HINDI MEDIUM

[MICROBIOLOGY]

CHAPTER :

4

NUTRITION OF MICROORGANISMS

Microorganisms @1 3fg STl @l SR R fR_a=cll 81 9 Wivs I RTRI_microorganisms, cell material S@ axd 2 &R

Sl U B &, 9Tl H R 8 & |

Elementary nutrient requirements: Cell &1 elementary Sas= 10 macroelements # faiiia gar ® ST &% cell # SuRerd

8Id & carbon, hydrogen, oxygen, nitrogen, sulphur, phosphorus, sodium, potassium, calcium, magnesium and iron (C, H,
O, N, S, P, K, Na, Ca, Mg, Fe) 3R microelements a1 trace elements; manganese, molybdenum zinc, copper, cobalt,
nickel, vanadium, boron, chlorine, selenium, silicon, tungsten (Mn, Mo, Zn, Cu, Co, Ni, V, B, Cl, Se, Si, W) 3iR & I, &l
B organism I Sexd &l 8 |

Major elements, their sources and functions in bacterial cells.

% of dr .
Element ° . y Source Function
weight
Organic compounds or . . :
Carbon 50 COg P Main constituent of cellular material
2
Oxveen 20 H20, organic compounds, ||Constituent of cell material and cell water; O: is electron acceptor
ve CO, and 02 in aerobic respiration
Nitrogen 14 NHs, NOs, organic Constituent of amino acids, nucleic acids nucleotides, and
g compounds, N2 coenzymes
H20, organic compounds, : ; .
Hydrogen 8 H Main constituent of organic compounds and cell water
2
Phosohorus 3 Inorganic phosphates Constituent of nucleic acids, nucleotides, phospholipids, LPS,
P (POa) teichoic acids
sulfur 1 S04, H2S, S°, organic sulfur [[Constituent of cysteine, methionine, glutathione, several
compounds coenzymes
| Potassium " 1 ”Potassium salts "Main cellular inorganic cation and cofactor for certain enzymes |
|Magnesium|| 0.5 ”Magnesium salts "Inorganic cellular cation, cofactor for certain enzymatic reactions |
. ; Inorganic cellular cation, cofactor for certain enzymes and a
Calcium 0.5 Calcium salts & ¥
component of endospores
Component of cytochromes and certain nonheme iron-proteins
Iron 0.2 Iron salts . .
and a cofactor for some enzymatic reactions

Accessory nutrients: 3if@@ar organisms # carbon iR energy S @ AR B accessory nutrients Si¥ f& growth factors

7 vitamins MEIF B 8, I a1 substances &1 & Sif cell & R 81 © Wy simple building blocks & 7&f &1 8| 3 WHR &
accessory factors gId 8: - amino acids, purine 3R pyrimidine bases 3fR vitamins.

Amino acids 3R purines + pyrimidines proteins 3R nucleic acid 1 8 sufory Sfrd @M # WY &l ¥ | SEfh vitamins
coenzymes 3T prosthetic groups gc® &d 8, $AfelT H AT # Sod 814 2 |

17

Aaakar Institute

27, Kisaan Marg, Tonk Road, Jaipur-302015
Phone: 0141-2700670, 9314503070




HINDI MEDIUM [MICROBIOLOGY]

Sulphur and nitrogen: ¥ <Hi elements cell # reduced compounds namely sulphydryl ik amino group @ TR W SuRerd
8Id | SAT&IR microorganisms 9 & elements @I oxidized compounds @ w4 # 9= &-d & 3R S sulphates 3R nitrates #
reduce &< B |

- Most common Nz source, ammonium salts g 2|

- Oxygen, water, # 3iR carbondioxide & 98 ¥ organic substances # il 2|

- 9gd ¥ organisms % molecular oxygen (O2) @R ol 2 |

- 0 aerobic respiration # terminal electron acceptor 2|

Oxygen & 3MER W organisms 1 T&R d A= 81d 2: -
1. Obligate aerobes: 3 energy aerobic respiration ¥ e g1 02 R R B 2|
2. Obligate anaerobes: Oxygen @ absence # grow &xd 8| 0, 377% forg fadel 2|
3. Facultative anaerobes: Oxygen @I presence 3T absence # grow &<d %, e.g., lactic acid bacilli St O2 @1 presence #
grow BId ¥, i.e., I aerotolerant St oxygen STANT &l BRal 3R fhvad & il Uy bR 2 |
- Microaerophile: prefer small amount of O. It is present in mucous membrane
- Capnohile: prefer CO, concentration. It's presented in lungs

Nutrient media and growth conditions: Nutrient solution <19 T Tg & gR«I¥d chemical compounds & &<l © @ @
synthetic a1 defined medium H&aTar 2 | & microorganism @ minimal nutrient SI¥Ra @ FEIRT @& T& minimal medium
AT AT TSP BT I91 & Sl gl P [y Ta¥AP & | Species P ATAR Igd A accessory substances @@ B © | Leuconostoc
mesenteroides % fofg minimal media % 40 9@ 7 |

Complex media: sga ¥ bacteria # aR«fd® nutrient saegear R I8 UaT el il | $7 organism @I S nutrient solution #
culture far sam &, RTH yeast extracts, yeast autolysates, peptones a1 & meat extracts 810 8| &8 microorganism # I
substances malt extract, hay infusions, plum juice, carrot Juice coconut milk 3fR coprophilic fungi & fog horse dung
infusions ¥ ST &R A & | I nutrient media complex a1 undefined media & 2 |

Solid media: Solid media a9 & for nutrient solution # solidifying agent ST @Rd & ST media @I jelly SiiT Rerar us
FxaT1 2| Gelatine, St ggen solidifying agent @, 319 980 & & WA 8IT © Fifd I8 26-30°C W fgd Sem & iR 98d 9
microorganisms 39 &fad @ <d 2| oM<y gelling agent agar BT 2| ¥E algae ¥ e arel e wERE Sifed
polysaccharide & | S8 aqueous nutrient solution # 15-20 g/It &1 AT # SISt 91aT 2 | 98 100°C &R fUeerar & sk 45°C (a1 %)
| A 99 8T © | 9gd ¥ bacteria 39 @l UK | 3FR 3T fair organic compound @ solid media =1f2w g B, @@ silica gel
@1 solidifying agent @ TR ST Fxd B |

Hydrogen ion concentration: H*3ik OH w1 Sa1aT mobile ions $AfMT ST A= # SRT 1 I5A1d €T TG STerel & | pH @
optimal initial maintenance §gJ %1 2| BB bacteria acid tolerant 2 (lactobacilli, Acetobacter, sarcina ventriculi) ar
acidophilic (Thiobacillus) 2 | Fungi @I @ pH =f2g | Soil sample @1 different pH drel media R inoculation pH 5 W fungi
3R pH 8 R bacteria <aT ¥ |

Carbon dioxide: CO»-fixing, autotrophic bacteria @ fo7y smIe 89 darel nutrient media § NaHCOz 2ram ® 3R s CO2-
containing atmosphere in a closed system # incubate f&ar Sar ¥ | dwfeds dR R $% air bubbles a1 COz-enrichcd air &
S € | AR cases #, NaHCOs A 31K partial-CO; & e w1 &l &9 # X1 ST anfey |

Water content and osmotic pressure: Microorganisms @I Ul @ amagadar =1 gk 2 | Solid materials 3R aqueous
solutions &I oI &7 & foly with respect to available water, water activity (aw) 31 relative humidity S parameters &1
SIS BT 2| A parameters vapour phase & W ar solid material a1 aqueous solution @ &rr wigerd ® 810 2| ¥ water
concentration in the vapour phase over the material in question @7 ratio & & the water concentration in the gaseous
phase over pure water, at a given temperature.

Microorganisms, range of water activities # grow #X W&d & 0.998-0.6 (aw). Lowest water activity osmotolerant yeast
Saccharomyces rouxii (aw0.6) @ foTq reported & | Aspergillus glaucus 3R &= moulds aw 0.8 T grow x4 2 |

Temperature: Bacteria @1 gfg & fog M # 9aamg +ff faed © | SERR soil $iR aquatic bacteria mesophilic 81 &, i.e.
g@! maximal growth rate 20-42 °C W grit & | Thermotolerant 50°C (Methylococcus capsulatus) @& fa®RT @=d ® &R
thermophilic bacteria. Extreme thermophiles @ growth optimum 652C & %R & 2| (Thermus aquaticus) & 70°C &
FWR fdB™T B Wad 2 (species of Bacillus & clostridium) a1 80°C & 3w (Sulfolobus acidocaldarius). Hyperthermophilic
80°C & 100°C & .
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Psychrophillic a1 cryophilic organism s+ ¥@ua: @8 marine bacteria (photobacteria) iR iron bacteria (Gallionella)
maximum growth 20°C & = geIfdl 2 |

Aeration: Obligate aerobes @I oxygen final electron acceptor @ ®u # S%¥I 8kl 2| W19 I bacteria surfaced agar plates ar
thin layers of liquid St f& &1 & J¥® ¥ &, oxygen 1 MYRT SUYA il © | Eelifdh, SATET TevTs arel liquid media # % |08 W
aerobic bacteria A& &~ Aad ¥ Rifds oxygen & TRIAR @ud 89 & lower layer anaerobic & Skl 8 | 519 aerobic bacteria
3 ¥ e liquid medium ¥ fR5RIT @=a 8, @ aeration ¥ FR<R oxygen @I MYt &l &1 Microorganisms Ri% geil g8
oxygen &1 WA axd 2 |

el § oxygen & & @I, &q Aa%AT # large area of gas-liquid interphase 9T @& a1 19 2faRen H oxygen & d1d dI 9T dRa
geT 9ad © | Liquid cultures @1 gar 1 a1 O2 N2 3R CO» & argfHisor 1 aerate &=d &, 98d 9 o large surface area &1 tame
B & folg ST 81 2: - (1) thin-layer cultures; (2) agitation of the liquid by shaking (reciprocal or rotary shakers); (3)
forced aeration of horizontally held flasks around their longitudinal axis; (4) forced aeration of a liquid column with air
under pressure through a gas material (5) percolation through columns of granular aerobic (6) mechanical stirring.

Anaerobic culture: Anaerobic bacteria @1 gfg @ fow culture media & 02 @1 @RI T4 2| Anaerobic techniques ¥,

dealtered boiled nutrient media, ST sealed bottles ¥ &1 3iR g1 Had &1, oxygen ¥ & desicators I anaerobic jars oxygen-
absorbing substances (alkaline pyragallol, dithionite) @1 S&MIe @va 3R TAY TId! & SHATA =T & | Reducing agents
(ascorbic acid, thioglycollate, cysteine ar sulphide, if tolerated) @ dIsT @<+ ¥ aerobic oxygen T fa¥e Twd WH & Sl

-

A 4
Obligate Facultative Aerotolerant Strict Microaerophile
aerobe anaerobe anaerobe anaerobe
Enzyme content
+ S0OD + SOD + SOD -SOD + SOD
+ Catalase + Catalase - Catalase - Catalase +/- Catalase
(low levels)

Nutritional types
Energy source: Sl # 93 & fHaAMafy & ogAR biochemically ATP @1 SUdRfl w4 & ¥R W organisms &I 2 principlal
metabolic T&R # faWIfSia #X |od 2: - Phototrophic ik Chemotrophic. a1 organisms ST electromagnetic radiation (light)
BT FHofl G B avE B @ foy WA wed 8| S phototrophs (photosynthesisers) @ed 2 | phototrophs ¥ 2 3 Wi
99d 2: - Anaerobic phototrophic bacteria, ST f oxygen @I =&l BIsd 3R aerobic phototrophs, i.e. cyanobacteria, algae
3R green plants, S light % oxygen S&= &<d ©| Chemotroph (chemosynthetic) oxidation: - Reduction of nutrient
substrates ¥ Suif U< &4 = | Irrespectively reaction @1 Soff a9+ & a1 fhvad & fiefl 21

Nutritional Type Energy Source Carbon Source Examples
iU G0, O, Cyanobacterlla, some Purple and
Green Bacteria
Photoheterotrophs Light Organic Some Purple and Green Bacteria
compounds
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Chemoautotrophs or Lithotrophs Inorganic compounds,

. co A few Bacteria and Arch
(Lithoautotrophs) e.g. Hz2, NHs, NO2, H.S . ew Bacteria and many Archaea
. Organic ;
Chemoheterotrophs or Heterotrophs Organic compounds Most Bacteria, some Archaea
compounds

Hydrogen donors and carbon sources: a1 organisms ST organic compounds @I hydrogen donors @1 Rg SXHI $R &,
S organotrophs @&d 2] 3 Term lithotrophs @ fawdid & S f& inorganic &a S NHs, H2S, S, CO,, Fe?* @ik e &
hydrogen donors @t @& swiIal &< = | Term autotrophy 3iR heterotroph, cellular carbon T & gRT URgd &Rl 2 |

Autotrophs ar & Wit CO; fixation ¥ cellular carbon W< @xd 8 | Heterotrophs organic compounds @ qres ¥ cell carbon
I BN B |
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UTGY §THI (Plant Hormones)
Exd q@ 'e!Tlﬁ:f (growth hormone), q@ IRRELD (growth regulators) Td q@ ety (growth substances)
% AW I it S ST |
3 ec;, BT IYANT JaUYH TIFRAT (Starling, 1904) = fawar o1 forgest 3ref € IEid =1

s wd RA (Pincus and Thimann, 1948) % AR UTGY MM (phytohormones) TTGY §RT 3ff &d
mjﬂﬁiﬁ;mﬁwwd%@&mﬁWwﬁgq@@mmﬁaﬂm&ﬁﬁﬁﬁﬁaa
g |

mﬁ%a@ﬁw (Characteristics of phytohormones)

1 T Jftrepizra: ga M, wRie < sruar gof =i ur Ixafta 814 &1

2. 39¢d B uerf B B

3. SN Id geu A € vafw gt 1

4 Y 3fd &H R=g M Tigar & g g st o= wraf &1 ORa 7 gHIfad &vd § |

5. Y GT WY P YA T | g 3T THTd STerd! © |

TP # U S UTey g & G U 9 U IR ©-

ATRIT (auxins), TR (gibberellins), EIBTZAT (cytokinins), SUTSEH (ethylene) Td VaRIRI® 3

(abscisic acid) |
S UTeY g Bl &) Ig! H ieT o JahdT §
1. q’@uﬂ%m (Growth promoting hormones)- T U1y 9 3% fafia &Pﬁﬁqﬁﬁﬂﬁw %‘ S
Sifer, forafem, araciese anfgl
2. §fG HeUP STHI (Growth inhibitory hormones)- 3 BTHIA TTGT 3{4dT 3 3T H g &1 Ahd 3rar
Tehd A § ISTeRvT- TaRiRie 3R ABA

| 1. ATFRT (Auxins) |
3 9 e el gard ot ga td W™ & Y R IUTehT & Beaey 397 8d & auT e
HIfep1 efferzor & forg wuraRr efferor & & giar g ST (auxin) H8ATd g
TR AT B (Kogl) GRT fam T o1l 39 @t Iaf Wi Weg Auxin I g8 & orger ol § gfg S
(to grow) |
SR &1 @il (Discovery of auxins)
fafte uTe gTEil 8 & FauyH Sifed o1 @ie &1 Tt A | 39 61 TS o1 99 URIE Sitd ot aredd sTfd=T

(Charles Darwin. 1880) CARSIG %‘ ﬁl@ﬁ FA8 grg Balkw Wﬁ&l’x‘[ (Phalaris canariensis) *
UigR 914 (coleoptile) TR TB WA fHd &1

I U fob UigR et 1 Ueh dRWT UTRT o TR 3 ThT 1 o= b 3R T3 S1d & | Uigp= 9t e &1

TP 31 X S(YAT BIE 31 W 3 UHR BT UHTR B 3R aeh T fears =gt ¢ar srufeq wige o &1 =M
BT B TG HIP YT T SAUBIRIT YN A SRTAT g B! Ufed wrar g1




[

coleoptile bends tip removed tip removed coleoptile tips
on agar
— -_— - —T
fji\li \
N
top of coleoptile gelatine inserted tip placed on tips removed
removed (no one side agar cut into
bending blocks
light-proof cap bends towards bending in agar block placed
on tip (no bending) light absence of light  on one side and
bending occurs
(no light)
DARWIN BOYSEN-JENSEN PAAL WENT
(1880) (1915) (1919) (1928)

T S99 (Boysen-Jensen 1910-13) 3 Ui d1dt & MY &1 PTe o= aftg | faife &1 Ue s @
PR U ORWT UhTR &1 TR UM % 3 UehTe I 3R IS ol &

G TANT H I5H G b TG Th IRWT UHT ¥ UEIW 91 & alag & 91 ardl S1d HRT IR WigR e
& 2 & 2 314D B e (mica plate) T € S Ol TR Tt U1 BT 3R TeT Godl 81 g 59 &
ﬁ'clﬁ?[Wﬁﬂ%&ﬂmaﬁWﬂwwaﬁwmﬁw?ﬁﬁmm(phototropic curvature)
yefRid Har gl

39 ¥ g g1 8 % usrengad ahar & fow SEiv sriar SEius yerd =i @ srmr w9 & R
AR g1 B

TS (Paal, 1914-1919) 9 39+ WaNT § qardr f& forafes & RIM W SId] ge3, IU® YT @iead
P We HTYART FI1 W I HT MR 81 gid1 4fa IHaa: g Ieius yerd oa d faaa
a?n%lG@%@%ﬂgﬁﬁﬁ@a%ﬂﬂﬁﬁwﬁwwﬁwﬁ@sﬁﬁwwmﬁmwas
M bl |

de (Went, 1926, 1928) 3 W5 & Wip TId | WY Bl g1 B 3R & Th WS W PO o & g ¥4@i|
R U =% & e B & MY g WP W AT Y F (asymmetrically) 38T o ITH DR T
1t a1 US|
o ITH 2N B THHId SRIER YRT H BT PR G B A1 STA-3HTHT R P ghe W d THARBI
UG T aUT SR faaRur &1 uefRid faram UemT=r &t 3R 27% TUT SUdR BT 3R 57% ST
e g3l
o TR 3R Y YHIT I H AR Wt & THH A & Sife uran |
uﬁm@w (Occurrence and transport)
JET: Tt & it off i F offeRi ot JufRUfY 81 wahclt § fopeg SiTfarasT 1 g ey S i famg ot

S TR 2, Bierest, iR =ia, Tl <, gfger) wd, Y1 v sie ganfe & o e 81 gef Y M 5
BT RIFARN 30 HIT & 3R 8 Srar 2




FW WENT (1928) 7 3iTfRI & Ydig RITTaRT BT UeRiH fHar| Siifes &1 RyTiawor ga=m g 9

YR P TRE g1 Ba1 81 IR1g H I8 AR Y F 2 F1 3R srufa aafHam (basipetal)adT

7@ 2 A SR F 3R 31 s i (acropetal) BT 8 1 3 UHTR BT RITTRUT YA RITATROT

(polar traé\sport) PHEATdT ¢ | I8 UihdT A==l Uqurar (concentration gradient) F faudia fa=m # oft
Tl g

P (Jacobs, 1962) F IR URTS 7 fanfdd SHaw! & e @ T Ya (polar) Td ML (non
polar)ﬁWﬁm%I
HATT: TR BT RIMRU AYATg g 31al Yde- gal & UReT ggdd! SIkiereil & arey 3
B 21 39 Yo F oo qu 3R & Tfeha WFTRU &1 IPIehR0 3 &
1. SR RIFFRUT 1 T fawRor gRT Tt 1 & e 10 A1 § off oifis gielt 31
2. Wgﬁ%(concentration gradient) & fauRia SiifeRr= RIHiaRor wfera fafd grT g Imia g
godl gl
3. SR RMAFRY & TRfHR0 IuMg=d R FRar td ATP & ol & Yere! of Iufeufa o
SR RIFTFRY & FHHt 1} 37 Tfohd RIFTRU &1 Wobd < B

US (Lund, 1947) & TR TR HT AT Iggd faud (electric potential) & 3R gRT ffd g
B TS & WP A BT SMYUR, THaWh! YHTRT I Tei Y T ST ard & a7 afaet fa=m & 3@ T8 wigR
e § el Tde ereerd i 4RI Bid § aUT ST 34 3I SR 71 Fvd B

Apex
Cell wall IAA~
IAA~ \)
IAAH

Influx pH=5 0J_| 3
carrier =
(AUX1 ( \\ E.

protein) IAA‘ e
W
T 2
l
IAA~+ H* =
Plasma pPH=7.0 =
membrane o
°
-
IAA™

Efflux —
carrier
(PIN protein) IAA~, \/)

sy

Schematic model for polar auxin transport

MY (Goldsmith, 1977) 7 TR & RIMFRU & 0 IWAA-RRROM GR&HT (Chemi-osmotic
hypothesis) Tdd 11 3TRGT P YT RIFTRY § ATP B TTZTHAT gl 8| PIRbT RBreett FmRRE
IAA & Vacuoleferl 31 TR gict § 31a: IAA ST Rl ¥ weRor (Rfspa o) gR1 HifkieT s
A Ufay ST 21 91U € ATP & SielTuged d UIe SHoll 1 SUAIT Bd g H- 31T siaged & iRl fifRy
T RFFRT 81d 81 3P BeRd™T HIRABT G BT pH HIH 8¢ ST 8| (cytoso pH = 7.0) T BT iy
T pH HT (5.5) ST 8| HIRABTET T I pH W IAA H- TF IAA- 31T T d SI1dT 8 IUT ST & Faad
BR TR ATIT o IAA(IAA-) TTE D HIHH & HIRTHT & S16 ™IFMIIRT 81 §Id & | 39S 1Y € 2H- 3




1 Shager ¥ PRGN & RIHARd 81 o § 1 SRRy & 3 A9 pH (5.5) TR 1AA- TUT H- fd &%
g;qé%ﬁm IAA 3] T § ST bR ¥ Foerelt It o 7aw #%d §1 59 UPR SR BT Ydid RAHaRoT
|
%qmwﬂiawmmm, O., TEATHY, T AT f7-5: 3R BT di RIFRU 31fe ¥ gHIfad gidr
|
T fa® SiTfea=T (Natural auxins)
3 gl & Uipfae T Y U W 7
o TII9 - 3 TRIA® 37 (Indole-3-acetic acid) Taife® UTaT SITaT 1
. '{——sﬁ?—m m (Indole-3-acetaldehyde) Td '{%ﬁﬁ-&'ﬁ'm (Indole-3-ethanol),
Indole-3 pyruvic Acid, Indole - 3 acetonitrile *ff TR 1d 81 39 ifafad reut &

I F JHH YHTE STAA aTdl AT 4-30R) Fe1d TRITe® 3R (4-chloroindole acetic acid) dYT
s Ufifed 3T (Phenyle acetic acid PAA) B
o miﬁ&ﬁ?qﬂaﬁ AT H (free state) HUAT T G{WW (bound or conjugated) 3TaRIT
|
. TG i o AT & Tewdeh 9Y gRT 93 64 7 |
e IAA T@®IITSS (IAA glucoside). [AA SHIRICIA (IAA inositol) TS 3MTaG TR & $S IaeR0l
T 3 TR P T 3q™e I AR Gad 81 o 3 |

. mlﬁﬁﬁmmwﬁm%*@ HARIHT §H TR STATIge GRT SR Jad 81
TxAfa siifRT (Synthetic auxins)
TR F GHM PP} GHTE T 3 IS AT s T § 5 Ixaid Siifead ®ed g
$Tb $B 3aTERI 6-
(i) NAA = Naphthalene Acetic Acid :- Its common name is "Horotomone"
(i) IBA -Indole Butyric Acid :- Its common name is "Rootone"
(iii) 2-4D = 2-4-dichlorophenoxy Acetic Acid
(iv) 2,4,5-T (2, 4, 6-Trichlorophenoxy acetic acid.)
(v) Picloram = 2, 3, 5-trichloro- 4-amino picolinic Acid. (Tordon)
(Vi) Delapon = 2, 2-dichloro Propionic Acid.
SiifeaT &1 fa=m=r (Destruction of auxins)

e (Went. 1928) gRT {3 T2 7T & FTR s & ot ATTRIA 84% & 1T § 389 Il & b 3 3ffa
TV 81 ST § S1yat sy g1 ST 81 S € R ¥ 7Y 81 Uhd §

1. TISH 3§ {TEHHRUT RT 2. UBTRIT HTFHRUT gRI

IAA BT T-SITSHT STRIBIT IAA TRISH (1AA oxidase) & HRUI EIdT 3| fafte ureti & 1AA iTRiSS
F MR TN WA &1 I8 WIS (peroxidase) B a8 BT HIAT & dUT 1AA BT STHRIHU HR Th
CO, 3{U] G FdT § 3T UHR 1AA Tfchd Tt 51| TS MR 1AA SRS F ufer ufery 1 g §
3d: T TolsH I 35 Y ol [odl oI FahdT|

IAA BT WIS UHT (UV light) TUT 3MTA-IHRI fAf0T (ionising radiation) ¥ HRUT STRIHI0T
g1 8 a1 ag ey g1 oirar 31 ug ufthar yereitg sifwfievor weard g1

STRIT BT G THTIA (Biossay of Auxins)

ey gfg BT &1 IufRUf welRfa # & ol fhd o arat Tact Sfds usieror (biological tests) Sd
SHTHTYA (bio-assay) FHean %"I



SR & 99 = & o PR <0 aehdl URIE0T (Avena coleoptile curvature test) far wirar
2 T IUaT wduyw AT (F.W. went, 1926) 7 far uTl

q% Sifafad 4a i Term fafd grr o snfdaw &1 59 smoe fasan Sran 81
W(Mechanism of action)
SR i TRl R w1 B IHhd 71

1. 9 Sifiaafd (Gene expression)- S DI & IR 3iifdd Wafdd o & sroed
(transcription) P URd #Rd %"I iR Y gt YT IUYd fAfepg G-I'jﬁ"@l:[ PRSI (transcription factors)
& Y IS IR I8 Tohd HRS (active form) T aRaAfTd &R Td & SN SIAaH (transcription) &1 IRd HRd
T | MAA ) ST 7 e 7 9ig & T1Y mRNA B AET H gfg qur Ui i (anti auxins) &1 SufRfd
A mRNA & F1f 39 7 &1 310 X4 &

Z.ﬁﬁﬁﬁmﬁq@ﬁnhanced enzyme activity)- &ﬁ%ﬁqﬁﬁﬁmﬁq@aﬂﬁ% Jydd:
3 faax & Ffepy ey &1 uRafid F 38 Ifhg ad |

TP U WY (Skoog et al. 1942) 3 G fb FHad: 3R TT~IgH & U § &1 &d ¢ Td g
! fafId B e T & I #Rd B

3. BIFRAPHT IRITET (Cell Permeability)- SHTTaT PIFRAHT et # SURIT H- ATP TS UielH U &1 Jfhd
PR A © qYUT D! TR P! 96T od & | S PIABT & TRIERUN gRT 5 a=nyor F g gt § ot
HIRBT Bt Jfe B TGS giell ¢

SR g1 Uik fafte ufsbansti & 599 § U srar i ufohary <nfiret g1 a3 |

SHTfRTT T YfAPT Td UHTG (Role and effects of auxins)

1.3f¥ WY (Apical dominance): T&Id: UIGU! &1 1% HIABIST (lateral buds) BT fomar s Hicra
Wﬂﬂﬁﬁfﬁ?ﬁ%l = fufq & e oy srear yuIfaa (apical dominance) &84 81 2 &feiet & gem
TR U1ef ierepTd digdr ¥ gfg Hat § | 39D Jiel U8 Td T (Thimann and Skoog, 1933) 7 1 | urgf
PIABIY IAA & HRU BT A4 § Hag= A (vasscular connections) TaHRIA g1 B UTdl 3(d: I3 DicTad!
9 3T uRkasd[ gq difesa uves uerd aifesa Aaen & 6T fira urd | s9% sifafved st uardf &1 areH
i & Ffd S & SR B SR Sra1 81 3 HRU UTd Hiras1aft 1 yaeH Tt g1 urdr|

2. BIFRABT FIUTSH (Cell division): TgaT THT (cambium) T HIRIHT FAHSH Bt R IAA Td ARt fopamait
-a(as_[egsonal activity)gRT Fifd 8t 81 S JATur (grafting) Td &fd & GRM FHaw AT IAA & FRO
|

3. SIfRTpT faae| (Cell enlargement): 3R &1 TH Uad gHTE HIRIG13M BT Sefferzor vd faae (cell
elongation and expansion)@ﬁT%WWﬁW@W% Wﬁ@@ﬁ?ﬁ%l HIFRHT reffemrur
TRIRRY 5T & de, [T a@ &7 g1, Ry @ a0 & ufd IRemadr & deq, iR [k & sifdew
fmtor ud siffre Wi (plasticity) & HRUT ST 8|

UIEY HIRAHT BT faaed Ted: &9 SRl 4 g 2|
1. ST faHa & SRUT STeT BT TR Sa=TT0T Siell |
2. DIRBT FURY B Tad (rigidity) B PRI THIS ST §¢ ST 2|

3. PIRDT FURT T IMRAFAS TU F FHSIR (37 & o1 T Bl FHAGR DR °) BRI DITAD]
DI I G1d & SR TR H § Hag fHadt o
SHTRTT 37 Y B gHTfad v €
eﬁmqéiwuméﬁu@aﬁaﬁw (coleoptile elongation) agamﬂmff@?r%'l \_rl_&lﬁ?@
%mmaﬁﬁﬁmaﬁﬁmmﬁuﬁuaﬂﬁﬁmésmmm@mm?rwﬁwsﬁ
|




HdP " (Tissue Culture)—H ITgad Tael Areqw & Uy HIRABT, I 3ral 3T &1 ek,
Sdd YadH (Tissue culture) FEATT g1

TEWE (Explant)-UTcy &1 U, T A1 370 U o] Srddh Yae= & &1 H foram o1 & Teiwic sgardl
gl

TR (Explantation)-TRIGIC &1 fdwse, SUP! UIGU ¥ gl Ud SUH! TR B B Ufohd
TR B! gl

PIRBT TG (Cell-culture)—UT & (In vitro) THA IT UIGY HIRHIS & BIC THG! BT A, HifrawT
ae[ (Cell-culture) HEATT B

FaY (Callus)-FaeH & AfINfId, SRS HIRABI37 BT THE oy Heardl g

3T "aefT (Organ culture)-m & ga ¥ (Root tip), WY XY (Shoot tip) YT (Embryo) S&TG T HaeH,
3T 9 (Organ culture) HEATT B

SHas Had= fafdr (Tissue Culture Methodology)

UTGU HIFAHT U1 317 & Yaeh & qradn & Tuansll &1 8 Sadd §
(i) ITGU SHITRIHT T 3T BT FehHr I a1
(ii) PIRTeBT aUT 3T A gfG B IR A & o rvep! aur vafarvitg uRfufadt &) uem &

T ¥ T & ol 3nyfies IuHROT oI ITANT | R off Yabell 71 facdia Tuwn & e & o My
F1f ot § et it € sut g e forr s

TARTRITAT STHTA (Laboratory Space)

T Yo TanTRITe o1 i g U § YA & USR 9 YadH @ Uhfa R MRk axar g1 afed e
T Srads Sad= yaT=mer § g wrnft a1 IusRo ar gfagrelt &1 g S 8|

(i) Washing, Drying and Storage of vessel

(i) Preparation, Sterilization and Storage of media
(iii) Aseptic handling of explants and cultures.

(iv) Maintenance of cultures.

(v) Observation of cultures.

SHa® Haeq & (Tissue Culture Room)

Sad Had= s | g gfaursht &1 g1 sravad §
(i) Controlled temperature (25°C + 2°C)
(i) Culture racks fitted with Light (1000 Line)
(iii) Shaker for agitation of liquid culture.

(iv) Electric supply with generator facility.




TGRS &1 # 311 T SYHRN &Y nontoxic detergent faaa & I1d 4R 3@ § TUT 51 F TTH HRP
Iq S 5 A 7| 3 o 3d oI (Distilled water) ¥ eI Hot air oven (75-80°C)ﬁ§'@ﬁ%| 3:@3[%@'
3fgd Ffae # iz wad g

AR v (Laminar flow)

e TR AT ierd 7 &1l AEFR Uil ST SUUNT 3ifiies SUge Sidl & | FHIaal &l a1 i safeal
¥ for Th wood BTHT BT & T &fAT (Horizontal) TR T AR Tl 31 331 I8l & forad o=
TTegw S1fie WRIET I8 § | AW TP, HIR 50 w R, faurea siruftr, arvs waefq, wigie
ﬁﬁ?ﬂiﬂ%ﬁﬁ Class-llI-Biohazard WWWWW%I

UH Afdd & o’ 4' x 2' HHR F1 g8 31fd Iugad I8dl g1 STDB! Wb ThTs e Ffaere e gt g
AR v & YA B TH1 TRET UBR BT g AT ifes Tehor o1 FRuf & 397! I1wh fopam o Ia |

a4 ATAH (Culture Medium)

ot ey HIRHTE 3 UHR B1 gt § ol Y Urey & ferd sazarss gt 1 Az & IufRyd g farsror
Haftfd ford I a1 Sdd! & UBR SR-BITIBT, $Had, 3T G Hierane W AR w71 Sifisi=r tiva
aemq o 3fbleHd Ueh (Micronutrient, Macronutrient), CACE] “@ﬁ'd, ﬁET&FL ey q@ a® 9 o=
Frfep uerd ga g1 i ArenH § I 1d A 81 O 39 Synthetic medium B84 § | S/ ATeqd H
Sfed aur chemically undefined compound (a@-fruit juice, plant extract, vegetable extract) Iuryd gl al
2 HIYH &I Natural medium Eb??f %I

UTey g fFram™® (Plant Growth Regulators)

UTeUl gRT 30T WHfad Hlefd Idrg off g aul favea &I 9Rd #Rd €, U1e’ 811 (Phytohormone)
HEAd | IAAM § S YA AT b1 IUANT T Sl & T B 371 Ufores Iearel orm gien g1
3 yerd 9Mfe® ¥U J UGy gig A (Plant Growth Regulators) BEaId &1 gfg FMame gerdar 9
UHR & 8ld &

(i) TR (Auxins)

(i) Hisalchisida (Cytokinin)

(iii) TOTSITerT T TSI 31T (Gibberellins and Abscisic Acid)-

(i) TR (Auxins)-39 &1 T B Gae= Areqd T HIfApT fueH g dag it o1 ofkd B
BT 81 3T GRT U H PIRABT fIHSH, PIfRebT Seifepur, SHad! B1 swelling T adventitious SISt BT

ﬁTI‘T'UTﬁ'P\’T‘TE}I?IT%I 3T B $H Figdl U adventitious rootﬁ[ﬁ'ﬁfﬂﬁﬁﬂm%ﬁmﬁm
R ga &1 fwfor e 81 S1aT 8 a4t Saw &1 fHuior g sar 21

HHTITAT NAA (Napthalene Acetic Acid), IAA (Indole Acetic Acid), IBA (Indole Butyric Acid), 2,4,5-T
(2,4,5-Trichlorophenoxy Acetic Acid), 2-4-D (2,4Dichlorophenoxy Acetic Acid), PCPA (p-
Chlorophenoxy Acetic Acid), Pictoram (4-amino 3,5,6-trichloro Picolinic Acid) &T JUANT {1 STt %I
T 2,4-D FT AMUS FY Y IUINT {641 ST § TUT T§ airew YU giar gl

(i)  WTESIPISMA (Cytokinin)—UTZAIBRAT TS & IIT 81 T8 PRSI IHUSH, shoot
induction I H1RI% YUT & A0 HT IRA FHRaT 5|




qJ97 =Y I BAP (6- benzyl amino purine), BA (6-benzyl adenine) & 331 cH (Kinetin-N-2-x fusfuryl
amino)-1-H-Purine6-amine), forfe (6-[4-hydroxy-3-methyl-trans-2-butanyl amine), 2-IP (2-
Isopentyladenine) T JUGIT fordT STt %I

TSI, TR & 1Y Rraes ST AU &) 3R o3 1| aEdertH ot sifte @ i
(1-10mg/l) ® adventitious-shoot &T T YR BraT 8 A= ga (Root) FT FAHTUr srawfed gar 81 g
Apical dominance P HH PP Axillary shoot formation CAR PG RG] %‘I ﬂ'lsaﬁb"léﬁﬁ RNA TRAYUT &Y
U PHRAT & TUT Had! § W JIAYU g TSTgH Tfehaar o1 URd ST 3|

(iiiy e aur TiifSie 3Ra (Gibberellins and Abscisic Acid)-OTsfieM & §RT Shoot
elongation, m q@ faysade | q@ ofed ﬁ?ﬁ %I GA; gRT IMHIJAT Adventitious root d Shoot *®
fafor o} wftsan sravifed g1t 81 ABA (Abscisic Acid) gRT sad Fufur ) gfg o1 IR srar srawie g
Toifad R ik =ar g1 H;Uﬁ?xa (Embryogenesis) 7 +f 3T STTNT foar S B

fersiefte<or faftrt (Sterilization Methods)

TGae & B 3 aTeht Wt SR Ur, IUSRUT, HieH, Urey It gate; guidan fsied g wiRT 39
ford g faferat &1 Qe T oraT &

(i) [ AT (Dry Heat)-XaeH & & & 3 9T SUHRUT I 160-180°C WR <fiH U qh L ST
P gR1 Foffiea fear orar 81 399 R sifeladia &1 IUTNT fam W 81 ad AT # Forcep, scalpel
Wﬁaﬁﬁﬁﬁmﬁ%ﬁlﬂ Glass bead sterilizerﬁmﬁ)‘mm%l

(i) ﬁaﬁ%w (Incineration)-$® 3UH T Y fomdt (Forcep), d1d (Scalpel), Needle sdle P
T SaTel & gRT FotHigd T S Iaar ¢ 1 Saral & gRT TH AT Incineration HgaTdl g faedt off
a1 o & ot I ugd 39 @ &I Saran gR1 Aoftied fear smar g1

(i)  3fielaa (Autoclave) TH ISHT (Moist Heat)-3dal Tae- U a1 AW Afed, THE IUBRUN
e @I 3ffeiaad, IR PR 7 121°CUR 15 p.s.i. (Pound per square inch; 1.06 kg/cm-) U} 15 firFe
(20-50 ml medium) & 40 f¥Fe (2 litre medium) % T ®3& FAeified fear o gwar 8| Fo w@iRes
F I gt auT AgHIfUe ®f sifdiaaid AT o ehdl § e U & gah I 99T Wi =g o
3§ YA B

(iv) fredet g fRefHi®ur (Sterilization by fiItration)—B’WﬁUﬂ-ﬂﬁﬁmaﬁﬂlﬁwa@q@
g‘ﬁ:ﬁ':[, q@ e (GAJ, Zeatin, ABA, Urea, Vitamin Tl Enzyme) P I AU R Iu=IRG -'-|'E>pf DHIAT
e |

D! ST d B & ford faer &1 0.45° aTeft fireex s 9 TOIRT offdT 81 39 fipeex SUHRI (Filter
appratus)aﬁlﬁwffaﬁ@qﬁﬁﬁaﬁﬂmmmm%l

3RHHUT (Aseptic condition) P! RUfT B 991 I8 & [’ Laminar air flow chamber &1 3941 a1 ST
%mﬁﬁﬁwmﬁmmw% aTﬁﬁ‘vﬁ;HWCoarse prefitterﬁWW%mﬁaé
particle 3{¢IT HESIG %'I P 916 34 HEPA (High Efficiency Particulate Air) feex ¥ vared foar Sirar
81399 0.3°m Y 9 Particle 3eT 81 91 & | 9 FSTHigd a1g ®T 1.8 km/hr I FHia-e & yarfyd fawan S
T 3UIY Y P &F S 8 I g

e High-efficiency particulate air system(HEPA ﬁlRTI'), FHH Y HH 0.3 AIZHIHC DI LKL THAY
HY 99.97 UfA=Id AL TREH HUN dHI SR d & oy fEwms fovar man niépae wR-freezm
Ren % ;




ST o Tgad 9 SR & Felt fGUNT (DOE) IR AFGIHR & fae g afifa gry Ay
fear T gl

RN TF% DOE TS & JHM ©; gale, I8 Ui HEPA T¥T-H10 J H17 & Seat gl &
R BRaT g

HEPA ftheer Weg T faRRIy fiheer fewig & forg =16t afed gemar & ARy wR @, 99.97 ufa=rd)
) Tahifd srar g

HEPA fheeR 1940 & <21 B i Rid fhu U 2 3ik ugal f-ge Wivide gRT TaRa Jfsaref
HGWD| b YR &I A+ o [T ITANT foha1 e 7|

YT 7 g1 ¥ IR, SN, TSI Hddh, TR, AT §1d, 31 B Ueref (S fob U & T,
T SR, 3R ) 1 TH B & ford HEPA ftheer arawiiies =9 9 91 frg g 3

AT 3R raral § HEPA fiheex TRTIU 17T &, S 84T s, IRy 3R §aciiaT & YR bl
RG]

SRYATE Pt AT T 3R 37 AfTHT ST H HEPA ftheer 31 TR U DOE A &1 g1 o
T A7 F B | - ARR 99.99 UFA=TA efaT, TG Fomedt & Hig - 3R I diga arelt TRIaT?
AT Y AT B € ST ek b1 M aTal fpat off Safar 3ik aeRg & AR |
%ﬁﬁw*ﬁm, HEPAW, sieves or strainers &ﬁmﬁwuﬁmqﬁwa
FNfP A(membrane filter)TH YT THR Bt T 8 $o + 7St e & UH S § STafds aTap!
ToRdT g

3% I9, HEPA fheex, M AR WR 0.5 3R 2 AISHHIER & g T & 1Y JaRdld 71 9
AR BIEERTY BIISR B U pleated e g

T TS U1 51 &I fheer & A1 | &I [ORAT §, ST81 HUIl &1 BT 9Tl § i d dgaif
A o SI1d U137 TS S 81 OTd &1 I Bie U1 1 & U3 & Toherd & 3R 39 aRg Bl
T fheex & ATegH A 39 B0 & AN BT fHT R el § 3R ISP HIA BI YU &1 9T St
gl

HEPAW?’UW@@FAir-purifying systems; RECANELE | dispose T A
Tfiora, HEPA R 3MaR WR 3= Ufshanafl &l =1 &1 IR1 634 & forg Faforg e g,
S o ST 3R IRy & Y B4 & AT I-oll RIS} UehT....

fep BT BT TN SR BIe it I Ui ) Graq & g fbar S g, o 3
T ¥ 31 3rawyT § uRafdd & §; 39T Ty a0 R sifafked uqg usar g |

Tonizer purifiers, 3R TR ¥ UGN & 1T 32 9 €, faggd =u I =1of foby 70 7% 3119+ Iat
F § Ol BaTs HUI U ISd & 9IR S5 U Hoaer Wie I K | &l

39 UGN B HEPA filtration & fdded &b =0 T IT I 1Y HAWSH conjunction & Yt SR
TS gepar g

70% TedIgd GIRT (By 70% Alcohol)-U! Tag Sl s faftrt 9 Fsiierd e dva el 8-

SR AR Ul T WeWIH, HTH FHR ald & g1 SIS Bl 70% Tedhlgd o ATH 6, 8141 &1 J@Td g |

Tag! et (Surface Sterilization)—‘v’[lﬁ explant TR JURId ﬁ&ﬂTxﬁﬂ P geH AR fod

fAeHieRE HRSI (Sterilizing agents) &1 I fohdT STt %‘I Tg fafy IuanT & ford o arad explant Col
Fag R AR &t 8 S Contamination load a4t ﬁﬁﬁiﬁﬁ PRE B tolerance BT FHURT BT B

gl foiHieur & o Calcium hypochlorite (9-10%), Sodium hypochlorite (2%), Mercuric
chloride (0.1-1%), Silver nitrate (1%), Bromine water (1-2%), H202 (10-12%) H@Qﬁaﬁﬁ
(Antibiotics) BT IUTNT {41 ST § | 38 JHFITT Calcium-hypochloride, Sodium hypochloride
TUT HgCl,, BT I a1 ST B




o IR UR: 5-30 e g far oirar € Fifes § R UIey SHas! & o fawred gid €1
o T BRD! P! Figdl IUT IR B BT 0T W FAdH g1 TR A1 S &fd TAad &
JUIRA B P G explant 1 JdE B Y 50 P §RT ST a1 ST & |
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Restriction endonucleases: t& endonuclease T& enzyme & S nucleic acid @ phosphodiester bonds &1
wa internal site (v exonuclease & &l @rel Sirdl, Sl ddel < RRT # At RRT & nucleotides & srear 2)
%8 endonucleases DNAs 3k RNAs & internal bond (s @=if) @1 randomly (a1gfRe®) @rear 2| gTaife,
restriction endonucleases specific (faf¥t<) restriction sites & dsDNA & <IHi strands &1 &Ted € | Restriction
endonucleases % TR & & 3k g restriction endonucleases T restriction site & v rcdfd® fafdre €,
S SATETCR 4, 6 47 8 base pairs & 811 €| {B 3UaE & ol 91% ¥ discuss f&d SR |

Three types of restriction endonucleases

Type |

e Typelenzymes &1 IS Ugel WISl AT oI | §9d! recoghition site 3T Bl & 3R Sa@ cleage site &
BHTHT R B |

e I restriction enzymes &1 & @x & forg Magnesium, ATP (adenosine triphosphate) 3k AdoMet
(S-adenosyl methionine) @ amaegdar Bt B |

e Type |l restriction enzymes & 3 subunits &< 2| %@
Type Il @

e 3000 I SATET 3TT—3TT YHR & type |l restriction endonug e?

e Type |l restriction enzymes @I recognition sites 4 & 8 base<p g 2 sk Mg? @) IuRefa
# AT e g |

o B B IR & fow ATP a1 AdoMet @ BRI &

e  Irestriction endonuclease STETHR I site g, el 9 DN@% ygaMd & )R ¥ U@ subunit

P 97 BT B <<i§l
ictj @ey% base pairs W cut @ €|

pe Il restricti eases qY 33T nucleotide sequences

| T UgA™ T sequences ¥ 3 B §, Fife «r
s non-palindromic 3k ase pairing § td R & [JURIT e 1

pe Ill restriction endonucleases & DNA restriction 3iR methylation aﬁT’T w7 & forw AdoMet
3R ATP &) arrazadhar gl 2 |

e sequences Type

Applications

P Restriction endonucleases & wafA® w7 & DNA replication @R protein expression experiments # genes
@1 plasmid vectors & insert &M ¥ SYANT faar Srer 2 |

o  UMMI®Y W SUANT H AT WM dTel restriction endonuclease type |l restriction endonucleases |

e Vector #U®% gene &l insert &M & oI same restriction enzyme @1 plasmid DNA 3iR gene insert &
use &xd ¥ | Restriction endonuclease & &I¢ WM & 15, 3¢ DNA ligase & gRT Sirs fRar siram 2 |

e 3731 single nucleotide polymorphism @' Tgar # ¥ SUANT B Srar 2, S gene alleles & R ar
P H B AR |

e ¥t DNA &1 genotyping f39T sequencing @1 cost & allow @x \adar 2 | Restriction enzymes &7 STe
@ 91g fR gel electrophoresis &M W, gel # Sufkerd bands @1 W& samples & genotype &I Tl & |
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HINDI MEDIUM [ UNIT-10 BOTANY RPSC-ACF]

e  Restriction endonucleases, DNA fragmentation & forg § ITAEY ) g technique DNA @I specific
sites R we & oy allow & 8, ST U@ fAR¥aa sequence &7 fragment # gﬁﬂﬂjﬁf%ﬁm 2 &R it
THS M FBR B &1 § | Fragmented € & a15, DNA & UaR @1 analytic techniques & forg sarar
IUYE &1 O 2 | I8 genetic fingerprinting S UfhaTall # N SUANT fban S 2

Restriction sites: o+ restriction sites palindromes g (3% same double-stranded DNA base sequence
2T feement 3 e §). SereRvr @ Iy aifted] ™ # forar S arer Eco Rl enzyme GAATT (5' 9 3') sequence &7
YgAEar €919 5'- 9 3'- g e ® 4, complementary strand @T sequence ¥ GAATTC &raT 2 |

Bacteria restriction endonucleases ®I defense mechanisms (&I &) (S: viral invasion @& favg) & e
SYANT Rl 8 | Gs UBR & bacterium ¥ 9= @9 @ restriction enzymes 3R specific recognition sites gl
2| Foreign DNA &1 w4l %0 ¥ recognition sites TR cut TR e &x fear e 2|

Bacteria 3197 genome &I, 31q= DNA @I restriction sites # base-modification ¥ (Wr=ad: methylation %) F=mam
2| 3/ USRS strain @ URT U restriction endonuclease 3k DNA methylase, ¥4 target faf¥redmell & rer

BT 2,

“Restriction” endonuclease M 3 A& fAf¥Te nucleases &1 safew fear o i gn DNAs &
invasion &1 i1 f& bacterial viruses, @1 T 2 | o {/&

Frequency of cutting: Restriction site specificity @ @RI, restriction‘e es DNA &I fragments #
cut oxar B, @ iiaa @/ TS BT Ual restriction site % SURYT base pairs @A A (and to a lesser extent by
the ratio of bases in the DNA) =rerer 2 | @
DNA 7% aRi bases &&= A= # &1l €, DNA sense 7
AT (wifdesar) 1/4 =1t € 1 4 base pairs &7 U restriction’si nce @ random occurrence

1 wifear (1/4)(1/4)(1/4)(1/4) =1/4%=1 1/4096 2 iR 8 base pairs
striction endonuclease 4,096

SRAT | A fragm
asé & forw 31 cut si

Eal IR T% DNA 66.7% GC 2 (vaerd 2/3 base pairs GC ) 3iR base pairs &1 random orientation
(feere B & o wd® A wd T 341 @ probabilities 1/6 &Y @ik G & C &1 probabilities 1/3 grfl | 3rd: GAATTC
%1 probability (1/3)(1/6)(1/6)(1/6)(1/6)1/3) = 1/11,664 =1 g, Wit 1/4096 ¥ 3T ¥ w/d T bases a_Ta 75T 3
Sufkerd o1 | rd: Eco Rl §RT 9911 T fragment @1 3ird ofwarg DNA i higher GC content & S&% Sarar g1fi |

Naming of restriction endonucleases: Restriction endonucleases & =T bacteria @ species 3iR strains =
A derive Y ¥ TR v W 2| 1% letter genus & oy BT 2 @R 3Tl 2 letters(2™ and 3™ ) species & forg 4th
strain & T 2’k Roman numeral S strain @ enzyme F! gamr 81 15 @ letters, ST genus 3iR species & fag
BT €, S+ italics # forad £ | ar: Eco R, E. coli strain RY13 & U< ugaT restriction endonuclease & |

i &1 g¢_list #, $a1 TP strand B palindrome T sequence 3T T Y&T # (JERT SHET reverse complement &
SR 5' ¥ 3' U¢ ™ R identical gmm).

Cut site @7 vertical line (|) 57 f% bases & @19 &Kkt 8, & \#=mar a1 &

Sticky ends (@ 1) 99a €, 919 T cut sequence & exact center IR F&l oTaT| Pu #deld @18 purine (A a1 G), Py
Hadd 18 pyrimidine (Car T). (A/T) widetg A a1 T (an AT base pair in either orientation).

Note: Eco RIl [T § «ifs S recognition sequence U (fA¥H) odd number @ bases @1 i 2 |
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HINDI MEDIUM [ UNIT-10 BOTANY RPSC-ACF]

e Aac651 G|GTACC
e Alul AG|CT

e BamHI G|GATCC
e Bglll A|GATCT
e (Clal AT|CGAT
e EcoRl G|AATTC
e EcoRIl |CC(A/T)GG
e Haelll GG|CC

e Hindll GTPy|PuAC
e Hindlll A|AGCTT
e Hpall C|CGG

e Kpnl GGTAC|C
e Mbol |GATC

e Notl GC|GGCCGC @
e Nstl ATGCA|T {&

e Pstl CTGCA|G @

e Pvul CGAT|CG < {/&

e Sacl GAGCT|C %

e Sall G|TCGAC

+ Smal CCC|GGG @
¢ Xmal C|CCGGG (\@

Isoschizomers: B ATl ¥, 2 IT ST el T—3T6H en dentical sites @b %‘ | STTT—3TAT source
(=) & 9T enzymes St same site Bt aﬁ'\f 9 = 4l ST\H% E’T 3= isoschizomers
PHEd & | Sma | 3R Xma | 51 & list 1‘-{ |sosch|zomers QIUI Ud B site BT T3 TRID
Acut g |

Neoschizomer: Us engz

ime sequence ST ORE W Hredm & | Neoschizomers
~ % |soschizomers Sma | (CCC/GGG) 3R Xma | (C/CCGGG) T& TR

DNA methyltransferases

DAM Methyltransferase: E. coli & dam+ strains ¥, 5 ...GATC...3 sequence @ adenine residues @ N6 atom
T methyl group ST 3&aT 21 DNA adenine methylase U@ single-subunit nucleotide-independent (type 1)
DNA methyltransferase & Sl recognition sequence 5 GATC 3 # adenine residues W S-adenosylmethionine
1 methyl group @7 transfer &xer 2 |

e E.coli#, efficient DNA mismatch repair 1T dam methylation sasa® gier 2|
e oriCTRYCId DNA replication @ initiation & 3 oriC = SURT chromosomes 3 segregation 3R
partition & foTy 3ik gene expression @ modulation § Y 3mawI® 2 |

e  Methyl group @ adenine @ N6 atom W transfer I T& bulky alkyl residue # B-form DNA & major
groove # v faar wimar 8, @l recognition sites # sequence 5 GATC 3 grar 2
o 3US fUT B restriction enzymes F GATC-residues TR DNA &t cleave &3 & fT methylation @t

SgTgHar gl 2|
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HINDI MEDIUM [ UNIT-10 BOTANY RPSC-ACF]

DCM Methyltransferase

dem 5 ...CCAGG...3 a1 5 ...CCTGG...3 sequence # SuRerd cytosine & C5 position = methyl groups Sirear @
3R 9 UHR EcoRl @1 TRE restriction enzymes ¥ cleavage &7 Idhdl 2|

Restriction Mapping: Restriction endonucleases ¥ DNA @ a3 pieces &I BIC gdmel # areT ST Hadm 2 | Af 2
restriction endonucleases STINT &3 i €, o weid fragment St 1% enzyme 3 31 ® S9 41 ¥R enzyme
gR13IR ¥ BIC @e! # dre faar wmr 21 Electrophoresis 3iR fragments @ mobilities & g # (fragments
with those of “markers” of known size) fragments @ relative size &1 uar =reram 8 | 599 cut 9910 €, 959 59 BT
el ox W, overlapping fragments @1 align @@ ol DNA @1 v Q0T restriction map ST \ad ¥ |

Vectors: Cloned genes @ replication Urat &=+ @& fofw g77a1 self-replicating genomes & ST amawaa 8, g
vectors ®Ed € | glefife bacterial plasmids @1 vectors @) @e SUANT faar Sirm €, Siem fb =i garar 7 8| 599
AT W BS UFHR B vectors B € | Th vector # 1 properties g a1fRT:

g\:&m 3k DNA

1. Vector # U& origin of replication (ori*) 91 @12y St DNA &7 31q=amy replication
# ¥ WU host DNA grar 2|

2. Cloning & forg Swarf, circular vector @1 =1 fadt vector DNA
open &ed €| 5o forg fAf¥rse restriction site @1 &7 smavT® B le vector DNA # @adt 1 &Y
DNA linearize & wirar & | Cut RIRY

=1f2u | Restriction endonuclease ST & site faf¥re &, 4 W@u i i
B ATIE SIS W YT vector i A 99 ST 21 IBcu oreign DNA segeuence &1 3R o9 &

jction endonucleases &

v allow =& & =1, 97 circular vector |nserted uence T & oRI: T& cloned
coding sequence ¥ S &A1 wirn smazas & UHR Ef‘:vecto me circular (MeT®R) gar
gl

3. SUERR vectors ¢w selectabl uie 1% antibiotic re o e aﬂﬁ 21 31 host organism

@1 ey aRRerfaat 3

4. 9% Us second ors cIoned DNA fgd vectors & € 3R

: 1’ W recombinant clone %Wﬂ%fﬁ?%ﬁﬁ%ﬁﬁ SICRUED
ﬁaqﬁfmﬁﬁwﬂé‘rﬂw%

¢ Negative selection - Negative selection ff, Wwwmﬁmﬁl'ﬂ%ﬁﬁ
S IdTE BT IURTA H cytotoxic agent H TRafdd 81 ST, 3R URUMAGRY, T8 wild
UHR B HIRIBISN & AT BT SFTANT TeT &afl § | A Y: HAToreh el ob A
%&ﬁa host strain Wﬁ?—m\_yﬂ?m% @Tmﬁwaﬁmﬁﬁm
|

Plasmids: Bacterial plasmids BI< circular DNAs 80 &, f5=% S9& @ & origins of replication 810 g iR
bacterial cells ¥ autonomous (¥a72=) replication % @wef €1 2 | Plasmids R ST genes 81 ¥, 3 antibiotics
yferIefl bacteria 99 # Wem B0 €, ST S bacterias BT IIT &1 # W9a B € R plasmid ferar 2 | smaR
BT 89 & &R, plasmid § T restriction endonuclease @& ot &aer 1 cut site 81 8, it foreign DNA &
THHed (Integration) @ forg circle &1 open @xar € 3R plasmid & 231 & S 8 A 99T 8 | 39D Hg ad!
I modify ft fosar 5 w&ar 8 | &8 multiple cloning sites(MCS) @ addition & 9gald &) Add 2 |
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HINDI MEDIUM [ UNIT-10 BOTANY RPSC-ACF]

TP 3 trick Rredr S UTpfce wU W IURLIT cut sites 1 8CT a1 917 & axd & | Codon @ 3" base
F19Ea @ restriction endonuclease F cut site F1 BSIAT & | Amino acid @ T H ¥ mutations silent &
& ¥ restriction endonucleases & DNA & cleavage & W= H =& |

Subcloning

Cloning experiment &1 §a4 wa a¥iaT Sif DNA cloning @1 &8 basic vgfuai ®1 ysRfa @=ar g, cloned DNA &1 U&
vector ¥ IR vector # transfer 2, SuanT 1 subcloning @eT ST 2 | 9 U@ large cloned fragment @ short region
P 31F FRAR # St B & o1 SUATT fhar 57 Ahdl § A7 U gene &1 U TN vector # transfer &=+ & fog o g9
particular species # express &= & fory design foar a7 2| SR & forg E.coli # plasmid vectors & ##er #, i
Fa%1 = Reafdy &, ufshan &1 e =Roll 7 dffer o1 et B |

o sfBd cloned sequence Y@= daret plasmid DNA @7 isolation.
e Restriction endonucleases @ eI plasmid @ discrete fragment # digestion (cutting). : \

e Agarose gel electrophoresis gR1 fragments @1 separation.
e Desired target fragment &7 purification. @
e T&% 7T recombinant molecule 9 & foT & Y plasmid # fragment % g).
e Ligated plasmid &1 U® E. coli strain # transfer (transformation). m&%

e Transformed bacteria &1 selection.

e Recombinant plasmids @ analysis. <®@
<\ .

Plasmids: t& plasmid, bacterial chromosome ¥ 3feT Ta =1 DNA molecule 8 W1 Wda w4 ¥ replication 3R
transmission @ forg Wer 2 | Plasmids circular & 3R a1 @ bacterial chromosome 3 3reT a1 bacterial chromosome
@ ARIGS gY B ¢ | faftre uRRerfial &1 siear I host cell & forg sawas =€ 810 2 | #8 oRe & bacterial plasmids
g, oifhT 319 3 e 31fSrp 3wy by Y UaR -

(1) F plasmids (conjugation & fog STRaRY 8)

(2) R plasmids (antibiotics @ uft resistance & foTg genes @@ 7) iR

(3) Col plasmids (colicins @ foft code @=d &, I proteins St sensitive E.coli cells @1 kill (@) &=a g, I particular
colicin & it immunity Y &== dTel genes ¥l 7@d 2). Plasmids 31 @ conjugative (transmissible) & da&d @
(conjugation @ gRT DNA transfer @ #ea=adl &xd & 3R g9 UHR UH population & bacterial cells & = asit
¥ g€ P 2) e.g., F plasmids, &3 R plasmids 3R @ Col plasmids, a1 nonconjugative (conjugation =T DNA
transfer mediate =& 81T 8) e.g., s R plasmids 3R 31f&aR Col plasmids.

Stringent and Relaxed Replication: Mainly s&@ replication control system @ &R bacterial cell § wd®
plasmid t® fafdre copy number &+ g 2|

g9 de H plasmids 2 YR & B &:- (1) single copy 3% (2) multicopy plasmids. Single copy plasmids @7 replication
control 39& bacterial host cells @ @g 2, safery I bacterial chromosome @ <1ef replicate 3R segregate g 2,
39 stringent replication @gT AT € | 3@ contrast ®, multicopy plasmids @7 replication control bacterial host
genome 9 37T BT €, 91T host genome & U@ replication & oy 9 T A 31fd® 9K replication a=a 2| s
relaxed replication &= irar &/

Aaakar Institute

5 Download iGuruji APP for Video courses 27, Kisaan Marg, Tonk Road, Jaipur-
302015
and online test series Phone: ,

9314503070



HINDI MEDIUM [ UNIT-10 BOTANY RPSC-ACF]

Stringent Plasmid Relaxed Plasmid

Low # High #

Depend on protein synthesis of system Independent (self)

(Host)

Stop replicating upon using protein Get amplify upon using protein synthesis inhibitors.
synthesis inhibitors.

Replicates with Genomic DNA Independent of genomic DNA (Only DNA Poly. Required)

TABLE: Antibiotic resistance genes found in R plasmids, their proteins and mechanism of antibiotic
resistance

Antibiotic gene Protein produced by the gene Mechanism of resistange @
conferring resistance %

<\

Ampicillin (amp) Penicillmase or B-lactamase Hydrol B lactam ring
Kanamycin (kan) Kanamycin acetyltransferase* &géw of the antibiotic
Neomycin (neo) Aminogycoside phospho transferase osphorylatlon of the antibiotic
Streptomycin (str) Streptomycin phospho transfe Phosph tion of OH on the antibiotic
Streptomycin adenylate synthe @ | the OH on the antibiotic

,Soﬁle\é\f\rﬁafgp/\sorter genes/iro elﬁ u§ed’ln RDT

M O Activity & Measurement
(\

Transfers radioactive acetyl groups to chloramphenicol;
CAT (chlgramp enlcol acetyltransferase) detection by thin layer chromatography and
autoradiography

Hydrolyzes colorless o-nitrophenol-B-galactoside to o-

GAL (B-galactosidase
(B-g ) nitrophenol and galactose (colored products.)

Hydrolyzes colorless X-gluc (5-bromo, 4-chloro, 3-indoyl

GUS (B-glucuronidase
(B ) R—glucuronide) to yield colored products.

LUC (luciferase) enzyme from firefly (Photinus pyralis), Oxidizes Luciferin to oxyluciferin emitting photons.

GFP (green fluorescent protein) from the jelly-fish

e ] Fluoresces on irradiation with UV.
Aequoria Victoria
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HINDI MEDIUM [ UNIT-10 BOTANY RPSC-ACF]

There are now several variants of GFP with altered
fluorescence emission to give different colours — YFP
(yellow), BFP (blue), CFP (cyan).

VECTORS

& vector T DNA molecule it appropriate host cell # replicate 89 @1 ability T@ar 2 ik % cloning & forg
clone foar S a1 DNA fragment (3% DNA insert &8T SITaT 8) integrated 81dT & | $9 TSR, T& vector &1 T origin
of DNA replication (71 ori & denote f&ar ST 8) w@+m =@fdy <t host cell # function &Rar 2| f&=dr extra-
chromosomal small genome, e.g., plasmid, phage 3fR virus &' vector @1 TR use fHaT ST AHaT 2|

Properties of A Good Vector

U®h 31 vector &I {71 properties &+ =12: -

1.

A

N G\
39 autonomously replicate 89 # \e™ g1 @112Y | 59 cloning &7 8g<¥d DNA insert @ &3 copies U<l &R g,

vector replicon @ relaxed control # 8T @12y, R I8 single host cell # 3= multiple copies generate %
| |

39 isolate &R purify T A= &1

39 host cells # easily introduce & ST 5@, i.e., vector @ A1 host &7 transformation easy g1 1R |
Vector # suitable marker genes & @@y <t transformed host cells @ easy selection @ allow @=ar 2|

19 $ge¥d gene transfer 2, s59% g &1 DNA insert ST I8 carry &=l €, &1 host cell & genome # integrate &+
BT AT BT AT |

DNA insert X& aret vector molecules & &1 transformed cells (recombinant a1 chimaeric vector) Riw vector
molecules gRTtransformed cells # selectable @1 identifiable 8 =12y |

. U®% vector &1 1fdd | 31 restriction enzymes & forg faR¥ne target sites 3@ @1f2y, Siat DNA sTaead Fraf &f

iy ford faer ST S A 7|
519 DNA insert @ expression @1 amagadar gl 8, vector &I at least suitable control element Y@= =Ry,
promoter, orperator 3R ribosome binding sites; @$ g@¥ factors # important & wad 2 |

Cloning and Expression Vectors

U@ suitable host # DNA inserts & propagation @ ot use f3 T ¥t vectors @ cloning vectors &g T 2 |
<Ifp 519 T vector DNA insert @ expression & forg a1 39@ g1)T specified protein @ production @ v design
fohaT ST 8, 39 expression vector HET I 2 |

As a rule, 39 TSR @ expression vector at least ¥ regulatory sequence i.e., promoters, operators,
ribosomal binding sites etc. T@d 2, ST g7 T host # optimum function e 2 |

¥ cloning vectors relaxed replication control & &, gAfelT  per host cell 3@ wferlt SU= & 2|

19 e eukaryotic gene &1 T prokaryote # express far ar €, eukaryotic coding sequence &1 prokaryotic
promoter a7 ribosome binding site @ 918 place f&ar w1 =@fey ®Nf% eukaryotic regulatory sequences
prokaryotes % recognize &l gt ¥

w8, eukaryotic genes, as a rule, S9& coding regions # IuRe@ introns (noncoding regions) T&d € |
Eukaryotic genes & Sfad expression & oIy g introns &1 gern ST @1fgy F4ifd prokaryotes # RNA transcript
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6. cAMP Regulation of PKA = Activation of Protein Kinase A (PKA)
Protein kinase A faftd THR & Had! 3R T USRI H cAMP I Inactive PKA Active PKA

wmma&u%l EREARIN: R R R ] regulatory subunits CAQ/IP a
T (TS a1 ) Ieuce ISt (IIR®) Jegfe 3@ B | + o) > +
regulatory subunits qus pseudosubstrate@lﬁ:[ ﬂ@'{ﬁ? °,0
%W@ﬁqﬁﬁﬂﬂ?ﬂgl Regulatory subunits %ﬁlﬁcAMP% _

EIT%'E@T@ pseudosubstrate e‘lﬁﬂaﬁmﬁuﬁaﬁ:{am%ﬁﬁ Rseug;lljitl?sry CE atalyj .t!';' Pseugg;l;?;trate Catallyhc
URUMERGET 3§ Hfehd PKA SRS JGg(-cH &1 disassociation

BT 81 TfohT PKA 3F TEH WIS BRBRISAC HR THT ¢ Glucose mobilization & IH Ha—A & HUR
IfcRad &) @&l & S1QTdl, phosphorylase kinase, G?I?glycogen synthase, PKA Ao WW&W%@
o lhl%l‘blilsac HY Hohd %I _s':lff protein phosphatase-1 (regulation of glucose metabolism), heart muscle

troponin (contraction), myosin light chain kinase (muscle contraction), phosphofructokinase (anaerobic
metabolism), and CREB (transcription factor) %I

cAMP & Signal Amplification

a @ Each activated AC 5 i
s @ generates many cAMP Amplification
cAMPA JACAMP molecules
CAMP™ y y 4 "cAMP
CAMP_, 1 1p CAMP

cAMP molecules

M stimulate PKA; Each _
PKA phosphorylates Amplification
many kinases

Protein Kinases% 4 ’ . 4 ™Protein Kinases
Protein Kinases * Y 4 “Protein Kinases _
Protein Kinases  Protein Kinases Amplification
Protein Kinases Each kinases
77 R phosphorylates more
Ay A targets (including kinases) SN
Amplification?

2. G;: G inhibitory

g adenylyl cyclase &7 inhibit (i = "inhibitory") #=ar 2, cell # cAMP @ level low ar & | Goy somatostatin &
receptor ¥ activated gram 2|



Lumen

= - e, o
/Choiera toxin # Pertussis toxin > \
A; subunit '\ A subunit 1
/

L e

" «
ADP-ribose 4\

ADP-ribose

Cell NADT
membrane

Adenylate
cyclase

Cytoplasm

ATP cAMP

Hormone —  Ri

!

Inhibitory regulative G Protein (Gi)

l[nhihit

Adenylyl
cyclase

PP,
cAMP

» Cholera toxin, Gs & covalent modification @ catalyze @=ar g | ADP-ribose & NAD™ & Gyo @1 GTPase
active site W arginine residue W mHIRd fhar srar 8, ADP-ribosylation Gso =T GTP hydrolysis Jiear 2|
Stimulatory G-protein permanently activated g7 & | RvTRGwY cAMP &1 AR high levels intestinal
epithelium & cells ¥ salts &7 JAR™E JHAM B ¢ | RS AT H water 0smosis & AT TR e &, Rrad! gois
¥ diarrhoea & S 2, St fatal 81 |1 7, 3R salts iR water 5o replace =T f&3 S @ |

P Pertussis toxin (whooping cough disease) ADP-ribosylation @I Giq @ cysteine residue W catalyze a=ar 2;
o™t inhibitory Go GDP to GTP & exchange % # srq#el g7 &ralm § 3R Inhibitory pathway & wmar 21 ADP-
ribosylation T& W Ufshm €, RS9 980 9 proteins 3 activity Fafid 81l 8, eukaryotes (including mammals)

3R 7't 9@ fF prokaryotes # i |

3. Goyg

7 phospholipase C (PLC) & activate &RaT 8, St second messengers &1 UaT &xal z:
e inositol trisphosphate (IP3)
e diacylglycerol (DAG)
Gag, G proteins % UrT ST €, coupled to receptors for:
e vasopressin
e thyroid-stimulating hormone (TSH) 8k
e angiotensin



signal molecule

e G-protein-linked
W receptor activated
phospholipase C-p

Pl 4,5-bisphosphate
[PI(4,5)P2]

diacylglycerol

“Mactivated
protein
kinase C

open IP3-gated
Ca?*-release
channel

activated Gq inositol
o subunit 1,4,5-trisphosphate
(IP3) K

lumen of
endoplasmic

reticulum ¢ @@5@@@6533 ) ®e° e@

Phosphatidylinositol signal cascades:
1. phosphatidylinositol-4, 5-bisphosphate (PIP,) e @<= & forg Kinases Pi @7 ATP ¥ inositol ring @ 5 & 4 position
B hydroxyl group W™ sequential transfer @1 catalyze &< €, |
2. PIP2 Phospholipase C ¥ cleaved BT 2|
» Phospholipase C @1 /T T isoforms # faf=T regulatory domains 810 € 3R $9 T8 1T 3Tl signals &
forg respond & €

a. & G-protein, called Gq Phospholipase C @1 T&% w9 &I Afhd &Rl &1 S T particular GPCR (receptor)
activate &IaT &, GTP, GDP & fofv 3ne=—g & el 8| fhR Gqo-GTP Phospholipase C &7 Afsha #RaT 2 |
> Ca%, it Phospholipase C @1 activity @ forg =nfey grar 2, negatively charged residues 3R phosphorylated
inositol @ phosphate moieties @1 active site @& W1l TRER fHaT HRal 7 |
3. PIP, @1 Phospholipase C gRT cleavage ¥ 2 secondary messengers WIal &K1 2: inositol-1,4,5-trisphosphate (IP3),
iR diacylglycerol (DG)
4. Diacylglycerol, Ca?* & 1 Protein Kinase C @1 Wfsha &_ar g, S s cellular proteins & phosphorylation @1
catalyze ®X®, ST Afbaar 91 < &
5. IP3 (inositol-1,4,5-trisphosphate), endoplasmic reticulum (ER) membranes % Ca?* release channels fshd &ar

21 ER # stored Ca?* cytosol # Haw BIem ¥ | W&t ¥ calmodulin ¥ g8 w&am ® a1 Protein Kinase C @1 @fshd &) Aadm
gl

Protein Kinase C (PKC)

They have following features: -
+ 3 Ser/Thr Kinases &kt 21 S f% Ca2+, phospholipids and diacylglycerol (DAG) gRT ¥fshg & 2 |
* WS A cytosol # W § wfdw Wi 89 W A cell membrane W ugg@) &% substrates B Phosphorylate &
2 99 (e.g., Myristoylated Argninie Rich C Kinase Substrate, MARCKS)
e & A $ AR maeEd ufharst § I learning & memory, cell division & cancer # # affaferT ax 21

Signal turn-off OH, Ca**-ATPase pumps 3R IP; degradation & cytosol # ¥ Ca?* &1 removal nfict #=ar &: IPs

(inositol-1,4,5-trisphosphate) @ enzyme-catalysed hydrolysis gRT sequential dephosphorylation & inositol urer

BT 8, ST f% phosphatidylinositol @& H3e¥oT &7 T substrate 8T 2|

a. Kinases, 5t P (phosphatidylinositol) @1 PIP2 (PI-4,5-bisphosphate,) #ager €, inositol ring @1 ATP % hydroxyls
@1 positions 4 & 5 ¥ phosphate &I transfer &= 21

b. Phosphatidylinositol-3-Kinases S/fd catalyze phosphatidylinositol @T inositol ring @t 3 positions R
phosphorylation catalyze @=ar | For example: phosphatidylinositol-3-phosphate (PI-3-P) . PI-3-P, PI-3,4-P2,
PI-3,4,5-P3, 3R PI-4,5-P, @ signaling roles &1 € |

Activated Protein Kinase B (also called Akt) 987 ¥ proteins @ serine threonine residues @ phosphorylation
catalyze @=ar 2| $9@ metabolism, cell growth 3iR apoptosis T &S ¥4@ <@ W & | Protein Kinase B activity &1

downstream metabolic effect glycogen synthesis, glycolysis @I SfRTd &1, 3R gluconeogenesis &1 JwT Y
e B |




Ca™ Signals
Modulation of Cytosolic [Ca**]

» Cytosolic [Ca®'] =m™=ad: one micromolar § %9 BidT &, fh<i 3ik endoplasmic reticulum (ER) membrane # #igig

Ca’'- ATPase pumps s low concentration ! s+ 3 8, Ca®! @I cytosol 9 X cell & arex ar ER # transport

BRS |

» Extracellular Ca®" level mammalian organisms & millimolar range # gdr 8 | Plasma membrane Ca** channels
@I opening Ca*" signal 31 Y& a7 91 I el 2 |
» Ca’" ER # Wi oA ®U ¥ WATaT 8IT 2, Sit Udb major internal reservoir @ oXg &1 ol 8, SR 3 Ca?’ signaling

& aRM cytosol # Ca’' release 8Idr 2|

» Mitochondria 3R lysosomes i & uRRefidi # Ca?’ release I=d # 3k Ca?! reservoir & &R &1 Hvd & |

Na*-driven
Ca“* exchanger

Caz+

CaZ*-pump

2
Cac* plasma

[Ca2+] =~ 103 M membrane

—

[ADP+P

CYTOSOL

[Ca2*]~ 107 M

Ca2+-pump in
ER membrane

Ca2+-binding
molecules in
cytoplasm

Ca?

calcium-binding

molecule

CYTOSOL

active Ca2+
import in
mitochondrion

plasma
membrane

mitochondrion

» ER lumen # Ca?*-binding domains free Ca?* concenteration @7 buffer @< € ik Ca?* storage & fory emar 91 <d
& ER Ca?*-binding proteins # per molecule 20-50 low affinity Ca*-binding sites it €, acidic residues consist

Pl € | Examples:

# Calsequestrin SR @ lumen # 21T 8, [muscle &7 specialized ER:

sarcoplasmic reticulum (SR)].

folding ¥ +f qffer forrar 2

Cytosol a1 other cell compartments # Ca?* concentration
indicator dyes a1 SH proteins & monitor f&ar ST &, S A
luminescent & a1 fR Ca?* A4 5s @& 30+ fluorescence change a&x
o € | Fluorescent indicators confocal fluorescence microscopy
¥ use 89 g, high-resolution imaging 3R cells § Ca®*

fluctuations ®T quantitation provide &= &|

Ca?* (cytosolic) # transient increase one a7 Ca?*

Calreticulin — non-muscle cells @ lumen # 8T ¥, protein

-release a1 Ca®*-

cytosol

signal Eﬁ)ﬁ

Ca** =) calmodulin

Ca++
-

C

outside
of cell

Ca++
ATP ADP+ Pi A activated
WCE’ ATpase__‘;hm_el
Ca'QQ'

Ca**release channel

endoplasmic
reticulum

jIlCa“-ATPase
P ]
ATP - ADP+ P

signal-

entry channels @ vicinity # localized fowar i waar 2 | ¥ localized Ca?* "puff" a1 "spark" S+ effectors @ activate
oAl ¥, ST additional Ca?* release induce @< &, =1 cytosolic Ca?* # more widespread increase grar & | Higher
cytosolic Ca?* @1 T& “wave” neighboring cells # +ff %a da&d 2|




Ryanodine Receptor:
% Ca®* Release Channel

Sarcoplasmic reticulum (SR) @ membrane % & large Ca?*-release channel, ryanodine receptor(sd®! plant
alkaloid ryanodine ¥ sensitivity @ ol ) ®Earar €| o1d SR lumen & cytosol # Ca?* ryanodine receptor @ gRT
release 811 ® Skeletal &R cardiac muscle &1 dqga |fka gar © |

T tubules muscle cell plasma membrane @ &= & g=et €| T tubule membrane # voltage-gated Ca?* channels
closely apposed SR membrane # ryanodine receptors & R foar #=el €1 T tubule § T action potential gRT
voltage-gated Ca?* channels @ activation ryanodine-sensitive Ca?* release channels @I @ierdr 2| Ca%* Tl
ryanodine receptor @ transmembrane &% & @@= 918 # ryanodine receptor's @1 cytoplasmic domain ¥ 8T a1 SR

lumen 3 cytosol & ST 2 |

¢ Ryanodine receptor cytosolic Ca%* & micromolar concentrations TR @/ a4 & Ak 8IaT 8 | 3¥d: cytosol #

HH AT § Ca?* &1 yaw, further Ca?* &1 Had dar 2|

¢ High (e.g., mM) cytosolic Ca?* ryanodine receptor channel @' fAf€pa @=ar ?, R signal o & oI 2|

IP; receptor Ca** Release Channel
gga W mammalian cells # IP3

(inositol-1,4,5-
trisphosphate), endoplasmic reticulum & Ca®* release
trigger @xar € | "Second messenger" |P3 S &Ral g, SN
in response to hormonal signals, from the membrane lipid
phosphatidylinositol.

+ IP3 receptor U@ ligand-gated Ca2*-release channel g, 5t
endoplasmic reticulum membranes % embedded &r@ar ¥
718 ryanodine receptor channel % distinct g1 2, tr=g partly
homologous 4 grar 2|

¢ IP3 receptor @1 cytosolic domain = Ssa1 &, channel
opening &I §eral 21| IP3 & regulatory phospho-protein
IRBIT &1 fSaffa@ &xar €, 51 f same site &R bind &=aT 2|

¢ Ca%, IPs receptor & ligand-binding domain TR g & 3R
channel opening @1 dgrar & | However, high cytosolic Ca?*,

St f&% channel opening @ @1 fdwfia gt 2, channel closure
BT gl B

(a) Voltage-sensitive RYR
(skeletal muscle)

A Voltage U
Dihydropyridine
receptor

(b) Ca?*-sensitive RYR
(cardiac muscle, neurons)

A Voltage
Voltage-gated
Ca?* channel

receptor

Sarcoplasmic
reticulum

receptor

Endoplasmic
reticulum

3ra: IPs-activated 3fR ryanodine-sensitive channels ST low cytosolic Ca** | |fha 810 € iR high cytosolic Ca** ¥

fofspa & 21

High cytosolic Ca?* gr1 Ca?* @1 feedback inhibition, Ca2*-ATPase pumps @I activity & <1, signal turn-off #
contribute @ € 3k Ca?* concentration ® observed oscillations ¥9a s91d £ |

Some Cellular Responses Mediated by G-Protein-linked Receptors Coupled to the Inositol-Phospholipid

Signaling Pathway

Target Tissue Signaling Molecule

Major Response

Liver vasopressin

glycogen breakdown

Pancreas acetylcholine

amylase secretion

Smooth muscle acetylcholine

contraction

Mast cells antigen

histamine secretion

Blood platelets thrombin

aggregation
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¢NSIwTScH 1 ST (Affinities of Pteridophytes)

gTey ST | CREIpRey @ fRUfd sriwsey a forad & &9 g1 3 $© d&0l 8 SrwRed 9 a9 $8
e B R § Tamdar gxid 81 IR 39 3 fafRiy @emr §, M SuR R 38 U S1eT g o T
T 5| < 39 9HE & WYl & RISy d fTHIRad § SRIAT (affinities) BT Seeid foaT 11 B |

[ éﬁ?ﬁ'ﬂﬂm | ?ﬂ‘ﬁm I G’Hﬁiﬂ'ﬁ (Resemblances of pteridophytes with bryophytes)
REwIEe sRiwRey ¥ fAufafad deol & e aid §
(1) & wgEl ® Wy fwnedt fidt ThTaRUT (heteromorphic alternation of generation) UTIT SITdT &1

(2) ARF T FITIgHE! (oogamous) BT 31 TR TUT Tl SHANT HHRT: YU T WA S & aur o
TEHIABI BId &1 T JHE! P SN TR I BIfABI3M BT Th JRETHD T (SIdhe) Ul SITell g |

(3) T THE! B YA HRMTE T a=iiet (motile) TUT 308 SATFIRNT (non-motile) BT B

(4) 3 gl # At oid ) Uiy A S 21 @

(5) 3% cREIBRcH l SABIZCH & T YHEISTUD (homosporous) '

(6) TISENBISCa (Psilophytales) d Frgelicaial (Psilotales) U 1 & A JeTHT

(rhizoids m&aﬁ% %
L] éﬁ@m T4 EIT@WW H J‘!‘\‘W’I‘Fﬂ'@ es between pteridophytes and

bryophytes)
RSIBRey, SAIwRey ¥ ufaRad daon
(sporophytic) BT 8, STafd STAKIZed &1 Uey B

%|

6) Tt TP FHEWU B,
ST g1

7) RSEEe § divige WUitd Td Wa (autotrophic and independent) BT §, Siafd
ST CY B I8 gUid: 37dT 3HifR1e ©U J WD IGG W 33T g1 g

(8) STAHTZCYH & SolU]faag | oIl & Y U: FaeR (elaters) Yl U O §, TR RSH15c™
T 37T UTT: 31Y4Td il 8
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[ %ﬁ@m F ot & WF-I?IT‘I'! (Resemblances of pteridophytes with

gymnosperms)
eSpraey, o & frafafaa aeml & gomar e=ifa §
(1) 1 GHEI H Uy g diomfect quT ois, W g gyl | fanfed grar 31
(2) SISUE quT g @IfRae vawi § fafird fe uwmaror gt Srar g
)ﬁﬂg@ﬁwuﬁmgﬁmm (circinate vernation) RIfd §

(4) A1 Tl A Tagd d GReRd auT Sgew @ weed § ANRkd giar 81 Sgen § afikend
(vessels; W%WW@@W) a%rru%ﬁuﬂﬁxrs'aﬂﬁmﬁ (companion cells) &ECI@AIH
g &l

(5) orreae @t ifd sMe RepIgey fawHaieme g aid B

(6) SNPIIeT F WU Fo Rt F yavr (9 Agdg, i) iliated) 1 &1
o cRSivsca @9 Rafman & Tediemg (megaspore) TSt

(megasporangium) ¥ WT&»’%%I g &Iur gt
[IV] %ﬁ?ﬁm od forarud o GHTIFR-ITII (Dw@ een pteridophytes and

gymnosperms)
ReIwTRey, fomrad ¥ FafaRad deon & firg §

(1) RSPET fIHRG: 99, BURER, IR WId &, Safe oo urg: aofeg el &
IR Od g

it ¥, STafe RSBy A gUar 91S UHIAP (ephemeral)
- F IS ST gl ATt &

L ‘5‘ d W%ﬁmq‘gﬁwm%la{a gqﬁ@an%q‘e“reﬁ?ﬂél
pIged BT § a1 A1 BR@T (neck canal cells) g e R § 5

a"rarugé;mm%sﬁwﬁwﬁ
g & fafte yawursli ¥ grar g

(6) forgref & AT (@YY, pollens or mi
YHYJ (antherozoids) EITa\_:ﬂﬁ%I

(7) Forae & WRIT AT (pollen tube) Fd 8, STafh CREIHTZCH o SUHT ST BT |
(8) o fordu 1 Blewy (AgHEd d i, cycads and Ginkgo), AW Jft fomed & R gwe
RN (non-motile) B1a &, sia® Tt RSIBTIET & R g fasha gia g1

(9) SREBI B THBIRSe YaRT SIWTU[Rge TR AT 71 81t ©, Safes foraiead § geifag vawi guf
w0 Y fTfige W S gt g

Aaakar INstitute

32 Download iGuruji APP for Video courses 27, Kisaan Marg, Tonk Road, Jaipur-302015
and online test series Phone: , 9314503070



HINDI MEDIUM [  UNIT-2 BOTANY RPSC-ACF]

Taet Brerr
(Vascular Cryptogams)
R (Division) | | ! |
1. AEEGTE 2. HfEEEar SreEr 3. FaigrEa 4. TeTE
(Psilophyta) AMEHIETET (Calamophyta) (Pterophyta)
(Lepidophyta or
Lycophyta)‘
T (Class) 1. WTEEIRTER 1. AEEERA 1. TR 1. frefiferh
(Psilophytinae) (Lycopodinae) (Equisetinae) (Filicinae)
IqS (Sub-class)
T (Orders) (i) WTEEIEE (i) SRR (i) BT (i) WTERTE
(Psilophytales) (Lycopodiales) (Hyeniales) (Primofilices)
o7 1. WERREE
(Protopteridales)
2. HAEfREET
(Coenopteridales)
3. R
" (Archaeopteridales)
) (ii) TTERREA (i) PR (i) T (ii) AT
(Psilotales) (Selaginellales) (Sphenophyllales) (Eusporangiatae)
(iii) AR (iii) ZarTde Ty 1. SRR
(Lepidodendrales) (Equisetales) (Ophioglossales)
(iv) g 2. NRUAT (Marattiales)
(Isoetales) (iii) %‘ftﬁﬁ'ﬂﬂﬁ
(Leptosporangiatae)
7o 1. fpeliekeier (Filicales)
2. ATHRIOHAT (Marsileales)
3. A=NATRT (Salviniales)

g f$dIFl &1 (Silurian and Devonian period) ffé’él

‘ cReiwrger & fafim Iu-fedieHl &-yg@ d&or (Important
ous Sub-Divisions of Pteridophyta)

[I] HTSPTIEeIRST* (Psilophyto

alaeozoic era) > R

R R Gag 7 A

39 Sufediem & 9t gew SR
(Asteroxylon), Gﬂﬁﬁ'ﬁﬁﬁﬁ% 3R g

&

'\‘I'I?g?ﬁﬁ?ﬁ’l'? (Psilophyton), Q‘\‘%ﬁ\“ﬂﬁ?ﬁ‘f
SaTeH (fossils) & faad €1

1 |2e T g8 UHTOG Bl § o O e

(1) T UICUHTT SISU[act T 3R I8 Afds Udhw=< (rhizome) TUT ITHIHR IIA 3Hef (axis) H fanfed

YTl

(2) UPh< B! Fadl I8 W Urs-Urs 3~RTd & TATHMN (rhizoids) & T d| 390 I SS (true roots)

SufRya of|

(3) ardrg oy fgurSienfed o1l @ Wedl o ad Imeq off <ar wanl iyt IfRd (O g,
BIATmIgel) 3rdl BIC-BIC! Uil ¥ ST AT (S TRRISTSaA) |
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HINDI MEDIUM [  UNIT-2 BOTANY RPSC-ACF]

(4) 3 & % | TH SRIRY (protostele) AT

(5) ST (sporangia) AradTd TraTsff & e TR e (SR ST H) Sryar g § (SR Wgahise™
) Sufyd ff, Huft-wft Ssmenfaat 3 srar it & T o (FSSTETR, synangium) Iufyd off (o
IR, Yarravia #) |

(6) SIISITY] SUSTHR 3HydT Iuc ¥ | Ut ST Th UHR & (FHSESUS) &
(7) 3 W & gHBIRGSE (gametophytes) F1d ol g |
[I] AT TRIST** (Psilotopsida)

39 Iu-fedio o Fad &) SHfad de—a1saed (Psilotum) Tt ARBRY (Tmesipteris) & affferd farar
gl

(1) Sl UIeU B (sporophytic plant body) YFFTd U< (rhizome) TUT 3¢ ArAdTT RRATST (erect
aerial branches) T faufed grar %I

(2) U< qUT argdg WRaTe fgHTei=nfEd (dichotomously branched) %@

(3) U< TR HATHN (rhizoids) U1 S § | T SIS (true roots %
(4) et RRaTe R Iifa w0 o faaia $© ew! 39 pendages, S WTgaey H) o

o=y ot (foliage leaves, a@f@@ﬁﬂf{ %‘I

(5) Uehe a1 Aary Rmarsdf #f ddgd ele) Bﬁ?n%|
(6) 3Y (stele) BT H-=1d YN SITSAH em tracheids) ¥ fAffd gYdT 8 o4 Ura: aemeR ReH
(annular thickenings) I ST %I

(7) arodtT STt & =My 3{@ JURT & Hef | 1 31al diF HIST o3t (bior trilocular
sporangia) gl &

(8) 37 Tt SfiSiTur U (homosporous) 81d & | )
d A ametophyte) g H, SATHNR, QTT@HQ&W(S? ic) B B

3 f&dior @1 fawN uferasies Heldhed %
T dft R 39 T & D g WY, o |dodendron) RS (Sigillaria), 3fc g&f &
TAA (tree-like) ¥ TAHM HId # 39 fedtomt & e U Shfd 41, ATSHINSTH (Lycopodium),
PR (Phylloglossum), RIS (Selaginella) TTSEEIN (Stylites) TUT MEASI (Isoetes) &
TUT AY TSR &b el SHATH (fossils) TR T &

(1) STl UTey S ofs, T g gyl | fanfed et 31

(2) SIS 9 ¥dH, g gl fgumen=mRad (dichotomously branched) g %'I

(3) 39 Wg & Tt Shifaa =it & ufrdl YT 3 W (AU, microphyllous) Bl & | T Ot
H T SR HEH-RRT (mid-vein) Eidl 21

o BT UT| CACRIl (Carboniferous) Tel
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(4) QHTgd: Uil At A § SgafRYd (spirally arranged) Bid 8, UR+q $© a2 § T THIA (opposite) 31udT
TFHIGR (whorled) HH T U STl € | RIQTSHET (Selaginella), 3TSAISEN (Isoetes), S $S d=1 & Td®H
Tl & YR TR T g (ligule) BT 21

(5) TT9 UR: BRI (protostele) UM ST 81 TR] $S Sitfdd quT Siared &G H ATARH (siphonostele)
3YaT ggawT (polycyclic) ¥TH UTAT ST & |

(6) e g (secondary growth) UTa: &Y Ul STt B (3MEHIZEIS T 3UdTE B) |

(7) ST YR B arelt ufkrar St (sporophyll) FEard €1 demoienfat diemom) @t snaer
(adaxial) Gdg TR IaF gidl B

(8) SHfier St # somouet IRarett & =Y TR Tgd SudT T TIEIEa™ (compact or loose strobilus)
CRIGK]

(9) 39 THg # THESUE (homosporous, | ASHIAINSTH) TUT [ATHSISIIE® (heterosporous, o
i - =

(10) fawHetSU[e Sfcdl & gmdihgg 3id: SIS (endosporic) CARCEAR
o] T & 3R BiaT 81 39 f[AuRid qHetee Sifaal § a%rrulﬁrf%r@rwm
%, Q“:@- GG wﬁwm‘qﬁaﬂawﬁ (exosporic)

nvrmﬂ=ﬁwﬂ31@n da)

zq fedior o aftifea e dfersiiss arboniferous) ®Td ¥ faswRid ¢ ¥ 39 Wi
AT (Calamites) S fa=ITer g&f & 8 g% ¢ a9 &1 A 59 f$de &1 e u
SHfad %1 gPIfieH (Equisetum) | T 18) & had URRI&d (SharsHd) &9 g fied g

(1) SSUfeg 5{ Wtﬁﬁﬁﬂﬁﬂ%ﬁmél

( ‘é’y\} Wmawm(scaly IeaveS)WW
(4 T SIRIRY (protostele) TUT ATARY ( S|phonostele) tra‘srﬁ[uwtr@mw
F e Y faefyd g 81

(6) T 39 THg P! Shfad ofadl | fgdra® owth &Y urht St 8, IRg W (extinct)
Sifaal 7 fgcdfiae gfe gt ot
(7) domuenfrar faRy g9 dRaAet # a. ¥, fo8 SSUpereR (sporangiophore) 84 g

SSITUeFTeR W & MY IR Ygd WETSad (strobilus) Sl gl
(8) TEM 3T THE &1 Sfifdd STl WSS (homosporous) §, TR 39®! & T STTadl [AUHSSITS

(heterosporous) of|

(9) TN o1 T sieiTy] i 3 a1eR (3rufq sfgeliomue) gien |
(10) TGS B auT WUIftd gid B
(11) GHY] (antherozoids) SgHRIME Bid gl
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A Rafter (Pteropsida)

gg eREIwTZel H1 Jad 981 d fawRid fediom 8 | 39T fasrd f&a (Devonian) WeTeew § g3 4Tl
2 39 fedior & fates qaor fad ™ B

(1) SIS UTeY BT U I§UTT (perennial) 9UT 5T, T @ ufrdl & fanfed giar 81

(2) YD Y& 71 9 BAER VT AT (terrestrial habitats) T Id 8, TR TSI (Azolla), ATRIferET
(Marsilea) 9 Yeai=aT (Salvinia) el (aquatic) &1 SMpSNTH ﬂ%qm (Ophioglossum pendulum)
TP SAfUUTEHT (epiphytic) SITfd 81

3) TS e B (tree ferns), S URTRAPRA (Angiopteris) B BISHR 37 THE & ST a=i & W™ U
YT WG (rhizome) BICT 31

(4) gt 3H§qﬂﬁ(exstipulate), Urg: atcﬁ (ﬂ?qﬂﬁ, megaphyllous) d IEE3ICIES FIEGH (pinnately compound)
Bl €1 32 uguf (fronds) Bed & (W] Sfthaiveias & aRa uRal g1t &)/

(5) GRRRET 3 Y (rachis) 3R 1 3 A5 (hairs) & 3 1 21 3 e YT (ram@@;@afw

(8) FIAFG JadH (vegetative multiplication) WUsH (fragmentation), Kilepcd) B ol IRG I (adventitious
branches), ¢ (tubers) YT U (apogamy), g sremupsit &1 faer demupenferat # giar 81
T GUASIU[E (homosporous) YT AT (he i

(10) SO Uit & JUTdl (margins) W&r(ventral)ﬂaau?ﬂqa‘fﬁﬁaﬁraaﬁélﬁw

@W(sorus)ﬁ?ﬂﬁ%l
(1) &5_Sfaat ﬁ@wm% eft 3R (protective covering) ¥ @ Bl 5, ol SgRm™Wm
(indusium) Wﬁ%l —

URME BRG] (ﬁ'@@ﬁﬁl’@', Ieptosporangd'g UqT URMAIS PGS &
, eusporangiate) fa®Rrd g1 €

(1 ST AR &1 T WA e (e SR @%
(14) qHY] SgHRMTS Bid B

(15) QT (zygote) T YUT fdewTy 1 wfehar # f7ra sor) @1 fAAT0T had $© ST Wil (primitive
plants) | Bl @?IT %‘I
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ZPHIcIT dUT TS UHTF (Ecotone and Edge Impact)

IPICI 98 VI § STeT &l THe 3oy H fiieid § JuT U gk § UHIfad & 81d & 39 &7 § 9Fi THe™ & BR&b
IURYA Y8d € T 39! aredfer +ft ST & i ureft STt 31 SR AR 9 Ry Se et fad § 981 & ureu
AT § iy o S § 53t voR ugTs! @t R1s & H +f fafdy yeR & urey fired €1 geieH § e ard urey
3HTH P =P W 3 e T SIHIo Id §1 37 &1 § Ureul Bl TRe WHga: M fyadt § o feradies
(1933) § A TS UHTG (Edgeeffect) BT A feam| soieq H 3ifdie e & Uil o IufRyfd 38t TSl UHTE & BRI
fard @Y M| U (Patton) (1975) & AR 3TBT YHTE S} GG & FHF (common) & &1 Thalld, TS d
UPHfd W FR a1 §1 FAW SR (Canopy cover)- T8 THH W Ufa=d U H UIeU gRT WRT T R FH=T
PHEATA ¢ TE T TRTT 378 (Leaf area index) GRT feTel ST B

L l_@ﬂﬁuﬁmﬂa(@mﬂu 1)
A AR o &
_ Total leaf area (one surface only)
- Unit ground area
S RRIYdr Ga@i® (Biodiversity Index) {&@
T B oid fafaedr o gR1 9 AR gr1 3ma &t ot § @
(i) T fdaR Ydidh (Shannon weaver index) O%%
ot 5@
n

T H-Ta S @1 fafauar geeie & %@
OO

H1 = T& SIfd Bt Je 1 97 %
n = Tt SRt &7 ot T Q@
(i) WW(SimW @

D=1-S Z(pi) @

D Jadi® W&, S | Bt T p i &l T SUTd Tfe foblt T § oiifcl A & 4 I
g qur 1 ar

(iii) 1% (Odum index)

T4 § SIfd D FER BT T_R
Tff orfeal @ wewl B [ w=AT
fafaerdr &1 siiwa (Measurement of diversity)

forht TifRufaet d &1 fafaydr I1d o & o Tauy ol Tduyy e & urey Sfadl &1 Se &I
1 R & qUT TTed ebTerd & Jeayrd Q=
fafdear 3= 39 YR FiepTan o b g1
qiRRUfd® 0 I | 10| 1

(1) BT S 30 | 80 | 2

(2) T fRm Sfd 20 | 60 | 120
(3) <TRITRMET STIfd 10 | 60 | 60
(4

Odum Index =

) TSI Sffd 40

dgddl (Richness) | 4 3 3
LISl 0.92 | 0.88 | 0.99
fafaerdr (H) 0.56 | 0.39 | 0.47

H=— 2 pi log pi, pi = n1/n ST8T n1 T ST T Icd qUT n G+ Sfeat &1 o B

63 Aaakar Institute

Download iGuruji APP for Video courses 27, Kisaan Marg, Tonk Road, Jaipur-302015
and online test series Phone: , 9314503070




HINDI MEDIUM [UNIT-9 RPSC-COLLEGE BOTANY]

ECOLOGICAL SUCCESSION

ECOLOGICAL SUCCESSION IN A COMMUNITY

Hult (1885) 7 </@ Southern Sweden @ communities &7 31 fasam @9 “Succession” @Y term &1 Ugell IR
TIET f5aT | However, succession @ authentic study @1 Cowles (1899) 3irk Clements (1907) =¥ America #
I fbar |

qRHTT : fBel & faviy 4, va AiRed w99 & forl JTeRT o1 USTiol &1 Yo Hdg $%dell &I succession Had
gl

SERE: g plant-succession &7 favIY ISTERYT & | ¥ea sere &I plant communities &1 sfEaT & 3eIIT gg oA
PRAL |

As: In water - Hydroseres;
In dry condition Xeroseres;
On rock surface Lithoseres.

Sere w5 plant communities @1 sequence &1 auiF &= & &M AT 2 | Ecological succession i awfRrd
Ayl g

Important General Principles Associated with Ecological Succession

1. to faf¥re v 3 @9 A1 yonfa disje =4, I8 a8r &1 physical environment S & ¢ |

2. Succession community =i 8ar ], T succession 3m WM @ physical environment @
modification & environment &I 9gedT &, d1fd environment Idd™ community | Ud 1elf T community
% forq favorable & 5 |

3. Ecological succession directional g1ar ® - 3R gaferyr predictable grar 2.

4. Succession U@ 1fud Yolfd # @ 81T &, o1 ecological climax ®@gd & | 98 &5 fdey & physical

environment & & equilibrium # 81d1 & 3R Yg BT ReRr wgam 2|
B NN NP

e MU area @ external disturbance, e.g., fire @ avig ¥ 98 area Ugsl &I successional stage
# e e & | Ecosystem @1 g stage ,Sigt ar equilibrium % 21, # 327 ¥ tendency
Homeostasis (developing 3fk maintaining stability) @1 38T STT=RU B |

5. f5a+ sarer diversity Rt SaHT SameT stability gFft
Types of Ecological Succession

1. Primary Succession: SH &3 H 3% Bl 5, Sl Ugel Bl ST | 9RT g1 T8 i, e.g., newly
exposed rock. g8f ®I$ a1 7&! il | 9a1, I g8 dceMi + organic matter (humus 3R small living
organisms) &1 511 2 | 927 biological material & It Ter AT primary succession 9gd €R R 81T 7,

2. Secondary Succession: 39 &3 R Yw BT © S8l Usel ¥ & T community &l o I8 Ugel I eM1fud
soil TR g% BIAT 2 | 9 primary succession @1 =T 3 biological material @1 SwaTe 987 SAT&T B4l & |

Ecological succession % progressive development &' /1 ¥R sdr ®: -

(a) 9e1 4 9= w0 A (e & IR, TS Bl 961, Plai-d e $T de- AR T T Fdel & e &
geT 81T 8 | Plant communities @ strata # origin, height, massiveness & differentiation ¥+t g ST
2|

(b) e_Tae & Uil &1 B dedT © O IS H microclimate &1 S TS @1 fRmamRt | §@d aRd 7 |
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(c) =7 species @I diversity simple ¥ complex (in early succession) a1 richer community (of late
succession Ir mature) il ST 7 |

(d) Pioneer stages @1 population iR density 931 & Wmr space & gradient @ 1T AT gadl T Y&
2 | interspecific 3R intraspecific competition & HRT & AN &I replace FE © | Succession & R
replacement @ rate ¢fiH1 Kl ST &, 39 U®R smaller & ephemeral (short-lived) pioneer species &1
replacement larger & longer-lived &1 & ST & |

(e) s aRum WwY, communities @1 relative stability & STl 8 3iR final community 51 ‘climax stage’
PEAE |

PATTERNS OF SUCCESSION

Succession @1 habitat @ type & moisture &1 37T T AET & R TR 17+ YHR I qRATRT &d 8: —

HYDROSERE: 3 pond % g% g1 &, a8 $B phytoplanktons & colonization ¥ g% grar g, forad ferns
pioneer community gl 8 3R 3= I forest AT climax community ¥ terminate 8 S & | Hydrosere @1
3T 37T stages 1+ =:

(1) Phytoplankton stage: 3 pioneer community ®! 991 &, pond & primitive medium % &® blue green
algae, green algae, diatoms 3iR bacteria ¥991 Uzl colonize &= 7 | Soils & pH 5 & 31fere dF &H a1
BN B A B I D forg multiply & grow avd 2 |

(2) Rooted submerged stage: Death & decay @ uRumd Wy phytoplanktons &I composition 3R 3
9T &I fT A I aTel rain water 3R pond water @ wave action § S9! mixing silt @& 1 & S 2 |
Y T B A A soft mud & WU H BRI B 213 T AT A 2 Sl 8ol ST © MR S8l YHrer
M & ydw A& wx Ahar 2| ¥ rooted submerged hydrophyte @ faw @ forg Suyed 2 | O -
Myriophyllum, Elodea, Hydrilla, Potamogeton,Vallisnaria 3R Ultricularia etc. & plants 3T death
& decay ¥ substratum 9914 2 | 39 habitat # 7 plants @7 replacement R Y&R & plants & ST &
ST floating-leaved types @ &t 2 |

(3) Rooted floating stage: 3@ U @1 Tex1E T 2-6 feet 81 T WY rhizomes & gRT 3 habitat #
colonise 814 & | I 4 rooted hydrophyte & €, i@t gt gkt o=t &1 dag o= o=al ® | Example: -
Nelumbo, Nymphaea, Limnathemum, Aponogeton, Monochoria, Trapa etc. % free floating
species 914 Azolla, Lernna, Wolffia, Pistia, Spirodella, Salvinia ¥t rooted plants & wTer F=frd & Sd
2| 3@ U B FAE 980 HH 8 | ded AT 8 WAl & | 9 Ul @ g ¥ decomposing organic
matter 9T B 8, ST fb iR 3T substratum S99 8 | 39 YR, 39 &3 ¥ X dTell Yoiifa orfl a1 918 §
faqqe &1 oIl 2 |

(4) Reed swamp stage: 531 amphibians stage it &&d %, 9f& s plant community rooted 2Kl &, &
ST SATGIAR 1 aTell I (assimilatory organ) ga1 ¥ expose BiaT & | 39 Reifa # dier 51 % Scirpus,
Typha, Sagittaria 3iR Phragmites etc. 8 2 | 77T rhizome 3161 TRE fAwfad g1 & ik I Ta dense
vegetation 99T & | 3@ U &1 WK AR SATET FHH 8 & HROT I 3a: 39 amphibians species & fa&r
% forl Jgugad 81 S & |

(5) Sedge-meadow stage: Substratum @ 3R 3T TR @R UM & WR & AR HF 89 A 39 &9 |
Cyperaceae 3R Gramineae @ species 31 & Carex, Juncus, Cyperus 3R Eleocharis etc. faaRya &
ST 8 | I d1ad @ 19§ 39 branched rhizomatus system @ &R T STl Wil vegetation a9 |
RO IqH, ATIHS BT &% SAT&T B9 A UM &I TG 69 Bidl © 3R BT 1 B dlers arg B 3iR
expose & Sz |
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Hydrosere

Photoplankton
stage (Diatoms,
green flagellates)

Submerged stage (Hydrilla,

Floating st Nelumbo N h
Potamogeton, Najas) oating stage(Nelumbo Nymphaea)

\

Reed swamp
(Typha,saggittaria,phragmite

\A
Climax forest (Oak, Woodland stage(Cornus, Marsh meadow stage (Caltha, Juncus
. <« <«
Elm, Fir) Popullus, Alnus) Polygnum)
LITHOSERE
~ >

Lithosere: Wefl TcerHi Wk &M arel Biotic succession &7 Lithosere @&d ¢ |

1. el aceH R fid 89 dTel ugdl o 2 | lichens, ST acid AT @xd 2, S a¢e™ @l |dg &1 &RoT dxdl
2 1 Organic remains etc. & 7 T W S+ ¥ substratum &1 W91 § chemical 3R physical aRad=
81T 2 | Pioneer lichens, crustose lichens (Graphis, Rhizocarphon) & 8 | 3 Crustose lichens foliose
lichen (Parmelia) %1 uftrenfad &1 9 8, 991 Fce™ &1 98 TG &ROT BIeT & |

. Moss stage: Foliose lichen, hardy mosses (large sized, gregarious plant bodies, 59 W rhizoids
R S 8, rocks ¥ SITGT MERIE T YIS BRI ©) Bl T o ©, S SATET JaT 3R organic matter ThEd
Eaci
gRum W@y, substratum oW F9T T@ T BT & 3R A FCCHI BT &RV YH BIAT o | I§ I (4
next invasion @ foTg QIR 8 ST 2

. Grass stage: a9 g & IR mosses &1 o oIl fragmented rock & Iw AT 8T €, Taia w9 4 1
B ST 2, 3R 319 $9& 918 99 @ a9 3i@Rd (Poa, Heteropogon, Dristida etc.) 81 9d & | $9@1 oI
A # TexE db Tl O g, O @R M fawieH BT 8 | wurer T iR el & 9w & 1T next
succession @I stage 3enfid @1 oIl & |

. Shrub stage: Xerophytic shrubs @ d= rhizomes, grasses (Zizyphus, Rhus, Rubus etc.) & @& gt &3
H 939 R 2 A shrub 7818 9@ penetrate &R €, Y @1 980 SAT&T fa@ed BAT & |

Y area Bl IHhd &, SUBI AT 3T 991d & 3R trees 3R WX organisms di MR B 2 |

. Climax stage : &3 hardy 3R U&RT @ #77 &+ dTal trees, shrubs ¥ @@ gV &3 # oM o 21 9R
&R QTTERT g8 79 R BRIER 8 Al & 3R climax community &3 H $d Sl & |

PSAMMOSERE |

T sand sere 8: - Sand substratum @1 T& environment 5 W ecological succession grar & | Most
common psammoseres, sand dune systems &Id & |

P Sea-coast psammosere @ Td typical succession #, organisms S sea @ a3 U €, @7 salt tolerant
species gl 8, Wi littoral algae 37k glasswort.

» inland @1 iR W gU succession # meadow grass, sea purslane, 3iR sea lavender, afffera g1d & ir
& typical non-maritime terrestrial eco-system # s+ faefi= &1 90 2 |

> Psammoseres dd @& derdl & o4 dd b a1 Uab climatic climax =R 9g= oY, S {6 s+ oak trees,
8T ® I O & O I} &7 high water mark ¥ ¥ geid &I €, @ U &3 characteristic features i
2 S change 81 Wi € &iR dunes &1 natural succession ARad F37 # FErIdr & ¢ |
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HINDI MEDIUM [CLASSICAL GENETICS]

CHAPTER : 1

IMPORTANT TERMS TO LEARN

Few Terms to Remember :-

1) Karyotype: Metaphase Chromosomes &I 7@ MEHR & Hed HA H # aRerd owear fora#d Wi homologus pair dS ¥ BIC
@ H9 A FaRed el |

2) Homologous chromosomes: 3 chromosome same size, same shape 3R same Wi #U (gene map) @ B & offh
genetically same 8 SR T8I |

3) Genome: f&¥l organism % haploid set @ F=vf genetic FIAN

4) Gene pool: f&=fl population @t =l genetic diversity S+ &t genes 3k 37 allele wnfie 1|

5) Gene: DNA &1 98 fewwm Sl f&¥ft particular trai @1 code &=+ & ferg functional transcript (RNA) 9T 2 |

6) Allele: T& & gene @1 37T 2 UHR St gene pool ¥ U SN 2 &R 79 & @1 1 &1 (I W& & & ) i diploid # orft
SIS

7) Allelic heterogeneity : -U& & chromosomal locus W R SH dTel gene # 3T 2 mutations fSiF@! asie ¥ same
mutant phenotype ¥ & |
locus hetro genity :- 37T 2 locus W IR WM aTel mutations 7@ phenotype same 3fd &1 |

8) Isochromosome: - chromosome f5=@! & arms (p and q ) SRR TS @ 8 3R IMT &R genetic information * same
=l

9) Non-disjunction: -Meiosis I a1 Meiosis Il & &R chromosome IT chromatids &1 e &% <1 & 1 & a1 egg A1
sperm chromosome @1 copies &# AT TATGT Y& I 2 |

10) Uniparental disomy :- <@ f&*f1 chromosom pair & <Ml chromosome T® & parent ¥ inherit 8 & (98 non
disjunction &1 avig ¥ ST BT © I)

11) Pedigree: - f%) TRIR & wReg &1 3fder &1 ffd g

12) carrier_:- Recessive trait @ d heterozygotes Sif characters show T& @ 8 oifd recessive allele T sFTell generation
# inherit FX FHd 2|

13) Locus (plural Loci): f=fi gene @1 chromosome W favIy %< (unique position)

14) Multiple alleles: <9 T& gene @1 &1 ¥ SaraT allealic (Tefiferd) wu foedt gene pool # Suerer & |

15) Hemizygous: Homozygous 3R heterozygous 1 37 condition ¥ SRR 81T & Safd M AW & chromosome TN
& dfd XY chromosome Si¥fY a/azern # genes &1 hemizygous &8l ST 2 |

16) Dominant: d allele ST 19 M9 &I heterozygous condition # fawrdr 2|
Recessive: a1 allele ST heterozygous condition # 319+ amg &1 faw@m =& urm «fd= % homozygous condition ¥ & @g
B fazar | 2 |

17) Incomplete dominance: 1§ heterozygous intermediate (§/91 &1 ©® M) phenotype f&@mrd| Mirabilis # pure red iR
pure white & pink flavor a7 |

18) Co-dominance: @ hetrozygouys # I allele 3@ Mg &1 48 e 9 ¥eRid &7 | e.g. ABO Blood groups # AB
Blood group

19) Monohybrid cross: Single character (gene) &1 & &9 3 @1 WA |
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HINDI MEDIUM [CLASSICAL GENETICS]

20) Dihybrid cross: a1 @& (genes) &7 &9 # @1 W |

21) Test cross: 3=t Unknown genotype @1 homozygous recessive parent @ W1 cross ®HRardl I |

22) Back cross: Offspring iR &% #fl T TRE @ parent & 19 H BRAAT A |
Out cross :- 3= genotypes darel offspring ik homozygous dominant parent @ dr@ cross @<arr S |

23) Epistasis: 59 T% gene @R gene & expression H ®dHET B A |

24) Linkage: I gene St &% 8 chromosome TR U UK SUReIT &1 &R U WTRT & 3NTell generation ¥ S &1 tendancy &
=l
Crossing over :- 31 gene ST Udh §¥X 9 g9 WX Red &M &1 aois 9 exchange #%7 &1 tendency 3T & |

25) Independent Assortment: Sl genes linked 71 8 (FFRI: 3felT 2 chromosoms W) 3iR normal probability & rules &
¥R combination T &1 |

26) Linkage mapping: 31 gene Tdh §@X ¥ oo g3 8N AT & ST S §19 crossing over & chance 81T| 9 TR %
recombination frequency linkage & map unit @ S & S S genes & d/d @ I @ dule 4 ol o9 50 %
recombination = 50 map unit

27) Autosomal traits ¥ trait sex chromosome @ &f@mar S9 chromosomes §RT a8 ¥ W § ST male 3R female # same
g B

28) Sex linked traits: @1 trait & gded X a1 Y chromosome W 9RI ST € |

29) PLEIOTROPY I single gene &T Tdh | SATGT A&l I YA Gl |

30) GENETIC SUPPRESSION —5/d double mutant &7 phenotype, single mutant & &#uiR fawgdr 81|

31) GENETIC ENHANCEMENT — double mutant &1 phenotype & S 2 single mutants & Ga I ¥ 1 SATET AHaeR fa@ms
Ell

32) SYNTHETIC LETHALITY or unlinked non-complementation — 31 mutant 3/&T 2 locus R BF &1 aoi8 4 TH gAY Bl
complement =T FX U |

33) INTRAGENIC COMPLEMENTATION, allelic complementation, or interallelic complementation - < mutation ST same
locus TR TR ST 2 |

34) TRANSVECTION I8 U& epigenetic phenomenon & @ awig ¥ e allele S¥X homozygous allele a1 f&=fi 3= non
allele region @1 activate T repress @x < | I T homology effects & s=wia 3mh |

35) THE PSEUDOAUTOSOMAL REGIONS, pseudoautosomal regions ST A SAfely sl Fifh g 49 # SURd gene (39
% @ad 9 genes Wiol 5 8) autosomal genes @I I=e & inherited BN &1 Males ¥ @& 2 copies &Rl 2: b Y
chromosome @ pseudoautosomal region 3R & X chromosome & corresponding portion W il 8, Ay male T&
gene inherit H=aT ® S f a<a # S¥@ father & Y chromosome W @1 female U@ gene @ inherit &= & S ar<is
S9a father & X chromosome W present & | Pseudoautosomal regions &1 &1 98 & f& 3 X @1 Y chromosome @7 pair
I, TAT segregate B # (meiosis & aRM) & forg allow &= = | Pairing (synapsis) X @21 Y chromosomes &1 @
crossing over (recombination) & fefg pseudoautosomal regions normal progression & folg male meiosis & SR SRavl 2
grefifas, f5 cells # X-Y recombination 72 811 9 meiosis complete & &= Uil 8| Structural siiR/a1 genetic dissimilarity
(hybridization a1 mutation @ @) X @2 Y chromosomes & pseudoautosomal regions @ He& pairing @I recombination
T disrupt &% & ¥ 98 HROT male infertility 1w |
»PARI &R PAR2 X, Y chromosomes @& nucleotides @ homologous sequences 2 | SHOX gene (PAR1 @) &ad T A
gene © W human disorder ¥ associated | @+ pseudoautosomal genes X-inactivation ¥ escape @ il 2 3R gafeT sex
chromosome aneuploidy conditions (45,X, 47,XXX, 47,XXY, 47,XYY etc.) & gene dosage effect @ candidates 2 |

36) PSEUDOALLELE allele that is functionally but not structurally allelic, that is wild-type recombinants can be
recovered by intragenic recombination from heterozygotes containing two different pseudoalleles.

37) Pseudodominance: Hetrozygous # dominant allele & f&= 1 goiel & function T &= UM @I aol | recessive
phenotype fa@= < |

38) PSUEDOGENES: DNA @& < parts Si a1 & o code &1 T8I #=d iR I #=d & 1 &l functional &1 8 |

39) HETERODOMINANCE @ heterozygotes @1 phenotype &M ke & homozygotes SiI Sa1&T 8 o S9 overdominance,
superdominance 31 hetrodominance @& ¥ |

40) POLYGENIC INHERITANCE W9 %T¢ character U& 1T %% genes & product @1 aoig ¥ regulate 81m 2 | S height, shape,
weight, color etc.
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Human polygenic traits include

1. Height 5. SLE (Lupus)
2. Weight 6. Eye Color
3. Intelligence 7. Skin Color

4. Many forms of behavior

Many disorders with genetic components are polygenic, including autism, cancer, diabetes and numerous others. Most

phenotypic characteristics are the result of the interaction of multiple genes.

Examples of disease processes generally considered to be results of multifactorial etiology:

Congenital malformation

Cleft palate . Congenital dislocation of the hip
Congenital heart defects . Neural tube defects
Adult onset diseases
Diabetes Mellitus . Cancer
Epilepsy . Glaucoma
hypertension . Ischaemic heart disease
Manic depression : Schizophrenia

41) PENETRANCE AND EXPRESSIVITY

42)

a.

b.
1.

Penetrance: - f&¥iT gene a1 mutation T population & level R phenotype @@= @1 &wam (3f a8 100% & &9 & o
3 reduced a1 incomplete penetrance w&Ed 2 |
Expressivity: - & @fad § @1$ genetic condition f&¥ R TF express HR Tl o |

Complete Penetrance
Most dominant 3R recessive genes homozygous conditions # 3iR &g dominant gene heterozygous condition #

araT complete phenotypic expression <<t 2| Ut genes &AM expected phenotype S &=cll 2 3R complete penetrance
show &= 2 |

Examples of Complete Penetrance

1.

2.
3.

Red flowers & g pea # alleles (RR) &R white flowers # alleles (rr) homozygous conditions # complete
penetrance T 2 |

Drosophila # homozygous conditions # vestigial wings @ recessive allele complete penetrance i 2 |

Guinea pigs # black coat @ foflg dominant allele ‘B’ homozygous 3R heterozygous &M conditions # complete
penetrance TIfaT 2|

Incomplete Penetrance
B genes # homozygous 1 heterozygous conditions # 3= complete (cent per cent) phenotypic expression

provide T& gKi & | ¥ genes incomplete penetrance S & |

Examples of Incomplete Penetrance

1. Polydactyly human # 7Tdl gene ‘P° & @rer #xit 8 | Normal condition # & limb # five digits recessive genotype
(pp) @ &1 S B 8| B heterozygotes (Pp) # polydactylys & uig Wikt 2 g@fery @ifds g@at penetrance 70% &
P 2|

2. Man ¥, diabetes mellitus (V& condition f5&# blood # 3@ sugar present gkt 8) @8 genes & gRT FRifya erll & wafe
w1 diabetes 1 gene carry &=+ arai &I diabetes &l 8kl & $9dI HRYT 41 incomplete penetrance & T |

EXPRESSIVITY

TS trait penetrant 81T © UR=] SHST phenotypic expression variable 8 |&dl & | T& penetrant genotype @ gRT produce
@1 TS degree of effect @I expressivity ®&d 2 |

Example of Expressivity: Man # polydactylous condition left hand (6 fingers) # penetrant &1 #aci & Safes right (5
fingers) § 7€ a1 ¥ feets # penetrate B Wil 2, hands # & |
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CHAPTER : ©

BACTERIAL GENETICS

TRANSFORMATION

Transformation % U& recipient =1 f&& 73, free naked DNA @I donor 3/ 3<% W80 IR o<l ©| I bacteria # genetic
exchange &7 Ugell example o7 | Ugell IR 1928 # Griffith & s WIS wu ¥ Rig f6ar on| s=i+ arn &% R Preumococci
bacteria # capsule B & ar smooth (S) appearance strain @ 1T & 3k f59 pneumococci # capsules =& g ar rough (R)
strain 77 ST £ |

Rough {R) non capsulated
Type Il strain " o Mouse
—" — s Q. —_— S survives

Smooth (S) capsulated
Type | strain

N Mouse
-— @ — —_— dies

o

Heat killed Smooth (S)

capsulated Type | strain . . Mouse
- & — & survives

Rough (R) non capsulated

Type Il strain
o Mouse
—— .
Heat killed Smooth (S) N — dies

capsulated Type | strain j,

Smooth (S) capsulated Type |
strain isolated from blood

ii.  Type I/Smooth capsuled pneumonia, virulent a1 Sear Ul M 3R $@ infection & mouse @1 Fg &1 Wkl 8, W] rough
strain pneumococci (type Il) gFRRETad T |
iii. Griffith = 72 +ft urm f& <19 mouse # live non-capsulated (R, type Il) strains 3R heat killed capsulated (S, type ) strains
BT mixture inject far Sar 8 @ mouse @1 death & STt 2 |
iv.  3WR 39 &M bacterias ®T s inject fHar ST & @ mouse @1 death &l BRil TRg T mixture B B & | Capsule &
1y B live S strains @1 isolate f&ar mm, animal % blood # 1 fS9 o & % dead S cells & & factors R strain @1 S
type # convert @* <d ¥ | Factor @ aoie 9 I transformation gam a1 DNA 2, 3 Avery, Mcleod 3R McCarty & 1944 #
EGIRIN]
Transformation & U&R &1 gene transfer & i & donor cell 7 f&& 71 DNA @ recepient cells gRT uptake &= @ aog &
BIT 8| B bacteria (S0 Bacillus, Haemophilus, Neisseria, Pneumococcus) environment # ¥ DNA o 5a 2 iR forar mr
DNA recipient @ chromosome # incorporate & ST |
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FWR &Y gU Transformation # 3+ steps fifed arcfl &

1. 59 Donor bacterium R SraT & 3R degrade g+ @rar 21

2. Dead donor bacterium &1 T& DNA fragment (S1eR 20 genes long g1 §) DNA binding proteins ¥ bind & Sam & Sif
component living cell @ cell wall = 3uRerd g1 & |

3. f%< nuclease enzymes bound DNA @1 fragments & ®Tc <ar 2 |

4. U strand T X & WA & 3R g@ recipient bacterium ¥ YITT & o7l ¥ |

5. Rec A protein, donor DNA & fragment 3iR recipient's DNA @& = # genetic exchange (recombination) 9grar Iam 8 | @B

bacteria, naturally € DNA o o1 €, W=g ¥ bacteria 3=t growth cycle (log phase) @ particular time ™ & DNA & ¥&d € 1@

a1 T& specific protein competence factor ST &< & | Gram positive 3R gram negative -1 DNA @7 uptake different g 2|

Gram positive bacteria # DNA t& single stranded molecule @t @vg foram wirar 8 3k complementary strand, recipient # &

g S 7, w’eg Gram negative bacteria # double stranded DNA & feram S 21

Recipient cell

\
A /g,v/ F\ ﬁ"ﬁ} <\
/:( ’? E 14\ fb € %
Cc il Q\ a 9
gom— c '\\\\ - ‘9,\ y
B . / _
e
DNA fragments Chromosomal DNA

from donor cells

€D Recipient cell takes
up donor DNA

—
# B/ y c ) Y
i & d) )
LY
A/ 2 e Y,
N\ =/
©) Recombination occurs
Degraded between donor DNA
unrecombined DNA and recipient DNA
=T,
3~ c \ \"‘(.
(| d’ ;/‘.
: ~ «Aa e, 4‘”9'
‘Qc:(“ s an @;:""0

Genetically transformed cell

Mapping by Transformation: Transformation mapping @ =&Y & &4 known genotype @ bacterial strain & DNA @1
TR known genotype @ strain # Sired €, g I 379 2 a7 ST loci W different allele 1| &7 fiR <@ % donor allele @1
recipient strain @ bacteria ¥ W (incorporation) & W&ar g @ar? fmer =, 2 loci & alleles host # |mer—arer wmaer
(incorporate) 4 € a9 & waT ¥ loci TH TR $ UM BT 2 | gifery &9 index of co-occurrence Wit f map distance & @rer
fauia Ader 7 &, BT SUANT IR Wha 2 | R ST co-occurrence BRfY, SE ) uTeT 2 loci U 8 |
1. 99 ugdl, & DNA o1 gFm— &9 3 el ores ¥ bacteria isolate @’& &x wad 2 | Transformation §RT mapping s+ Rerftar
T 9 9l & SEf% conjugation AT transduction gRT IF FHq T BT |
i.  Donor DNA &1 f@re @x purify @<a fragments ¥ TSt ST & ST recepients & W1 incubate =7 R IFH el ST
2| 399 donor 3R recipient ¥ ga™ W A7F phenotypic (genotypic ) 3R i d B |
il. "R DNA fragment 3R SR recipient chromosome & #12r homologous recombination &=aT & @ recipient U&
A7 phenotype &1 feGTTT fORY TeRT 3ol testing §RT UaT TR ST Ahell § |
2. g cells 5= t& ¢ DNA 9 expose a1 S & S9&1 9ga &4 uferd €1 complete transformation @R ar 2 |
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Recipient DNA

=== .. Double-stranded
donor DNA

W it

il

One strand of donor
DNA enters cell as the

other gets degraded
¢) o
4 \ \  Formation of
\ m’n) a* triple-strand
w7

Recombination
(strand displacement)

by double crossover
', Chromosome
al) at ?‘9““" with segment of a*/ a
"t, / heteroduplex DNA

/ Hepln:ﬁhou

w X

Wy atlat
transformant

Wy ala
nontransformant

3. Transformation experiments ¥ g &= & forg g o 8 &

e genes linked @ 78 &

A.  Transformation 8¢ DNA fragments 5% §& & genes 810 & & W1 HaW 371207 HM G B |
B.  Co-transformation & genes & U& ¥R & U™ 8M &7 indicateon & 391 TRRI w9 & analyse fam o waar

gl

A. Trifre wU | T genes IR 9§07 U © 1 co-transformation @) FHTEATY EAIT Seral ¥ o Sarar 8nfi
B. af@ co-transformation T rate genes @ 3felM—37a transformation rate & SRWER 2 T $HHT Facd © &

genes linked 2|
o  Genetic map W genes &T order fTetT

1.5 f& <1 genes (p+q) co-transform T € 3iR linked ® 399 & U& (WMT q) gene o0 & WY co-transformation
show @=ar & @ 3@ &9 @1 distance 37! co-transformation frequency & 3WR analyze far wmar & 99 f&
gene p 3R o rarely co-transform 817 2 @ gene order EFT p-q-0
2.3 p 3R o frequency co-transform 817 & @ gene order BT p-0-q
e Genes & 4/ & map distance recombination frequencies §RT &1 ST © |

Donor bacteria _
4
y

Extract DNA \\f‘

donor bacteria;
DNA breaks
into fragments

from population of _' i

Donor DNA

> )

CONJUGATION:
Bacterial conjugation, DNA &T U@ living donor bacterium ¥ living recipient bacterium 3 transfer &1 #&d 2 |

Leiderburg and Tatum = E-coli @ & auxotrophic mutant &1 JaT &< §U conjugation @l @IeT a7 |
a) Strain A’s genotype met bio thr* leu* thi* o1 |. 78 methionine 3R biotin §RT supplement ¥ g7 minimal media w

grow W oI |

7 Transformation
»t genotypes:
i — Pt gt o
qqn o* -
| m DNA fragments P gt o
ot used to transform 5
u p g o recipient q ©
o bacteria

b) Strain B’s genotype met* bio* thr leu thi o @8 thrionine, lucine 3fR thymine &RT supplement %3 §¢ minimal media
W grow HxdT o |

41
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d)

strain a 3R b & mix f&ar TaT @R minimal media W plating &%= ¥ 1/10° cells met*, bio*, thr', leu”, thi* phenotype

Tl TS §S |
AT strain a

3R A7 & strain b minimal media & grow &R FaHam o7 | 39 Rig g3 & I= 71 phenotype recombination

BT gore A UaT gamm |
a) Davis 37 58 Sifa @t f& cell to cell contact & sazgmar € a1 81 |

9% oy S strain a @ filter & U T 3R strain b ®1 g9 @%b @] 29 filter & AR IR molecules 1 ToR FFH o

AfP cells 7|
19 cells @ minimal media W plate f&ar 731 @ fHA T 31 prototrophic colonies U & g% |
Tatum and Lederberg 1947 Davis U tube experiment
1950
(a) Demonstration of gene transfer (b) Conjugation requires cell-to—cell contact
Strain A ) Strain B
met™ bio™ thr* Mixture of met* bio* thr= FCOTTOH Medium moved
AandB leu™ thi~ [ PlUg  through filter

leu™ thi*

No growth met ‘* *thrt

& Using pressure
or suction.

Strain B

Aﬂermcubatlun cells
plated onto minimal
medium.

feu™ thi ~ cells — —
grow into colonies Mo growth No growth

b)

Plasmids double-stranded circular DNA &7 T small autonomously replicating circular piece = 2|
Conjugation # plasmid &1 & donor bacterium ¥ recipient bacterium # transfer 211 2| Gram-negative
bacteria # plasmid @1 transfer bacteria @ same strain T closely related strains # & 811 | §© plasmids
@1 F factor (F plasmid, fertility factor a1 sex factor) @er oen & a2ifs $7 V& genes 8 € S gg & transfer
¥ 758 A 2|

F ceII

o

Fertility factor/Sex Pilif conjugation tube
factor/F plasmid

F Zell Feel @ Flen Fiel F Zell
Bacterial O O O
chromosome
3
Os o4) s

Transfer of single strand
to recipient cell

@ Fieell ® Fieell

O

The recipient cell now
O O o become F*

O O] 10O
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c) U cell ® F factor ¥d= w9 ¥ replicate axdr 2| ¥ genes sex pilus 3R S enzymes & Y code o= F |
1 cells # F plasmids, F+ & 2 @ male 8% & 3R donors @ TRe ¥ & &1 R cells # ¥ plasmid
JruRerd gam 2 @1 F- (female) &0 € 3R recipient @1 ovg &1 @xd 21 9 4 plasmids, R aorg & S+
host cell, conjugation & R donor & @8 F¥ I &, A transfer factor FE €| & F+ Gram negative
bacterium % 1 %1 3 sex pili 817 €, ST f&F recipient bacteria W SuRerT fa¥Iy outer membrane protein & s &
3R mating @ gweTd a2 | R sex pilus, amow €4 fomn @rr @ R SFF bacteria U@ # o W € iR
<1, cells # W1 envelop to envelop HU® & @ 2 |

d) Gram-positive bacteria # g fufu surface molecules ¥fa B €, St f& 1 bacteria &7 9= (contact) #
@ €| Gram-positive donor bacteria, adhesins produce a=ar 2 ST f6 I g®HgT Ran & IR 39 ERM sex
pilli erf¥er =Y g1 | = DNA, donor i recipient # JeraRd g1 i 2|

e) Plasmid-mediated conjugation, Bacillus subtilis, Streptococcus lactis 3iR Enterococcus faecalis # Tran e
2 3k Gram-positive bacteria # Gram-negative bacteria @1 e &9 Ul 9T B |

F+ conjugation:

9@ I8 ¥ Ua F+ plasmid (ST R% sex pilus & fofg coding @=ar &) @1 donor bacterium ¥ female recipient bacterium #
RAIARA gl & @ifbs chromosomal DNA @1 =i€i| Plasmid @ <ii strands separate & ol & iR u& strand recipient
bacterium ¥ T3 € Wrm € @R 52 9@ 3’ direction ¥ 9T AT & Wf+ b strand donor ¥ & Y& &1 < donor &R
recipient cells T § complimentary strand S2eifid & W §| R recipient i v& F+ male 59 a2 3R sex pilus a9 e
21 Conjugation & &R faw DNA & donor ¥ recipient ¥ pass gaT 2, 1 f& cytoplasm a1 &1E cell material.

Mating pairs @1 force gRT 8 31T fdam S waham & ORI conjugation w& ST © 31T mating pairs 950 oIS W9 & folg &1 s

v&d 2| Conjugation & 4T, cells 3T &1 W 2| 3R successful conjugation g & @ recipient F+ &= iram 8 3R donor F+ &=
& 2

Hfr (high frequency recombinant) conjugation:

a) <@ f&d recombination event @ gRT Plasmids, bacterial chromosome @ Wl integrate & AT 2,

b) =€ integration M DNA & &1 % homology TR iR =ar 2| Integration & a8 a1 plasmid 3R chromosome, T& single
unit @1 e replicate ¥ 2| TF plasmid St & chromosome 3 integrate(Js) T # We™ 811 & S9 episome F&d & |
3R F-plasmid chromosome # integrate(S[s SiraT 8) 81 8 &1 S Hfr cell w&d 21 Integration @ 1<, @i chromosome 3R
plasmid @I recipient cell # conjugally transfer f&ar ST &t g1 3= Hfr cell Sifey wgama € @@ifs 9 chromosomal genes
31 high frequency ¥ recipient cells # conjugally transfer @ Ja&d |

<+

F~cell i Ll Hfr cell Fcell
™
Chromosome U
—_—
—_—
F plasmid

F plasmids spontaneously integrates with . . _

the chromosome thus converting F+ cell Hfr conjugates with F~ cell

into a Hfr cell l

Hfr cell F cell Hfr cell Fcell
The transferred
chromosome fragment ’ [
exchanges genes with J—
< = ~
chromosome of F-cellby <
recombination and confers
new propery.
N
Recipient cell receives part of One strand of the episome
plasmid and chromosome moves to the recipient cell
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c) DNA @ origin of transfer W @rer fdar wirar 8 3R ik DNA replicate g/ar 21 t& DNA strand, F~ cell # cytoplasmic bridge
% ERT pass Bl 8, S8 complementary strand &7 deaif¥d g 21 Integrated plasmid @& wrer &1, chromosome 1 F~ cell #
ST 2 1 91 & chromosome @ transfer 89 & 98« & bacterial connection T ST &1 $Afeg F+ plasmid &1 g=m gam &
% & recipient # TI g U@ & | SAEIR Hfr chromosome & @rr w11 plasmid &1 R t& ®ier 2= €1, conjugation &
2R recipient cell # transfer 8 & | 39T recipient cell I1 F factor receive T8 &R ddl |

d) Conjugation @& dre Hfr cell, Hfr & 3= & 3R F~ negative cell ¥ F+ F&i 99a1 ok F~ & 1 <&an 8, W_=g transferred
chromosome @1 fragment, F~ cell & chromosome ¥ recombine & S & i@ aote | recipient cell 3 ©B 73
properties transfer & ST 2 |

<19 chromosomal material recipient cell # 817 &, dT recombination 8 ST &

» Recombination, double stranded =raT 2 |
» Donor genes, recipient cell # recombine g ¥ |
» Recipient cell @ corresponding genes, chromosome @ aT8x recombine 810 £ &R i cell # reabsorb & ot &1
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