThids @,
ST AT, B H Hiel, 3T TATILN-qHA qGeheiahl T STTNT FHAT STTAT g1 T6H TqEI=H
IAGE, FIEATHF, ATEATEN, GM FHA, 37T FT AT AT TN Al (64T 1A

THHT T 3297
v T, Tt ST aAiEeer & qefea v
v TITOF F TETETHT AN 3T

v feFTe (FeeAad) FY fEwiEd w5 2

x 1. St T &t aiesITeT

S gt 9 TTFaT FY TS § Sad waa Ieara F e W, 9, Iee o geastar
% S AT dqad ST T@d §U @I ScATad (AT S(1dT &l

Tg TG T [FITFEar A “qqra<or- e ITa7" 9T AT

* 2. S @l % eI f&Ziq (Principles of
Organic Farming)

(1) Tate=g (Health)

o THE - g - AT - AT — GYT g #T s\



(2) miR=afafr (Ecology)

o TTHIAH TETLAT FHT HLEAT
o Gﬁa—ﬁi@ﬁﬂﬂ‘ﬂﬂﬁ
(3) fsweraT (Fairness)
o TorETE, ST, TaTa /i o+ B gete

(4) @ (Care)

o T, TAT 3T ICATET | TATAL &l THATT 7 Tgard

* 3. ST @l § ITTNT B4 AT TG T
(A) sla <& (Biofertilizers)

R EEIERE

o THAETSFT

. USRRE

o ATEATaFTET (fra-gRa dare)

e PSB (Phosphate Solubilizing Bacteria)

(B) vt @1

o AT EE

o FUIEE, FHHIES

o gﬁ gTls (Green Manuring — 9, 3T)
o TRl FT @R

o I HIe, FH =AT

(C) sifa= Framrers

T FT AT (Azadirachtin)
Strama, J9-stama
ZTYUlT T

TR, AT, T o

(o] o
cleenlsHI, HIHATHIHY




o afferd gRFEREE (BT) — Sa-Hteamsft
(D) s ga a1

° Iﬁ%—ﬂ'
e THT T (Crop rotation)

s @t
a’g’—th_ﬂ?ﬁ' T&fd (Intercropping)

x 4. ST @t &t @ fAtagt (Methods of

Organic Farming)

(1) Integrated Organic Farming System (IOFS)

— A + TYLATAT + HET + HYHFET T T T
— G FH, T AT, TATET [TAH

(2) Zero Budget Natural Farming (ZBNF)

— HTEeT ATT qTelah FIT faantad
T aed :

T-Sara
afr e
CiE L]

FreRaT (gt § T8 -8qa)

(3) Permaculture

— STHI & YTHia® Ta&T & e Tl
— ST ST JOTTeAT ST T

(4) Biodynamic Farming

— FETHh TTIAT T FATGTIOT
— A FoTl, =% =%, BD TI¥erT &7 ITanT



(5) Natural Farming

— THTEAAT T T ITANT
— FFTd HT @ At RET & T

% 5. ST @t T AT (Step-by-Step

Process)
1. frgt o Sy

o TEY GTE/FHUTES FT TTNT

o 9 SATE A

o T @R ST
2. Sifas it =9+

S IGIERET]
o TNT-wTawret foed

3. €STI=TX (Seed Treatment)

o ZTTTHIEAT
o AT
o TRA /A H

4. qrIoT JaGT
o Stama #1 fEwe

o THIHITES FHT TANT
. TUERE
5. F TF T T4
o T 9=, Torueft
o I T
o THT ST
o UXWEAT Fal FT HLAM (Ladybird beetle, Chrysopa)



6. ST Jae=

o FEuf=TE
° Iﬁ%—ﬂ'
o YT A HAIT

ACECLEIRA LR EL
° Iﬁ%—ﬂ'
o TR

o T Hh

8. FaTS T FSTIT

THTI H<hH HLE
o TR

* 6. SATF GAT & ATH (Advantages)

(1) T it IrEr aEdt 8
o FEAAFTZATE
o TEHSIAT I HEAT qEAT &
o STT GTLT &AHAT F&dT ¢

(2) TETESTHT F G Ao

. TET qE
. HEREE 9w

(3) TFTaoT |

« e, FAET o AT S
o ST aferear getera

(4) T FH

o IALEH/FTSATURT T G AT LA



(5) EeFTeT | IoaTeT ReR

* 7. s @1 T FAITGAT (Challenges)
1. T 991 § IATET AIST H:H

— g &7 Sifas a9 § 2-3 99 9d &

2. Sifash @T1a /39! I SuAsdT HITHT

3. THTOTRaT (Certification)

— PGS, NPOP YHTUTH H&TT /ST 81 Thall g

4. TR T4

— T ST | ST ScaTal i 984T i

x 8. T | SAtas @t i Rota

T # ot 7 e :
o fAfEE — 100% ST+ =7

o ST SAHA — AL 92 LT
e NCOF, PKVY, MOVCDNER Si#HT AT TSHTT 3T

* 9, ST GdT 3T YTHidH @t 7 FaT (&I
{qX)

S AT Sfrw o



S AT o A

TAYE AT AN T T ST A9 &l AT

AT AT AT AT
FEA LA TTHIA STAT ST hiearers AT T

Stfash ATeeie RadsTor (Biological Nitrogen Fixation — BNF)

ST ATEe o (R ag ITahias TehaT g e Fwg gedsia (microorganisms) ATHS AT
AT (N2) &1 9T g7 ITANT I9T € — JeId: M aT (NHs) — ¥ a3erd g1 I8 Tiwar
TEAT & ATSEIST 97 T TaH A 01 90 &, FF(1h ATLHSA H HI R AT 78% AT ST
ST FAET w7 | IY S A< o oIy SuTRIT 981 gra|

1. IRLHEAT AT (N2) T A5 3T
qHHT

ALHEAT N2 | FgT F9gT [F-FTET (triple bond) AT &, & FHT0T:

o OTY TH HTY IUANRT Al T T,
o THAEA & o agd afées St i sraersar g 2

Fa T, (T Sfat § g UH UATSH 21d & S 39 N=N F&+ &l JIE T4l

2. Sifash N, R #4182

Tg TToRAT f9rT Femsiial gIer ATseiSae (nitrogenase) THTSH i HER & N, T9 &l SHIAAT
(NH:) & & &t 8l
GICIE I RIERIE

N:+8H*+ 8¢ +16 ATP — 2NHs + H: + 16 ADP



TH SFHAAT 7 A0 9 s Ufie, W $ g Uihe a9 § STa0T F3d 2

3. StTaeh ATSero A&l HiXd a7t 914

(Nitrogen-fixing organisms)

(A) TgSHET (Symbiotic) g&Fstiar
oTe T TETH TEA AT ST :

1. TESIITSFH (Rhizobium) — ST HFE qTel (ITSTHT, TIA, F4T, He TATR) |
2. FETESNfEIT (Bradyrhizobium)

3. UeRaRfd (Azospirillum) — =ITH 37T TS FHT §
4. BT (Frankia) — non-legume USIH (S 3feeY)

T TFETET avet £ ST U T2I7 (root nodules) TATA 8, ST ATZEIST R0 2T 2|

(B) &q (Free-living) g&asiia
ST ST A7 S § Tl W 6

TS aeY (Azotobacter) — T
o FAMZRAN (Clostridium) — TATIITF
o  grEMaFIRAT (- gﬁ—cr NaTeT) — I Anabaena, Nostoc

T % WAl § A-ga qaTel ATSeo RIor & T E &1d gid 8l

4. ITHAT 9 grat g? (Step-by-step)

(1) TSI TAATSH i o

o TE Y UATEH g ST N2 F {0t S &y argar gl
o T AFH S -GARAM ZraT & ITHT At 1o gie 9 T\ {vHhar g1 Srar gl




W ESIEIE EFCERI]

o 1 V[ ATZEISIA &I AIE & (10 16 ATP Fit SE9AFHAT 2T 2l
o MU I8 SST-FA AT THAT 2

(3) A ST H AT HF T 282

TESITEAH SE H FAF1779€ RRAS Tg=ar9dl &

JFETAT Nod factors T9TT &

STE T AR FFITAT AT T T9T FA AT 8

ST H AT T7dT 8

3T % T A RATeT (Leghemoglobin) RISE BIAT & ST HH ST ATATALY]

FHTT T@dT &, ATF ATS2rSTs aihd g T4

A e

5. St N, R & g2

1. 9gsiiat (Symbiotic)

o  TIH TATAT
o RIH FHAL H 40-300 kg N/ha T TR

2. FEESiET (Non-symbiotic)

o TEAT TFEITAT g
e 5-15kgN/ha

3. GgIRTcHT (Associative)
o S| Azospirillum 3T gT9 /g T TS &1 Hag

6. ST ATSE IS (IO T HIY H Aged

o  THETIE SALHT T AFLTHAT FH gl g
o fhfrsEaraedt

o HEAT T TITATX TEAT &




o TIATEIO G FH AT &
o SfEwEdr (AtiAE wfET) # agEr fear g

TIH FHAL & 91 A5 T BEl (g, gT) AT ATH ISl 2

7. ATEE S IO & TATAT LA a7
ENEED

. ﬁl@'aﬂ'pH

. ATIgT_

. T st

. g E TR

. FTET =/

. e Y STET FT T

AN DN AW

8. YTLa § T @ Sid 3aa (Biofertilizers)

R EEIERE

o TSAEEFET

o TTETR o

o HTT-gHa 9&Te (Cyanobacteria)

o PSB (Wi€he oA TFITAT)

1 grego (H:) ScaTaT —

SIS IS It 9% ATeay FHH & (SH qIT, H194, FESAEd)  § 917 S1dT7 gl 756 Ha 99
T & agd FH AT g, THT T8 ITad (Production) T STa9TFHaT ZIa g

FAUT | He T, I, UETehHwe], T, TI A oY Afasy ¥ 3= uasit & foro ageagor

S EEIREE AR




(] gTES IS IATa o THE frenirs aiish

1. =& #199 Rwifr (Steam Methane Reforming - SMR)
= (| 3% ' H, 3c9757 FT 99 TT JIT (F09 70%)

gfsar =1 g

o HWIIT (CH4) + ATT (H20) FT IF AT9H (700—1,000°C) 9T 9TH AT SITT &
o i ND)ISFfAE T
o AT & He + FTET-HAETAFTES (CO) T7dT &

L INIETIR
CHs + H.O — CO + 3H:
CO + H20 — CO: + Hz

HﬁHzW@W%ﬁﬁHCOZWﬁ@ﬁT%I
TEH T ATl Ho 7 3 ZIES 19 gl ST 2|

] 2. AT 45 0T (Coal Gasification)

= FITAT + TT+ SFA 197 — Syngas (CO + H)

g

o FISA & 1,000°C & SATerH qTIHTT 9T
o T (partial) st % 9T 79 FoFaT STAT B
e T CO, CO:, H: 3T CH. &7 T4 (syngas) a97dT &

T =98 aree-T9 forde RuserT w3 H, T3 S1aT 2
Tg TLHT AT ST ATerh T&T AT g, THTAT TH TS /SAT GISS IS gl S(1aT gl



] 3. 9THT T SAelorag (Water

Electrolysis)
IGEARS

TorSTett &7 SURIRT ek O T &7 9T § dVeT ST g :
2H:0 — 2H: + O:

EETES

v i gregioe
o fasTeAt &7 =T — "I/ Ta7 /57T

o FHTAT IHSA = T LA
o AT F RIS T qAH FHog B9

v i gregiee
o TS HT — T faea
vV S ETEEo

e SMR AT FHIFAT THIFHLT + CO, FT FTEAT FoAT T (CCS) THhATH

. T EA

] 4., ITITTE AHTHLOT (Biomass Gasification)

= | ST AFAT (FHA TAAT, AHST, FIT FAT)  H ZIEg o IcATEH

BIER
o ST T HITHA ATFH ST F A1 TH FaT qrar g
« Syngas (CO + Hy) aar &
o T forde RUse & H, @37 STaT

Tg TR AR ST TATALOT-AqHA ATHT SATAT B




(1 5. ST grsg o= ScaTa (Biological
Hydrogen Production)

= (| g IHIAN gs a1 ¢ (industrial scale 7% HITH)
SREIKIEEE
(1) RISTATAT TR GIIg eI

o 9ATA (Algae) I & THTLT & Ho T &
« Hydrogenase USTEH #if Hag

(2) ST HHT
o AFRTAT FTAME T2 (S D) Hl JTEhT H T §

Tg I il T=g ol AT AT & gl

[ 6. HTI qrsqteiiee (Methane Pyrolysis —
Turquoise Hydrogen)

= | HIT — 3T FET + FIESTTT
EIERI

e dgd I dTIHTA
File CO, IS Agl
o IUSUTE = 3G Fa, o8 =T § ITANT ot SI1 Fehat 8

Tg A1 ST qTarere / forshTe #a< ux 2



] 7. THT-F{HHT JTeT foefaT

= (| FET IF TTTHTT+ IHTH 79 qTT &l Ho + O § TIEST 14T 2

Tg BTE -eF =T gy Ruaedl § =T 1 2

(] BTSSISTT T VR0l (T o YT IX)

ar IE) freroard
Gray SMR & C0,3g
Blue SMR + CCS CO, 7

Green TAFLIITET + THFLOT ST qad Taog

Brown/Black 1T ST EECRIEIPED
Pink TIHT] ST ELEEKCELT
Turquoise  HYIw qT=rforfae T FTAT adT &

gl 3§\| ST % ITAN (Applications)
v 349<& ST (Ammonia Production — Haber Process)
v GErhiee i

v &« 3T (Hydrogen-based DRI)

v R 9 AT
v fasreft Scares

v ST ST (Energy Storage)



v e 289 (Liquid Hydrogen)

] BIOFERTILIZERS (59 349<&F)

giRTT:

St IATE I St gemstta (SR, T, qaT) g S qie i giag qw F o
v THET § 99 e ST Fd &

v ATEEe R Fed 8

v FIERRE Ao a9 g

v Ot i SET A ghg TR §

ST IATE THTAAE JaLeh! T STHATEAT Tadhed & oY (el it I9¢ar 921 g

* 1. 579 IAH! & TG Th1T

(A) TSSO RO 4 T ST IS Th
0 1. TrESfegH (Rhizobium)

o TGH FHAT (FAT, X, AT, GI-HGX) it At | MiSAT 4977 8
o TESAET (Symbiotic) ATEErST Rerdseur
e 40-300 kg N/ha TF ATSZIT < ol g

(] 2. TSIEIS92< (Azotobacter)

e TIAA (free-living)
o TE, HET, FATH TATS H ITAEA

o TFerfae, gfE g (IAA, GA) ST 8
[ 3. TSIRA T (Azospirillum)

o HATH T FATS FEAT 6T TST 6 AT TZAT 8 (Associative)
o St iz aEmaTg




11 4. TiT-gRa =91 (Cyanobacteria — Nostoc, Anabaena)

o T & &Al H I o 712 HoO X A3 U ATSE S RIEsheo

1 5. USIIAT-UASAT (Azolla—Anabaena)

o o H agd 3TANM
e 20-40 kg N/ha THTETH

(B) wiehi® ga-efie s« arer S 34 (PSB)

] Bacillus, Pseudomonas, Aspergillus

o HIThHe FAFMTT TATT &
o TRITHITH i ITAEAT qETd &

(C) et gamefier siar (KSB)

] Bacillus mucilaginosus

o g ¥ fferhe @l &1 90T 3 K 399 F:aT &

(D) srs=assT (Mycorrhiza)
1 (VAM - Vesicular Arbuscular Mycorrhiza)
o UYL AT STST F ARS(1AT G e

o  THITRHITH AU 40% TF qaT §
o @ gAY aar aEar g

(E) farferre gemshier sifa

o T 3T T H FArforT Iuetey Fra €
o TTET FT ASLAT TETT &



% 2.3 IAhI o ATH

. TS T ETTgEEaTs
o FTAAE TRTAT H I
o  THTIMAF IAHT it (Adwar 9

o ATRTT FH, TATALOT FIIerT
o TTE FY wiATry AT aEdt

* 3.9 IACHT T STANT w8 THAT JTAT 8§

(ﬂTf%d SETIED!

S ITATT (Seed treatment)
e HIT ITATT (Soil application)
o o= Fam

o THOHIE ITE

] BIOPESTICIDES (3 #hiarsfT)

g :

ST HiteATelt I YThfa® Sia, SHa-3caTg AT ITET - T § S
v Fie, TR, Foeeh, TFATEAT, T GEIaae A #3d @

v o= TEmatas fBrRar *

v TR qLh &

TART HTT —

L) gemsia

[ Ter

() STeRTd® @iasT
O SE-ainT qard



* 1. T HeATIAAT & THE THK

(A) ATsIfegw araafReaTze (Microbial Biopesticides)
] 1. Bacillus thuringiensis (Bt)

o FEHFUTATFTIATE
o FHUTH, FieoTaT, T H ITANT
o TUTETCIT FIET 9T THTIT

[1 2. Trichoderma viride / harzianum

A AR PEED
o damping-off, wilt, root-rot T(FaT g
. TS =TT aEaTe

1 3. Pseudomonas fluorescens

o TRT-WTA<rers ard a9maT 8
o SR F THE T H ITAN

o Y SRR LT aET &

(1 4. Beauveria bassiana

o oo
o ISl H UTSIET FhE

o ThE AT, TIred, T % TATAT

1 5. Metarhizium anisopliae

o ETHE, T, FUTH 3T THT & il 9T TATAT
1 6. NPV (Nuclear Polyhedrosis Virus)

« Helicoverpa 3fiT Spodoptera HfEAT 9T TATAT

OWW



(B) ureq-smetia s Fieqsft (Botanical Biopesticides)

0 1. i s featelt (Azadirachtin)
o TH-HST, ATATIAT ATUF

o TS FT IS HAT FH FIAT 8

0 2. g

« Chrysanthemum flower & ITH
o TS ¥ I fa@mar g

1] 3. 99T, A9, AaH, A ot
o TSl AT L T AT 07

(C) arRasie (Fire wIm aTer)

o TgEeT A
o THTIUTH I

(D) rrfraTee

e Paecilomyces lilacinus

o TSI (Root-knot nematode) T¥ THTAT

% 2. ST HEATIAAT * STTRT 6 T

EISECEEC 1L

a1 | fHemEr

EINRIEES EELIE]

Tz T A

2o (Pheromone/Light traps) & AT TH=aT



* 3. S HISATINAT & ATH

v T T

v TS AaAqT T-I_é)r (Residue-free)

v TYATHFAT ST ATHHTL Il il THATT Al
v TETIAE HeATaRT AT STTNT FH

v T 97T T IOTET aga<

% 4. ST HIESATIAAT T HATY

o TETATE FIEATIAT 6 qodr 7 it R
o TTIHTH ¥ rear < AT
o Tl TS AALTH

1 BIOFERTILIZER 3T BIOPESTICIDE H
S NEY

Qo SEELEC] St Freareft

ST T e STersd FIAT e /T faerr

AT AT, T, dAT SFR AT, TS, A, T qry
arw gt A AT agrar e F T B FLAT

EXRILEEIE VA cUk:) IEERIEVEIEIA:El

[ 3T A9TAT (Solid Waste)



T AL T o1 g Foret off U 3 staret areft eIt ST /st AT I G ITAT
7% ek T ST g, Y ST IR SUTRT 981 7AT SITdT 37 ST el TI=#0T (Recycle) F a1
SYANT a9 Tl 2

IITEI :

o IS FAL (THIS FAL, TATETH, FS)
o SRR FA (I, 8Tq, HIHwd TTAT)
o TAFE(AE FAL (HIETSH, FHEX)

o fATTor OoreT

o FiY srafers

o IEATA FALT

TR

] 1. 3T AT & FAT (Sources of Solid
Waste)

(A) =~ 319 F97 (Municipal Solid Waste - MSW)

o TS FALT

o TATIREH T TRl
o WIS, AT
]

Z2T |THT

(B) sfrenfi= srafers (Industrial Waste)

. a‘r@@m
o W, THTIA
o TATIESH F TAT o ATAT

(C) Sa-f=fercaT srafarg (Biomedical Waste)

o FEAATAl & e ATt G5, TieAl, TATieeh, TATS & FAAqT



(D) Ff srafers (Agricultural Waste)

o HES AAAT
o T FAL
o TR, @YUETT

(E) fasior 7 faresw smafrg (C&D Waste)
o 2, HiHe, T

o g, TeAT, HAI

(F) so=eit== %91 (E-waste)

o T A
o HETEA

] 2. 319 ATTAT & TH1C (Types of Solid
Waste)

1. sfRIsa« (Biodegradable Waste)

o AT FA SN GeFstral g foafed gr awar g

2. Aiv-srifedees (Non-Biodegradable Waste)
©
o [

3. gaATs =90 (Hazardous Waste)

o Fefuat

o NN
o HlShdT d TAFLI[Ah hA T




4. Szt w94 (Inert Waste)

o FHE, g, T

3) ST ATTAT FT Ia89 (Solid Waste
Management —- SWM) —

STE SAT(AT T T T & FAL FT AT, G ST AT Al & FATAAT, e
T SGUT 7 2T ST HATEAT BT [ :  ITANT 2T Hohl

x 1. FT I IAFIOT (Segregation at Source)

TEH TgaAT T qaH TgeaqoT Had|
FHL HT A T H i T smar g :

o B RS aEiEiEad w0
o e fo=aT: faraeerae F=
o T/ dterT fR=aT: AT /AR e

T I JAFHI0T 7 g9 9 ¥ SWM s s&%e g1 ST 2|

* 2. 978 (Collection)

o HX-HTH T-Z-SIX HeAFAT
o T fAIH AT
o FHFT, OATH

* 3.91%a8" (Transportation)



o AT FAL o [T TAT ATA
o o %era & & gu ATed
o  GPS s e

* 4, THERT (Processing Techniques)

(A) FnR=T (Composting)

o
Saeh F9¢ — 9T

o e
o U FUTE
o HaHfAEH HFAIRT

(B) sTar&eAe (Biomethanation — Biogas Production)

Testt/THIS F9T — Biogas + Slurry (@T%)
LGRUEERIER IR RS IR

(C) frarzfrT (Recycling)

FTS, TATTEE, FHi, GTq FT TAETAR

(D) &= (Reuse)

RTT =TT 0 I ST | AAT—F T TEqT 37T T FZaet aiam

(E) Waste-to-Energy (WtE)

FAL FT STATHT TASTAT FATATI
RDF (Refuse Derived Fuel) T ST

(F) S¥=e= (Incineration)

e 3T @dEATH FAL T 3g ATIHE 9L S



% 5. 3Taw 929 (Final Disposal)

(A) 3=ra= defher (Sanitary Landfill)

FAL T AL FL FHAT
SIECARRER
T T TOTTeAT

(B) Secure Landfill (Hazardous Waste)

FAAT AT, ferere |@eeqmm

* 6. 3T AATAT T i AT Tohel o

Tkt arTeiore diede (MBT)
T fafRue=

EIRIER L]

CATSHT STE TR (39)

Pyrolysis (FAT{®e® =¥  forw)

* 7. 379 JYTAT | IcAT GHETU

a1, 5T, gt g
TRT AT (3], FATAT)
Ty
AET=d T4 Iesia
9Tl T TR B

ST JUTAT T&= & 9141 (Solutions)



¢ 3R i@ — Reduce, Reuse, Recycle
vV BRE-I9 WATRe® W AF

1L URER IR

v &g W e

v Waste-to-energy =i

v TTEETERT S W defhe f awrg

(. 3T AYTAT & TTIATE (Environmental
Impacts)

f e w8t v s v
v TATE TG
o AT, W, fgt wgT
v T et
o TR, G, 92 T TR
vV ST S
o FEL Y Tsher qrer vefieEn Ster AT g A 8
v T9EsT 49 SEsiq

o Hrow
. CO:

v U FT TG &, e



], BT AATAT TG & g1 (Solutions)

(1) 3R ®&i@: Reduce - Reuse - Recycle

FALT ICATGT HH HLAT qad Hged |

(2) & 9T TIFT (Segregation at Source)
gL HTH 2-3 =)
(3) ATfee® START # FHT
o TERTA-3r weriee® gfaey
(4) STHETRF SRrESdT

TR —HETS, FHLT AT FHLT T f9rem

(5) &=fee wraar g (MSW Plants)
FrarstEaT, Faree, WLE ™2

(6) Extended Producer Responsibility (EPR)

FITATT T AT IATRT T FHAL ATIH AAT ATZ TN

. ATST § 31 9T gaee v ol

FIAT AT :

v Solid Waste Management Rules, 2016

v Plastic Waste Management Rules, 2016

v Bio-Medical Waste Rules, 1998 (Amended)
v E-waste Rules, 2016



ﬂﬂllﬁ’ﬁ:

ST & FEAT it STEedr
TAT RS FA T AAFar
o yorreh Fas

FAATTATIVF FATST TUITAT

=g, AT Her
e fodT e
Waste-to-Energy TTe
Door-to-door FeTFTT

] Single Cell Protein (SCP) —

T 1 M (Single Cell Protein, SCP) 37 & -Tq5 aTATHTE T Fgd § o GEAS A1
(Microorganisms) ST/&—

JFTAT (Bacteria)

%%e (Fungi)
Aoz (Yeast)
T (Algae)

—ZTRT AT grd &l
= gewsiiat w1 e srafarg arnft, W s, stenfies sEfs a1 9w FET @At 1w
TR FET AT § T I8 63T ST 2|

= RA-8« MM zafor w2q € #if geasia wh-Hief 3 8

] SCP F91 3a9T+ %? (Importance)

AT § IS & TRl STAEEAT & HIT
o TN FY T



o TY-ATL HI FHI

o« FfT iy Hifeg
o SAETg TREad

UH § SCP U H&JT, TT9F, A1 & 1 a1t s garaor-gadt aiée =i 2

1 SCP & TorT 9T 7T ST 3Tt &
CEREIE]

1. SFIAT (Bacteria)

e Methylophilus methylotrophus
e Bacillus spp.

o9 g15 3T, 3 Ve ey
2. de= (Yeast)

e Saccharomyces cerevisiae
e Candida utilis

qTHE T 99 AB * forT grierd|

3. %%< (Fungi / Moulds)

o Aspergillus niger
o Fusarium venenatum (Quorn T H)

4, 9 (Algae)

o Spirulina
e Chlorella
3 T GoF, FEaertie, gFs, Tereiaiee 9val

1 SCP ITUTEH & forT STANT I aTol Hedee
(Raw Materials)



SCP 3cUTEA | Ha# =1 91q T8 ¢ T 78 T, FA-SMATI, FH ARG qTel ST I ST
STT |9haT 2l

v FW

o I T 9fRT (Molasses)

o SHT
o  THA-Hso(l FALT

v SN safdre

TR HET e

Hrae, ot

GTET I (AL

IZ (T SN & AT(AY)

v TraTfereT stfas w=

o o
o Yool Hel hd <l

o Y G AATAT

v CO2, 91 (algae ¥ form)

] SCP IcqTEA it TR (Production Process
— Deep Explanation)

SCP ITITEH ATATEHIATSIT T ST THHRAT g1 THH 8 F207 AqTHA 2

1. gewshia w1999 (Microbe Selection)
RIEECE

e 3P VLI IATEH
o T HIMF

. ELTFZ?ET (Non-pathogenic)



o T AT ATl TS T ITTNT F4A § T&IH

2. gsq¢e AT (Substrate Preparation)

o g TR FI ATH FHLAT
RICEIVAICCEICIE

e UIUE T (Nitrogen, Minerals) STTEHT
o pH THTATST

3. ®wHee @ (Fermentation / Cultivation)
TEAS Al i 92 TR § ST S[1aT 2
HHELT & THhIT :

1. Batch Fermentation
2. Continuous Fermentation
3. Fed-Batch Fermentation

HHE Y e aRfRufaat:

o ATIYTH AT

o pHﬁ'q’ﬂT

o SIS MY (TALTEH SCP #)
o fRem/ufSeex

o TITF UTEAH

4. HfAFTA T @O (Harvesting)

e Centrifugation
o Filtration
e Precipitation

THH A ATATHTE ST 79T STTaT 8



5. Ffrwret w1 9= (Cell Processing)

FAT ATAITR?
T GEASAT § HSTE HITLART 9T BT &, O q=mr qiewar grar gl

A

o THT ITATX

o T /TUSTEHICE ITATT
o  FHITOTET E1ETT qIEAT

6. g@m™T (Drying)
FTATHTH I

. Fa'w

o TS IS

H TETIT 74T g

7. N qr9eX / Hie i (Formulation)
T H SCP =l
. UuE

. TFE
&7 § & g7 7T 2l

| SCP &T 99 §<=AT (Nutritional
Composition)
#rea SCP ¥ :



rei gfaera

BICiE 40-80% (=g Tfereh)

FTaTgrsse 5-20%
T 3-12%
CITE] 2-7%

A== B-complex, A, E, K

Spirulina ST# &A1 § :
o 60-70% T

o O ImFeTF AT ufeE

+ SCP & @TH (Advantages)

v Sgd O IcATEA

EwS( 1 gL 24 e | a4 §, TACNT FH q97 § AT9F N
v T SH 6T ATl

TYATAT T A TSI MW 6T & Al

v TET

TES FAL, FTATT I T Tha T 5

v TIar-TEaet

FAL AT STAN — TFIIT HedT gl

v 39 UETT aTT T



=T Ui TrRTEe ==
v 19T S 99 AT & (o7 ST
o HTSAT BT AT

o T[T
o TRt / Tredy

] SCP T H1°TU (Limitations /
Disadvantages)

XFTE geasiial o faurhar S gwer
IaT. : AT gTqU STHT BT il 2l
XHTTART ST HST

ITE 9aT 9 (Fungi/Bacteria § 3TTer)
X T S ey it qoer

T SCP IcaTal | HET ST e

X TEAT AATF

=T IOTET 7 I I¥ TTES ST
XS AT TR TIATHAT T

] SCP & I9IIT (Applications)

v T 9T

e Spirulina AfHe



e Chlorella <t
o T UTISY

v T AR

o AT ITAT (Aquaculture)
o ST TUY

v g1 ST

o High-protein biscuits
e Health drinks
e Bakery products

v HiE %1 fAweT

« Soybean meal &I Replace F¥ TehaT Bl

1 SCP & TE 33TVl

gEasta SCP IR
Spirulina TIE TTSSY, AT He
Chlorella EE [ X

Fusarium venenatum Quorn (¥ FT f&&eT)
Candida utilis qieet e

Methylophilus spp.  3g TIE aTAHTE

() Wasx § SCP %7 Hgcd

o SEEAT fE — WIS HT FHI




o  SAT HFE — FT IeqTeA Hfaa
o STHRTETT /AR T T 7T 98 BT 8
e SCP U+ sustainable, eco-friendly, low-cost T = %’

SCP |3 FT “Green Protein” WTHT ST 2T &

Single Cell Protein U ST, IFLAT g2 ATATCHIATSIT ST THATE g ST
v TS T AT

v 9t

v Tifes

v FAL AT ITAR(T ST ATAT

v THE-T9 TET & T 3TTh

o o
Aleld Ald A<l shdl %l

Tg AT T Tl GL&AT (Food Security) 3 9aq fGs& (Sustainability) & orT sreia
e |

Unit 2

1. §fex &<t (s A® wfET):

Ao gt ag F0 vgfa § S qamaE S, feTeas s grHi &1 ST 98 6T
STATI THF a1 A QTR (T, FFIE), L GTE, TTHAS e Ha=0r oix At @feay w1
SRR T3 STTAT 81 SHT q&T 3297 &

o THE FF 3EwaT aATy T
o THTATO AT G L@

TATES Al IR CATIAT o T
AT (sustainable) FTY FT TETAT AT

2. gty feurf (wea #)
2.1 &% 30T ATRIAIAT



AT | S5 Gt FT AR AT 98 =T 5l
2023 T LT | AT 3.34 THicrae gerea< i i &t = siavia o7

o wiE e fafam, witR, s, fRame s, e
o TofEm 9T 1 ager s 8 Sl 938 Wi @t o

2.2 TR 98 3 ST

o  TET AT STutes FrawH (NPOP): Hfear @t % forw ame sfiw sorofism

o  THEHAT T R [T (PM-KISAN) F dgd Sfaa adt &1 fa<ha agraam
o Tfoar yHTUA i wiRreror: RETT T wfereror, AN ST FEIEe IeUTeA ¥ "grIaT|
o AW SR AAta Tremge: BTt 1 3aare B i Hea & agamm

2.3 hIIS

o THE Ft AT & Sifas Sqa aare @
o GTI TIAT 3T TATET FLAT: THTAT {h ST

o T SR AL AT H 3¢ ToA|

2.4 FAITAAT

IeUTE T ATAT UTA TG Tt & F9|

T T T TG FHST|

STHTO YT ST AT T 989 | S0
T ¥ form e fRerer e wfoveror smareaa|

3. sy fafa

3.1 @ <9 i< &
o fora @ o Tt F7 arRe T 70 AR A< gl
o THE I9T: ACEAAT, ASTEAT, HI, STHTET, FTS( 1T, T
o I H T2 ATATE. THAT, i, et T e |

3.2 AT TS AT THTU

« IFOAM (International Federation of Organic Agriculture Movements): 32513

TAL L HTARI
o I-FAAT FHTITTE: USDA Organic (USA), EU Organic (Europe)!
o IEYA: IUNTTRTA T ILHT <47 FoF IeUTE 100% 5T B



3.3 3% IR

o 2023 7 faeT o ITSIR AT 130 Ao s@fRadr stex
o TATES 3T YATALU STRTEHAT F FHTLUT T 98 TZT 2

o\ C o Gl Y cC
o e [AATaE q9r 9, =, AT, T

3.4 QAT

o ITUTEH AT Tfere|

o THTU TehaT eIt e Sfee|

o  SAATY TRAT T T ATTRTAT FHT THT |
o TS AT FarshTaefier Ton § STIATET FH ST

4, T AT ATUAET AT
REL 9T (National) FTUET (International)

AT 334 grar 70 faferr e

wE Trea/Rer i, wftre, v sitefor, st i, 10
THTOT NPOP (%) IFOAM, USDA Organic, EU Organic
FTIATT Tz ¥ 8, wdT Remmefer i s sg 9 arer

FHATTaAt I FH, ATH AT I AN, THTUH ST, STeAamg THTa

e FY (AT wIRT) § TSiRET i e (Agencies & Institutions Related to

Organic Agriculture)

Hfor FiOEiTE wriET) 1 9gmET 39 siv [t w3 F oo afia i ey me w
TS AT SiT TEATT FTH FT T g T HEITH THTO 0T, TTLreqor, e, faqu i it
i § gag #3592



1. wRa # w@ de i) TSt (National Agencies and Institutions in India)

1.1 '{T@?T T ScaTeT FEH (NPOP — National Programme for Organic
Production)

o  HJTUAT: 2001
o SR
o WA § HTaT FHT o AIFH ST THTUNRTOT TOITAT T HATAA
o TFaTHl sfiw Rafasi =t ywTiorg e ITaTe STy FIET
. AT
o e ITATERT ST THERAT T THTUTHIT|
o NPOP HTHHI o ATAT TTTE0T|
o Tt #r FEmEr T m
e THTUTYS: NPOP SHTUH YTH FTd a7l IcATE &l AT FAT IL {TEAT ITH 2T 2|

1.2 F §fe ﬁ &7 (COA — Central Organic Agriculture Organization)

o T TS FHIY HATAT o Sfavia AT FH T TZTET 34T 2
o T FH:

o TaTt = form wforeror 3fie Feheieht AmTEe

o Ffear &t ¥ foro Hifa s wriswat v T s=mEm

1.3 ICAR — ST HY e IR9S (Indian Council of Agricultural

Research)

o« ICAR ¥ T2q &< HY ferafaemea siix srrer € S5 FT 9% oIrer Fd gl
. T FA:

o HTET FH IcATEH qoheileh (s erd HeAT|

o YT #hie A ST ST 394 u< e

o TFaTi F forw wioreror sfie Amteef

1.4 TSIT o e FO s sic geam

o FE TSIl H ST W F AT FIY 9+ 3R a1 F1d7a 2
. IETEI:



o TafEw artta® e
o TUEE ANTF e
. E@'m
o e Y fgm gt v F@raT 3 m

o TITHIA FRATAT I TTALAVT ST HIHIET AZTAAT AT

1.5 fAs g=ame 3 NGOs

e Organic India, Navdanya, BAIF Development Research Foundation ST FI'F?JT'ir
et 7 Stfares sfist, wfreor s ST IursHaT § qgradar T 2
o &I EQD
o TR gfereror v STTEeRAT
o FEIIEE, STa® Ia¢h 3T TR Fhie ==
o ITHIOT ¥q< 9 Ffear Icure 7 Ao

2. AU TS AT i @& (International Agencies and Institutions)

2.1 IFOAM - International Federation of Organic Agriculture Movements

o TITYAT: 1972, STHAT
. I

o Torg v = Ao &t & wwe sl wem

o TITAAT T TETH F MeT-Y=T *F forw afoas 9= y== w7l
. AT

o HiaT FY F o0 W we ol IESATRd aaTT|

o HTUET THEI 3T gforeqom)

2.2 FAO - Food and Agriculture Organization of the United Nations

« FAO a1 &1 46T ok 997 Ff¥ qohe e (a9 § 7a F2dT g
. AT

o AT TATE AT AHATRT TZIAAT|

o FEATA THhed¥ AT Afaw @t 7% wforero|

o Tammefier Tor & AT ScaTae T FgraT)




2.3 EU Organic Certification

IO "9 § dfeg 3aumat F foro o ywarefisr AT
& T
o ITATE ol I[OTET FATHT FHeATI
FTUET AT F Frgai=ar gz

2.4 USDA Organic (USA)

United States Department of Agriculture (USDA) F AT AfeT IeuTal & forg
ERIMGH
e F1:

o STHTHT H HTe Tl i ITATET T THTINHIT|

o TE AT | FTUEIT ATHF Y& FLATI

3. @faar FfY et i ffA=wre (Roles of Agencies & Institutions)

THTINEHIT (Certification): STITE FT TFTS ST 0T AT FIATI

ATELTT (Research): < T 1eh ST AT IALH A HLATI

TTEr&TT (Training): FFATAT T ST G, Fiie Taow 3T ITATET qoheis § STerfera
AT

HTe 37 TS (Policy & Planning): T FT &7 Sgm@T o aTeft ATt a=mm
TSI A At (Market & Export): &fear 3eamal & forw Trdisr $iw siaeigg a9
JUASH hLTATI

AT § NPOP, ICAR 3% U7 €< & e #f5 FT &1 799q #:7 1 &l

FTUET T 9 IFOAM, FAO, USDA Organic, EU Organic 3 AT i< Tforeror
T&TT Fd gl

T HEATAT T TEANT FRATAT Sl TS a1, ST ag™ i a1 aTeie Su«ser
T H Hgea T 2l




1. ¥fe F¥(Organic Agriculture) si¥ Swms: wRe==

5T 1 (Organic Agriculture) TF VY F ugfa g e wamas Sa<, Hiearers, g
IqT ST &7 T HLATAT ST (GM Seeds) FT STTNT A1 (AT ATATI
HfeT ITATET (Organic Products) & T« &

o T FHA (AT, T, FA, looAT)
- ‘

o ST T HIY 3T

o AT AT gAA IS

HToaT ITaTaT T IUTET, YLEAT ST LEAT A 21T Fad & o7 TS X AqA ST A a1
T

2. WA % g few #19% (Indian National Standards for Organic Products)

qTEd § HfeT IcqTal & o eI HT1h NPOP (National Programme for Organic Production)
& TG a1 T &l

2.1 NPOP — THI GfedT STUTaT FhHT

e« TTUAT: 2001
o HATYHTC AT TEFI, FIT HATAT o6 Saqa
o ST
o 9TRA ¥ HTaT ITUTET T ATThRIHTT ST STHTIHTT|
o e ITUTET F FAWEIT AT § AUHT AT FEATI

2.2 WA & e 795 (Indian Standards for Organic Products)

1. 3T AT+ (Production Standards)

o TTHTATAS IA¥H, FIEATF, ETHIA, SHTH HEeAi T TART g

o HAT ATAF WS, FFAIEE, T GTT, 3T THiaT Hie Ha=rom|

o THET &liw Ste & Y porET I|TT T

o SITH FTHT T FH 2 W ATdsh aleh & IS TS FHA UL & ST Fgl ST T gl
2. JHERUT AT (Processing Standards)

o HTET ITUTET FT THERII WTHTdH 3 e aahi =1

o THMMF HT&, T, T1E TEM a1 I 1 ST Uzl

o STHERYOT T THHAT § ST STE T &AT 9T L&A T




3. HTOTEHOT 3 AT (Certification & Labeling)
o ¥fear ITUTE 9T “India Organic” AR 3T NPOP THTUYS H&AT ITHT AT
o STHITHT &l T ATAHIL &AT:
«  ITATE HT AT
«  ICUTEA fater
»  JHTU USHT
4. fAf9g T (Prohibited Substances)
o THEMF I Urea, DAP, NPK Chemical Fertilizers
o FHaATer®: DDT, Endosulfan
o BTHEIT T SHud s
5. S sTofir (Organic Certification)
o 9T H THTUIT APEDA (Agricultural and Processed Food Products
Export Development Authority) % T2 a1 SITaT 81
o YHTUN TS AT

= Ecocert, IMO Control, OneCert, Control Union

2.3 WX | e A0 (India Organic Logo)

o & o AT “India Organic” for@T raT gl
o T AN IE T90TAT 2 3% 37ute NPOP FHTOIG 30 100% HieT 2
o ST T ITANT ToAT THTOIRE0T 3 F2AT ey 2

3. Hfexr IcuTel % forg siaxisiw 7= (International Standards)
AT % NPOP WTH F5 AL ST AIAHI F HA 1T &

W /e Ter fag
IFOAM FALTST T T TaT q¥ Sfereh =t o /T i qforeqor
USDA Organic USA o Tt ST TEERTOT 9T HIAF, Ao T AaTT
EU Organic 70T AT 3 e freaner Ay, saferr e

FIe: AT FHT NPOP JHTIH IFOAM HIAHT % AqET ¢, TATAT T 1T S5 IcTE a8 T
FTTE | A & Fara B ST a9 gl



4, TET AT ATUAET ATAH il g1
fig aa (NPOP) FqUET (IFOAM/USDA/EU)

IeqTad TETAE AL AT graT fAfvg qure o
TETIfRTT APEDA gTXT NPOP JHTITT= USDA Organic, EU Organic JHTIT9=
KEIEN India Organic =TT strfeamd USDA Organic T EU Organic &I

FALTPT HTTAT ATEFRTET Z9T H TR s &< 9% ATeEaT T

o AT § AT STl o forT NPOP 919 2, ST ITHTaH, THERT0T, THTUMRTOT ST SAafoiT
1 At # )

o I ATAF SCUTE T UTET, TITET GLEAT AT ATUE T AT FATHT Fd 2

o WA ETeT IeuTe o €< 9= WTeaaT I & oY f=ata § wtaerdT = gu gl

o ITAHISA % 1T India Organic TN @TW%@HTWW%I

1. ¥few gmer 9=rf (Organic Food) 41 §?

i @Ter & 3 GrE IR § ST qHT AT IAH, HIEATMF, G AT GMO st foeT
MU AT |1 T ST 2

Hfew gTer ITTal § ot &

T, Tl 3T T AL IR

ST TEERd ICATE (STH S[H, %)

AT ITATET T T I[UrET S TTesy ATH TEO T SCATaT & ST 3T AT gid g

2. "fs= grer &t rast (Quality of Organic Food)

Hoar @rer aarAt & qurET H S T § /T ST |



2.1 T (&A1 (Chemical Purity)

o THETHAE 3L, FISATINF AT GIHIT FT TN A5
o ST GTqAT &Y AT Tt Sl /=T A
o HTHA ST qATEY0T F forw Fqefera|

2.2 99O =7 (Nutritional Value)

o ST FATT & o6 HiaT el 37 Alfeqat vérsiaace, Ferf six fhifos FRe + srfas
B €l

o T IUTET H AA-3 HE e it 9T IE T g

o HIEAY AT HETeH AT orEr aga7l

2.3 TS X AIHA (Taste & Freshness)

o T ITTE Y TR | aga< ST qrenit § tfere 2 2|
o UTEHIAF (HET ST ST I & FIOT &8 § HIA

2.4 §LFAT 3T ®ATRA (Structure & Shelf Life)

o TH TEHERIW 3T THTAA LT g o HE0 ATST Toal @O gl hd g, TIrq TI97 hT
TUTET SATE aet Tgal gl

3. "o @rer & A= == (Human Health)
3.1 TEAT | g9 ATt THATT & GL&m

o TETIAF FrEATF 3T A K AT TaT T FOL, =qRAT TR T, FHATT A TAT
T AT TOrTeAt & TSI 2T Thc T 2
o HTET GTer =9 WA | 076 81 &, S0 e@resy 9T g T9E|

3.2 T Ifa<ree &d3aT (Immune System Boost)

o faerfim, e siw déefEms e i srfeerar s f Tor wiadras awar sz 8
o TP T oI F forw fFA9 =7 F wrawL)

3.3 IS ST Saa4ie(t Gaeft AT (Weight & Lifestyle Benefits)

o T IS § IR BEaT AMEF 7 Afaih | w97



o THY AYHE, TIT T AT AW & SATEH FT FF F7d § 783

3.4 ATATHE ST T AT AT (Mental & Neurological Health)

o oTrer § AT AT T S | aarst § W g i) et a7 #49 gl gl
o THH HRRHE TATH T, AT Sl AATHE dgad I T=qT &

3.5 gt 9 91 (Effect on Children)

o T % o G5 I99 & TaEES a9 q51 gid, AU ITHT dqiad [ah i<

AT giAterd gt
o T w7 7 yioeer Yot s} Rt @ 9 qETed 9|

4. Tfex @rer & T@reeq 919 FT7 9<T (Summary of Health Benefits)
T T8 T

THEMF @A FAATH/ LT

BIGEEI] EEEG]
EECACDEL] I (FTZET AT3F)

"iéL(lt’I\I'i-\;I"hC’I EATEXY R cHS THTA

KELRL] STTTEw F (F9Y, g8T 1)

o @rer garet TEresy 7 gAtar & forg grferd fawed €

RaET ¥ae ¥ WS A A a919, AT gig, dga< a9 i @ Hear g
AT # NPOP FHTIO e IeaT 36 Ta1ee 1 &l T F3d ¢

TGT, AFIT 3T TATEST-H=T SATRAT & forT S5 o Ay 9 § Ar9 ¢

Unit 3



1 Agrobacterium—9T&T {af®ar (Plant
Interaction) :

* qR=T

Agrobacterium TF JaT-AaTH (soil-borne) TFETAT 8, fareras

Agrobacterium tumefaciens 3% Agrobacterium rhizogenes W& # TRT IeqH FXA o o7 T
2l

= Agrobacterium—9TeT AT (Plant Interaction) FT T, 93T AT ‘Iﬂ' aE @ﬁ' H Ui
ERIRIE IS

1 Agrobacterium—9T&T 3afaT (Plant
Interaction)

* =T

Agrobacterium T HET—ﬁ?!TFﬁ (soil-borne) SFTTAT B, fararoshe

Agrobacterium tumefaciens AT Agrobacterium rhizogenes GTer B TRT IIe A o oIy
THE Bl

Tg SH AT 9Tl | Fmurtae &S (molecular syringe) ¥ TYE AT FL AIAT DNA Tg §
TR FLAT § — =H of 29 Natural Genetic Engineer 2 2|

1 1. Agrobacterium FIT g2

THT T[T farrar
A. tumefaciens Crown gall disease Ti plasmid (Tumor inducing)

A. rhizogenes Hairy root disease Ri plasmid (Root inducing)

Tg FATET 9 (wound) ATAT TTEN HITFRTSA T FHer=T T B



(] 2. 9T F T v FAT 5?2 (Mechanism of

Infection)
> Step 1: Wound detection (3@ F¥ 9g=1)

ST 9qTE Y T/ qAT Fear g, ure fRAifers F® (phenolic compounds) S# Acetosyringone
ZrEar gl
Agrobacterium 3vg TZAT H¥ IH EATH I Tg= SAAT &

> Step 2: Vir genes F7 %7 AT

Agrobacterium # Ti/Ri =ITsHE # virulence genes (vir genes) ZId 2|
Acetosyringone v ON F¥ T gl

T ST FT FTH—
v T-DNA & FTeAT
¢ T-DNA =T FITT § AT sl AT F2AT

v’ Host recognition sTAT

> Step 3: T-DNA Cutting and Transfer

Ti plasmid FT T-DNA region VirD2 THTSH §TT Tl 9TdT 2|
5T =& Type IV secretion system = TTeTT & qTel HITRT § ST STAT 21

TZ TIAHT TF bacterial syringe S/ET 21T 21

> Step 4: Plant Cell Nucleus & sasr

T-DNA, VirD2 3% VirE2 T & |71
= AT (nucleus) T STAT §
= ¥ 9780 % genome H TITH €9 & [ ITAT 2l



1 3. 918 | 97 qiaad Har g2

A. Crown Gall Disease (A. tumefaciens)

T-DNA % S{19

v Auxin

v/ Cytokinin

v’ Opine synthesis
ST ST TeanlE Y gl

TSI -

= FHTART AT o ZraT &

- i 7

-wﬁ?ﬁm’z (galls) I ST 21

B. Hairy Root Disease (A. rhizogenes)

T-DNA g -3 S{I9 o 7T &
= JAA -, AT OTEd ST (hairy roots) I9T 21

1 4. Agrobacterium cal Biotechnology H =0
ST T STaT 82

F(Th Tg TTHids €7 T 4T DNA § T S STA ThdT &, SHAT GATHE 2696 T-DNA &
T

= Fifd (desired) gene TTA & &
= tumor-causing genes gl ﬁ"‘{ ST %;I

TH VAL g 99 A1 8
v TiESIfA 9T ST T STHTT
v GMO %8« (Bt cotton, Golden rice () AT FT HATIT



T8 fafer wgardt g

"] Agrobacterium-mediated gene transfer

1 5. Agrobacterium—Plant Interaction % H&T
r g

fafeer dare (bipartite communication)

YT T AT — Hehd (signal) — ST AT

FFIRAT - T-DNA I5aT

T-DNA — 9T genome ¥ insert

9T — S[AT AT hairy root 14T &

Agrobacterium T FFET TFTLAT & ST
= T T FITAHT H DNA ST ThdT &
w AT ff GeTFEAT B

= ¥ AT o ToIT ITHTdF genetic engineering tool 5T 21

THIfOrT =8 2 d €:

“Nature’s Genetic Engineer”

1 1. Agrobacterium 3T g2

TR T oo
A. tumefaciens Crown gall disease Ti plasmid (Tumor inducing)

A. rhizogenes Hairy root disease Ri plasmid (Root inducing)

Tg JHFITAT AT (wound) ATAT TTeN FITLAHTAT T [HLTHT FHTAT 2



(1 2. 9T F I w9 FLAT g2 (Mechanism of
Infection)

> Step 1: Wound detection (3@ F¥ 9g=1)

ST °Te Y T2/ qAT Fear g, ure fRAifers F® (phenolic compounds) S Acetosyringone

ZrEar gl
Agrobacterium 378 TgATH T IH T 9T Tg= SATAT 2l

> Step 2: Vir genes &7 91T gAT

Agrobacterium % Ti/Ri TTI59E # virulence genes (vir genes) Td 2|
Acetosyringone g ON ¥ ZdT gl

T ST FT FTH—
¢ T-DNA & FTeAT
¢ T-DNA =T FITT § AT sl AT FeAT

v/ Host recognition FZAT

> Step 3: T-DNA Cutting and Transfer

Ti plasmid FT T-DNA region VirD2 THTSH §TT Tl 9TdT 2|
5T =& Type IV secretion system = TTeIT & qTel HITRT § ST SATAT 21

g TIAHT TF bacterial syringe S/ET 21T 2

> Step 4: Plant Cell Nucleus & sasr

T-DNA, VirD2 3T VirE2 T & 911
= 7T (nucleus) T STTd %

= ¥ 9Te0 % genome H TITH €9 | [ STAT g



1 3. 918 | 97 qiaad &ar g2

A. Crown Gall Disease (A. tumefaciens)

T-DNA % S{19

v Auxin

v/ Cytokinin

v’ Opine synthesis

S S UehIE 7 Bl

TSI -

= FHTART AT o ZraT &

= FAFET i

= STAT SHT TS (galls) a9 SATAT B

B. Hairy Root Disease (A. rhizogenes)

T-DNA STE -3 S o SI1aT g
=TT, AT oTied ST (hairy roots) T9T 21

1 4. Agrobacterium cal Biotechnology H =0
ST T STaT 82

F% 7 TTHids T 9T DNA § FIAT SO ST THaT &, AT TAT1H T7F T-DNA &
¥

= Fifd (desired) gene TTA ad &
= tumor-causing genes g2T fU STd &l

TH T I a9 A1aT 8
v TESITS TS T AT SR
v GMO T8« (Bt cotton, Golden rice =) 9T FT AT

RCAEIEEECINIES

"1 Agrobacterium-mediated gene transfer



= Agrobacterium—9T8T S[@HAT (Plant Interaction) T T, TXA 3T ‘Iﬂ' aE @Eﬁ' H 7o
ERIRIE IS

1 Agrobacterium—9T&T {af®ar (Plant

Interaction) : faeqa 3=t =meaT

* =T

Agrobacterium T#% HET—ﬁ?!TFﬁ (soil-borne) SFTTAT B, fararoshe

Agrobacterium tumefaciens 3% Agrobacterium rhizogenes 9T€T H T II= XA  forw
THE Bl

Tg SH AT 9Tl | Fmurtae &S (molecular syringe) ¥ TYE GG FL AIAT DNA Tg §
TR FLAT § — =H of 29 Natural Genetic Engineer 2 2|

1 1. Agrobacterium FI7 g2

THT T AT
A. tumefaciens Crown gall disease Ti plasmid (Tumor inducing)

A. rhizogenes Hairy root disease Ri plasmid (Root inducing)

Tg FTET 91 (wound) ATAT TTEN HITFRTSA T FRer=T T B

(1 2. 9T F I w9 FLAT g2 (Mechanism of

Infection)



> Step 1: Wound detection (3 &t 9g=T)

S| 9Te T ST /AT Feal g, G fiheifors @ (phenolic compounds) S# Acetosyringone
BIEAT gl
Agrobacterium 38 TgATH FT IT T I¢ g SATAT 2|

> Step 2: Vir genes &7 9T gAT

Agrobacterium % Ti/Ri TTI59E # virulence genes (vir genes) T 2|
Acetosyringone g ON & ZdT 8l

T ST T HTH—
¢ T-DNA & FTeAT
¢ T-DNA =T FIThT | TS T AT FAT

v/ Host recognition FZAT

> Step 3: T-DNA Cutting and Transfer

Ti plasmid T T-DNA region VirD2 TST=H ZIT Tl 1T &
oz Type IV secretion system = HTETT & 9T FITART § AT S[14 %’I

g TIAHT TF bacterial syringe ST 2T &l

> Step 4: Plant Cell Nucleus & yasr

T-DNA, VirD2 ¥ VirE2 TEF & a1
= ATIYF (nucleus) T STAT g
= ¥ 9Te0 & genome H TITH €9 | [ STAT g

3. 918 | 97 qiaad &ar g2



A. Crown Gall Disease (A. tumefaciens)

T-DNA & S

v Auxin

v/ Cytokinin

v/ Opine synthesis

S S UehIE 7 Bl

AT :

= FHITRT AT o<t 2raT 8

= i afs

= STAT ST 1S (galls) a9 SATAT 2

B. Hairy Root Disease (A. rhizogenes)

T-DNA STE -3l S o S1dT g
=TT, AT oTied ST (hairy roots) T9T 21

1 4. Agrobacterium cal Biotechnology H =0
SYIIT FohaT SITaT 82

FI% 7 T T 9T DNA § AT SO ST THaT &, THIT TAT1H T7F T-DNA &
¥

= T (desired) gene T I &
= tumor-causing genes g2T fU STd &l

TH VAL g 99 A1 8
v TESITS TS T AT SR
v GMO T8 (Bt cotton, Golden rice =) 9T FT AT

T8 fafer wgardt 2

1 Agrobacterium-mediated gene transfer



1 5. Agrobacterium—Plant Interaction % H&T
r g

fafeer #ame (bipartite communication)

9T T AT — Hhd (signal) — SHFITIAT TR

JFITAT — T-DNA 9aT

T-DNA — 9T genome ¥ insert
9TET — S[AT AT hairy root IATAT &

Agrobacterium T FFET FFTLAT & ST
= TTer T AITHT § DNA ST Tl &
w AT ff GeTFEAT B

= 3T AT o ToIT ITHTdF genetic engineering tool 5T 21

HIfOrT =# Fed €:

“Nature’s Genetic Engineer”

"] T-DNA Transfer in Agrobacterium—Plant
Interaction

T-DNA 9% a8 Tt g S/9H Agrobacterium tumefaciens 379+ Ti plasmid T T-DNA WTT
FTEHT GTE T FITAFT (plant cell) F genome & TITH T ¥ ST T &
I3 9?% ¥ ITIT ST aTAAT natural genetic engineering system %I

() 98 95 : T-DNA F97 21aT1 82

T-DNA = Transfer DNA
T2 Ti plasmid (Tumor-inducing plasmid) FT T e 2=

FﬁTIT& (Borders):



« Right Border (RB) — &I Fl g ATAT AT3
e Left Border (LB) — T-DNA #T 3q

T-DNA &< 9THTId: 970 S1d 8 :
v/ Auxin synthesis genes

v/ Cytokinin synthesis genes

v/ Opine synthesis genes

T S 979 T tumor (crown gall) AT %I

T-DNA ZiEH " giam 82
"] Step 1: Plant Wounding — Signal Release

ST YT ST BIAT 8 (Fe, Fie g0, mechanical injury), T8 9g TTHTATHE Hehd WoIdT 8

e Acetosyringone (phenolic compound)

o STHYT (sugars)

Agrobacterium 3 signals FT TZATIHT THT ZraT 2

] Step 2: Vir Genes Activation

Ti plasmid 9 IﬁFf{ virulence genes (vir genes) T3 2T STd 8l
TAH AT 3 :

e VirA, virG — signal sensing

e virD — T-DNA #hT1eAT

e virE — T-DNA HZ&T

 virB — secretion system (ST =)

T activation phosphorylation cascade % T ZaT 2|



"] Step 3: T-DNA =T shadT (Processing)

VirD1 + VirD2 e
v Right Border (RB) T¥ T#F HEIF Fe T &
¢ T-DNA T plasmid & o7 FT T &

Tg T-DNA, VirD2 % AT T Hl ¥l o a9TaT g 2

"] T-strand = Single-stranded T-DNA + VirD2

VirD2 TF "I S| &t avg FTF HLdT gl

I Step 4: T-complex Formation (FI&T TaIT
qT)

T-DNA fRTe-%2 fragile ZTAT 8, THMT 3T 9T LATHF T F&d 8

« VirE2 protein — T-DNA & Fl< FX aT g
o ITH UF IO HLAAT et g o wed

] T-complex

Tg FIFAFE 7 Hadl DNA &l 7€ Z19 & F97dT g dfeh plant nucleus TF Tg= H HT 73T FLdl

El

] Step 5: Type IV Secretion System ¥ T-DNA
A%

A
VirB 3T VirD4 fi<#¥ T molecular syringe I9Td & :

- Type IV secretion system (T4SS) gl STl %’I



Tg TFETAT | T T FITAHT § T-DNA FT o9 FHdT 2l
g TATEI | 97T T4 AT conjugation mechanism SHT & g

] Step 6: T-DNA FT Cytoplasm ¥ 39T

AT T-DNA + FITT T e get Fiveas
T HITHT % cytoplasm H Iq<AT &
v g1 =H plant proteins T TERT & &

"] Step 7: Nuclear Targeting (v'-l'lﬁl?ﬁ d<h ng)

VirD2 3T VirE2 # Nuclear Localization Signals (NLS) 2T gl
=l 7ag § T-complex nucleus T Tg=dT gl

Tg UH g T8 DNA 1% “address tag” & 2l

| Step 8: T-DNA #T Plant Genome H
Integration

AT & g AT

¢ T-DNA random T & chromosome # integrate (S[E) 2T JTdT §

v g TTHAT plant T own DNA repair machinery 1T il &
S

e Non-homologous end joining (NHEJ)
e Microhomology

TH integration ¥ &g T-DNA T plant gene I STTaT %’I



] Step 9: Tumor Formation (If< wild-type

2)

T2 IF natural (wild) Agrobacterium g :
= Auxin + Cytokinin SiI¥ activate

= uncontrolled cell division

= Crown Gall tumor 4T 2|

] T-DNA Transfer &7 &7 Unique TTAT STTd1
g2

v %Wﬁw—cﬁm%ﬁmﬁaﬁgﬁ W#ﬁ#genetic engineer Wﬁ'?‘!
v IATAF TH exploit FLF transgenic plants TATT
v T-DNA borders ¥ desired genes TTAHT GM crops dHTT AT &

] Disarming the Ti Plasmid CEERSIINLE
&1 [AfcHT F5A7) -

»

Agrobacterium tumefaciens FT Ti plasmid (Tumor-inducing plasmid) ST dF &7 & 9t &

&AT (crown gall) STTAT 2l
T FIU-ATATCHIATST § AATHT =TS & 1 :

v Agrobacterium ¥ SA¥ STEHE AT
X i SR A a9

THTIT Ti plasmid FT disarm T tumor-causing genes BT Bl ERERIEIG 2l

THE Agrobacterium T&h ﬂ'(f@l’d’ DNA-delivery machine s S[TdT 2|



] Disarming Ti Plasmid FT STl AqAd F91
g?

Disarming =

| T-DNA ¥ s{@< HIS[E auxin, cytokinin 3T opine synthesis ST gem1 / AfowT F<a7
() T 9TeT GM (transgenic) ST SR tumor T &+

e H¥=4T § T-DNA F 3@ T S+ tumor FEATA 3 :
e Auxin biosynthesis genes
e Cytokinin biosynthesis genes

e Opine synthesis genes

Disarmed Ti plasmid ¥ :

XT aft i gar feu o9 8
V/ I STE scientist "desired gene" ST &

] Ti Plasmid &7 Disarm %% {31 S(TqT 82
(Step-by-Step)

] Step 1: Ti Plasmid &t =T & A1

Ti plasmid ¥ T q&T &7 (regions) &I & :

1. T-DNA region — tumor genes
2. Vir genes region — S{I¥ Z/¥%T machinery

0

Virgenesﬁ%‘*ﬂ'ﬂ@:mw,ﬁﬁﬁﬁmﬁT-DNAﬂﬁﬁ%ﬁT%l
Tumor-causing genes T-DNA % &< d & — Irg g1 SI1dT &



] Step 2: Tumorogeneic Genes 1 AR LR

GBI TG

Disarming &I T & a1 LI H AT g :

v Method 1: Deletion

T-DNA region § auxin, cytokinin, opine genes ﬁ q¥E g1 fRu 911 8l
v/ Method 2: Replacement

I ST T ST scientist “desirable gene” ST & g 9 :

p§st rc;sistance gene

vitamin gene

stress tolerance gene
reporter genes (GUS, GFP)

THAHT a9g & T T-DNA tumor g1 a1

] Step 3: Binary Vector System &7 ITT

GELEIETERESEETD

Disarming ¥ aT& 39 genetic engineering # Ti plasmid T ¥ AT & farsriora foRam sran

1) Binary vector (small plasmid)

TEh AT AT 8!

e Disarmed T-DNA (no tumor genes)
e desired gene (scientist GTXT STAT ITAT)
« selectable marker (S nptll — kanamycin resistance)



2) Helper plasmid (ar&afa 77 Ti plasmid)

THH HET HAA vir genes TE ATd g
— T vir genes plant # DNA 99T % foIT srare 7 21

Hgd :
v T-DNA T plasmid
v Vir genes A plasmid #

v/ Tumor genes = absent

() 9T4IT transgenic IAT &
() T tumor F&! AT

TET STTAT disarmed Ti plasmid system g

"] Step 4: Disarmed Plasmid &7
Agrobacterium H 199 STA1

Transformation §T¥T binary vector & Agrobacterium H ZIHAHIH hIT SITAT 1
A Tg Agrobacterium:

v gifea g
V tumor Tg! FATAT
v Fad desired gene FT 9TE | TIHAHT FLAT

. O o .
] Step 5: GTET | ST AT
STar disarmed Agrobacterium plant tissue & e FLaT 8 :

e vir genes HHT BT &
o T-DNA (59 &% desired gene &) 9Ter ¥ STaT
« plant genome ¥ integrate FTY stable gene T STAT &



1T 9TET U genetically modified (GM) plant 9 STTdT §—
X tumor gl AT
v % inserted gene T TATTAT =<k BT &

(] Disarming F91 FRIT SITAT 82 (H8<d)
¢ Tumor formation T F orw

v Agrobacterium %I harmless DNA-delivery tool 9T & foq

¢ Transgenic plants SAT9 § ST HA & 1T

v GM crops SI¥ Bt cotton, Golden rice, drought-resistant crops 9T &% o

Natural Ti plasmid tumor F9TAT §

9 T-DNA region # tumor genes Id g

Disarming = tumor genes T4

Vir genes &l Agl gaTAT SITAT

Binary vector system IHTAT STAT &

Disarmed T-DNA # desired gene STHAT STAT g

Disarmed Agrobacterium 3 GM plants SFTAT g, tumor gl

] Agrobacterium-Mediated Genetic
Transformation

(CIEFIRIR g weafRaa Shi-aRads — g R =ame)
Agrobacterium tumefaciens T# UHT JaT-JHE AT § ST FTF/a% &7 FUrel | 9T DNA

STEHT T T 2l

THT TTHIAT &THAT T STTRT AT GTeT § qirsd S STAq (gene delivery) F o7 #3d gl




= Ffer v 2 £
] Agrobacterium-mediated genetic transformation

TET TLIHT 3T GM crops, transgenic plants, 3T molecular farming T 9 g1

"] Transformation T T & (Basic
Principle)

Agrobacterium 319+ Ti plasmid % T-DNA ¥

= T T HITART H

C IR ED (nucleus) TR

= 31T plant chromosome # TITAT T ¥ integrate F 3T gl

ST T-DNA % &< tumor genes 82T ¥

v desired gene ST <d ¢
THH 9797 mutant TT GM 9 SITAT B

| Transformation T T Process: TS |
AL -G -]

] Step 1: Disarmed Agrobacterium dJT<
h{AT

gl Ti plasmid T disarm FoFaT SITaT 82
v/ vir genes — T SATd §

Xtumor genes — gaT T ST &

v desired gene — T-DNA # STAT 9TAT &

THH Agrobacterium Fa gene transfer FX THAT 8, disease Tl aATATI



] Step 2: Desired Gene F1 Binary Vector &
SISEL

Binary vector system ST {31 SITAT 2|

Binary vector § ZIdT g

LB 3T RB borders (T-DNA #{HT0)

desired gene (transgene)

promoter (35S, Ubiquitin)

selectable marker gene (kanamycin, hygromycin resistance)

T plasmid Agrobacterium ¥ ST g7 74T B

] Step 3: Plant Explant IT Tissue T FJ

Transformation 3 foIT ATHTIA: T explants ITTNT Bl 3 :

gt (leaf disc)

TdAT (stem section)

AERIEICIEC]

U (embryo)

callus culture

T explants wounded BT g ST infection ATETH graT 2

| Step 4: Co-cultivation (Agrobacterium +
Plant tissue 1t'i'CIT=I%)

Explant FT Agrobacterium suspension & §5i T STAT & 37 39 9% culture FATIT SITAT Bl

T E



v TTET acetosyringone ST F#aT 8

v g vir genes Tl activate FLAT &

v T-DNA Fear g

v T-complex AT g

v Type IV secretion system ¥ T-DNA 9T § 9T 1T %’

] Step 5: T-DNA FT Plant Genome § T3t
TSI (Integration)

Agrobacterium ZTT ST 73T T-DNA:
e cytoplasm ¥ AT T STAT &
e VirD2 3i¥ VirE2 3¢ qfe wad &
« plant DNA repair system 3¥ chromosome ¥ integrate < T &

AT Tg ST plant genome FT T FZEET a9 F&7 2

[ Step 6: Selection of Transformed Cells

T T explant antibiotic ATel ATEAH U TET STAT 8 :

o X SOF AHAATIE inside g g — @g HITAFT antibiotic-resistant g
o areht T non-transformed cells — ¥ ST &

TH T %ad transformed cells select 3T ST &

"] Step 7: Regeneration (7T Ttel §9T9T)

Selected transformed cells T regeneration medium =T STaT )
2¥ species & oI cytokinin/auxin ratio SIE T grdT g

e 3§ cytokinin — 2[€ ERl



o 39 auxin — g a9

T ¥ X7 GM plant e g1 Simar &

"] Step 8: Hardening 3¥ Greenhouse Growth

Regenerated transgenic plants &T soil mix # acclimatize 33T STaT 2
T greenhouse ® TETAT ATAT 2

1 Step 9: Molecular Confirmation
GM plant 9 % a7 scientist ‘1‘@ T g o ST plant genome ® lﬁﬂ’f g

PCR

Southern blot

RT-PCR

Protein assay (ELISA, Western)
Reporter gene assay (GUS/GFP)

THF 913 I8 U stable transgenic line s ST gl

"] Agrobacterium-Mediated Transformation
& AT

v High efficiency

v Low copy integration (3FH number of insertions)
v T2 DNA fragments STEHT HT Tl &

v’ Monocots/dicots FHT H FTH FHT THdT &

v Plant cells T F7 damage FAT &

v g w fr v E GM wEe T A T g




[ FT-h9 T GM ®8< Agrobacterium gTT
A2

Bt cotton

Golden rice

Virus-resistant papaya
Herbicide-resistant soybean
Vitamin-enhanced banana
High-yield tomato
Drought-resistant maize

] Co-integrate 37¥ Binary Vectors
(STt T, FIRATOMAT ST STATT )

Agrobacterium tumefaciens % Ti plasmid FT ITART GTel H SO ST o forw fowam ST 21
AT ITHfAa Ti plasmid gT FET 37T tumor FAT ATAT Z1dT 2|
THTNT IRATHT o &T THE Th1T # cloning/transfer systems farsfard #iT:

'] 1. Co-integrate Vector System
(FT-ZERT TFL TOITAT)

Co-integrate vector T graT &7

g U QAT (first-generation) transformation system g foaw
I plasmids recombination ETXT TF | fuse &< U =T plasmid TATd §,
ST co-integrate plasmid FgT SITdT 2|

TEH ATHA BT 5 :

1 @/Iodiﬁed Ti plasmid (disarmed)



— Tumor genes T o ST %’
— vir genes HIS[E T&d &
— Ig Agrobacterium H gl & HIS[E 21AT &

2 @ntermediate (shuttle) cloning vector

— Fgd BileT plasmid
— desired gene T insert FFaT SITAT B
— THH T-DNA border sequences HIS[& 21 &

T4 intermediate vector 3f¥ disarmed Ti plasmid recombine gId & —
ZAT AT U 92T plasmid s9Td 2 o/ Fgd 2

] Co-integrate vector

] Co-integrate vector ! Working (F¥ FTH
FLAT 8?)

Desired gene intermediate vector ® clone T3 SITaT 8

T vector Agrobacterium ¥ transfer FFaT STTaT §

Intermediate vector 3% Ti plasmid — homologous recombination ¥ S[g ST &
TIROTHT F1-3EHE plasmid H AT 2

v/ vir region

v T-DNA region (fS/E#H desired gene)

5. T Agrobacterium 9T H T-DNA STHHT AT g ¥ transformation BT &

el

"] Co-integrate vectors % AT

v Stable integration
v Large DNA inserts carry F¥ 9%d &
v Vir genes SHT plasmid 9% gId § — efficient T-DNA transfer



1 Co-integrate vectors i HIHTU
(drawbacks)

XTgd complex ¥ time-consuming
XTEd FET plasmid a9 STAT & — handling FT&T
XHomologous recombination inefficient

X 3T plasmids FT STTEAT TIEFA

XTransformation efficiency &H

THTTT ST g system TR T ITANT 2T 2

] 2. Binary Vector System
(AT FFL TOITAT — e ST ATRIIT)

Binary vector #1 g?

Binary vectors 3TE[[A genetic engineering ¥ H&E FATET ITTRT T AT 2|
TEH plasmid FT &7 T AR § q(l ATAT 5

1( Binary vector (=1 plasmid)

v/ Disarmed T-DNA region
v Left border (LB) 3T Right border (RB)
v Desired gene (transgene)

v Selectable marker (kanamycin/hygromycin resistance)
v’ Reporters (GUS/GFP)

= g E. coli 3fI¥ Agrobacterium 2191 H replicate F¥ THdT g
= THTC cloning
= g gene delivery unit g



2( Helper Ti plasmid (=T plasmid)

vV vir genes HIS@
X Tumor genes g2T0/ fAfowT
= g {1 T-DNA transfer machinery Y&T F%aT g

= = plasmid § T-DNA FgI grav

AT S8 Fgd & “Binary”—aT ST plasmids FTH Hi<d gl

"] Binary vector %I Working (F& FTH 1

2?)

1. Desired gene binary vector % T-DNA region ¥ insert 3T STaT §
2. =g binary vector Agrobacterium ¥ ZTEHIT AT SITAT &
3. Agrobacterium H :
— T plasmid: binary vector with T-DNA
— QAT plasmid: helper plasmid with vir genes
4. vir genes — T-DNA T binary vector ¥ plant cell § ¥Td &
Plant cell — T-DNA integrate 21dT &
6. Transgenic plant &I SITAT &

e

] Binary vectors & ATH (F7 99 ATHR9T?)

v Handling easy (ST plasmid)
v Cloning 39T

v High transformation efficiency
v/ Modular design

v/ Broad host range

v/ Less complex than co-integrate
v/ Tumor genes absent — safe

v Monocots 3T dicots aTFT H ITIRT

Binary vector system 35T plant biotechnology T T1% &



"] Co-integrate vs Binary Vector
(Comparison Table —)

IEEGL Co-integrate Vector Binary Vector

P Ti plasmid + intermediate plasmid = 9=T a7 T3a plasmids (binary +
plasmid helper)

T-DNA T2 co-integrate plasmid 9% Fad FIe binary vector T

vir genes 3T plasmid 7% helper plasmid 9%

DNA cloning HST e

Size dgd J=T e

Efficiency FH dgd 3¢

EERIRI T A IE sy =TT I

Handling Sfeer A

Transformation
efiefy LEl

speed

() IRt Utility (STITRIET)

* Co-integrate vectors — ST

v T30 999 H transgenic plants ST
v dicots H early transformation work
v Ti plasmid structure studies

*« Binary vectors — SUIRT



v Modern GM crops (Bt cotton, Golden rice)
v/ Gene overexpression

v/ Gene silencing (RNAi vectors)

v/ CRISPR-Cas delivery into plants

v/ Reporter assays

v/ Molecular farming

v/ Metabolic engineering

(] Direct Gene Transfer: PEG-mediated
Transformation

(TSI -Hea R et ST ST — g fgwt sATeT)

Direct gene transfer ¥ DNA qTel # foaT feft Stfae aT8#® (S8 Agrobacterium) & #ter Tg=rmam
STt 2l
it w5 farfot emfiver

PEG-mediated method
Electroporation

Particle bombardment (gene gun)
Microinjection

Ultrasound mediated

1A

AR gaE T, e s e Ay g
* PEG-mediated gene transfer

Tg T 9 H plant protoplasts § DNA ST & o7 ITINT T AT 2

| PEG-mediated Transformation F97 g?

PEG = Polyethylene Glycol
Tg U TETH A TR0 & ST ITTRT protoplasts (TTATE-TRd qTe RITAFRTA) H DNA
uptake FATH & forw o STt 21



PEG:

v FITreRT it FBreett &7 et €9 T permeable IATAT &
¢ DNA 3fiT TEreTee T 7dg & §14 fusion FLATAT §
¢ Calcium ions ¥ AT AT DNA ¥ Y97 T 9@TdT &

Ao =8 FEd €

) Chemical-mediated direct gene transfer

1 PEG-mediated Transformation ¥}

protoplasts ¥ g giat g2

T protoplast:

o FATT (cell wall) & T B &

o #Ter DNA uptake F¥ Thd &

« PEG 3T f3reefT smETT § permeabilize BIAT &
o fusion T# uptake efficiency Tfer grdt g

Cell wall 1< 7T DNA uptake FI&T ZIAT 8, TATIT 0 T2 enzyme treatment T ZZTAT SITAT 21

| PEG-mediated Direct Gene Transfer: Step-

by-Step (TEITS )

\

] Step 1: Protoplast Isolation (TEIeATEE dIT<
Sh{AT)

Plant tissue FTEHT Tk enzyme mixture H TET SITAT g :



o Cellulase — HATST AT=AT &
e Pectinase — UTFed qI=AT S

E'FI%EFIE':

v Cell wall g2 STt 8
v Fae plasma membrane § T protoplasts T3 &

T DNA uptake F foIT IUIw 21 21

] Step 2: Protoplast Purification
Isolation & @& protoplast:

«  Wash buffer ¥ &7 SITq

« osmotic stabilizers (mannitol) ¥ T& ST
GLERC R TR Fl

] Step 3: DNA Solution STTSAT

T desired gene ATHAT plasmid DNA solution protoplasts 3 &1 {4« ATAT 21

DNA FAT garT g :

e TE buffer
e Calcium chloride
e Mannitol

Calcium ions DNA T membrane 9% bind FXATd gl

] Step 4: PEG Treatment — &I {0

T Polyethylene Glycol (PEG) STTET SITdT &l



PEG T &1 :

Membrane fusion

DNA-protoplast association g1
Temporary pores ST

DNA ¥ protoplast & cytoplasm @& Tg=TaT

ATHATT I SEAHTA glaT g :
v 20-40% PEG
v T H Ca* jons

bl e

I 2ot T reversible % & permeable TATT 2|

L] Step 5: Washing and Recovery

K& A9 a1 protoplasts FT PEG solution ¥ g2 washing medium ¥ T@T STqT g dTieh:

v fEreeft qo: e gr s
v toxicity FF g
v protoplast division S5 2T H

] Step 6: Culture and Cell Wall
Regeneration

o transformed protoplasts:

« osmotic medium H T ST &
o cell wall T: F9cT 5

o FHITAHT divide FTA AT &
e callusTAaATE

] Step 7: Plant Regeneration



Callus T auxin/cytokinin ratio ¥&¥ :

v shoots I9d &
v roots A &
v T2 797 GM plant &R gar g

TZ transgenic plant inserted gene FT I<h H¥AT gl

1 PEG-mediated Transformation =
Mechanism 5T FSTIHF AT

PEG dehydration 3fiT bridging effect ¥ protoplast membrane FT =T &

PEG T# polymer & ST 91T fHsTeTdT § — membrane contacts T84 &
DNA =¥ membrane Fe 3TTd &
Ca?* ions DNA—membrane bridges 91T &

Transient pores Q?'l%f %’
DNA 3ia @i= forar srmar £

Nk wbh -

TE U calcium-dependent DNA uptake JOTTo(T 21

1 PEG-mediated Gene Transfer T ST
(Utility)

* 1. Transgenic plants 919 |

Tobacco
Rice
Maize
Potato
Tomato
Soybean

* 2. Genome editing



e CRISPR-Cas9 plasmid delivery
e RNP delivery

* 3. Mutation studies

* 4. Protein expression

* 5. Metabolic engineering

* 6. Protoplast fusion experiments

* 7. Virus-induced gene silencing (VIGS)

] PEG-mediated Method % Advantages
(FTTH)

v Simple 3T inexpensive

v’ High efficiency in protoplasts

v TFHT biological vector (Agrobacterium) T ST&Yd Ag!
v T ot species ) < (monocots Tﬁ)

v DNA FT ST 92T 81 95T §

v CRISPR delivery # T I

| Limitations (F‘ |TT)

XFA protoplast systems T 1T
Xprotoplast culture Ff&
XRegeneration ¥ species § ST Al
X% plant tissues § FH efficiency

THITTT PEG-method 3T model plants # STT&T T rdT 8l

4>Electroporation 7T g?



Electroporation T# S{fad% (physical) direct gene transfer method g foeH
electric pulse (ﬁ?{cr STET) AT FITOTT foreett § sreumrfy pores (1%@') FATT ST §|

2 pores T — DNA, RNA, plasmid, CRISPR components IT 3~ 37 FITOTRT H TA9T FT AT
gl

T ged ot f2reett & fog a1 g1 SiTd &1
=T cell ST TEAT € 3T foreign DNA % &1 fa{@ra g «vrdT 2

AT 38 Fgd 3 :

* “Electric field-mediated DNA uptake technology”

‘] Electroporation Fgl STINT gial g2

v/ Plant cells

v/ Protoplast

v/ Animal cells

v/ Bacteria

v Yeast

v/ Embryos

v/ CRISPR-RNP delivery

TZ TEA universal THA 1 &

"] Electroporation T I« fgia (Basic
Principle)
STEr SIT9TRT T high-voltage electric pulse 3T SITaT 8, 972
e Plasma membrane H

transient (ﬂ'FQllTéﬁ) nanopores ERE) %’

e These pores allow
foreign DNA to enter into cytoplasm



T pores T milliseconds—seconds F 1T ot T 2

_I[1 Electroporation =T Mechanism:

"] Step 1: Cell Preparation
T T2 cells T T ST 8 :

o Plant protoplasts
e Suspension cells

Embryonic cells
Callus cells

Cells FT osmotic stabilizers # &1 buffer § T&@T STAT g AT shock ¥ & w7 2|

] Step 2: DNA Mixing with Cells

Cells T T electroporation cuvette H o1 SITAT 21
=l e ST 8

e Desired gene 91T plasmid DNA
« CRISPR-Cas components (FHT-#T)
« mRNA /siRNA (37 TSl #)

DNA T =07 & 9919 &9 | Hi5@ 5T &l

1 Step 3: Application of Electric Pulse (H&X
=)
Cuvette T electroporator § AT SITAT & 37 high voltage pulse f&aT STaT 2 :

o  HMHTIC: 200-2500 volts



o Pulse duration: microseconds ¥ milliseconds
o Field strength: 1-10 kV/cm

T graT 82

Electric field — membrane potential T S&TaT g
Transient nanopores I %’

Cell T% non-equilibrium afad # smar g
DNA = pores ¥ cell % ¥ fa= JTar g

TH HR

] Electrophoretic DNA entry

Nk wbh -

"] Step 4: Membrane Resealing (9% a7

g

Pulse Fhd &l ':

« Cell membrane q: T&I¥ g1 AT &
o Pores T 9% g @A &
e CellgmHTT Rafa H s ATaT

T2 pulse agd AT 21 ST — cell burst (lysis) B TFdT &
AT parameters Igd carefully e T SITd &

"] Step 5: Cell Recovery and Culture

Electroporated cells &T recovery medium & ST ;

o 3¢ UIUE FF AT AT g
o division = AT S
o cell wall regenerate IdT g (protoplast  ATHHAT #)



] Step 6: Plant Regeneration

Callus 54T &, T 92 3i¥ &< FA=<
= T3 transgenic plant AT g1 STAT B

] Electroporation % s AATHF MR
(Mechanism Detail)

Electric field induces:

1. Dielectric breakdown

Membrane T breakdown — pores T &

2. Electrophoresis

Electric field DNA #T cell interior T i€ &i=dT &
3. Thermal effects

Heat membrane fluidity 2T g

4. Microsecond pore formation
Nanopores size:

0.5 nm to 1 um (species dependent)

T pores reversible BTd & — Tal electroporation T FHERT Bl

] Plant Biotechnology # Electroporation T
STANT (Utility)



v’ Protoplast transformation

— Rice, wheat, tobacco, maize, potato, Arabidopsis afe o
v/ CRISPR-Cas9 delivery

— RNPs IT plasmids T #¥er a1 o

¢/ Transient gene expression

— GUS, GFP ST reporter genes gq

v/ Stable transformation

— regenerated plants FATH &

v Metabolic engineering

v Virus resistance genes 1 delivery

¢’ Gene silencing (RNAi plasmid delivery)

Electroporation monocots ¥ HT sgd H &, STl Agrobacterium ZT<T transformation ST T

El

] Electroporation & Advantages (STH)

v Fga aw

v Universal method — f#T ¥t organism & @R[

v’ High transformation efficiency

v DNA 77 insertion size F=T & ThdT &

v/ No biological vector required (Agrobacterium-free)
v CRISPR delivery # T I

v FH TG a7 electroporators ITHST



‘] Electroporation T Limitations (Si9TU)

X Cells FT damage FT ST

X Protoplast regeneration Hf9FHe FT AHT &
XHigh voltage settings optimize I T=d &
X T plant species § FH success

XTET sensitive cells 7T TFd &

| Particle Bombardment (Biolistic / Gene
Gun Method)

(qTTERST THATSHE — g Tg=<T =ATEAT)

Particle bombardment T# Wtfd® (physical) direct gene transfer T+ 2l
" DNA & qrg F qEH FTT (gold T tungsten particles) 9¥ coat Tk qTE ITARTSA I AR
T & IR (bombard) STAT Bl

AT A & T AT F7 cell wall 3T membrane FT IT¥ FHh
= DNA &1 T L 3T &
= DNA nucleus T Tg=®< integrate T ST &

9 Biolistic gun / Gene gun / Microprojectile bombardment 7 Fgd 2|

| Particle Bombardment T Purpose

% R Fordry = & 3wIRf £ et

v Agrobacterium FTH qg! H¥aT
v/ Monocots (JTa, ﬁé, HET) I transform FLAT '@

v T2 DNA fragments STT ST &1
v/ Callus, embryos, meristems, seeds T transform AT @




_I[] Particle Bombardment T Principle ({1
Heavy metal microparticles (gold/tungsten) 9% DNA coat faT SITaT 8

Tve high-pressure helium gas aT gunpowder blast & accelerate 3T SITaT &

T T tissue 6 &L ST g

DNA cell % 33X release 2IaT
DNA genome ¥ integrate g1 SITaT g

M

Bl physical penetration method F3T STTd %’I

] Particle Bombardment:

Step 1: DNA Coating on Microcarriers
#Tq % G&H F0 (1 um SFH) :

« Gold particles (F99F)
o Tungsten particles (W EREDIRD

2 9% plasmid DNA coat faT SITaT 81

za for:

e CaCl: (DNA binding)
e Spermidine (DNA precipitation)

ST FoRaT STaT 2l

Step 2: Loading on Macrocarrier

DNA-coated microparticles T T# macrocarrier % HeTdT STaT 2l
TZ macrocarrier gene gun ¥ STAT S(TAT g



Step 3: Target Tissue Preparation

Transformation % ToIT ST 919 Fa (o1 ST 5 :

v Embryos

v/ Callus

v/ Leaf pieces

v/ Meristematic tissues
v’ Pollen

v Seeds

Trg U T/ Uy o1 § war S7am 2

Step 4: Gene Gun Firing ({&x =37m)

Gene gun:
e Helium gas pressure (400—-1100 psi)

e Vacuum chamber
e Rupture disk

FT ITTRT F<h macrocarrier &l accelerate F¥aT gl
Microcarriers high-speed # tissue T 3T SITd 2|

FT (gold/tungsten) FITTERT T F2reetl 3T cell wall FT HEFHT FET T Fd B

Step 5: DNA Release Inside Cell
FOT T TgAT Bl 2

e DNA detach '@' STl %’

e Cytoplasm H THerar %"

e %= DNA nucleus T 9 éﬂ Nl %’

e Genome ¥ integrate '@_dT %



Step 6: Regeneration and Selection

Bombarded tissues T selection medium I¥ T&@T STAT 2 :

v Selectable marker genes (Kanamycin, Hygromycin)
v Callus formation
v’ Shoot and root regeneration

A& # I transgenic plant F7AT 2|

] Particle Bombardment & %TI<
(Advantages)

v Monocots (rice, wheat, maize) # highly efficient
v T off plant species ¥ ST H9T

v Cell wall T ITeT 51

v/ CRISPR-Cas plasmid IT RNP delivery

v/ Vaccine genes, reporter genes delivery

v Multiple genes T | insert T ST Tl

] Limitations (STH17)

XEquipment Igd T

X Tissue damage BT THAT g

XRandom integration 37T

X Genome fragmentation =t FHTAAT
XTransgene copy number EIBED '@ SERI %

T oY 31T monocots # transformation % 1T g top methods # 2|



] Particle Bombardment & Alternative
Direct Gene Transfer Methods

E Wifae / TrETEF direct gene delivery CETIED)

= particle bombardment FT ZTEFT AT alternatives FT fawqa ferawor feam = 8

1 ﬂ@EG-Mediated Transformation
(Polyethylene glycol) — Chemical Method

v Protoplasts § DNA uptake
v PEG + Ca?" — membrane permeabilization
v Simple 3T low cost

v Protoplast culture Il

2 ﬂﬂlectroporation — Physical Method

v/ High-voltage electric pulse — membrane pores
v DNA 33T 7997

v Protoplasts, cells, embryos & ST

¢/ Universal method (plants + animals + bacteria)

3(0 Microinjection — Physical Method

v DNA &7 54 cell a7 nucleus # syringe ¥ inject
v/ Precision high

v Time-consuming

v Individual cell manipulation



4 ﬂ@ltrasonication (Sonoporation)

v/ Ultrasound waves — temporary pores
v/ DNA uptake possible
v Plant cells sensitive

5 Hiﬂiilicon Carbide Whisker-Mediated
Transformation

v’ Needle-like whiskers + shaking

¢ Whiskers membrane T penetrate Fd &
¢ DNA inside 2rAT &

v T3 AT cell damage high

6 (1 Laser-Mediated Gene Delivery

v Laser pulses — membrane perforation
v/ DNA introduces

v/ High precision

v’ Cost high

7(0 Liposome-Mediated Gene Transfer

v Attificial vesicles (liposomes) DNA FT deliver F¢d &
v/ Fusion with plant membrane possible
v Experimental but interesting



'] Comparison Table (Particle Bombardment
vs Alternatives)

Method Type Main Use Pros Cons

Particle Bombardment Physical Monocots, embryos Universal, efficient Costly, tissue damage

PEG-mediated Chemical Protoplast Cheap, simple Protoplasts required
Electroporation Physical Most cells High efficiency Cell damage possible
Microinjection Physical Single cells Precise Very slow
Ultrasonication Physical Some tissues Simple Low efficiency
Silicon Carbide Physical Suspension cells Cheap High damage

Laser Physical High-tech Precise Expensive

] Screenable 3T Selectable Markers

(STARIE FITARTSA ol TEATT & ToIT ATHT S )

ST9r #Ts foreign gene WY T FHITARTA H STAT SITAT &, AT & FHITARTY transformed Tl grai|
THTATT scientist T UET FITOTHTAT T ‘JETTI:@' (identify) #Y STFTFAT '@’cﬁ % IEREE

o desired gene successfully insert g3 al,
o ST T stable TF ¥ SO =U=<F FT Y 3T

THT 3297 ¥ transformation F ZI¥T9 marker genes ST T ST 2

] Marker Genes 3 ThT< & gId @
1) Selectable Markers (F39 J99 HTHT)



2) Screenable Markers (397 / 98919 IR
HTH)

] 1. Selectable Markers (33 T qTah)

Selectable markers & ST 2T & SIT selective pressure (SI¥ antibiotic T herbicide) T Iafeata
)
Fa transformed FITAFTSAT FT ST @ I &, AT T non-transformed cells AT ST &

THFT A :

"] TSI YA survival-based selection & T @Tﬂ %’I
Tg AIE FEea Q0T 31 ATTH AL 5

(] Selectable Marker ¥ FTH Hi{d &7

Transformation 3 aTE THT FHITAFHTT mixed FraT &

. 378 selective medium 9 TET STAT &

. for FfarT ¥ selectable marker gene ANE 8 — a8 shfaa wdar g
. Tt T FHITAHRTT AT SATAT &

A9 transformed cells FT ATETHT ¥ isolate AT ST TahaT B

.puol\.):—

1 Selectable Markers & TT<

* A. Antibiotic Resistance Markers



Common genes:

o nptll (neomycin phosphotransferase II)
— kanamycin, neomycin resistance

e hpt (hygromycin phosphotransferase)
— hygromycin resistance

e aadA
— streptomycin/spectinomycin resistance
Y HT HLA 82

T enzymes antibiotic molecules T modify F¥ T &
— TSEH cell 9T antibiotic toxic qE! T&aT
— cell survive FT ITAT Bl

* B. Herbicide Resistance Markers

Common genes:

o bar gene / pat gene

— phosphinothricin resistance (herbicide: Basta)
o EPSPS gene (from Agrobacterium CP4)

— glyphosate resistance

F FT A 82
Bar/pat gene — phosphinothricin #T detoxify F%aT §
EPSPS gene — glyphosate block &T bypass F¥ aaT g

— cell herbicide % presence & ff Sfrfaa T2t 2

% C. Metabolic Selection Markers
T genes T T TRET SMA97F TaTY synthesise F4A H TAH F4Td 21

TG :

e manA gene — mannose selection
o URA3 gene (yeast systems)

T marker antibiotic-free selection Y& F¥d g ¥ biosafe AT STd &1



] Selectable Markers & Advantages

v Fast and highly efficient

v/ Clear separation between transformed & non-transformed
v Essential for stable transformation

v/ Useful in both monocots and dicots

v Ideal for regeneration-based systems

100 Selectable Marker & Drawbacks

X Antibiotic/herbicide residue concerns
XRegulatory restrictions (GM crops)

XFTE AN food safety FT o1 =ifaa
THTAT alternative non-antibiotic markers fE=faa foFu <7 72 )1

1 2. Screenable Markers (39T TgaTd HTsY)

(S transformed FITRTSAT FT “T@HRT” TEATET ST THAT B)
Screenable markers Tt T foheft T Tohd & ST 9 transform I T THTIT < &

=+ markers ¥ selective pressure Tgi [&3T ST
— Tt transformed cells "&T", "TRTer" AT S g @ 2

T ITTNT screening (FAF) o o0 graT &, killing-based selection T&i|

"] Screenable Marker & FTH Fd g§?

1. Transformed cells marker gene FT express FIAT &



2. o GTH Hehd TaT FLAl 5 :
o WM
o fluorescence

3. Scientist transformed cells FT visually Tg=T =IdT &
4. Non-transformed cells 9T 15[ T&d &, T¥ I TTH Hehd Al gl

] Screenable Markers & ST 9T TR

#* A. GUS Reporter (B-glucuronidase gene — uidA)
e Substrate X-Gluc I 9T F&T T (blue color) IHAT §

e Transformed cells — blue
e Non-transformed — colorless

Tg a9 AR histochemical marker 2|

* B. GFP (Green Fluorescent Protein)
o Ultraviolet IT blue light § g ZXT TTeT (fluorescence) adT &
« ZH microscopy ETT <@ STAT &

o Extremely useful in live-cell imaging

Tg jellyfish (Aequorea victoria) & JTH gene gl

* C. RFP/YFP / CFP

o AT (Red), THT (Yellow), cyan (CFP) fluorescent proteins
 Multi-reporter analysis § ST

* D. Luciferase gene (luc)

« T firefly luciferase enzyme g



« substrate luciferin & 9 fieff 7 (bioluminescence) TaT T g
« Gene expression &I quantify T ST 9T

*« E. Anthocyanin biosynthesis genes
« transformed tissues # purple pigment S9AT §

Non-destructive plant visual screening oI ITIH{T|

| Screenable Markers &% Advantages

v/ Non-destructive (fluorescent reporters)

v’ No need for antibiotics or herbicides

v’ Real-time gene expression study

v/ Useful for promoter analysis

v Safe for food crops (IfX non-toxic reporters TTRT 2f)

100 Screenable Markers 3 Drawbacks

X Direct selection I — non-transformed cells HT survive ¥&d &
XTI reporters tissues F damage FXd &

XFluorescence microscopes i STT9THAT

X Transient assays ¥ 3=aT, stable selection H ¥ ITANT

(1 Selectable vs Screenable Markers
(Comparison Table in Hindi)

IECAGL Selectable Markers Screenable Markers

ATTT Survival IT death Visual signal



g Selectable Markers Screenable Markers
Medium ® ST&¥d  Antibiotic/herbicide Substrate/light
Efficiency 9gd 39 qeqHq
Transformed cell Fa aEl survive survive + visual signal

Popular examples nptll, hpt, bar, EPSPS GUS, GFP, RFP, luc

TR Stable transgenics  Reporter studies
EIERIE T isolation visual screening
Safety issue EIPE] g FH

"] Chloroplast Transformation T %?

FATLCATES AR F foreign gene T 9T ¥ nuclear genome F I chloroplast genome
(plastome) ¥ insert FFaT SITAT 2

T'ﬁ%ﬁ chloroplast & F% advantages &, THTeIT T technique AT =T & high-level protein
expression, metabolic engineering A< transgene containment & foro it %’I

] FATATES STAHRIHIAT T 3297

1. High-level gene expression
o Chloroplast ¥ ZSITII copies of genome gl & — protein yield g afars
2. Transgene containment (Maternal inheritance)
o Chloroplast maternal inheritance TdT & — pollen-mediated gene flow FH
3. Multigene engineering
o Operons T 9% F2 genes chloroplast & insert T ST 7kt &
4. Herbicide or metabolic traits
o Direct chloroplast-based expression ¥ stress tolerance IT metabolic pathway

enhance T3 ST 9%haT 8



| Chloroplast Genome (Plastome) &Y

EARGLLY

Circular DNA, ~120-160 kb size

STAIT 100-120 genes
Genes mostly photosynthesis, ribosomal proteins, tRNA/rRNA

High copy number — protein overexpression §Hd
Maternal inheritance — biosafety H @TH

(11 Chloroplast Transformation =T Principle

S kW

Foreign DNA T vector/plasmid # clone T3 SITaT 8

Vector H gId & :

o Gene of interest (GOI)
o Selectable marker gene (aadA, spectinomycin resistance)
o Flanking sequences (homologous regions of plastome)

Plant tissue IT protoplast 7 DNA particle bombardment 13T ST S[TaT g
DNA homologous recombination % ZTZT chloroplast genome ¥ integrate gIaT &
Selective medium # transformed plastids survive F¥dT g

Homoplasmy (4T chloroplasts ® transgene) achieve #i¥ STl &

] Chloroplast Transformation: Step-by-Step

1 @/ector Construction

GOI + selectable marker

Flanking sequences (LTR, RHR) — plastome recombination o
Optional: promoters (e.g., psbA promoter), UTRs, terminators

2 @)elivery of DNA

Particle bombardment / biolistic gun
Tissue: leaves, callus, protoplasts



« High-speed gold/tungsten particles DNA T chloroplast T q—g?ﬂ%r )

3 @election of Transformed Cells

e Selectable marker (aadA) — spectinomycin resistance
« Non-transformed plastids ¥ ST &, transformed survive FTAT &
« Repeated selection — homoplasmic plants T3 d &

4 @onfirmation of Transgene Integration

Molecular methods:

e PCR — Gene presence
e Southern blot — Integration pattern, copy number, homoplasmy
e RT-PCR/qRT-PCR — RNA expression
e Western blot / ELISA — Protein expression
5 @’lant Regeneration

« Homoplasmic plastids T callus T shoot/root regeneration medium H TEHT
« U transplastomic plant T3 fFaT SITAT §

'] Advantages of Chloroplast Transformation

1. High-level protein expression
o Up to 70% of total leaf protein
Maternal inheritance — Biosafety
Multigene stacking possible (operons)
No gene silencing (nuclear transgenes  common)
Expression of toxic proteins feasible

Nk v

(][I Limitations / Challenges



X Only certain plant species (tobacco, lettuce) # successful
XHomoplasmy achieve F¥AT TR oAT g

XPromoters tissue-specific g1 T &

XRegulatory issues 3T field trials 3T+t T limited

"] Applications of Chloroplast
Transformation

1. High-value protein production
o Vaccine antigens, therapeutic proteins
2. Metabolic engineering
o Carotenoids, amino acids, secondary metabolites
3. Herbicide resistance
4. Stress tolerance
o Drought, salt, cold
5. Pharmaceutical protein production
o Antibodies, industrial enzymes

] Chloroplast Transformation %T Key Points

Feature Detail
Genome Target Chloroplast (plastome)
Delivery Method Particle bombardment

Selection Spectinomycin, aadA marker
Integration Homologous recombination
Expression High-level, operon possible
Inheritance Maternal (pollen rarely transmits)

Major Advantage Biosafety, multigene expression, high yield

1 Marker-Free Transgenic Plants F97 §?

Marker-free transgenic plants a7 9T& 21d & fSTH selectable AT screenable marker gene H’@'

grarl



JILTT transformation H 31T antibiotic (nptll, hpt) ITT herbicide (bar) resistance genes T
ST T STaT 2l

o ¥ markers transformation % %I'Q' AT9TF A
o T food safety, biosafety 3fi¥ regulatory approval T @ T8 ﬁ?ﬁ?ﬁ QR

=H eI marker-free technologies faf&ra T 72 arfe:

GM crops ® #I% antibiotic/herbicide gene T '{%
Regulatory acceptance 39T @'

Biosafety high ‘{r

Consumer acceptance g

bl

] Marker-Free Methodologies & Advantages

v &I antibiotic/herbicide gene &l — food safety high
v Biosafety 3T environmental safety Iga<

v Gene stacking % TorT fgfaem

v/ Regulatory approval 39T

v Transgene expression AT Al

o

"] Marker-Free Methodologies: H&I d<]

1 @Io-transformation and Segregation Method

Principle:

e T AT plasmids TF &I transformation ® ST ST & 2
1. GOI (gene of interest)
2. Selectable marker

o Transformation 3 T plants FT selection medium 9% grow FHaT SITaT &
« F1/F2 generation § Mendelian segregation gT<T:

o Marker gene &l ZeTIT ST THAT &

o ®ad GOI ATAT plant TAT &

Steps:



Co-transformation with two plasmids

Select transgenic plants with selectable marker
Self-pollination / cross-pollination

Segregation of marker gene — marker-free progeny

el

Example: Tobacco, rice

2 Bite-Specific Recombinase Systems (SSR)

Tg advanced molecular tool gl
Principle:

o Transgene 3T marker gene T recombinase recognition sites (loxP, FRT) & &= w@T
ST &

« Recombinase enzyme (Cre, FLP) marker gene T excise F¥ <dT &

e FHAAGOITHAATE

Popular Systems:

System Recognition site Enzyme Example
Cre/loxP loxP Cre recombinase Tobacco, Arabidopsis
FLP/FRT FRT FLP recombinase Maize, Rice

R/RS RS R recombinase Experimental
Advantages:

v Precise removal
v/ Stable marker-free plant
v/ Can be controlled temporally or spatially

3 @‘ransposon-Based Marker Removal
Principle:

« Marker gene FT transposon & (&Y T@T STdT &
« Transposase enzyme marker gene &I genome ¥ excise F¥ adl §



« GOI genome ¥ stable TgaT g
Example: Ac/Ds transposon system
Limitation:

e Random excision
e Requires screening

4 [jntron-Based Marker Excision

« Marker gene % 33 intron-embedded recombinase system
o Transgene expression % 9712 marker excision '@' ST %’
« Tissue-specific or inducible recombinase promoters use gId &

5 @hemical / Inducible Marker Removal

e Inducible systems (heat-shock, chemical like dexamethasone)
« Recombinase gene activate ZIdT &
« Marker excision T &

Advantages:
v/ Controlled removal
v/ No permanent recombinase expression

6 CMarker-Less Transformation via Positive Selection

o Traditional selection — antibiotics/herbicides
e Positive selection — only transformed cells survive without harmful marker

Examples:
System Principle Plant Example
PMI (Phosphomannose isomerase) Mannose metabolism Rice, Maize

XYLOS1 Xylose selection Tobacco



System Principle Plant Example

GALT Galactose selection  Arabidopsis

Advantages:
v/ No antibiotic/herbicide gene
v/ Safe for regulatory approval

[ Comparison of Marker-Free Strategies

Method Principle Advantages Limitation
Co-transformation & . . . . Time-consuming, multiple
) Two plasmids, segregation  Simple, classical .
Segregation generations
Recombinase Systems Marker excision by site- . Requires recombinase
. o Precise, stable ) )
(Cre/lox, FLP/FRT) specific recombination expression, vector complexity
Marker excision by Random but o .
Transposon-Based . Screening intensive
transposase effective
" : . No toxic - :
Positive Selection Metabolic advantage Limited plant species
markers

] Steps for Developing Marker-Free
Transgenic Plants (Example: Cre/loxP)

Construct plasmid: GOI + selectable marker flanked by loxP sites
Transform plant cells — select with marker

Induce Cre expression (chemical / tissue-specific promoter)
Marker excised — marker-free GOI plant

Confirm by PCR/Southern blot

Regenerate plant — test transgene expression & stability

SNk =



"] Applications of Marker-Free Plants

Food crops — Safe for human consumption

Pharmaceutical protein production — No antibiotic gene contamination
Environmental safety — Reduced gene flow risk

Regulatory approval — Easier for GM crops

Stacking multiple genes — No marker accumulation

A

] 1. Gene Targeting (ST ET3ITT)

Definition (7RTHT)

Gene targeting a2 molecular technique g fSr# T specific gene T genomic locus T
precisely modify, replace, delete T insert fFaT STTaT |

Tg site-specific genetic modification ¥, 7 T random integration|

e 32T

e Gene knockout (loss-of-function)
e Gene knock-in (new gene insertion)
e Precise mutation / correction

« Functional genomics 3f¥ crop improvement

Principle (Rr&id)
Gene targeting H Ta& HZca 01 AT & 2
Homologous Recombination (HR)

« Donor DNA sequence &l target gene sequence *® homologous region % |TT match F¥
AT Smar g

« Cell machinery DNA #T precisely target site < integrate F<dl &

« Non-homologous end joining (NHEJ) random integration F¥dT &, HR precise



Methods of Gene Targeting

11/ Gonventional Homologous Recombination

« Linear DNA fragments — target locus & |72 recombine
e Rare in plants, efficiency low

2|[ Zinc-Finger Nucleases (ZFNs)

« Engineered proteins — DNA #T site-specific cut
e Cell repair — precise mutation / insertion

3 TALENs (Transcription Activator-Like Effector Nucleases)

o DNA-binding proteins — target-specific cleavage
e Higher specificity than ZFNs

4/{ @RISPR-Cas9 System
e Guide RNA + Cas9 — DNA double-strand break at target site
e Repair by:
o NHEJ — knockout

o HDR (homology-directed repair) — knock-in / precise edit
e High efficiency, widely used in crop improvement

Applications of Gene Targeting in Plants
Application Example
Disease resistance Knockout susceptibility genes (e.g., MLO in wheat - powdery mildew resistance)
Herbicide resistance Precise modification of EPSPS gene for glyphosate tolerance
Metabolic engineering Carotenoid biosynthesis, vitamin enhancement (Golden Rice)

Functional genomics  Studying gene function by knockout / reporter insertion

] 2. Genetically Modified Crops (GM Crops)



Definition (TTHATST)

GM crops o 9T¢ & fST9# ek ya adhik foreign genes (transgenes) T genome & stable integrate
IERIRIPIEAIC K8
7 desired trait expression Id 2l

e 2T

e Pest resistance

e Herbicide tolerance

e Abiotic stress tolerance

e Nutritional enhancement

e Industrial / pharmaceutical use

Techniques for Developing GM Crops

Agrobacterium-mediated transformation (dicots & )

Particle bombardment / Biolistic method (monocots ED f%'l"'{)

Direct gene transfer (PEG-mediated protoplast transformation)
Chloroplast transformation (high protein yield, maternal inheritance)
Genome editing (CRISPR, TALENSs, ZFNs)

NhAE WD =

Common Traits in GM Crops

Trait Gene / Mechanism Crop Example
Insect resistance Bt toxin gene (Cry proteins) Cotton, Maize
Herbicide tolerance EPSPS, bar gene Soybean, Maize, Cotton
Virus resistance RNAI / coat protein gene Papaya, Squash

Nutritional enhancement Beta-carotene (Golden Rice) Rice

Abiotic stress tolerance DREB / salt-tolerance genes Wheat, Rice

Advantages of GM Crops



v/ Pest and disease resistance — pesticide use FH

v/ Herbicide tolerance — weed management 3THTH

v/ Abiotic stress tolerance — drought/salt resilience

¢/ Nutritional enhancement — biofortification

v High yield — food security improvement

v/ Pharmaceutical production — edible vaccines, enzymes

Limitations / Concerns

XBiosafety and allergenicity concerns

X Gene flow to wild relatives — environmental risk
XResistance development in pests

XPublic acceptance and ethical issues
XRegulatory hurdles

Characterization of GM Crops

Molecular confirmation: PCR, Southern blot, sequencing

Expression analysis: RT-PCR, qRT-PCR

Protein detection: Western blot, ELISA

Trait analysis: Phenotypic assays (Bt toxin, herbicide spray, yield)
Stability & inheritance: Segregation analysis, multi-generation testing

MRS

] Gene Targeting + GM Crops (Connection)

Feature Gene Targeting Conventional GM
Integration Site-specific Random
Precision High Low
Marker gene requirement Optional Usually required
Off-target effects Minimal (CRISPR optimized) Possible

Trait stacking Easy Complex



Feature Gene Targeting Conventional GM

Regulatory advantage Higher Moderate

UNIT 3

S §9Te (Gene Editing)
TR

SO HTeT (Gene Editing) T STe[fHe S-SRl dehetish &, Foraeh gTeT fheft Strar 6 DNA &
fafors st § adie aRad= T srar 81 zaH S T F1esT, SEAT, ST AT SEET oA g,
S == Ior s e ST | 2

ST S9TET &7 Sfagrd

« UEA ZFN (Zinc Finger Nucleases) 3T TALENs T a1 T STINT gaTl
e FAUTT H CRISPR—Cas9 a8 TTAT, TEAT 3T AL Th1eh &
o CRISPR T &l 2020 H T TLERIL HeAT

STIeT S9Te T @ dodhd i
1. Zinc Finger Nucleases (ZFN)

o DNA & & Tl e + a0 UeAsH
o TE (I UL T T &
o STfee, WEAT ST FH TATAT

2. TALENs

o TafIrs DNA &% #1 92914



o ZFN ¥ fae gdi=+
o T off v T # Fio

3. CRISPR—Cas9 (999 Hgca Q)

CRISPR T Q0 &9

Clustered Regularly Interspaced Short Palindromic Repeats
e 9<h

1. Guide RNA (gRNA) — @& DNA &l 98941 §
2. Cas9 UATEH — DNA T FTedT §

CRISPR—Cas9 &I HI9UTe(t (Mechanism)

1. gRNA @& DNA 3w &l TgodTl g
2. Cas9 USTEH I I U< TqA T8 oI Hdl g
3. FHITUERT T FLFAT TOTAT TRT BIaT &
o NHEJ (Non-Homologous End Joining) — Sfi= [t
o HDR (Homology Directed Repair) — F3T S SITET S(TAT §

SO 99Te & Th1T

1. Somatic Gene Editing

o STEIT T FHATIHTA |
o ST RN | Tl Srar

o dfaw w7 q

2. Germline Gene Editing

o ST/ H
o a3 I afadT

P N
e A [ddlaltlx




STI¥ GUTE o IYFIT (Applications)
1. T e #

o STATAF TATT T ITAX
o Torewer =t uATHAT
o FerETtHAT

o FEYITATX
o SfiT Iy

2.7 A H

o TNT-gTATTef wEret
o 3ffer SeaTeA
o AT T FlE gfadry

3. 9gETAT
o AT TEA

o STTEF ZE/ATE IATEA

4. AT H

o SO eI T LTI

ST 99Te & AT

o IFATYF qdSF AT AW
o FH AT
o FWHET H qROTH



o FE-eATT IUANT

ST 2TEHT (Gene Transfer): Wi daeiH
(Physical Techniques)

=T

ST TiEe a8 Wkt g foae fEeft DNA & et stemr SiferaeT ® wiars 3 siar €, arfs
OH AT At T[T e o ST 796
shie e fit fafere farfaet &

R REIGETIED
R S IRIGEAGETIE

o Sfaw (T sraTha) Tt
TH 3T H HITAH Tt 1 Taeqa v 3T 3T 8

WA Toheteht hl TICATST

AT qareten o fafart & o wifas s, St a1 ST 7 Tgraar & DNA T HTel FITrRT
% 3(ET TgaTdT 1T &l

N RETGE GIETE B ERS

1. HTEHIEAFAT (Microinjection)
frgia
A T2 (micropipette) T TETIAT & DNA T ETer HITART AT ATINS H S9eFe AT 14T 2
BIER
1. SRTTTRT T HTZHIERIT o A= o o Srar @




2. DNA ¥ 93T HTSHITIUE FHITART § TAE FIE JTAT 8
3. DNA Hter a1fres § ST S1a1 ¢

START
o TS IR

o ZTESIAE STHa AT

o ICATYF TEF
« DNA & 5igt Refasr

-
. @ﬁﬁiﬁﬁ?ﬁ
o T AHRATLAAT I ATALTHAT
o TSI HEAT H HITAHTA g7 AT

2. SAFEIT IS (Electroporation)

foreia

IF ATeesT i AeqHToT A Toq o FITAHT FBreat # srearft g a9q g, =9 DNA siax
AL FHIAT g

BIER

1. SRITAEHRTSAT T DNA % 79 = § T@T S7q7 &
2. AR aen AT Smar g
3. DNA FITHT | To97 T ATAT &

START

- ETALEE N

o TTET ST 9L FHITARTE
EIk|



o T THTH 9T IUTF
graat

o FITITHT o T HATAAT
o IYFIT HE(

3. qTATTeRes f&ter / Sie 19 (Biolistics / Gene Gun)

Rt

DNA & ST9a @I IT &6 FOM T IF AT & HITAHT | TT 7T 2
IR

1. DNA &l g&H 91q H1l 9% I Sar g
2. IF TATE H HITAHTAT I TT SATAT 8
3. DNA 9T | 9= STaT &

ITINT

o YT T FIFAFTE
o HIET AT fiwy arer St

NIk

o UTEN T ATT TATHT
o AFT FT ATTITFAT TRl

faat

o FHITITHT &Tfa
o STHIOT TET

4. forqTohaeT (Lipofection)

(37e-971fa% TFA1%)



P
DNA #T foif9e a9 (liposomes) H &% F¥ FHITHT | Tg=ATIT SITAT 2|
ST

o TS IR
o SO Tt

T
o T HIAFTA H FH TATAT

5. Q%9 (Sonication)
gt

AeTAIe qTQI FIT9RT FBreeft § erearft &g aardy €

ST

o TATTIATAT ATHETH
-
o ITITHRT AT T HATAAT

WA dHAThI o AT

o AFET H{TH SO SAHT
o T@NA qROTH
o fafers g & wrfrret § ST

HTTQh TeReiehi =hT HTHTG
o IYFIT HE(



o THITHT &rfa
o AT TEqaT

O\ ™\

ST 2T (Gene Transfer): TATIHE qahwTeh
(Chemical Techniques)

=T

ST TiEe a8 WhhaT g e fEaeft DNA &t srear FIfSrsT # THs FIrm Srar g, AT Srferet
H Fifed et o7 Seae R ST ||
ST e T s fafemt g

R ICERSERIED

o  TEAEE THATh
o ST (AT SATATA) THheATh

TH I | OIS qeheient #7 foreqa fEewor i@ @ 21

NEIRIEEIGELIEAE AR IR 1L

T T o fAteat € e [t gamtees et £ agrar & wrferwr et £
ITATFTAT AETHT DNA T IR o 37T 9T FHAT 1T 2

ETATAE ST STE®HL il THE dehe 1o

1. oW HiThe TaTer (Calcium Phosphate Method)
EFAKS



DNA T o8 HiThe F A&7 (precipitate) F & H HTTAHT Hag T ot sirar g, ™=
FITORT USTHTEEI R GTLT 378< o oI g

SIERI

DNA T CaCl. % |71 et Srar g
TS T [HETRT T8 I9TAT JTaT 8
Tg ATHT FITARTA I STAT STAT &
DNA FHITIRT % SI&T 9T Har g

YT

o TS IR
o S it e

L=

ATH

o TI 3T TEAT

o 2 JHTH UT IUIRN
HIGR

o FH TEAAT
o THITIHT THTT U AT

2. Torareherer (Lipofection)
g
DNA =T ferfae-smaTRa areai (liposomes) & &2 F¥ AT el ¥ TS % ATe9H ¥ a7
T AT SITAT &
EIERI
1. DNA =7 forfue sisrerdent & e Srar €
2. DNA-Terfae siverey a9ar g
3. I FHITAHT AT H [T 3T T FLaAT §

YT



o TS IR
o SO ot

o TTHHFAT TN

o 3IgTeAAT
o HH FITIHT &7l

gt

o HEN THEA
o T HIARTSA H TTATAN

3. PEG fafar (Polyethylene Glycol Method)
fEia
PEG 19T f2reeft &7 sreameft &9 F 31fRe¥ ¥ DNA & Ta9T T 3IHT1 a497dT 2l
BIER
1. SRITArRTSAT T DNA 3T PEG % A1 foemam Smar g
2. Fereett Y urreTaT 9 ATt 8
3. DNA FITHT H T AT g
STIRT

o TN AT TTEATEE
o TAH FHITAHIY

ATH

o T o forw waTet
o TIA TEHATH

HIGR
o FITIRT fATT=RAT



o HITHT FITAFT TFTT

4. DEAE—Dextran fafer
Rgia

DEAE-Dextran T g1 1T TTHT g, ST FOMATOT DNA & S[EHT HITAHT H T Hl T7A
FATAT Bl

ST

o WYL A
o ST S sttt

ATH

o FH IHT Y TRUMTH

o ITEITAT Afr=Af<F
R CEINEIE]

TS THAThI & AT

o T TAFTITAT fAata=t
o AFET T ATFAIAFHAT Al

T THRATHRT 0t ST

o FH ITARL TEAT
o HITATHT FATTRAT



o FTAT S sforeafce i

Aifdsh AT TAAAS qodhia (F&T TAT)

AT TATAAF TheAIh KITAh qhr R
ANTT EIBED
ST TLA Stfeer
TAAT  HLAY EIBED

ST ZTEHL (Gene Transfer): ST dahd i
(Biological Techniques)

=T

SO 2T a8 WTRaT ¢ o faceft DNA it @& FIfSrehr § Tieag S Sar g, e 39
FHITART H TAT AT AT 0T A &1 T
%Wﬁﬁ%%%ﬁ%ﬁﬁ?m(vectors)ﬁw,wm

TATISHE T ITANT FRAT ST 21

ST ST TE%< T TIHTHT

SieT ziewe At 7 frfarrt e fifae Sfas et £t agrar & DNA F1 Frfarr § ag=mn
STAT 8, SATAh TR e FgdTdl gl

Stfae S Siase it @ dwdis

1. Agrobacterium-TeTeT S TTEHT



g

Agrobacterium tumefaciens T T SHRITAT &, ST ITHTaH &7 F Gl § T-DNA FAHA T
FLAT g 3T Crown gall disease IcTs AT g
THT I AHAT T STANT Fleh AT STl § i=ad e I F:0d 2l

qrg® (Vector)

 Ti™TS9E (Tumor Inducing plasmid)

Fafafer

1. =f=zd SO &1 Ti WA F T-DNA &5 | ST 1dT §
2. |AT SATSHE & Agrobacterium § TS FIAT SATAT &
3. SFERAT Orel T FITAFTAT BT HHAT F2AT &
4
5

. T-DNA 9T & S99 § q97(2d g J1a1 8
. ZTESIT=e 9T YT graT g

ST

e BtFIE
o oA WH
o  TIT-TARrelY uter

ATH

o IAHTAF THATHT
o T SO FHTIAAA

o T fEfer
Hrard

o Heaq: feetsrast atat a9 #ifAa
S ICEIER I

2. AEH-HETE S 2R (Viral Vectors)
EFAKS



FATAH TATATIAH &9 & FHITAHTA I GHHT HT TI9T DNA/RNA HET TgaTd g T FqTET
T S ReTadt aTgs & =9 § AT 3T STt 2

Y qTILA dlgdh
LA

o SAfeaTEEH
o TSHI-FHAHTUIE qTIH (AAV)

SrAfafey
ATIH o LTSI S geTU SITd &

o o
gl=ed Sl Siisl S{idl %

TeTTfera AT A& HITSTHRT T HohR T Far g
ST ITErRT § Tf9rea<h grart &

YT
o ST ST

o FATIUAX
oa_(ﬁﬁ?ﬁ?l?rﬂ'

L=

ATH

o IACATEF IF T&7T
o FE-fAfory TiEwT

Sl

o gtawerr giaferaT
o SF-FIAT AITEH
o HITHT DNA &HaT

3. TATOHS-HETTT S{I ZTHHT
frgia



TATISHE Fle, IATHTE DNA U] 2T & ST F9a = T F TTAHid aaTd 3 T S aTg® & 7T §
T FT B

Fafafer

o

1. s=a S & werfeas § SieT AT 8
2. qAHATSIT TATISHE &l ST § T 03T ST §
3. St Y wfasfa siw afvetr g g

o T 3T R

o SIYNIRATAT ﬁ'oql‘hh SHANI
T
o HAA T ST aF T

4. SFTRATHST-TEAET S 29 (Transduction)
Rt

JHFEIITRST Ueh S VAT | A< H DNA TG L &l

ThTL

1. HTHTT TS
2. 39w giEeFaT

YT

o  TFITT ATATAHT
o S AT



o FAA JHIAT H HAT

SICEIREDIENE R IR

o IF TEAT
o TITY SO FATHTAOT

SIEEERICIE IR IRIY

o FTILH ¥ HATAT ATEH

‘ i
KEEIED CIRED TET
Agrobacterium Tj 15T 9T

EIREC] ITATH ENENREAY
o o oo

tqllvHs AISA S EECIIER]

IR CEAE ] SFETTITRST AT

ST T (Gene Isolation)
TR=g

ST qergeor ag TRt & e g el Strar & [Rfre st 7 o= DNA & 37T fRam 5 g,
TR ST LTI, FATAT AT ATHSA<h TRIT ST |
Tg AT SHATTHE ST HIAFLAL STATATSIT T TAHT THA T 2l



ST TIEE0T T ITART SO AH, STESIAS ST, ST STAThT 3 a7 STeem § fhar
STt 2l

STIT Qorgor &t qieATyT

“Gene isolation is the process of extracting a specific gene from the total genomic DNA of
an organism in a pure and intact form for further studies or manipulation.”

ool ®: forelt St o o1 St | fareT fafers s &7 903 i O07 ®9 § (7T F24T g1 ShiA
FRERUETEINIEL

STIT TIE0T & 32T

ToReT ST % ST H T STeT T HeAT
S IR 3 forT DNA S AT
Tt St e #en

S srf9r=af=F (protein expression)
SATA AT LT o HET Y 371

Nk wbh -

STIT TIE0T il THE qeheiioh

1. DNA Extraction (DNA FT fAssuy)

fraia

FITAHT & FT DNA (genomic DNA) fRaTershT =T % forw a3 sirar 2
wiwaT

FITITRTEAT T ATEAT (Cell lysis) — Detergents IT Enzymes & HTEIH &
TIE 3T 37T TG Z2TT — Proteinase K, Phenol/Chloroform
DNA =T 9T — Alcohol precipitation (Ethanol/Isopropanol)

9[& DNA &l §ET0

Sl e



2. Restriction Enzyme Digestion (TTdsers USITSH)
EEAK
fafarg restriction endonucleases DNA FT =t d<g & Aa3ra Tl W Fred €, ™o sfaq

ST T ZoheT SToRT AT ST 91

FIERI

1. =TT restriction enzymes ¥ DNA T #TeT STdT §
2. faforg DNA sfer ST grar g

3. Gel Electrophoresis (S S I X14H)
frgia

DNA 379 ST 3T TSt o STETE I ST | T B 2
BIER

DNA T Agarose gel H ¥T@T SITdT &

fa=[a & &1 1At

TI¢ DNA I&E doi & 9od 8, 92 i

ffore DNA 9 &1 UV & dgd T8aTT 3% HTeT 1T §

Sl .

4. DNA Purification (DNA gf&m)

o < # DNA T2 I [Herer S(am &
« 9[& DNA T Cloning IT 37T TN o forw qam< frar srar §

5. Polymerase Chain Reaction (PCR)
fagia
PCR T et fafars sfier &1 g5 & ATEl a1 TFATHIE FT <l 2



DNA &¥eie

Primers (frfere sfie & form)

DNA Polymerase (Taq polymerase)
Thermal cycling — Denaturation, Annealing, Extension

Sl e

ITIIT

o S{I9 Y 7TAT g'T F forw
o TATZH FATTAT AT SATHA

6. Cloning of Isolated Gene
o T SO &1 a9 (Plasmid/Phage) & STAT STAT &

o e HufaE TS e
o SO T 1t 9T A7 WA IqTEA

ST TogHTor & ATH

fatore S =1 ereaa Hve
TSR S Sfie 0dT § ST
TEI ITATEA (ST SHo)

AT TATT o T 3T e

Sl

ST qorger it 91U

1. IF FIA ST TANTATAT HHTET ATLTF
2. DNA &fa a7 srerfeg &t swra=r
3. Sfee ST aug-areg Thehar

ST AT 4T (Gene Silencing)
=T



ST AT a8 St wikar ¢ e g Rt st & f3fars sfie i srisrea=e (gene
expression) FT T foaT SITAT §, 94T o6 DNA stq#® & &1 Ty s g

7g ST e i Aereg@ arareist § ofedd Hgea Ul g Y THERT START S HFr
ST, TR et i FfY ga & f&har srar g

AT ST AT FHITART § FIS[F T2AT &, AR STRT RNA IT TEF IcATaA 98 FHY [T JATaT 2

ST AT T & 3297

TrefY S=T % T T steara AT
TITST ST AT AT [0 T 7 AT
A | T-ataarelt s R s
FET AT e T o S vy

L=

ST TS RT3 TohT
1. Transcriptional Gene Silencing (TGS)
faaia

o S{I9 #T RNA transcripts FT uTor g7 Tk feAT SIrar g
e AT 97 DNA methylation T Histone modification F ATeTH o

T

1. DNA F YHTeX &7 # foarsaes
2. RNA polymerase FT S 9% &9 % gI S1dT &
3. mRNA FT IcITaH &< gl ATaT g

ITIIT

o TIEN H FTITE gt s
o ST arfersaf=e =1 A=

2. Post-Transcriptional Gene Silencing (PTGS) / RNA Interference (RNAi)



EEAK

o S %T mRNA T & 918 gt SHT faa1er
e WA 97 small RNA molecules (siRNA, miRNA) 3 ATeaH &

ERCRECED

1. dsRNA (Double-stranded RNA) — & S{I9T T precursor
2. Dicer enzyme — dsRNA & B¢ gl (siRNA) H Flear g
3. RISC complex (RNA-induced silencing complex) - mRNA il Tg4TH Fi¥ 7Y FLAT g

T

dsRNA — Dicer T BT siRNA § Faar %’
siRNA RISC § S[=aT §

RISC target mRNA &I 98911 &

mMRNA %2 STaT g 3 S ATHegi~e ¥ ATt g

L=

ITINT

o FOT T ATIT SO FT ITAX
o TTUT H TNT-TATreY Sfie et

« Functional genomics ® S{I9l % FTF FT LTI

ST ATEATET % T L

1. Antisense RNA — mRNA % f&&TH complementary RNA 9T SHT translation TrFAT

2. Ribozyme-mediated silencing — RNA FTe ATl USATSH T STANT

3. CRISPRi (CRISPR interference) — dCas9 STT SAIF THIEL U< ATLT STAHT transcription
THAT

ST ATSATENT & AT

e fafore Ste 1 Remasgr & AT
TRT ITATL 3T S I § Fgraeh
TSI T i Strat o forw ot
S e TSt srETe

bl



SIEIY

Off-target effects (317 ST TATAT BT T )

FEATAT TATT (T THATHRT B ST [T qHT BT THRAT )
dsRNA =T siRNA &t =47 it e

AT T qeer o

L=

ST AT 19T 3 RNA Interference &7 98¢

o RNAIi FT 2006 & T TXERIT & FEATIHT AT 74T

o T AT FTATrS ST StefRE fad frwifa g

o RNAI 3% Sfie aTe=ifE #1 ST $ox, HIV, i, S sie s A & o o w=r
g

{SH WS99 (Random Mutagenesis)
qfe

FSI AT (Mutagenesis) T THAT g fSEF T DNA STHH § d<ATE (mutation) Icae 6T
STaT &
Random Mutagenesis # 78 &9 EIERIE KK Tl'@%'cﬁ (random) Tk & T g &l

Tg THATE ST DA AT STEAAT, T S I, S ST AT SAqHeT § Tgea ol 2|

IRTELOT: TR UHATSH it AORAAT F@T9 & 7T AT 7% Si{a e [AQTarst Tl et qrer
a7 & form

EH FSaT & aieraT

“Random mutagenesis is the process of inducing mutations at random locations in the DNA
sequence, without targeting any specific gene or nucleotide.”



=& #: agaE westae ag afrar g s DNA # famr Bt o @ & agfss sv e
IqEdd (mutations) FaT FFT ST 2)

SO

SO 3 T ST TS SEEAT 7 ST FA1

THATSY 3% T | 72 A9uare Soasr AT
STt ® 7 307 (phenotype) Faafa FeAT

SRR S ST ST ST o forT S g

bl

Random Mutagenesis % T&1< / faferat
1. TETE& FES 99 (Chemical Mutagenesis)
fraia

ferere T 75T DNA # S5aTd Ieqe F3d 3l

THE A

« EMS (Ethyl methanesulfonate) — AT T TRATAT FT AT &
« Nitrosoguanidine (NTG) — 3¢ THad H¥aT g
« Hydroxylamine — #Tze-faforg gRaq+

EIER I
1. STET] IT FHITARTAT T THAT F I H ATAT 1T &
2. DNA ¥ ITg=g® Scaeadd 3cae gial g
3. JafEfad HITARTA T AT HAT SATAT B
STANT

o STtaTor 37 et # ot wREd




2. SITd® TSI E (Physical Mutagenesis)

i

I T fh<ol DNA T &Afaied 7 oot 8, forasr scafad soasr grar 2
THE TO%

« UV 3% (Ultraviolet rays) — JT2f8+ STEHT a4 8
e Gamma rays (y-rays) — %W—@fs’ DNA % 374
o X-rays — 92 9HE 9% IAEAH

ITINT

o TIEN W AT el T A
o SIIH FTA AT

3. Biological Mutagenesis
fagia
T ST 3T ATIH TTH{dh €7 & IAAAT I HLd 2

« DNA polymerase H TZX
o Transposons (ST sf=r) it srfafafer

ITINT

o ITHIAF T F IeARATAT AT TAT HLAT

Random Mutagenesis FT TTHAT (G847 H)

. & DNA IT S &7 994
Mutagen FT 99 3T STATL (Chemical, Physical, Biological)
. STETdd AR HT Fea< / Il

Mutant screening / selection — ATHFTLT AT ATTHT phenotype FT T
. ATSHT FTEATT IT FATTAT




ATH

1. 3 3T O
2. % fForuaret arer I 7 Sh= A e e § IuEri
3. I 99 9¥ library THTE FEAT €94

SIEIY

1. Scafiads agi~g® g & — aifed shia 9¥ A= 72}

2. FEH mutations AT FTHTEF mutations BT TFHT &

3. Screening Igq THI-ATET 3T AHEATET

4. Safety 3T ethical concerns (high energy radiation IIT chemicals)

Random Mutagenesis T Hgcd

o SRR USITHT T fowTe (S9 sTHTEr, TIE)
o el § TET-gfardt A7 3 U ATAT R

« Functional genomics ® S{I9 #TH T T&TAA

« Protein engineering 3¥ Drug discovery

qTee- AT FESTAH (Site-Directed

Mutagenesis)
TR=g

Site-Directed Mutagenesis (SDM) 3g T 1% g oo ZT2T DNA A # fAfrg v
STHIHHL T (mutation) T STaT R
T2 Random Mutagenesis % 941 g, e Scafiadd ag=ae gid gl

I
o TR fafore St am = it /== T w1 FT qHe




o TUWATESH % HiHT &I AT TIEA #o7dT H qE
o SO IHT ST SRR ST

IR I

“Site-directed mutagenesis is a molecular biology method used to make specific and
intentional changes in the DNA sequence of a gene at a defined site.”

faar #: foeft ST % DNA S| H @ MeiiRd ST 9% STFEAHT S RadT FedT af drse-
et wese Fgamar gl

3297 / Applications

STE AT ST FT T Te7TT

OeTed T Fioraar e Rewar sgmT

ST T regulation 3T promoter region T STT=
Recombinant DNA technology & ST

SRR UATSH, TAT 3T ST TR SIaeT

AN e

qrze-fAdfera wpdafae it wiwar

1. Mutagenic Primer Design (Mutant Primers STT)

o DNA " %7 e e AT Irar g
« Mutation FT encode FT FTAT oligonucleotide primer =TTz foFaT STAT B
o Primer § S& ATAT 4H IT FALHT SITET SITAT &

2. PCR 37 DNA Synthesis

« Mutagenic primers FT ITTRT Tk DNA STFHH &I amplify T STaT
o WA 9T PCR-based SDM Tafer T3 gt

3. Template DNA #Y 9 (Digestion)

« Parent () DNA #T Dpnl enzyme 3137 7€ a1 SraT



« Fad newly synthesized mutated DNA T9dT &

4. Transformation

« Mutated DNA FT g% FITHTA (S E. coli) § T FHIAT ITAT 8
o FHITAHTY mutated plasmid T TZUT FIAT &

5. Screening / Selection

e Mutated clones T IIT
« DNA sequencing ET¥T mutation &t ‘1’@

S ETIENATIER )

1. PCR-Based Site-Directed Mutagenesis
o HEY TTHT < IF &4aT areA fafer

o Short mutagenic primers % ZTT desired mutation
2. Oligonucleotide-Directed Mutagenesis

o Synthetic oligonucleotides T DNA ¥ F&e(Ta

o BTt plasmids 3T ST & foro Sw=ft
3. In vitro Mutagenesis

o DNA polymerase 3T primers T STTRT

o Single base-pair a7 F% bases § mutation

qree-fAeira wesfae & arw

Mutation G RETRT 3T TEH
et fafore shwr / = wherere &1 eregae |

Recombinant DNA 3T TS SO § TR
ST e ferfenaaT sIgerann § qefera

Sl

HYTU / Limitations

1. Complex 3T labor-intensive AT
2. Primers 3T enzymes Hgil



3. Screening 3% validation THF-ATET
4. Fad i< DNA fragments IT plasmids T¥ T

qrze-fAdfera veafaw w1 aga

« Functional genomics ® S{I9T TF T&qT4
o Protein engineering (enzyme specificity, stability)
« Gene therapy 3T recombinant protein production
« Structure-function relationship ¥ TH=T

Random vs Site-Directed Mutagenesis (&7 )

AmgTX  Random Mutagenesis Site-Directed Mutagenesis

=T TG ECIRENG]

IGRE LI ) 3g

eeT  AUAU AN & fow At qu/siE sterae # o
Screening HHRI-ATET FH 99T H =TT 999

FIIART  Broad applications Precision studies

Eaeat (Ribozymes) T RNA §<F9T
o=

Ribozymes 39T T&TT & RNA & g ST helleiiea (catalytic) TTafater wad 2|
I, T RNA T3 &l AT 3+ RNA &l e, STIEw AT ST i it fa7ar @d g, o7 e
TIET TATEH T ATT9THAT 1

FATT: Ribozymes RNA-based catalysts gl
et @rot Thomas Cech 3T Sidney Altman 7 #7 *ff, 5@ o0 372 1989 & T &1
e



Ribozymes &t #gcaar

RNA world hypothesis & STIHTT S{Tad ®it I ST TTATHaATN § qgMH
RNA splicing 3T processing & &I

Gene regulation 3T antiviral therapeutics # STIIT

Molecular biology 31T synthetic biology H SIqH&TT

bl

Ribozymes T <=1 (RNA Structure)
Ribozymes T H¥=T RNA FF STIfae, fGdfiae s qaias §3=ar 9 sema grdl gl

1. T % =T (Primary Structure)

e Nucleotide sequence (A, U, G, C)
o RNA #if &S T SIHH catalytic activity & o7 Ageaqor
o T39I nucleotide motifs S GAAA tetraloop catalytic sites & =T [HTT &

2. fa<dia= |§<=AT (Secondary Structure)

Ribozymes & RNA 3739 self-complementary regions s9TAT &, fSTHH stems (XU loops),
bulges 3T internal loops F7d gl

e Stem-loops (Hairpins): Helical regions + loops
« Bulges/Internal loops: Catalytic sites =T flexibility &I Fd &
« Pseudoknots: Base pairing % FTZUT complex folding

ST

« Hammerhead ribozyme: 9 stem-loop §¥FATY + central catalytic core
« Hairpin ribozyme: 3T stem-loops + flexible loops

3. JdTI €34T (Tertiary Structure)



« RNA #T folding 3fX 3D structure catalytic activity & FxdT g

o Stem-loops 31T bulges T THY % AT tertiary interactions Fd &
o Metal ions (Mg*) stabilize tertiary folding

« Catalytic core # active site: scissile phosphate cleavage

e fqvard:

1. Catalytic core: Substrate RNA binding ¥ cleavage

2. Recognition loops: Target RNA &l qg=T=AT
3. Tertiary interactions: Folding stability

T 1< & Ribozymes i< =T

Ribozymes =TT HTHAT ﬁ'-‘?l"sl'dT'i' Fd
Hammerhead  Three stem-loops, central catalytic core Site-specific RNA cleavage
Hairpin Two stem-loops, flexible loops RNA splicing

Group Iintrons Complex tertiary structure, pseudoknots Self-splicing
Group II introns Six domain structure, magnesium-dependent Self-splicing & ligation
RNase P RNA + protein, tRNA processing tRNA 5’ end cleavage

Ribozymes ¥ §<FAT 3T H1F FT G

Primary structure — Nucleotide sequence catalytic motif
Secondary structure — Stem-loop folding substrate recognition
Tertiary structure — Active site formation, proper folding, catalysis
Metal ions — Mg?* stabilize folding and participate in catalysis

el NS

Ribozymes T TTafater

o Cis-cleavage: 37+ &I RNA molecule T FTeAT

« Trans-cleavage: 371 RNA molecule FT FTeAT

e Self-splicing: Introns Eal gerdar T exons FT STEAT
« Ligase activity: RNA fragments FT STTEAT



ST GUTed FT a8 (Regulation of Gene
Editing)

TR=

Gene Editing a8 T g fSrEen grer BT st % DNA # fafers asama (modification,
insertion, deletion IT replacement) ﬁw"‘{ ST %;I
THH CRISPR-Cas9, TALENSs, ZFNs ST¥T STe[{ae Tahe el a0 STANT 3T STTaT 2l

Regulation of Gene Editing FT Haws § — S qohi sl GIT SN A st &l A e,
qrfer St afiads adite, gefera six Fifea Seed & JAqEme e

[N enN

=T HOTa ATI99% mutations, off-target effects

ST HOTeH T RTHT 9T g FAF 4

A ATdw qHEATd 5T FT T 2

ST |91 o 3299

Genetic diseases T ZATS (SAT aY)

Crop improvement 3T disease resistance
Protein engineering 3% functional genomics
Research ¥ gene function T T&ad

bl

Gene Editing Regulation & &Y

1. Sequence-specific targeting (13 DNA J9)
« Editing 9 target gene T locus T¥ 2l
« CRISPR-Cas9 # sgRNA (single guide RNA) ZT<T specific DNA region T SITaT &
« TALENS 3fiT ZFNs § DNA-binding domains FT STT

Hgd: Off-target mutations FH HTAT

2. Temporal Regulation (F8% &7 fHIw)



« Editing Fa et aua wwafrr ar
« Inducible promoters (e.g., Tet-On/Tet-Off system) T ITAM
« RNA-guided nucleases T controlled expression

IR TaraTe =7 FATRT = F faforg =wor 7 editing

3. Spatial Regulation (¥ITf= fHaw)

« Editing Fa<t fATEE tissue AT cell type & Ell
o Tissue-specific promoters FT 3T
« In vivo applications H targeted delivery

Iag . Liver-specific CRISPR-mediated gene therapy

4. Dosage/Expression Control (STITE AT Cas9 it ATAT AT HLAT)

« Editing protein (Cas9) T 71T A a
« Overexpression ¥ off-target effects I Thd &
« RNA delivery, protein delivery 3T transient expression ITIT

5. Repair Pathway Regulation

e DNA cleavage % 972 cellular repair pathways w1 = wear saeas

« Non-homologous end joining (NHEJ) — Indels 39« F¥aT g
o Homology-directed repair (HDR) — precise editing
o HDR T F&TET A7 AT NHEJ T ¥ FAT

6. Off-target Effect Minimization

e sgRNA specificity I@TH1
e High-fidelity Cas9 variants (e.g., eSpCas9, HiFi Cas9)
« Computational prediction 3T screening



AT 3T Sitd® Regulation

Promoter engineering — tissue- or time-specific Cas9 expression

Inducible systems — small molecules (doxycycline) &TXT control
Ribonucleoprotein (RNP) delivery — transient Cas9 activity

Antisense oligonucleotides / inhibitors — unwanted activity Trs=T

P -

Afah T FTHAT Regulation

« Human germline editing T 31 Ifaser
« Animal 3T plant research ¥ biosafety guidelines

o CRISPR-Cas9 T Z=IHTH clinical trials & f=ra=
« NIH, FDA, 3T WHO BT gene editing T oversight

ST 99Tad IUH<TT (Gene Editing Tools)
o=

Gene Editing Tools 3 molecular ST 3T T 1eh & Toreh 31T DNA SIghA | fafsre
gR&d« (modification, insertion, deletion T replacement) 3T STaT 2
I TS precise, efficient 3T targeted genome manipulation ¥ ST 2

HeT Gene Editing Tools
1. CRISPR-Cas9 (Clustered Regularly Interspaced Short Palindromic Repeats)
=T

o TIH ATAF T ATHIIT gene editing tool
« Bacterial immune system T 3T
« Cas9 protein TF nuclease g SIT DNA & cleave F%aT g

Rgia

1. sgRNA (single guide RNA) DNA *® target sequence T qgaradr %’



2. Cas9 nuclease double-strand break (DSB) F¥dT &
3. Cellular repair pathways — NHEJ IT HDR 1T genome edit TaT &

fasreard

« High specificity
o Easy design of sgRNA
« Multiplexing (T HTT &% genes edit FTAT)

ITIIT

Gene knock-out / knock-in
Disease modeling

Gene therapy

Crop improvement

2. TALENSs (Transcription Activator-Like Effector Nucleases)

Th=T

« Plant pathogenic bacteria (Xanthomonas) & DNA-binding proteins T ST
e DNA binding domain + FoklI nuclease

EEAK

1. TAL effector proteins DNA F specific sequence &l Tg=THd &
2. FoklI nuclease DNA #T cut F¥dT &
3. Repair pathways & genome modification

fasreard

e Sequence-specific targeting

o Cas9 #T g guide RNA 7&T ATRT
o Off-target effects &»H

ITIIT

e Precise genome editing
e Crop improvement
o Functional genomics



3. ZFNs (Zinc Finger Nucleases)

gR=

e Zinc finger DNA-binding domain + Fokl nuclease
« 2Y zinc finger 3 bp DNA sequence TgaTdT &

Rrgia

1. Zinc finger proteins DNA ¥ target site #T bind F%d &
2. Fokl nuclease DNA cleavage F%aT &
3. Repair pathway & mutation IT insertion gIdT g

fagreard

e High specificity
o Expensive and design complex

ST

e Gene knock-out / knock-in
e Functional genomics
e Therapeutic applications

4. Meganucleases (Homing Endonucleases)

gR=

e Sequence-specific endonucleases
e Long recognition sequences (12—40 bp)

fagreard

e High specificity
e Rare-cutting enzymes

ITIIT

e Targeted gene disruption
e Genome editing in microorganisms



5. Base Editors

gR=

e (as9 nickase + deaminase enzyme

« DNA i specific base Ft FaoraT g f&HT double-strand break

ITINT

e Point mutations
e Genetic disease correction

6. Prime Editing

gR=

o (Cas9 nickase + reverse transcriptase
o Precise insertion, deletion, base substitution

Rroryamd

e Less off-target
o HDR T Sa97haT 51

ITINT

e Precise gene correction
e Therapeutic genome editing

Gene Editing Tool Comparison (ST&rd qTiereT)

Tool Rec?gNn?tion Cleavage
CRISPR-Cas9 sgRNA Cas9 nuclease
TALENSs Protein-DNA Fokl
ZFNs Protein-DNA Fokl
Meganucleases Protein-DNA Endonuclease

Precision

High
High

High
Very
high

Key Feature

Easy design, multiplexing

No guide RNA, less off-
target

Expensive, complex design

Rare-cutting



Tool DN% . Cleavage Precision Key Feature
Recognition

Cas9 nickase +

Base Editors  sgRNA .
deaminase

High Single base changes

Very
high

CRISPR-Cas System (Clustered Regularly
Interspaced Short Palindromic Repeats —
Cas)

=T

CRISPR-Cas system Ush Jod: FFETAT 3T AT | 91T ST FTT adaptive immune
system g, ST AT AT TATRRAE DNA § HZEAT YT H¥aT 2l
THHT ITIRT modern gene editing, genome engineering 3T functional genomics ¥ a7 STTaT

El

TTYTIOT Asat H: CRISPR-Cas TH RNA-guided DNA cleavage system g, SIT targeted genome
modification % 7T ITTRT 3T STaT 2

Prime Editors sgRNA Cas9 nickase + RT Precise edits, versatile

CRISPR-Cas &1 Discovery

« 1987: Japanese researchers 7 E. coli # CRISPR sequences 9T

¢ 2005: TE AT AT I3 T bacterial immunity system g

« 2012: Jennifer Doudna 31X Emmanuelle Charpentier & Cas9-mediated targeted DNA
cleavage fa@mT

o 2020: TH T Trerel &L

CRISPR-Cas System & §<=AT 31T Components
1. CRISPR Locus

« Repeats: FI¢ palindromic sequences



o Spacers: T4 viral infections ¥ derived sequences
« 7 locus RNA transcript 9TaT g &1 erRNA # process T SimaT 8

2. Cas Proteins

« Cas9 (Class 2) ¥ common

e Nuclease activity: DNA cleavage

e Domains:
o RuvC —nontarget strand cleavage
o HNH — target strand cleavage

3. Guide RNA (gRNA / sgRNA)

o Single guide RNA = crRNA + tracrRNA fusion
« DNA target & recognize F¥ Cas9 &l direct FIAT &

4. PAM Sequence (Protospacer Adjacent Motif)

o Short DNA sequence (5'-NGG-3') adjacent to target
e (Cas9 ¥ PAM F presence ) target FT cleave FAT %’

CRISPR-Cas9 FT HIATUTAT (Mechanism)

1. Target Recognition

o sgRNA target DNA sequence T base-pairing T Tg=THdT &
2. DNA Binding

o Cas9-sgRNA complex target DNA T bind F¥dT &
3. Cleavage

o Cas9 nuclease double-strand break (DSB) F¥dT &

o HNH domain: target strand cleavage

o RuvC domain: nontarget strand cleavage

4. DNA Repair
o Non-homologous end joining (NHEJ) — insertions/deletions (gene knock-out)
o Homology-directed repair (HDR) — precise insertion/repair (gene knock-in)

CRISPR-Cas9 # fagruary

1. High specificity — sgRNA ST target DNA select
2. Efficiency — F% genes T# HTY edit FIAT T4 (multiplexing)



3. Simplicity — sgRNA design 3ATHTT
4. Versatility — Knock-out, Knock-in, Base editing, Epigenetic modulation
5. Cost-effective — TALENs/ZFNs T q@T § |&dT

Applications of CRISPR-Cas9

1. Gene Knock-out / Knock-in
o TT gene FT function study F¥AT
2. Gene Therapy
o Genetic diseases (Sickle cell anemia, B-thalassemia) treatment
3. Functional Genomics
o Gene regulation 3T interactions study F¥AT
4. Agricultural Biotechnology
o Disease-resistant, high-yield crops
5. Base Editing / Prime Editing
o Point mutation correction fa¥T double-strand break

CRISPR-Cas9 ¥ aTH

« Targeted 3T precise

o High efficiency, low cost

e Multiplex genome editing

e Rapid development of genetically modified organisms

AT 3T Challenges

Off-target effects — unintended DNA cleavage

PAM dependency — target site selection restricted
Delivery challenges — in vivo delivery in humans
Ethical concerns — germline editing, human embryos

el NS

CRISPR-Cas vs Traditional Gene Editing Tools

Tool DNA Recognition  Cleavage Ease Cost Notes



Tool DNA Recognition  Cleavage Ease Cost Notes
CRISPR-Cas9 sgRNA (RNA-DNA) Cas9 nuclease Easy Low Multiplexing, precise
TALENs Protein-DNA Fokl Moderate High High specificity
ZFNs Protein-DNA Fokl Difficult Very High Expensive design

TALENS (Transcription Activator-Like
Effector Nucleases)

TR=

TALENSs U 3e[{% gene editing tool &, ST DNA T site-specific cleavage ¥ T 37T 7
STaT 2l
T plant pathogenic bacteria Xanthomonas ¥ transcription activator-like (TAL) proteins I¥

ATYTRA

TTETIT sl H: TALENs DNA &7 precisely edit F% % foIT protein-based recognition 3T
nuclease cleavage FT combination gl

TALENs #t <3 (Structure)
TALENSs & &I AT & a9 gId 5.

1. DNA-Binding Domain (TAL effector proteins)
o Bacterial TAL proteins DNA # specific sequence &7 Tg9Td &
o 33-35 amino acid repeat units
o T repeat unit TF nucleotide & [T AT &
o Repeat variable di-residues (RVDs) nucleotide specificity T Fd &

2. FoklI Nuclease Domain
o Non-specific nuclease

o DNA cleavage F¥dT &
o Active cleavage % foIT dimerization ST&<T (37 TALEN molecules)

Overall:

e Left TALEN + Right TALEN — Fokl domains dimerize — DNA double-strand break
(DSB)



TALENs &7 &&90rmsit (Mechanism)

1.

Target DNA Sequence IIT
o Desired locus 9 DNA sequence identify
o Two TALENS design: Left and Right arms flanking target
DNA Binding
o TAL effector repeats specific nucleotides ¥ base pairing % f&HT bind BT &
FokI Dimerization
o Left 3T Right TALENSs &T Fokl domain T#-g&< & 9TH 3 9 active dimer
JATAT S
DNA Cleavage
o Double-strand break (DSB) DNA # Icqe
o Cleavage site ¥ repair pathways DNA modification F¥d &
DNA Repair
o NHEJ (Non-Homologous End Joining) — insertions/deletions (gene knock-out)
o HDR (Homology-Directed Repair) — precise insertion / gene knock-in

TALENSs #T f999aT? (Characteristics)

M

High specificity — Protein-based DNA recognition
Programmable — TAL repeats customize EED sequence select RSN %’
Requires dimerization — Only when two TALENS close — cleavage

Flexible targeting — Cas9 T @%g PAM dependency &t
Off-target effects & — Protein-DNA interaction 3TTel% precise

TALENSs vs Other Gene Editing Tools

Feature TALENs CRISPR-Cas9 ZFNs
DNA recognition Protein-DNA RNA-DNA  Protein-DNA
Cleavage Fokl dimer Cas9 nuclease FokI dimer
PAM requirement No Yes No
Off-target effects Low Moderate Low
Design complexity Moderate Easy High

Multiplexing Difficult Easy Moderate



TALENSs & Applications

1. Gene Knock-out / Knock-in — Targeted genome modification
2. Functional genomics — Gene function study
3. Agricultural biotechnology — Disease-resistant crops, trait improvement
4. Therapeutic applications — Genetic diseases correction
5. Stem cell research — Precise gene editing in pluripotent cells
AT (Advantages)

e High specificity, low off-target effects

« PAM independent targeting (Cas9 ¥ Iga)
e Customizable DNA-binding domain

« Suitable for plants, animals 3f¥ human cells

T AT H R &7 ITART (R Application in
Crop Improvement)

=T

R T# open-source statistical programming language g, ST data analysis, visualization 3f<
modeling F o7 AT9% &9 & ITART 2T B

Crop improvement (F8 T&T) H R FHT ITFNT 31T ¢ plant breeding, genomics 3f¥
phenomics 227 F fFEwor # fFaT STaT 81

R % ATeAH § T3hETe 3fiT a5 high-yield, disease-resistant 3i< climate-resilient crops
oo T Td 2|

THEA AR F R & THG START
1. Genomic Selection (S =4)
« Plant breeding & genomic selection ¥ f<TT R &T START

« SNP (Single Nucleotide Polymorphism) 3% molecular markers data T analysis
o Statistical models: RR-BLUP, GBLUP, Bayesian models



e Outcome: High-performing genotypes T prediction

ST

o Wheat, Rice 3T Maize ¥ breeding programs ¥ yield prediction

2. QTL Mapping (Quantitative Trait Loci Mapping)

« Quantitative traits S yield, drought tolerance, disease resistance FT mapping
R packages SI¥ qtl, R/qt12 FT ITAT
« Phenotype 3T genotype data integrate F<eF traits = responsible loci identify FZAT

3. GWAS (Genome-Wide Association Studies)

o Complex traits 3T disease resistance genes @Tsi< o forw
e R packages: GAPIT, GenABEL

e Marker-trait association =T statistical analysis

« Breeding # superior genotypes select F7 & &g

4. Phenotypic Data Analysis

o Growth, yield, stress tolerance, flowering time T statistical analysis

e R packages: agricolae, Ime4, nlme

e ANOVA, mixed models, regression models T traits FT evaluation

« Multi-environment trials # genotype x environment interaction analysis

5. Bioinformatics and Molecular Breeding

« Sequence data analysis, alignment 3fI¥ gene expression study
e R packages: Bioconductor, DESeq2, edgeR
« Differential gene expression analysis for stress resistance, nutrient efficiency

6. Data Visualization



« Complex crop data FT graphical T & THAAT ATETH
e R packages: ggplot2, lattice, plotly
o Heatmaps, boxplots, PCA plots, correlation plots

« Breeders FT genotype-phenotype relationships 3THTHT & interpret X4 H HES

7. Predictive Modeling and Machine Learning

e Yield prediction, disease outbreak prediction, climate impact modeling
e R packages: caret, randomForest, xgboost

« Plant breeders T decision-making # support

R % STINT & ATH (Advantages)

Open-source 3 free

Statistical and graphical analysis ® ST{RReTTeAT

High-throughput genomic 3 phenotypic data analysis § T8
Flexible, reproducible ¥ community support strong

A e

Crop improvement programs ¥ accelerated breeding possible

SISt RT3 90T LT (Seed Industries
and Nutrition Security)

=T

Seed industry (F1ST I=WT) FIT ITATEA FT AT 2|
Nutrition security (TTI9T FL&AT) FT Aawa g 3 g% =aRE 7 72Ty, qefera =i 9fes smew
e

VST IR ST T AT § M7 Hae g FA1 1% S9G o197 (High-yield and nutrient-rich
seeds) FH ITATET TETA & 3T TTIIT T T Bl

1. Seed Industry (1< I=IT)



g

o &I ST a8 & & ST I, TOradT IUF i< TRT-TFACrefy i1 T Ieamas, TEHEReo &Y
ferawor A 2

HeT ¥dh

1. Seed Breeding (1T T&TX)
o Hybrid seeds, high-yield varieties (HY V) &T fa®Tor
o Disease-resistant 31¥ climate-resilient varieties

2. Seed Production (fisT ITqTE)
o Foundation seeds — Certified seeds — Commercial seeds

o Quality control 3T certification W‘Iﬂf
3. Seed Processing and Storage (SHEHTIT 3T HSTI)
o Cleaning, drying, treatment, packaging
o Long-term viability sHTT T&AT
4. Distribution and Marketing (Faur 3fix o)
o Farmers @ timely 3% quality seeds q-g'am

THE THIL 6 1o

e Open-pollinated varieties (OPV) — Natural pollination, low cost
o Hybrid seeds — High-yield, heterosis effect
e Genetically modified seeds (GM seeds) — Pest-resistant, drought-tolerant

Seed Industry #¥ AT
o Y ICUTEA FEMET

« Disease-resistant 3fI¥ stress-tolerant crops e #a FEAT
« Food security 3T farmer income FET

2. Nutrition Security (TT0T &)
gfeATST

Nutrition security T& AT BT § ST AT ARI #I calorie, protein, vitamins 3fIX minerals
EIRRIEEIEINEE]

« g fF food availability 9% 8T, afe® nutrient adequacy 3fiX food quality 7% 4T 2



T YT & THE HEF

bl

Calorie adequacy — T3TH Fs1l

Protein sufficiency — Growth 3% immunity % forT
Micronutrient adequacy — Iron, Vitamin A, lodine, Zinc
Safe food — Contaminant-free 3f¥ hygienic

3. Seed Industry 3fI< Nutrition Security FT G&e

1.

Biofortified crops
o Zinc-rich wheat, Vitamin A-rich Golden Rice, Iron-rich pearl millet

o IS ST = nutrient-rich varieties FT production 3T distribution FATHT FTaT

g

High-yield varieties (HYVs)
o Food availability 2Td &

o Hunger 3T malnutrition FH Fe § HEE FXd &
Climate-resilient seeds

o Drought-tolerant 3T flood-resistant crops
o Nutritional yield #T stable T@d &
Seed diversity 3fT diet diversification
o Pulses, millets, vegetables, fruits # high-quality seeds
o Balanced diet 3fI¥ micronutrient adequacy FHTET Fed &
Farmer empowerment
o Timely access to quality seeds — better harvest — affordability of nutritious food

4. Challenges in Seed Industry for Nutrition Security

Al

Limited access to biofortified seeds in rural areas
High cost of hybrid and GM seeds

Climate change affecting seed quality and availability
Seed quality control and certification issues

Farmer awareness and training #¥ Y

5. Solutions / Strategies

1.

Promote biofortified seeds (Vitamin A rice, iron pearl millet, zinc wheat)



Strengthen seed certification and quality control

Subsidies 3f¥ awareness programs for farmers

Climate-smart agriculture — stress-tolerant seeds
Public-private partnerships for seed production and distribution

Sk W

*

ERETALS

Seed industry ¥ nutrition security TIT Q?F-Egﬁ 7 AT 2

« High-quality, nutrient-rich, climate-resilient &TsT — High yield + Balanced nutrition
« Seed production, biofortification, quality control 3T distribution FT TH=aT TTTIT LT

AT F2ar gl

« 99 malnutrition, hidden hunger 3fX food insecurity %7 2IdT gl

UNIT 5

TECHNIQUES AND APPLICATION

ATTTSHRIATSIT H Tehetteh ST Ieh SATITART
(Techniques and Applications in
Biotechnology)

=T

Biotechnology (S Wtenfaeht) § A= techniques (= 1eh) fAshfara it 1< & arfe sfiat &
genetic, molecular 3T cellular T 9 fAg=ro7 f3Fam ST &)
T AT T 28T &

HTAT Y YTIAT
5 g4 (Crop improvement)
ﬁlﬁllr‘\lq’» ScHlxendl deldl

JHT0T G

L=



1. Recombinant DNA Technology (ST SJISI dahv 1)
Jeh1% (Techniques)

« Restriction enzymes — DNA T specific site T% FTT

« Ligase enzymes — DNA fragments STTE=T

« Plasmid vectors — Gene cloning F o0

« Transformation — Gene FT host # insert F<T

« Selection and Screening — Recombinant organisms #T Tg=T

SIIANT (Applications)

Human insulin &7 3<TaA

Hepatitis B 3% 37T recombinant vaccines
Transgenic crops — Bt cotton, pest-resistant varieties

Gene therapy — Genetic disorders T TSl

Sl

2. PCR (Polymerase Chain Reaction)

GELIES
« DNA amplification & forT srmr

e Steps: Denaturation — Annealing — Extension
e Primers, Taq polymerase 3% dNTPs FT ST&<aq

LTI

Genetic disease diagnosis
Forensic science — Crime scene DNA analysis

Pathogen detection (Viral 3fi¥ bacterial)
Cloning 3T sequencing ¥ frT DNA amplification

Sl NS

3. Gel Electrophoresis
CETIED

« DNA, RNA 7T protein fragments FT size 3f< charge % 3T&TT I¥ ST HTAT



Agarose gel for DNA/RNA, SDS-PAGE for proteins

ERERIL

el e

DNA fingerprinting
Restriction fragment analysis
Protein profiling

PCR product verification

4. Gene Editing Techniques
GETIED

el NS

CRISPR-Cas9 — RNA-guided DNA cleavage

TALENSs — Protein-DNA interaction mediated cleavage
ZFNs (Zinc Finger Nucleases) — DNA-targeted cleavage
Base editing / Prime editing — Point mutations

ERERIL

el e

Genetic disease treatment — Sickle cell anemia, B-thalassemia
Crop improvement — Drought-resistant, high-yield varieties
Functional genomics — Gene function study

Livestock improvement

5. Cell and Tissue Culture Techniques

KETIED

Plant tissue culture — Callus culture, Micropropagation
Animal cell culture — Stem cells, organoids
Somatic hybridization — Protoplast fusion

LTI

bl e

Mass propagation of plants

Secondary metabolites T production (Taxol, Vincristine)
Genetic transformation in plants

Conservation of endangered species



6. Bioinformatics Techniques

KETIED

e Sequence alignment — BLAST, Clustal W

e Phylogenetic analysis — MEGA, PhyML

e Protein structure prediction — SWISS-MODEL, PyMOL
e Genomic data mining — R, Python tools

ERERIL

Gene discovery 3fi¥ annotation

Drug design ¥ protein modeling
Evolutionary studies
Crop improvement ¥ genomics

bl e

7. Industrial and Environmental Biotechnology Techniques

KETIED

o Fermentation technology — Microbial enzyme production

« Bioreactors 3T downstream processing
o Bioremediation — Pollutant degradation by microbes

LTI

Antibiotics, enzymes ¥ biofuels T production
Wastewater treatment
Soil fertility improvement

Pollution control 3% plastic degradation

bl e

8. Nanobiotechnology Techniques
GETICT

e Nanoparticles synthesis



e Nano-biosensors
e Targeted drug delivery

ERERIL

Targeted cancer therapy
Diagnostic biosensors
Drug delivery

Pathogen detection

i e

Ay
Biotechnology techniques W‘ﬂ'ﬁ'@h‘ Sfrae AT i 3= # wifa & T@ %I

e Recombinant DNA, PCR, Gene editing, Tissue culture, Bioinformatics SIEd
Nanobiotechnology & human health, agriculture, industry 3fiX environment ¥ ¥
T 3 2

UsTTsq [Rea9™ (Enzyme Detection)
=T

USTEH (Enzyme) ST SS%F (Biological Catalyst) 2Td &, STT TrETA A i RATA T il &
I oy &7 9 A w3 )
Enzyme detection FT 3297

1. Tt sample & UStTew it IufRata &t qg=md F¥AT
2. TSITEH T HATAT (Activity) 3T T[OTTeH TLTEAT FHEAT
3. Diagnostic, Industrial 3T Research applications & STTRT FHTAT

oTed fRTFT & &K

1. Qualitative Detection (O TLreqTm)

o TE Fa USATSH St SUATT *I fa@mar 2l
e Methods:



1. Colorimetric assay (Ff= TaHaT)
o Substrate % USITSH GTT breakdown T T F&oAdT gl
o ST
»  Amylase: Starch + iodine — TIF complex; AT % g9 ¥ color fade
» Peroxidase: H:O: + substrate — 319 product
2. Precipitation method (&7 f3fer)
o TUSTEH ZTT substrate FT cleavage — precipitate ST &
o 3Rl Protease — casein digestion — clearing zones
3. Zone of Clearance (‘ﬁ? assay)
o Agar plates 9¥ substrate embed F¥F USITSH active zones fe@m™T
o &g Lipase — Tributyrin agar — clear halo zones

2. Quantitative Detection (WTATcH® TLIEA0T)

o Ig USITSH #T activity T concentration T {TIAT gl
e Methods:

1. Spectrophotometric assay
o Substrate — Product conversion & &I<T9 absorbance change FT UV/Visible
spectrophotometer H measure FLAT
o Example:
= [-galactosidase — ONPG substrate — yellow product — Absorbance at
420 nm
2. Fluorometric assay
o Fluorescent substrates % breakdown 9% fluorescence emission detect AT
o High sensitivity, low concentration # ¥ detectable
3. Electrophoretic detection (Zymography)
o Polyacrylamide gel & TSITSH activity % STETT 9¥ bands f@mT
o Example: Gelatin zymography for proteases
4. ELISA-based enzyme detection
o Antibody-enzyme conjugates FT ST
o Specific enzyme detection in biological samples

3. Biosensor-based Detection

e Enzyme immobilization on electrodes — substrate interaction — measurable electrical
signal
o Example: Glucose oxidase biosensor — Glucose detection in blood



USTTsH feeaer™ % 0T (Steps for Enzyme Detection)

1. Sample preparation
o Tissue, blood, microbial culture AT plant extract & enzyme extract FTAT
2. Substrate selection

o TUSTZH-specific substrate T AT

o Must produce detectable signal (color, fluorescence, precipitate, electrical change)

3. Reaction incubation

o 9 pH, temperature 3¥ cofactors & HTT reaction set FIAT
4. Detection / Measurement

o Color change, fluorescence, absorbance 3T clearing zone  HTETH H
5. Quantification (I3 sTaLTF )

o Standard curve 3T spectrophotometer readings & HTEIH ¥ enzyme activity HTIAT

Applications of Enzyme Detection

1. Medical diagnostics
o Serum enzymes & AST, ALT — liver function
o Amylase, lipase — pancreatic disorders
2. Food industry
o Lactase detection — lactose-free products
o Protease detection — cheese and dairy processing
3. Biotechnology and Research
o Microbial enzyme screening — industrial enzyme production
o Enzyme kinetics studies
4. Environmental monitoring
o Soil enzyme activity — soil fertility
o Pollutant-degrading enzymes detection

Advantages of Enzyme Detection Techniques

o High specificity (substrate-specific)

e Sensitive and rapid methods available
 Quantitative and qualitative STHT THTT HH

« Diagnostic 3fi¥ industrial applications & ITTRY




Limitation

Some assays require purified enzyme

Interference by other substances in crude extracts
Environmental conditions (pH, temperature) affect activity
Biosensor and fluorometric methods costly

USITSH 3l AEEES R (Enzyme Hybridization)
TR=T

Enzyme Hybridization T biochemical/molecular biology T&1% EAEGEIRCRRIURUS IR T
LA S qgAT & forg fhar ST 2|

o T USITEH it G, FF 3 FATAr=ar 1 a9z § qeg w247 2|
« Molecular biology & ZHHT qex 3297 specific enzyme sequences 3T isoenzymes FT

TEATT AT g

re: FAT-FT 7 DNA/RNA hybridization % & & T Y27 36T SITaT € 59 USTSH genes FT
FeTae TRt ST 2l

qRATHT (Definition)
Enzyme Hybridization a8 I4T g ore:

1. Tt known enzyme (probe) FT ST &<k unknown enzyme IT enzyme gene T
qgATH T SATAT B
2. T3Z enzyme specificity, isoenzymes A< gene expression patterns T 9dT /¥ ™o

FIRA 21

f&r&ia (Principle)

« Hybridization FT Fd §: & complementary biological molecules (ST DNA-DNA,
DNA-RNA, Protein-protein) #T specific binding|
« Enzyme hybridization ¥:
1. Known enzyme 3T 38 gene T labeled probe sFTAT ST &1



2. Unknown enzyme sample 3 | incubate T SITaT 21

Probe #I¥ target enzyme == specific binding 2T 2

4. Binding FT detection fFIT SITAT & (radioactive, fluorescent 3T colorimetric signal
F HTEAH 7)1

(O8]

GE-AGE

T2 probe 3T target complementary g @T stable hybrid formation T €, SE# enzyme T
TEATT HHT Il 2l

Tt (Techniques)

1. DNA/RNA Probe-based Enzyme Detection

« Enzyme gene FT specific DNA/RNA probe ST FTAT
e Agarose gel, blotting (Southern/Northern) 9 hybridization
e Detection via fluorescence IT radioactivity

2. Isoenzyme Hybridization

o -3 isoenzymes T TgoTH
« Electrophoresis % aT& blotting — labeled antibody IT substrate probe T ITIRT

3. Antibody-mediated Enzyme Hybridization

« Known antibody &I enzyme o hybridize F¥AT
« Antibody-enzyme complex detect FIAT (Western blot IT ELISA )

Steps of Enzyme Hybridization

1. Sample Preparation

o Tissue extract, purified enzyme 7T microbial culture & enzyme TH=Ter=T
2. Probe Preparation

o Known enzyme gene T isoenzyme F foIT labeled probe I FEAT
o Labels: Radioactive (*32P), Fluorescent, Biotin, DIG
3. Hybridization

o Probe T target enzyme AT enzyme gene & AT incubate FLAT
o Stringent conditions (temperature, salt) & specific binding ﬂ'ﬁ'&l‘d AT



4. Washing
o Non-specific binding T g&TT
5. Detection

o Autoradiography (radioactive), Fluorescence imaging IT Colorimetric methods
6. Analysis

o Band intensity, position 3fi¥ pattern T &[T FTAT
o Isoenzyme identification, gene expression IT enzyme quantification

Applications of Enzyme Hybridization

1. Isoenzyme Detection

o Liver, heart T tissue-specific isoenzymes T Tg=T
2. Genetic Studies

o Enzyme-coding gene FT mapping 3f¥ expression analysis
3. Medical Diagnostics

o Pathogen-specific enzymes &T detection

o Disease biomarkers FT Tg=TT
4. Molecular Biology Research

o Enzyme evolution 3I¥ functional analysis

o Protein engineering 3f¥ recombinant enzyme studies
5. Agricultural Applications

o Plant enzyme genes T study

o Stress-responsive enzyme expression analysis

Advantages

e High specificity (probe-target complementarity)
e Sensitive detection of low-abundance enzymes

« Isoenzymes 3T mutant enzymes T TZATT THT
« Quantitative 3T qualitative TIFT FLTIT TAT

Limitations

« Expensive (labeled probes 3T detection equipment)
e Requires purified enzyme or nucleic acid probe
e Time-consuming process



« Non-specific hybridization T FHTaT

PCR (Polymerase Chain Reaction) — 19
Teq

~

=T

PCR T% molecular biology T & fSTaT 3297 DNA ¥ specific fragment ¥ in vitro &
AT -FAET STC amplify FEAT 21

e Developed by Kary Mullis (1983)
« Rapid, sensitive 3T highly specific technique
« Molecular cloning, diagnostics 3T forensic science ¥ ST

IR I

PCR ag ¥4 g o 39w DNA sequence &Y wfafeif® (copy) in vitro conditions & a9TS
STt &, TSTe 9T detection 3fT analysis STETH g7 SITAT 2|

&1 (Principle)

PCR #T =T STETTIT ATLTIOT & DNA replication in vitrol

« DNA template, primers, nucleotides 3/¥ DNA polymerase FT ST
o DNA fragment T exponential amplification

HET components:

Template DNA — Target DNA ST amplify F€AT &

Primers — Short DNA sequences (Forward & Reverse) complementary to target
dNTPs (deoxynucleotide triphosphates) — Building blocks for new DNA
DNA Polymerase — Taq polymerase (thermostable)

Buffer solution — Optimal pH 3T ion conditions

M



PCR &I I%4T (Steps of PCR)

PCR ¥ 1 HeT J00 2Id &, S8 Thermal cycling & ATEIH § T d1< repeat 3T S[TaT €
1. Denaturation (H9=X)

e Temperature: 94-98°C
« DNA double helix FT separate F¥ single strands & convert FTAT

2. Annealing (THRT)

e Temperature: 50-65°C (Primer-specific)
« Forward 3fi¥ Reverse primers 3799 complementary DNA strands % &TT hybridize F¥d &

3. Extension / Elongation (T&EeT)

e Temperature: 72°C

« DNA polymerase primers & STTEd g new DNA strand s_TdT g
e DNA synthesis occurs in 5° — 3’ direction

4. Thermal cycling

o g I steps 25-35 cycles T repeat IdT &
o Exponential amplification: 2n copies (n = cycle number)

Types of PCR (PCR & Y&1)

Conventional PCR — Basic amplification of DNA fragment

Real-Time PCR (qPCR) — DNA quantity real-time ¥ measure F¥T
Reverse Transcription PCR (RT-PCR) — RNA — ¢cDNA — Amplification
Multiplex PCR — U# & reaction # multiple DNA targets

Nested PCR — Two-step PCR for higher specificity

Digital PCR — Absolute quantification of DNA molecules

SNk LW =

Applications of PCR (PCR #F 3991)

1. Medical Diagnostics



e Genetic disorders T detection (Sickle cell, Thalassemia)
e Viral infections (HIV, SARS-CoV-2)

2. Forensic Science

e Crime scene DNA analysis
o Paternity testing

3. Molecular Biology Research
e Gene cloning

e Sequencing
e Mutation detection

4. Agriculture

e GMO detection
e Plant and animal breeding programs

5. Environmental Studies

e Microbial diversity analysis
o Pathogen detection in water/soil

Advantages of PCR

e Highly sensitive — Single DNA molecule detect possible
 Rapid — Few hours ¥ results

e Specific — Primers % HATEIH ¥ target sequence g amplify ZraT &
e Can amplify DNA from degraded or minimal samples

Limitations of PCR

e Requires thermal cycler and skilled personnel

« Contamination ¥ H9Ta9T — False positive
e Requires prior knowledge of target sequence for primer design
e Cannot detect very long DNA fragments easily

Gene Probe Technology (STTH ST& dahe 1)



TR=

Gene Probe Technology T molecular biology technique & fSTE#T 3297 specific DNA a7
RNA sequences F Tg9T ST ST&9IT AT 2

« Gene probes T labeled DNA AT RNA fragments & &9 § TITRT foha7 14T 21
« 7E diagnostics, research 3fiT genetic engineering & W 2l

qRATYT (Definition)

Gene probe 32 labeled nucleic acid fragment g ST target DNA IT RNA sequence
complementary sequence ¥ specific hybridization F%aT g

ILLT:

1. T specific gene aT DNA fragment T 9g=Td
2. Gene mapping ¥ cloning
3. Genetic disorders T diagnostic

f&r&ia (Principle)

1. Gene probe complementary sequence  HT hybridize FdT |

2. Probe FT detect F % o7 TH label FoFaT STaAT €:
o Radioactive (*32P, *35S)
o Fluorescent dye
o Enzyme (e.g., alkaline phosphatase, horseradish peroxidase)

3. Hybridization 219 ¥ signal detection & TdT F=1aT g o target gene sample & IR g
faata:

IVTX probe 37T target complementary &, dT stable hybrid S9aT g i< signal detect ZaT Bl

daeie (Method / Steps)

1. Probe Preparation



o Target gene % complementary DNA aIT RNA fragment T TITY AT
o Labeling: Radioactive, Fluorescent, Enzyme

2. Sample Preparation

e Tissue, blood, microbial culture IT genomic DNA extract HTAT
3. Hybridization

« Probe & target DNA/RNA 3 | incubate F¥AT
e Stringent conditions (pH, temperature, salt) — Specific binding

4. Washing
« Non-specific binding T g&TT
5. Detection

o Autoradiography (Radioactive probe)
e Fluorescence imaging (Fluorescent probe)
e Colorimetric assay (Enzyme-labeled probe)

6. Analysis

e Hybridization signal T interpretation
e Gene presence/absence, copy number, expression study

T1< (Types of Gene Probes)

1. Radioactive probes
o W9 sensitive

o Autoradiography ¥ detection
2. Non-radioactive probes
o Fluorescent probe — Fluorescence microscopy
o Enzyme-labeled probe — Colorimetric detection
3. cDNA probes
o mRNA complementary
o Gene expression study H STIRT
Oligonucleotide probes
o Short synthetic DNA sequences

o Point mutation 3fiT SNP detection

b



Applications (TII)

1. Medical Diagnostics

e Genetic disorder detection (Sickle cell anemia, Thalassemia)
e Viral and bacterial infections T rapid detection

2. Molecular Biology and Research

« Gene mapping 3T cloning
o DNA fingerprinting
e Mutation analysis

3. Agriculture
e GMO detection

o Plant pathogen identification
e Crop improvement programs

4. Forensic Science

e Crime scene DNA analysis
o Paternity testing

5. Environmental Monitoring

e Microbial diversity analysis
e Detection of pollutant-degrading genes

Advantages

« High specificity — Target gene #T exact TgaTH
e Sensitive — Low quantity DNA/RNA detect possible

« Diagnostic 3T research =T & ITIR

o Rapid and reliable results

Limitations



o Probe design requires prior knowledge of target sequence
o Contamination — False positive results

o Radioactive probes — Health hazards

L]

Costly instruments 3fI¥ reagents T STT9TFAT

S ECE R EEURAGE ENE IR GHREL

(Strategies for Controlling Pathogen
Transfer)

TR=

TR (Pathogens) STH SFETRAT, TR, BT 3T TLSIET SHTAT, STTAaR i qiei &
Frarhat Fera 2

TR §=C (Transfer) T wreawt & grav 2

1 & w3 (e dE)

a1 (Airborne)

ITHT AT AT (Water/foodborne)
FIe/AFe (S T=57, THET)

I TRTISTHH & HeATd Tl LHAT 3T TTeeT gRrerd T@dT

1. =<mTa Ta=3aT (Personal Hygiene)
SRIpE

o a7 & g1 =T (\TEA ST T )
o MO THRTE IATT TE@

S e HIHh (gl

GIEd T Fihd THT {g TFAT (Mask 3T BT ¥)

TE:

o TSI T HIET HTh LT gl
e 3JQrg9: COVID-19, Influenza, Hepatitis A



2. 9T T9=3dT (Environmental Hygiene)

SEIEE

o % TTHT HT AT S GIrd T@AT (IATAT, heet FEAT AT FATT STAAT)
FALT AT AT HT Tl Hge=

gl il THRIE 3T HIETIHTAT

FHL H =T A (AT 3T ZAT T ATARMHA

o TTHT 3T AT | THeA AT T 1 FH FHLdT 2

o EIATAI H HFHAT [ THAT 2|

3. #ie fA9=9T (Vector Control)
SUIGE

A=z XaTHT 3T F1< repellents FT TETATA

TTT % STHTE I geTdT (A=8% & breeding T & o1T)
FreATerRT T T IR

F@! &Y &7 rodents T fAF=r07

Hgcd.
« Malaria, Dengue, Chikungunya SIHT STHTIRET T TrhdT 2|

4. TrHTHIIT (Vaccination)
ST

o gl & AFta Ewreeor (Polio, Measles, Hepatitis B)
o HHHT &% (Influenza)
e IATAT T Ug &1 (Yellow Fever, Typhoid)



UGICE

o T H IRTSEH ® [GATH immunity SHTAT 21
« Epidemic 3T AZTHTE T T § Tag FLaT gl

5. ST 3T FTeerzd (Isolation and Quarantine)

SEIRE

o TERHT SATH I THL T STRT AT (Isolation)
o HIEEIE ARE FT FEETEA FIAT

o ITAT 3T ATISTF FTAFAT H TIHATH

TE:

o TRT HATT &I TehaT g
o  HEET & FE=07 # T # qgcaq|

6. FIETIATEI 3 fASHaAT (Sterilization and Disinfection)
SEIEE

o HISHA ITHRLUT 3T TANTIATAT STHLUT T AT TFAS HlAT
o  THETATAS AT (Bleach, Alcohol) FT TEIHTA
o UV TerHT & ZAT ST Aagl 7 FreruETed

e

o TSI T HEAT FH FIAT
o FEIATS ST G IR H AMFLTF

7. GI&TT | i< 9T+t (Safe Food and Water Practices)

SEIEE



TSI I Ao AL THAT ST AT & F T@AT
T AT HGT I o1 T T=47

G | Tgot T T

T 3T AT IATL AT pasteurize FHIAT

« Salmonella, E. coli ST @T=ISITHT TRTl &I THaT gl
« Cholera 3fi¥ Typhoid & 9T

8. ATasT-e Tareed &1 (Public Health Education)
SEIRE
« Hygiene, vaccination, vector control & &Y H STRI&HaT

o AR FEogal HAHAT § ARERT
o AT | TIATT (Mask TZAAT, FTI &THT, TR TIST)

Heed:
o TSI HHALOT T TATAT € § Thel H Ha& F2aT gl

9. TAT TATILT (I (Antibiotics and Antivirals)
SUTT:

o TATSA FT HEl M AT TeaaT
o Soal [MEE ST 3T
o FATILA TR  Forw véamaes game

e

o  THHOT HT TATAT FH FLAT B
« Resistant pathogens & FeTa Tl TFHAT Bl




10. 3T Sia SrRehl 3919 (Modern Biotechnological
Approaches)
SRIDE

« Genetic engineering — T TTALIers qrer faehfera seT
e Rapid diagnostic kits — PCR, ELISA, Gene probes
« Monoclonal antibodies — TSI TgATH 3T ITATL

e

« Targeted 3T precise pathogen control
« Epidemic 3T GT2r gL&T H AEET

AU ATSEH 3T SEHICE U Aqsiie (IPM)
o=

RIS T YA FHAT H hiel, TRISAHT 3 Geaqary &1 [T we & forw B smar 2|
TIITA chemical pesticides & FE THET &

TATELIT TEUT

T AT ST hT THATT
3t o Tfa2rer (Resistance)

A 3T I TTET UL TAE
THITeIT Biopesticides (ST FSATF) T T 9% 2T 2l

Integrated Pest Management (IPM) — U 3 {oha hie Tae WoItelt ¢ forad S SImi &t
TR e [T o sTrar 2, a1t aatar si Aree w@resy e R

Biopesticides 9T 82

Biopesticides U¥ ST TSI g ST UTel T Il 3T TATSAHT & F9Td g

o T HIeET, Bha, TR T I T T ST 5
o Chemical pesticides T TAT H I&IT, TATALIT-ATEHA X biodegradable ZT &1



Types of Biopesticides:

1. Microbial Biopesticides
o Bacteria, fungi, virus 3T protozoa &
o IRTEI:
»  Bacillus thuringiensis (Bt) — Lepidopteran Ftai & forg
»  Beauveria bassiana — Aphids 3fi¥ Whiteflies % formw
2. Plant-Incorporated Protectants (PIPs)
o ﬁﬁﬁgeneswﬁzqﬁ'ﬁ%m

o Jalgul: Bt Cotton

3. Biochemical Biopesticides
o Natural substances S/ pheromones, neem extract, plant oils
o #HIal % growth i reproduction T TATET FXAT
o Jalg¥: Neem oil, Azadirachtin

Integrated Pest Management (IPM) ¥ Biopesticides &7 Hgd

IPM &7 3297

o 12T FT ETET FT Economic Threshold Level ¥ §1= T@=T
o TITALIT T HIAT TATEST il T&IT FLAT
 Chemical pesticide T ITTRT FH FLAT

IPM % H&T ¥

1. Cultural Control
o Crop rotation, intercropping, planting time adjustment
2. Mechanical/Physical Control
o Traps, light traps, hand picking of pests
3. Biological Control (Biopesticides)
o Predators, parasitoids 3fI¥ microbial biopesticides FT ITIRT
4. Chemical Control
o T &I gl ad select chemical pesticides

Biopesticides & ATH (Advantages in IPM)

1. Environment-friendly — Chemical residues %H
2. Target-specific — Fael el AT TATSIAFRT TL THTE




3. Human 3% animal safe — Toxicity FH
4. Resistance development FH 2IdT &
5. Soil fertility 3% biodiversity FTfard

Biopesticides % HTHTU (Limitations)

Slow action — e qEd qgl AL

Specificity — THT FTal TT TG A1

Storage 3T Shelf-life THEAT

Environmental conditions (temperature, humidity) 9% s

bl

IPM ¥ Biopesticides FT 3TT1T (Examples)

Pest/Problem Biopesticide Application
Lepidopteran larvae Bacillus thuringiensis  Spraying on crops
Aphids, Whiteflies  Beauveria bassiana Soil or foliar application
Termites Metarhizium anisopliae Soil treatment
Fungal diseases Trichoderma spp. Seed treatment or soil amendment
Neem-sensitive pests Azadirachtin/Neem oil Foliar spray



