SEXUAL REPRODUCTION IN FLOWERING PLANTS
@[Stamen]

(oflobed) | OYMamentol , social , yeligiovs £ |

3 ; culfural valve.

(long, " Floweus axe morpholegicey

= 3 i p o 5

slende: £ embyyologicas mavveis €
Sife of Sexved Repvoduction

® -(\ (male Yeprodutive) % Sevesial hoymonad € shrucore) |
mfcvospotarg@(cnfmd L"—"ﬁﬁw)i Changes initiated )

@ i which |ead fo diffeuen)iofion:

# fortheee development of

(leng thw ise)

% Numbey flength of stamens oxe
vouiable in Howeus of oliff spesics

* microspovangia —> poden sac

(each lobe) (podden grain)

@[T-8 of anther] (4- Iaaws avound micyospovangia)

-

Gvovp of
gomoaegz%s
)
@

(inneumost loyer)

@

posen moHnrcw/
Micvospove mother
POY ced

, oferiscence

] |: / ofam‘her
1




@ MICYO SPO'rogcne_sn‘s (pmc _Mei0SiS  microspove)

: gpovogenovt |
\ lissue 7S capable;
4o forrn micyospuve;
' defvad, .. each one
Lis pofenHed PMC

CQ@' --------------------- 5

an anthew Mature § dewydvate
microspove dissodiefe £ develop info _
poien azrour).

® [Micvo gametogenesis

7
/" tnaoy

uen L d

matort
poM en
gual

(lovg e)

® [pouen 37::30 (mode 3amef-ophafe)

c:dn.e: Havo ; made of spoyopolenin * SP 01:,‘:) r?;tnta:fdwpg?wf
inHne : Tiin ,Contineovs , cvlose f peclin architectvye in

Geum Pon*[pwe, present on exine gi2e, Shapes, colovrs,

(P:‘;’";"”:;‘;) wheue spovopodeuin is absent. olesign
polen tvbe avise

Size : 26-50 4m in diamefey (Sphemicad)

Q)



(poaceae)

~

(in westeun
covntries mosﬂg)

9 [Imp points L o
o .sporocyfe,@Lm) SPOYC@M QOmefoPhﬂfe@

jrmmceemmeeeaeenooanaoo e NE€JD SPOTE |

: »Mega spovocyte = MMC. . ® i+ male amefe = polfen gyain

i emicyp spovocyte= PMC 1, noig apore  + female gamefe= €mbygo sac

""""""""""" : @@Ggg :
(Tefrad)

@ Gyanocfurr) (fernale Yeproductive povt, it is qrovp 010 pisfils )

be

(basar buiged pavt)

* placentn [ocoted
inside ovaxian cavity




#p

”emo.le.
— ] _aamefo

Jocaked in the

Nucedus
Base

Hibiscws _papavey Michelio. anatropus ovule
Mega.gpovangia. [ovule
+ owle
m




- meosis
@, Meao.Spm'ogeneSns ( rz;:))c > meaasp%r)c)

D o4 *[ovule genenaly dliffevenbiate
g in M7 (od3
in ”"”‘355’,-,,,,.

meiogis
4 <Jarge , dense cyfoplasm,
prominent nveleve

(of cnitwpy/ar Funclional
“Tnicehivs) megaepoe

..+, | monospoxic
J-mifesis ldevdo ment

Kinagis embygo sac
{emale gamefo}wd}e
(7-cetded, 8-nucleated )

*&m bygo sqc/ (boHom , chalazal end)

° fcmaJe >
famelo -
phade.

7 # Mifohic divisions
(rmddle) e sfw’cﬂd ﬁrce
nvdeay )

n (top) ie,nveleay divition
G micvopylay end ave no} folJowed
immedioftly b
cel wald {wmaﬁon

v
Ni-\vv

Cetvlay -Rdd«w‘nas of .930043-'0!3




@ [posination
— Tvansfer of polien gvain from antheu fo Sligma of same Species
— pollinofion is Yequived , bfc both male #{ema-le_ 3am¢fe oMe non-molile

“Ty LUNodst
(Typer of 'io 8:’;';,;' on souvce of poden)

)
m‘?/ «IyPe Of
pouinapion which

is 8”@%?‘% .
Cﬂ(
_Fvncﬁonallﬁw
@ Self polh'na.l-f'on—l
* ® + No need of
poLlinators-

)

Lacw}v amy yaue £ifyeq Synchyo
§d o %‘fﬁbﬁ

n poten welease $ S/-igma. vec



[Se)f bollinakion |
.

prevent
ﬂ” Avtogamg_

| have
e ’ PEEO
Saxvalihy
Monociovs / oisexval Dioeious | vuisexved
- Modze c A x A: x
. Bisexvod plont .  Castoy « G:V' ., poth flowex . G:x
conisexved FIO0CT ) iff flowey X v {P(,,%\stxual « Liff flower . x:V

- 3ame plant o diff plant

@g@ _» Out breeding olevices
;_‘ di“f Majuvedion
2D ——

[ st position

}A Sef incompatibility,

Sexuaﬁb’;




Po&'naﬁl\g ageni—

(smaud P\'OPO\'H. on) (L“.:‘lig-‘iw

(tree dwe lling)

Moz



(ngo wweHabl)

J< |Hydvophilly fypes:
&pihyotvo phidly Iﬂzpo’)gdropwuﬁ

¥i

‘% Most of aquakic blante pollinated by wi y :
: of = P % wind ?rnsed-s.wafm hyacinth,

those /'/aweu emeyge above s wafer ,ug
the [evel of watere

..........................................................................................




(Boat

Shaped
014. o
commelina L_, Valisneia
]
I
: j *
© —s tnsecjs (Honey bee most Qommon)




Some impovtant points

* d by
<<
t stepice ! gt 8
e o4 48
<

PoMen pistid intyackion

0 n
’

v
;?romoH'tm/
inbiHon

(compoahb le)
(v nwqufa ble)
- post-
feut Hu2ation
event ©
(_,a-ma le

amee



Polien fube

Growth of poden Hvbe Znha oﬁ Poﬂen fvbe
‘API.CQJ v ¢ enjee into Cmbv‘}lfo Qac
* Chemofyopic via micvopylee end , bfe
(in yaponge +o chemicey Synwaiou f egg ane present-
secrete by syneugiols)
W

@) |Avtilidal Hybridisolon
+ For same vspaio; | P spesies
» Tvansfex of desived patien grain on stigma
. vsed in Cvop impyovement programme

steps: (D Emascolation + Removel of immafvre anther from

>'€€ Jowey bud vSing {fovcepe
Anthey (To prevent sef podlinakion |Avivgamy
Removed y d )
® Bagging . Covaina of jcmale flowex with bojter paper
D) boHer (To prevent unwanted cvoss Pownaﬁon/
pape¥ xenoga my)
v
NE) DUSI-ing * when sh’gma become vecephve , then

>D l majuve [desived pollen dusked on gligma.
@ Re-bagginéa

- To pvevent contamination (Unwanted poden)

¥ Bigexval flowen :"Emagcolafon - Bagging- Dusting =~ Re-bagging
EUm'scxual #Ioww : 8mas>QlaHon - eqa&inz-. Dusf-ina > Re-bagginée



Dovble feutilizakon

i

(chavacfexisties of Qugiospeym)

an

Pﬁmav&
endosperm




@ post feviilizakion event

endospeum _provide Nutvikion
] cleviopment

08t fexiitization
P f ’ CVCD','
. Gndo.spe?m event

* €mbryo devp-
(most go P
cormmon) . OVUle—> Seed

. ovwa—> —Fruif-

syn atum condsbion
( kavyokinesis not followed
by cafok{nesfg
G mulfinudeated cond ”

@ Embr&,o deveopment Duy;’n& me?aspoyoaenw‘s

b L

nvt



@9)[mbryogenesic |

IShaPe of €robryol

@ ®

—

(Biggest susp ensor)

R [Seed

ovtee: festa
< inne: tegmen

8mb7Yona4
AxIS

(scar)

(Smal| pore
above Hilvm )

NCERT

*63#7

i

— pPean, castor

© TS0

—

® Dicot Seed

2 cotyledon (food Reseve)
Plvomvle — shoot
Epicoly|

Hypoco}a)
Radlicle - Root

e help of these
fmbvao abcorb
Nviyition

-2mbvao develop at
micyopylay end-
. mos+ zygok d:’tia(e
oftey cevfain
amt of endosperm
'fo":"?ff ‘/Udp')’fleﬂde
assvred nvfrifon to

the devdop/‘rg em bago.
+ Lonty sfage of embrys
o!cnlopm ent Srmvlay

in both mono cof £
Dicof .

® Monocot seed

Single co-Mcdon
(Scotel ’0’0

caleoPMe
plvmvule

s
edon
Radlicle (gpiblast)

Colexizaq
—> maize, Grass, owion

« Coleophile : Hotlow Podiay str

. Colerhizq : Undliffeuentiated
Sheath

* Dehgolmﬁon 4
dormanc& is CYUCI@[
for sfovage of seed
f can be useoi a3 ﬁ,oa’

and raise Cyop /n
nexf season .




can induced via

(f'ruf‘l' wold: Pu-u’ca‘rp) /7 Growth hormone

Tave froit false*fwff ParMenoZavac it
v
develop from ‘erh’[fsed develop 5"0”’ Othew develop withovt 60#}0’20#00
N oveny thon oveny i (secdliess)
Vv )
. Mango * Apple , Shawbexry anana
« cashew edible >
*x Halmus
Pleshy fyur Dyy froft
g froit g o
*Guava. , Ovange, mango  * Grovndnout, musfard

@ Seed Y:'ab:‘.UIH.

—> pedod u,bfov which Seed have Poww of 3wm:’naﬁon

— varse {wm Speies fo

.S'Pw’q

e In Pew spedes (oxalis) —> Pew month
* In large species —> Several yeous
+ Dafe palm (phoenix daciah‘fwa)—z' 2000 yrs  (oliseoverted at king Heuod's

. Lug:’ne((,upinus arcﬁws)-—> 10,000 yy <

oldesf

palace neax Dead seay
(from arcic fundva)

owion Seed

opple

pyo
> monoot « Noire Seed
Sf‘xawbewg,

T false foit £



% Apondixis is a formn asgexved vepvoduckion
that mimics  Sexuved Yepyooluckion:

@ polyem bygony ( ovvle contain many emb\ryy
*no- of embrgo >> no-of Seeds

— diploid €29 ﬁvrmed withouf Redluction division
4 develops info embyo without fev#idization

eg: |+ Cifvus
+ Mango
* hkemon
° Oranae,

39 [Hybrid seed
Y

% Pruﬂ:s contedn [arge
no- of Seeols.
¥
«OYChidS

. orobanche}’w
+ Striga parasilie

speu'u




HUMAN REPRODUCTION

[Female npmdere System I
ooaenas:s

@ [male npridoel-ive sysfem)|
Spexmafogenasi s
permaege

SPetm \/ OVG

fcvl-ihzawon
2vgote &)
Bfasfooysf-
I'mptanral-ron
Cleavaae
Gasfahon peviod (3-month)
Par forahon (Birth)
Lad-afron ( breast jesding)

® ’I'f{pa of Sex oOrgan

pr:’mara Sex organ Seaondar& Sex ovgan

- gamefe éomay’on « Gamaje majorajion

* 8ex Hormone Secveffon * Gamafe Transporfafion

— male: Tesfie — male: gpididymic , vas defevens ele-

= Female: ovaug - female: jaliopian fube , Ufevus, Cevvix efc -

@ Male RePrOdvcﬁVC sdsfem (pelvis 'xegp‘on)
* pai'r of fesfis : pri-sex organ
» Accersory ducf- : Rete fesks, vosa elfeuenfia, epididynds , vos devens |
- &dexnal genitalia:  Penis ¢ sevotum A Semen
L espeyny +

* Male arcersovy gland : Sem‘lnql plasma

Ny ¥ v .
Seminqg| vesicjes (paly) prostate (single) Bulbouvy ethered (poiv)
s 60-707 Semen ¢ 20-A5% Semen * Alkdline
* Alkaline ¢ Acidlic . / :
. Frocfose . caleium [vbrecafion of penis

-l omna enzymes



Accessor
I 8lands ed

I JLM_nghl oluc}

common duef for
O—————) vrine 4 sPerm
[ ) Pev
«confain a poir of

Scrofal sac

loaso.&old o&-Skm

e

( exjevnal opeuing) “Y-sem

% “Teslis ame ovfeide abdominal cawla within Scyofvm
# Scvofum help fn mainfeduirg. fow Temp by wiith Yequired for Speimajogenesie
* ejacv!qfoa_ducf--' Seminal yesice + vyos degwens

Stove 4 fransport sperm

® Testies e -
Sem:msaous Tobvles
( Tun'Cca, (-3)
valaemlns
Tobuli vecd
Towica )
4 Albugewia Rl fosbis
vasa e&wenhq
Towica oy .
vaselaxis &pldrolyn;.s
dense covering vos defesens
. Cavdo)
* pathuay of: Semini fevous Toboli Refe _, Vaso epididymie
Spevm b ﬂb!/:,g > Teek 7 Teske  ejeventia P 1

Uretheya «— Eqacvla}wa(.<— vos deuens

% Cach fespis: 250  —Saled s Tegpieufay
Com par}menfs [obules

% 8ach [obules: |-3 h‘gwa Coiled —> Se(m:’nijcrou;sd hs;/a
Spevms produce



® Tvamverse sedion o Tesfis:

oo b Semiuijevoue Tobules
Inferskitiod < &

JIHUM —) sPcrmal'oaoqu/()male germ culr)
+ Blood versels “—> Sevtoli cell (Nofition)

" lymph vesels ol SR -

¢ IntevsHfial cels 3

) Tmmunolg:’mu# Lydl'al'nfnsl-:hal cells
LH

Compejent celly AP . Spermn matovaHon
Testosfevon (Andvogen bindin fadtov
(andvogen)v profein)

Spermqfoaenesfs

Speymaids

Spevmio °3m°".3l
Spermatvzoq * Sevjoli celu foke fmf
(matove sparm) in SP“&'%?‘”“ (]

(@ Female Reproductive  8ystem
. Pou"r of overies :ptimarg Sex ovgan
* Accessory duet —> Fallopian fvbe/ , ufeuvs| Cemqvix vqgfnq

. om
( pucjus yskm) ovidvet womb Biv¢h cancy
* Exferna) Genifalia — mons pubis , labia majova , labia minova , hymen , clitoris
(‘yalva)

* Mammovy 3Iomd —» Sec¢ sexved chomadex

Overy



@ ufevus Jwomb posterioT 4 last patt of oviduct

¢ w /umen
invevted - P énam wider pavk
/5 sike of jevkUzation

peay shape

10-12 ¢cm

y (oviducd)
. ‘,/W vnnel Shaped
Snnev, glardver ‘ - bl L I ovesy

- Lines vexine ——
]
» (:V ?q Fl'n3 er Like projedfion
* ¢yclie chang heyp in ovq collec}ion
o » ‘CXf(Ynd P
during mesforalion. | . fin :'}\ Bivth canal
] -

emiddle , Huck Smook) musele, E > Hymen

- Sprong conpyackion OIUYI.IE
ddimta;
cushion Jissve
(© Female exjemal gewfatia /val ) smlpu;{clﬁ
+fleshy folds « Hrg finger-Like
.k = p— _)C_‘ oppe-rng-fo tabia minora 4 .
Above vvetheral opening

— Uvetheval opening.

* poived folds <— ,’6‘," ,';‘;'gq
vaginal opening - pavtially cover vaginal opeuing.
+ Genevally forn during 1% coitUs.

—— Anus * But it is not a veliable ind fcator
o} Sexval infeycovrse .
) Mammeng Cland Vaviadie
X d amoont <\[:l [ Glanduiar fissve |
(Bveast) I | ] divides
pioximal

I
] Mamn:)Laac lobe (15-20)
| | Mammcnrg alyoli
J

]
mammana. {ubules
] J
]

‘ mam;na& dvd-
([ﬂ{’(YCOS'G, MUS(‘JQ) mamyz)a& AMPVHQ

ko cﬁ‘iwos dud
Nipple

. J Disfal
' prgmented

'Ngﬂgf sensovy

* |Mammavy alvoli: Sec¥te 4 8jove milk




[ Gamefogenesis
@ Spevmatogenesis : (male)
Slav} ot +he age of P"P"’b‘

Spevma fogowsa

@ (ﬂPmmfvrg male gem
mifosis cetls)
Pn.mara &Pewmfoov tes

/\ma’osfs@

sec-s Pama)—orﬁm

® @, A
mejosis

/>'D @/é) sPerm.c\l-idg .

% L Crdation)

Spermafozoa
(matove Sperm)

1 &0: 46 Chvomocomes
' N: 23 Chvomocomes !

......................

® Spesmatozoa/ mafove spevm

% Spexmicfion: Release

Hypoha)
ﬂPo Gnrziti, <
Antexior pifoitavy
¥ I V4
LH FEH
v v
Lytira ced ;ﬂo&\cw
Tc.sf-oskm\‘l'/ﬂsp SP;J?ZH
ma g
SPem)qJ}(oaenesfs fackr
spemﬂ/
6permfoaenesf3l
3pe1ma+ozoa
full procens

“— % Spevmalgeneris: Spevmafogouia ——> Sperm

R last process
* spe:wogenw’s: Spexmajids ———> Speym

sperm into Seminijevous
fubvles affey Spexmiogenesis

— o tike
| g * fitded wor en:}ime
]

—-

C s perm mo,lr'lﬂat

hep in 6«#‘Uzal-ion

# Male ejacviates 200-300 milllfon
sperny dtm’n(y coffus
#* For noyma) '}erﬁb'f?!.

(607 spevms) must have normai,
Shape f size

Yo% spermg|must vigovous mofalify




@oodenesfs (female)
* Initated dw:’na Zmbvrgoufc #age (¢ mittion ooaou.rq {o-rmeol)
* No move oogowia formed Offese birth @ o
oaowa. }

/Nvd mewd O l Wfosls
umm
(FH)  requ @) primavy oocyte  Birth
mei/ >%15" Mefogis - childhood

Fefal b’&e

. (D) Sec- ooente ° pvbey
ovoloHon 45t Po!a‘r boda, d t
(LH) »
2" Meiosis | ..
(endocrine gland) ovulation -zdulf
© yogesferroue 1| “Repvo-
Reese progesf @ ovvm ére,
:zf‘d(polor bo (ooh‘ol)
F.T)
( ur):quul 4’
ot Hime
%| Division on sec ooorte avvated in prophase T 4§ jeusbitization)

af 6mr-wzahon Meiosis-II conjinve £ ovum pandpg
km'med




Pn’ma'r& {ouicle
+ pri-ooryfe ()
+
.s:'ngle laﬂw of
Gyanvlosa cels

. Meiogis avval [n
prophase -

- At pub :
60,000 z):'%’,ooo

pri-fodlicle 1eft in

each ov(ra

{®Mensfora) ¢ycle

@

Menstuvod Phwe

(25%- s™ sy )
- 3-Y day intevva]

Ufeeine event
preakdown of

endomebyvivm x:'uba.

ovavian Hovmone
PE) . €@

ovarian event

Rtarm»ioo [ dcatmah‘on

of CnPus Levfomn

pitvitavy hevmone
LH[FSH (§)

Follicvlay phase /

prodifveative phose
(65113t dey )

. 7 day intevve

Vtueine event

Thickuirg f
Reacnma-l-v‘on of
endomebvivm

ovavian Hormeone

E @ (3ecencrtion)

ovarian event

blow wlory o/evdo/omf
. —> MOfuYe

(foiae™ fotiie

Pl'f‘w‘f‘aYzf hevone
LtH #FsH(D)

36?'éowo(¢ Te- pollicle
‘Pri . Sec: 00
Pri fon/}e(ﬂn) A .udl.e %)
mulh’laﬂw Iaﬁw Theca interna
(vanvlosa ces 75“‘:* extena,
+ Antyum )
New fheea (flvid fited cavity)
% Pvi-oocyte @Gn)
unequed civision
(Meiosis-T)
® ©
13tps  Sec-ooryfe

Gvaajian |Matvre gowole
- 3ec-oocyfe gmm new
+heea Ia.yw: 20na peljocicla

5k Gmaéfan fawdo
lewae
Release Sec:oocyfe
(ovvlation)

*Dtm'na preganency aly event
°% menstured cycle stop

% Nensvsajion onla occvy 7{-
YYeased ovem is nof feshilsed

(if festkiised, then ﬂ‘@% v)

ovulah:r& phase
(144 dley )

Utueine event
endometrivm

devdopc'rw

ovavian Hormone

E: pealk

ovayian event
ovwlodion

Pitvitavy hornjone

Goth LH 4 FSH: ptak

(middle of eycle)
ryt olaag

* LH Surge (peak)

“» No mensjvrajion

Lutea] phase [secrefort bhose
(/s*'*_ 29+ da# )
5 14 day inteyve

Utuesne event

endomebyivm fu.
de,vuopca/g “a‘

ovavian Hovmone

P (Releoed b% :

covpus lev
ovarian event
development ofcorpus Levformn

* P:peak (21" oleyy)

TEEXTEN
- OUIRPU.S levforn End)“\e"
progesfetone | (Mens)

mainfain endomefyivm
(Fov im plontafion )



1Y

Feutitization (Spwm-!-ova)

* % Dvﬁna *wﬁu‘zal-ion

-~ J Sec-oocyte

meiofic | (Melosis-IT)
division | ynequad dlivision
complete

» ovom (ookid) +

» 2" polay boobd.

—s AcYosome.

Hep speum fo
enfen info ovum
via. zonq vada

{ plasma memb"

4o ampulo Sfmaliinoo%

changgg



(9 Tmplantation Lygote

* Js-}hfnos eavage Vferus 2A>Y »3—-1b }Dau hiex cdls
°{ ovidvet (N"}ol-ic P W-&.o"> ( 8/037‘0'"01&) o& zygofc

. [Cleavage] (miksis)

¢ Blasfo:gisf— )

e

¢
P“ﬂm"‘a’

ﬂ Innext ced mam 37ve

. i+ Sefodewm (ovfeu ¥ise fo all Hissve £organ
* Alfee Implantetion : Innes cetd difgr | Mesadmm(mjd)dk) Blc it have Stem celts
roak * $ndodeum (inneu)

@Pregnaney '

- . * ichoyiowic villi i

* Aftee implanfation Pt
ivfewine Hssve

............. ot

Shuq‘quJ f &onq-jonal

uwt

i bjw foefue £ moihes
Y
"

@) Placenta
(cshoaen 1 progesione,
coalisol, proladkin, hy¥oxin)
@ during\pegnancy. level
°L’ incyeased i'n
mafeunat blood

/ por ® Thae hoymone evsentic) fox
¥ feto! growih
Emwwc c’"”d"’

pregnancy mainfarance



@2) Gesprafion period (9-month)

15t fyimeste

(12 weeK)

M fyimesfeut ﬁ
(2 week)
3 himesteut ‘{
(36 weeK)

@Pat{-um,ﬁ on

~{8Hmul brd
Rellex
+

conknovs Oxyfoxin
H sye ceqaion

@) Lactaton

* mommay g/anal Stavf P'roduu'n& milK

* Initiod rilk : ,(:

79

I‘JA anH'body
essenficd fox h’ealH(# babg

* |Docfors scaaacsi— byest ‘e.edmc?_

dvring initio) periool




REPRODUCTIVE HEALTH

(D |Defination

- e Acovding fo 2011 cen.su.cg
: Pop" ?’(OWH’ wey
len than 27
¥ dncueoased

: populc4ion
f dvclfv
*Rapid decline
: in death Rofe |
i e MNR |, IMRY
¥ |RCH Objective] e fac in
i Repyooluekve
:  ofepepie
L e ine in
Healh jadlitics

@ [aAmniocenteris |
* Tesk based on chvwmosSoma) poMern € Gendic disorvdec
*[Ban] on Amniocenteris for Sex defewminakion to prevent (check on) femole foeticides

@ (contrcephive mephools
@ Notral [Tvacilonal methods (No Sicle effeef-, buk igh Yisk)
G aveid chance ol ovum & Spesm medirg.

(Blc it is feseplle pusiod)

Ebﬂcq-ive. UP{'O °
6 month



(® Baniee method

-

Diaphvagm
%k
-+
*
vavlts
© Intra vtexine Device (IUDs) : females (To dlelay pragnency)
G
Coppex-T

@ Implante
* Progestogens (ov) progesfogens ( used by female as injeckion
3ot +ocashl?3en4 ? ,3 b (ov) )
* mode Similay fo oved pills implants vndex Skin

' long Ppedod  effective



¢ VOB
g*?mwacn
wnho;cep fons

. vse of oraf pitts] |
: TUDS within
. of coitvs

(vwa %a{-p‘ve)

 [Saheli] (jew side effect pLigh eonfracephive volve)
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PRINCIPLES OF INHERITANGE AND VARIATION
@ Greaov John Mendal|

- 7years (1856-1863)
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ﬂ
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Gine 73 Al\lbde
Suamm+‘o( DNA whith Varienis c‘ fene
Synthegise RNA Gene <:;’—/ /:
T
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Recemive.
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® Law o Dominance
« Chouaclers ase Confvolled bd 6acfws (drscyefe unit)

* Facfors occorin Pa/ r one dominafes (cxptcssfrﬂ Chv)
+ In dissimilar paiv o gac/ors< . .
Otheut Yecerrive (non-cxpressuﬂ Chv)
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monohy byid cvose

patenta): -:;7' X {;{-

R: Tt
\Lsa{;fng
Ttx Tt * phenotypic Rativ: 3: |
T ¢ (faus: dwav[j
F: T|TT|T¢ » Genotypic Reio: 1: 3 : [
¢ [ (77 T:46)
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&
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@’l’csf ¢y0ss
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I6- 1 }ype o‘ tho[yP( obseuved .+ unknown —)( ITTa c)
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® Tncomblefe dominance

= F; offspring [phenotype does nof- vesemble any o Ppavent
eg: * Dog {’fowtr/ Snap cvagon / Ankrrhinum  specdey

Red  white
pavent-:
R * Jn incomplete olominance
(f) ('E') do no} Show
K Y bl?n dlna- . 'aw °i, SQamaaHon @
F: % pink, law of deminance (X)
* PR Red: pink: wlife = [:3:]
. qu PlﬂK PmK ww'}e *GR: RR: Ry: ¥y = j:a:l
2
(RR) (%) % (r) -~ [PR=GR
(@ Norma) Adee Mutation > Modilied Mlele
‘Lme | Form
Normqg| enzyme v v v
¢ !css Funchma/ Non-Fondional  No enzyme
Nmrma! phenoype me

(’CSS Q&NJ en+)
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Co-dominance
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Red bvly X wwke cow
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. - Jt y gPR=<‘4R Tésf cyoss= I:1
RR, RW , Rw, WW Ew-dwmnfe = |:20)
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X
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(@ [Mendal werk

@ [SUHon $ eovvu'l
v

* Obsmv:. chyomosome movemeut dwfva celd devision
Behaviovy of chomosomes pavatiel to behaviouvs of gene
% They vsed chyomosome movemewt fo exf:lain Mendal's law
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} Yediscovened Mendal's wovk

................................
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...............................
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@[Chvomosomaﬂ theovy of inhevitance
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+ cleay  difeentolion in saxes (mole {femaje)
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X X

' X Y
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: Red eye :
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[Some impovfant points]

* Recombinalion = iR = No. of Recombi :
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hooencg o oMy o X,

paventa) +_Non pave nte)
( Recombinant)

@ [Genetic map]
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=
(/ 2022
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QiRf: -a—c :307 o,
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‘ Polaae.w'c inherifance pleiotropy

* inflvence
° o
L@'w ofominante
|Sex deferminafion ]

% Sex defermination in Humans Human
- XY fype , 23 poir of chromosomes (10 each pregnancy .
" 22 paiv: Avtotomes texe is aluwoys SO% ‘
* 1 podv: Sex chromosome (Xx/xy) probability of either ! Drosophido
male [female. child )
¥ Sex defeymination in Ho :
fe + in A f\# bee s

* HaPlo-d:',b/oan 8ex defeyminction

—» males: n (1¢) : Haploid

—» Females: 20 (32): piploid

> Based on number of Sefs of chromosomes
an individval receives
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colovr blindnexs Albinism , Sickle cey anamia
“Thales emia
@ [FAEMOPAILA) g

—_— eg Fam;g Pecbgree o/’
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. prseased male
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© [SICKLE CELL ANAEMIA]

% Norma) aliele  Mutated/
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v
- Tng Gu4
Glviamic add I.
(4 ,y) valine
% (voi)

.................................................................

: Dve fo .Smgle base SUbs*
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J
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H
< Novmol P‘YS@ f Vcwne af 6 POSII-IOI) of 3

PoUgmwasa—hon . @szd“*
m Jow ©4
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G due fo absence[excen [ abnorma) aryangmw# cf one or move chyomosomes
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vesvlis
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*Anqlasis of hoit in Saveual genextion ¢ Stucly of {’qm’ history abouf inhexifance
*Anqlcs’tsfs of hoit whethese i} is — pominant [ fecessive 4 Sex-Link | Aviosomal

¥ Trangnvssjon .,Dmm
cavviey female — male progeny

l |

+ Avjosomal Dominant Avlvsomed Recessive
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@ [wvtaion]

—> Cqused ba VY Raoliafion

. facjor tha} cause mulefion ¢fa: Mw}agm

* Alteinction of DNA sequence [chwwmocome ——> Change in genotype f phenotype

Gene mutalion chyomosomed mutadion
_Tnsw-Hoo , OeletHon , SvbskHfvton ¢ [oSs ,8“‘.0 *,F 8‘8”)(0* o’ DNA
ARARA  AATGC GAG (G1v) « commonly obseuved in cancer cels
ol y v f d
ARVARA  AAGC GUg (val)

[Frame8hift Mvtation |
(Frameshi} inseution | deletion Mutafion)
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* change in gingle base pair of DNA
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sinsat ¢ [Avg] [buG] [6Gc] [ccujuvu fReaah'na Frame

sinsext 3 ¢ [Avg] [vwu] (G44) (ced |uuu|}~o change in
(mulhm.(gs motelion X Reaoling Frame




MOLECULAR BASIS OF INHERITANGE
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K I
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@DNA chavactevistics
» 1% discovened by  Fricdvich Meiche (1269)
J

He discoveued Acidie Subsfance [nelde Nvclevs
v

Named Nucdlein

Xvoy i wmhon Rosakind Frankin
% Double Helix Mede) : watson 4 evick r °d B dojo

Based on L £ Movrice wilking
P Py CMYaa&k RU'e
% Dimensione

s' 3!

° i d Df.ﬂ'" blw 2 nudeolde = 3-Yp°=0:3Y nm

2 T‘> 265 3-44 O'rl a base pafr

¢ * pitch of hetix =3y = 3-unm
Z—/Q—»(Bak o Diamejey of ONA =20'4 = 2nm

nvdwhde . o oo
3 W" ! pair) fvvn b/w each gp =3
* one {vyn = 360"
Tofed 10 base pofys of DN A
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(@ Saliewt [eafover o onA

s! 3!
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G [
3 s'
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?,:; mmdme
tuvn
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* 36 tvynt One base pair
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(® Char 3a|!f'g ¥ule

—»onla {‘ov Double Helrx

- Amt ﬁ puvine = Am-fq‘l pyrimidine eg: A=307.
|A+C{ = C+T| J
¢ G ~T=307.
*A=T PA+T+GFC =00 *G=207
2:1-9 =) °G=C AT+ G/ =S50 (=207

Jop Base paiy

. §x17Y Ibac}uu'o/wa?b—) 538 6 nucJeotide (SSONA)
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W

@POCqumg of DNA 1 complele fovn +}
@ 8ukavao+d> Q"%}'Mn -t
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-ve
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(® Faba beans expeuiment
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ba I’ﬁaxlw y 4 wﬂquv&sl ( in 1958)
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V
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Reveuse franscripfion (RNA dependent
ONA dependent i
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ba more +han One cvolon

« AAH—> lysine
» ARG —> Lysine
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Some. imp poins:
Joyassic peiod : pinosavus
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HUMAN HEALTH AND DISEASE

® Heath
* Affecked by Genelic disovdew ,Infedion , U‘e sfalc (good , wafer)
* willian Hmw«f: ' o(.’scovwag o{ bloed Cirevlabion
» disproved the _gnoa! hvmoy I\g_p#hw's
* Health does not simply mean 'absence of disease' or 'physical fitness'.

o It could be defined as a state of complete physical, mental and social well-beinqg.
¢ Balanced diet, personal hygiene and regular exercise are very important
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park i Treatment
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para.s:hc( nxoplasma) (va ayaausa.{qoryhol :

(@) Cancex:
*most dreaded disease - magjor Cavse death
% developrment g/ cancext cels fom NoYMO) celd : onchogeuic [neoplasmie fransformalson

Noymod cetd vl cance celd
s Cey gww#h : confvolled s ey row}h : Unconfyolleqd
v contad inkibilon () v contad inkibition X)
(O sk mconrosted qrowth) : cancet el confinoe fo dlivide
o form mous o cels —» [Tome)

® I’Igpu oé Tomens|

Bewi gn

Mali 3nan+



(® [cavse of cancex]

-

cancey

CGUSFD&

[ .V
© [cancex Dectection| omcﬁ(&nmgun:b‘ﬁon
ﬁ
T (MrT)
L
Ly
q
—’
Ly

@) [Treatment of cance

® Dyvgs
Mood a.lfu-dna Hativeinogeuic (4@ ¢ )
. opoids * Afropa belladona
* Tvanquiliaes . cannabinoids

. Cocaine « Cocaine (excers dose)
» Tobacco - datvra ¥/



(@ Opiods /}(

CNS[GIT

~

® Trangquillisers
cvsed as medidne

*Hup in — mental ilinews, depyession, insomia
( ﬁepmfsenﬁ

« Bavbiforales
s Benz0oliaze P:’ne

© Cannabinoids
s 8ind with cannabinoids vecepten in byain

* ggnnabfs sativa (plant) /

%

)

cavdiovaswla¥
System affect

(@) Cocaine/Coca alkaloids

opivm
poppoy

Hmrpbu’ne

cannabinoid molewle



© Tobacco
(Alkaloid)







]
] _ _ _
@ prevention 4 control
* Avoid Undex peex prevuve * Looking ﬁndanger Signs
 Educalion € coonsau'né; . Seda’né f'rof'adonal 4 medical heip

* Seeking help fvom payents € peeus



MII}RV(IBES IN HUMAN WELFARE

Badfevia, cyanobacfexia , protozea ,-I’onai (Yeast) , vivvs

@ Houvse hold produck

cuvd TolLi-dosa
Blackgram + Rice
MiIK—LQL Cuvd 9 | Feymenjalion
LacHe acid bactevia/ Tolti /o'osq
Lactobacifvs
(Pufhed appearence
* LAB produce Acid that dve fo pyoduckion
. . of coa 30:4)
Coaaulafe. 1 particlly dxaesf

MitK Profefms

« Covd hos more nufrional valve

dve to presence 05 vit-B)a

LAR P’aé' beuil-fa‘al yole tn
check.?v disease

Tvadiliona) Sovth Indian dyink
( Famcul-f'na sap from paim)

® Indushial pyodvcts
Anti- biofies
daoui-q

* For disease: H?cu'nst ;Uke
* Fox Human: pro Lige

* poduced bg micvoba 4 ki [vdavd
Growth of disease cavv'r?mfcwbu

S penicitlin (15 anfibioHc discovered
by ¢hance event)

Alexander bt/em:'
) da
WDYla'na on Staphylococed Bacleria
v

He foond movld 8row:'n in

Wis vnwoghed plam

cheege
J
oldest good ifem
ea-‘ Swise cheese

L
* lavge holex due fo
podluction of 0>
ba. bacfeia
propiowbacferivm Sharmaud

g Roquelovi cheese
ey

R:'Peneci by fongi
3ivc pefieviay Lavovy

% Micvobes ave exed asfood
v :
. Fe.‘rm(n{- -
* Soyabean
* bamboo Shoofse

(sacchavomyces
|

cevevisiae)

v

v
peo YJ makin& ewad‘bma Ia'ry

Brewerls yeast Bakey's yeast

depend on fype of vawo mafasdal

cessing , A, olewho
f 70 <é, ft *Hpc %ob"la?ne,d
with withoot
dish;naﬁon aeisﬁitaﬁon
whisk cwine
. Bran] * Beey
e Rum

mevld: penici ivm notatom % Fuu pokential
(- He named Aniibictic

of An}iboi'ﬁc ba

% Ankibiokiy dreais

— penicitlin) , " Plagoe .
€ynest Choun £ Howoyd . Whoophv cough Kali
vsed dvying ww-I Flovey * Diphthevia. ~, khami

4o Jyea} Amevwican soldiers

. Fleming, chou
Vv

) fﬂon\glp

Nobet pn'(‘c in

Kusht vog



Rod

(1SOOX)
3p hexiced
(s 0 OX)
Rod + ok
Hagdt i Aderpyics
(50:000K) et
) nbecﬁon

TMV

Bacteia
Fon 8/'



® Acide

ba Bad'evm ba Fungos
Y
ﬂce}o bactes Closhwbvm Lad-o- ﬁ)sPerng.s
Ace}i gu}bl.hwm Baclvs ""’3"
v v
AceHe B»vlvm: Lackic c«hrc
Acidl Adid Acid Acid

(® Bioadive moleevle
CydOSPO'o’;n-ﬁ

lmmvnoSoppnss: ve aacn{-

(- used m organ fransplantation)
Pyoolv«d by Fungos

(Trichodeyma ’polgs Powm]

@ SCwaae Tyceatment

@ enzymes

Lipase prvfecse sf-ocp}okma-ae
Defevg ent peol—moue

6ormq)1al-fon *Gen 4"“:?

v Clea bolHe mool/| ‘vom
Yemovi, Juices 3{yeprococcvs
o :’Igsl—w'ns

*vsed ou
¥
Remove Clots from
Blood vesels
-~ fveat Myocavdiaf
Shalin m‘ad-mn

Blood cholestesol fowu.u‘ra aacu-f—
* Stodin competffiv

/’nl«ibf/— enzyme
507 chofe 3fvol ﬁovmah'on

Y
produced by gtara-t

[Monasess purporevs]

. Be_‘ove, disposed Sewage treated with SCwaae freafment plans (8TPs)

s Neafment o{ senge bd Heferofwfplaic micyobes

@ prfmavd freafment-

G

}Removed ba Sedementation

® Secondoavy Jyeatment | Biclegicat treatment —> using aevobic bacteial £ fongi

—

«mesh lié(, Str
' Bacteia + Fvngi

20%

-EL These micvobes consvme
flocs ma jox Par}ot oyaawc.

maktey m efflvent

Boo@



* (Biochemical owggen demand)
S amount of 02 veq by bacjeria fo consvme oM ovaaw'c malter in 1 Liter o[? wodty

(80D < amt of oyaaw'c maffey o poljol-irz; Po}rnﬁa”
<. Sewage waley /s freated U BOD vedveed

%(Now)
©

95

Wy —

fnllflammable

[ ]

(lovge 4ank)

* Depelop lavae no- of sewage Planf to dec | poldvfion in vivey

— 8y M:"\f&h(y of envivonment £ jorests —C (;anga Adfon plan
yamuna Adfon plan

@ prodvction of Biogas

pre dom;'naﬂ;j mefhane

*Me.#»anaaev, 310«» dnaevobi on colvlosic material
A v

Foord on produce: CHy , coa 1H2
na o

« Anaevobic sludgc

+ Rumen of cathe —

These bacfusia byeokdown (edulose # pley
imp vovle in Nofvition-

* Dvna@oba?) can also vsed fo g(nwa{'a ]Bfoga,s / aobargaal

Bi ,am (CHQ' ,CD:.’") ............................................................. :

-Jk B:'oaw) P‘rodud-fon
* ZART: Indlian agricvibore
— | sbent S'Wy Raseavch in s Hvte

G vsed a3 bioéal-wzns
teKVIC: Khadi {village :
: tndusfvia] commesion :

o /{anlb (10-15 feet deep)



(® Bioconivol Agents
G confvol plant disease £ pats

* B:'ofoa;'cci conhvol oF pest P disease — ,Qda? on pNafuyad py(daﬁoo
* Reduce dependence on tfoxic chermicoy

% (Tqpes of Bioconivol Agenf&]

TInsects Bacfenia Fmgi vivvs
. (,ad& bird (seHe * B+ }oxin s Tyichodexmq « Pacvleyivus
| ia with Red 4 ) (Free Livirg foreri) l

. Bleck conpyol boHally control [nseof- £
aphids mafhng) catespitiescs (,v,.,sqg common in aerLpods

Dwagonflies * Bt spavycd on B
. ] confyol * : NPV
J,HM Vu(l:)eYab"B_ Pfanf.s P"""l" ' /Roof— (‘r;fvno‘;:opold:hcd?o
mosquifos Brassica, fyvit tree pathogen vivvs)
X Bt-foxm KM capeupillers, * +Speciey -specific
bot [eave other insedts . /\f/’awow s]:ccg',wm
( dudogcndv'c a’?’”‘""d) ) mﬂaﬁvc impadt
v

- Bengjdad in
— insed- panagment py ogyam

- cwlog:‘c SenelfHve ayeq
Freatrent

@ Bfo-éa#lizws (maaW'c bmmina)—» incvease I Nupyfent Waﬁla 05 Soi{

) *




BIOTECHNOLOGY PRINGIPLES AND PROGESSES

(O Definations
¥old Biofech —* USina Live oraauicm/enayma fo produce produds §procemt
vsetul fo hvmans
. malla'ncy covd , byead , wine (micvobe mediated procest)

% Lafest Biotech—>* Tes fube baby (in vifro 5(7{-1’0'261#0/) )
* Gene syntnecis fusing it
* OVA Yaceine (o covredt defeckive gene)

* - Inkegrafion of Nafvvel science € ovganism ,cells (ports theueof £

(évvopean .
Fedexuation molewlay ana/odau for produvgt £ Seuvice-

% Biotech)

@ Procens ofBioi'echnolog%

[Genefic cngincew‘qgl v /-9 Bioprocess engineexing
\ v
*
- .
-
-



® Gene clou.?rg,

&-coli (prokavyote) Awimal cetl (2uKarsote)
/s-?}/aﬂ-. o ——> Nvudevs
cajiv
Replcatron % Plasmid
* Vecjor

» Sef |avio veplication
+ Extva chromoSomal
DNA

¢ Small ,Grwlay DVA

0
(Recom binant frapger

Gene clouing
e ()
Rea;,z :manf Transjormant

@ 15t Recombinant bNA
*1972 by sfanlog cohen § Hey beef boaw
v

Ba Unkz‘ng AnHbiokic Ressfance gene + plasmid of Salmonela Tgpwvnw:'vm
(4o1) /
* simble 2-cod/ converytfeod \)

info dyug [Antibotic Rericfance @ — Tvansfoymation
&.coli
Recom binant

DNA Transjormant
*

| ) Pye




© Steps of enefic ally modlilging an  ovgawism

<K [Toole Blo'o' Recombinanf ONA Technol

* Resfriction , poymenase , DVA , vecfor, Host oraaw’sm
gnzyme 2yme Ligase

(molewlar s¢issor) (molewvlar glue)

© (Resfrickion &nzyme |

*

*

@ 'ljpa o& Resfriction cnzyme (clows : Nuctease)
. ..... SR Iznd OOUO‘CQ&QI Exonvdeme.

¥ (of wovking)

G)

®
©

@

¥ Palindrowic sequences

. GAATTC



Ackion of Resfrickion gnzyme

> ovexhangfng, Sfrefches

_CBa DNA uacue

( Gy achion of £oRI)

@ [Vips
*
* bre
s
* ends
*
¥ These

% Restrickon



Namina.

% 15t Restwidion endonvcjease
v

( . 15t yjgeovrved
-and ;solated

¥

¥ “Theue auve more +han Re&hr'd-ior) enzymes +hat isolafed fyom

e Hind I , £eoRT , efe.-

W c Iow'nd vedors
Z

% |Feafvres of clouing vedovs|
@ ORI (ovigin of Replication)
* Revpontible for inifa.h'lg Replicckon

Sfraing o} bacteria.

#YOm plasmid
fo plogmiedl

*gnaw{? wpl'bs x Wigh cop numbey :
o fragel DNA Svpporting ORT

*This Sequence afso mfonsibie bl" wnfmwnj copy num ber

® Seedable Mayker

%ﬁ



© clouina Sites .
* Rewaw'l-ion site for Resprickion enzymes - K/A Restricion sits
* usaﬁol when Pmen} wHin 3eledable Markeu gene
J

¥

< P‘“gmid Selectable MavKeu
@downa sifes /kesfnchan Sife [can praent ouvfside [inside Sdu}qble )

#< |PBR322|: plosmiel vedtoy fov £-codi "'f'z'b'é ..... ;;;";;F ........ Q)ZB'EJ}XJJJQ'};{“

Totd_€

(@ dnserfionad inaclivalion

' )

Inseyfioned
— mac(:fahOn (77 owx)

(
©r- = gree®@

®) Application of inseyfional inaclivalion
©@ on Antibiokic Rerisfance Gene

[ O rowsprmi
rasi |G




< How fo [ind ovt ?

@ Grow on AmpR medivm , but do not grow on tefR medivm

= Ais Recombinant ham‘ovmanf‘ (BJc on +exRmediom if gd- Insevfionad thaclivaled )
® Grow on Both AmpR £ fefR medivm = @ is non- Recombinant ham‘«nmanf‘
© bo not grow on both medivm :- C is non-ham‘ovmanf'

® kac-z-gene

dnackivakion of Anfibiofic is cumbersome procem, thats wwé di“wml’faﬁon on +he
bagis of coloov infroduced (by chvomogeuic Subsfance)

[ Lac-opeon ]

* (adjose -&ﬂ"’—> Glueose + Galadvse
oL

(P10 e [mey|mea] eLacjse v ¥ In presence o{ ohmmaeuic Subsfance

¥ v « Glucose X 7 r‘ve Blve colovy
Q P P T -, +ve (oN)
Represso¥ 3¢ mrwA

tnaclivade

e
—>
l\m])'l tac2 RE= lac 2 col-h'na O (have insexy)
od —
(piasm ) O (ete not have
insevt

6

ﬁansformq‘im

s

)




Tx

* AmpR anliboitic +

+ Chyomogowié Substance <+ Inseufional inackveion (ac-z-gene f
. Ladosg +haie bg P—gal , So do not Pwduce
colovy

|

Not grow (Non frangforment)

give blue colovy (non Recombinant : do not have
hanﬂ‘omnf) fnsex

white [colovers (Recombinant : have insext

fransforment)

@ Vedhors lor plants fauimals :
(plants] (Hvman)

P Reprovivovs

¥ S lbfsarmed
vecfor
(detiveu GoT into ouwimal celds)

i % Refrovivove

: G vivus that how ab;w'}y
1o fransform novmal ceu
Infe canceuovs celf

@ Competent Host (methed fov ham‘wmah'on)

v
increase elficiency of
#mnsévrer@) a,tf’oy



Procews of Recombinant ONA Téchnoloaa,
@

®
© )

© 0 & ® ® ©

@) 3solotion of Genefic mofenia) (DNA)

© Fragmentakion [coHing of ONA

Pra@rrleniu-l-ion: GoT
by Restrickion (disesteal frogmevt)

enzyme.
puedlied bNVA
%* RE digwf-:’m 53 incubating purulied bnNA cith RE

g7
La at optimal condlition fov +hat
Spedjic enzyme




© Scpwa.{-ion 4 isolafion of DNA_fragment :‘C{d elegfyophoreSis

move
oy et S e

( )

 See weeds

ovange — "
colovy pree sy
gand :
"
7
*
-;k ONA Pragmen} Reac%r S —
@ AmpﬁFcaiim of GoI by
* PCR: Pogmmue chain Yeackion
* Sanfhc.si.scd = qu
. 23¢fs of primeus ( OUJ"”:;"’CO#‘M) - :]

* ThewmoStable ovA  Complementry fo DNA

ss‘e
Pawme \
» Genonvc DNA (734 pilgmwme) O l

* dNTPs + Mo"" « 1Solafed jrom Theum vs

cleowy Nooleotidle adeefio: GREEEE o
Tiiphosphafe  * Remain aclive dw:'nj DAE

High Temp”
* Denafvye dsonA

® Ugah’on of DNA fragment into veckor
— Ba ONA Ugae % 7ofo! copies = 21
(22°= 18)

no o‘r cycle

@ dInsewfion of yova in Host
— usfng Sufable vecfoy



@ obtaiuing foveign gene product
* /avge scofe produckion — To make move P""ﬁ"" jrom yona

* ; Re;;.;;g}bey‘r’))an‘l'
*
* \
SYS’(UHS
; b ant
Temp¥, pH, Subshate, Vs'"& ;:::::7{45 : m’;,{ cath Aarlafvf Sysfem
Salks, vitamins, 034gen wﬂam dwvwv vchm
. o 2 PH confyol 3,’?"’) ;
* Mo‘.sf- common ‘b:o veactor ——’. Sf"'f'f"y 'IVPC N .sampung Ssgsft
% Stivved fauk b:owac/-or<>’ simple CHRTR O SO ”7 ..........
¢ spav ged .
* (ylinduical € cwuyved bose + Shile Afv bubbled in ve oefor fm’ withdrawa)

* Mix reacfor confents
o Stivrex: €ven mix;'ng .fov“en availabw}a- -mrav‘?houl- Bioyeacy

<X (Reacfors

>

simple S pa‘raeol

() Downsfveam procers
'smh:; o proces [ for marke} yeady)
Sefwah'on + Pmi‘lf'ca/-fon + presexvafion
v
cl,'uicai feials (fox chrugs)
(puaﬂly conhrol fah’ry



BIOTECHNOLOGY AND IT'S APPLICATIONS
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