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@FF 1] G A& (Biometry)

AT

11 EQRA € Trae

12 REcm R e gy

1.3 SfRwicer s e swont

14 <9 (sample) € ANES A 91‘1/?5 (population)

1.5 ©&&F (variable)

1.6 e adide (accuracy) '€ S| (precision)
1.7 Tora afreram ewd

1.8 #fan [eie™ (Frequency distribution) @3t &f{ts ©iF ew
1.9 FEeag emiafer

1.10 Tese

1.1 QS € TTaey

SR 3 WA &AOIRE G T i S a1 I 1 | AfSHTTa Sy,
PRF G, FIFN WU (PRI TR AR ISR MY @I TGN 8
el Sii acaTR | AT SARBEE (UF AR ISR RAGIE I Wy =7 7
OGP FEIOE T @ AN ST & 27, OF ST et | @ IS @l o1y (AF
@me 5ef 3t Reew 7 i (77 T30 @ RS @ *1H IR A1 *(F, ©fFF AW
At |- |

Ty ¢ @ R w9 dive2 afRkeia /g sofdsie | g, smidiRsee,
S, AR, AR Tonfn | g7e! &7 ¢ SewRmng [Rfeq cwra st gaze
% 34 W 1 G 8 BfewRwiig @ e afRiwm a7z =7, O 91 G- sk

(biometry or biostatistics)! |

1. Biometry *AT> &L IR ICEAF Karl Pearson (1901) A&tz Rpte ARG Biomerrikad LN TR |
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R AP, GG @ T~ 4T N TR ol IS B, T (@ 9% eaifeq
JoOLH IR Tl SN SO TS BIZCR | GTeq (iR R 1 {rwmes g
B AT FACS A | (1R SF Rewae ¢ e arzret S atfifResics sy fire =@

1.2 Rarem «faf e 919

Sfewfaum & Aferae R 392 8 SR FewE AR | SRR
TSN &S 8 Ol YA I Aol g1 afrwa Sl FCACR | SHIFrFL+ DNA
8 Genetic code (TTATG WIFOEM) WP AT N33 | R@iw @ @we
ST 13218 ARt Tom T | 93 IR, @ @S MIRNFR GIN asieyfer
AL (F) ATHICT AR AN, (¥) ©IF (AT A0 ez (o) & ST (e
e e (9 Fraw gz | a3 ool sifica afRems el o wtar | @
AN 9T ATH i MAPe 721 THS ¢ O (T F 4277 oYy Fre a—af
Renes @7 Ao el Wit | a2yl 936 Fge ¢ e s chamR &1 @
IR eRie 2T | FOSE (FAT AR (@, SR N T SewRvn &ik-
SR R 33RE el ¢ SRy | ¥ TeIR SRRMIR STEsat @ SR R
S (QCF T |

1.3 G [eee ot e s

et [iew e et s St afne wemm, oors Rrscas g A «m s
iR | 4% 77 AR sfRete g e w1 @ W, g oy st wRw /g o
TAKT NG IR | R g O MYW A3 A W | SIwd =y By 9w
(attribute) AT | SRIATFI, FIOIRE o1 @ ‘IO o1 | 2Jfo7 A7 SwrzRergg= 311 T,
oo CAPT WGCRT WA | 98 O 0, 1,2, 3,... TS O AT | AR @FHS TS
CRLE SRIM Wedl RGNS wed I | |

@faRered (classification) @-@ RAEaE @3l Jaesd wqw | qFarer [Reg A
e @fire STge Tl AMTTN 8 VNGNS THON AT ACH | 431 TF, GG Ofgn
Re 999 @3 Tfew nfws TR | G O 318 TR G As @fdrts owds
1 1 gfw T 1 31 T OrF A (IS Bfgw oK, @i, o 2ref R etaiee 7o A |
cfafReTetT wrel 2 ogeeld ¢ wie TPee ARREE st & AR AR gi
IR | G2, FETEIAR JIRT AR PRSIE WA Tl FCAR |




G XY SIS TP P o7 =0 | GRS SR SIS T SR (@oeeT -
AR R S #it |

1.4 N (sample) © AERF ﬁ“ﬁ? (population)

AMRECAT Ao Trwl] ET THLF (A T TRaE F0a TsHa [fen fre ey
g arzel | FITER AT TN @ TR 2A197T @I/ TF | TN @S S IR A
e SeeTwat At SieIet FfE, oierd (i TR | A @ ieT Rew Sfew wiceteee [ew <,
O (12 TRt (WG RS AT 31 7ffF T 7d | ;M @e @l Bfew enag we
eeifon @6 feears #Ife (total genome content) SR REw =7, ©@ 12 GIcaa
S ATIoT @ TR G2 I LT | S T GI7® g7 TR e 2@ {1 | @,
OB IR IZTA ANLT R GRS W IZ3F AR | G AR e
2jin (RISt Settsy A e @I, Gt Abweim bfee Far erares | @ s>
AT TN e TR fofere »iae 71 761 =0 | OF Fo0 = sjeffent oiftorme |

GAANRE (TS (AT QIS (e OF FR9, ANFH @0 ST Fors A Jwids
AfSfb AT #1F%1 A FAETS 5 | ONAF SR (FCG O TGI8 = A | IR FAwAG
QB S AT SH AN 9F 90 F RAF W O wenma [oi9 w41 =7
O, TS (AT RO 93 FU A 20! T | (@, 90 CFTod FHER NG TwHol
e e &Sl itz Tl 71 (@i I8 [y MR @I T @oq =7 | @77 TN
&Sl Mes euw RER I GTIM (AT (FOF TIEF G Tl 56 1 =7 | @-0 TR
(@, Tl (AT A 9T Tt [y A1 eifefifariay ==z 50 | w77, are g w1 (A0
T | 9% YT AT IR qiffeicTs Sow |

TR FIRY AT o{9F1eS (parameter) W (6T =7, 7R Hofes 1=
e TR T AR, o (579), 52 (CFR), ToNR | FHIRCR, T NG 2N
VLT SIS A ARG (estimate) AT J1 SRHABES (statistic) N AfHS |
GTTE @M 3T orRe 7l fofee aat @n—aal Y (519), §2 (comwie), &efS |

1.5 %% (Variable)

AR TUICTT AT AR T 5T HFCH 479N | 5579 Ie700 IR @ @6 fb Ay
@ 92 @I 7 S 1 IR @B 9F 9FH ATFE 9F 9T T FA (T @A,
@3 O Y RGN | GIUHtE Tea 1,2, 3,4,5 TR 6 9 @ @A 2O ATA |
@R =3 Gl Sital (/TF I A T | GUwCE T 20 930 ber AR A | (AT
6-99 WY (FAE GF0 2R | 9B TR FEATH GOSN Sital (TS F@T e A |
IR @b TR Toid ST | GG 93 TETA G0 AR Al P (random)
a3 R (discrete A categorical) b¥T% |

9




GFZONT T g QTa THS! Al 27, O O TAT8 G 5579 2 | @NA Al
5 5, IICA 5.2 0, WA FA 5.65 F6 2971 | 92 4077 b3 SRSz (Continuous)
WW@|W%WW@,W@WWWWWW«W@ GEaI
S A |

A OF LA HOCFA I ORL AT | 4FH @, GI0 W RIS AN | TN ‘(2T
(head) ST ‘BeTT (tails)-9F @ @FINS G0 TG AT | QU FAIPS TG FAT G
1| Resaeas ARG & [l ‘@E-@ 1 GR CGFTTE 0 ©IReS A1 | @5t Sw ) @I
WS O ARCS! | 98 BRI 0 9% 1-F TLS (derived) 56F Wl I | 93 @A
AT IR SR @A RCwge ¢ e JRAT G FATFCS WA 20 331 =7 |

&L Sl (A (@ M) [T 5 (F) WA LB &I (quantitative
character) @3 (%) 9wy aMB a1 T4 (qualitative character or attribute) | FAN
SRR EEA—Rived ¢ wfifven | iifrgs (AR Srtge @@, ot @R M 06T A,
FO& @R e +{ff Tonf | g @R (attributes) F IR TS AT A
T | @, S @ 1 (06T ToARRIS) @ 0 (F0eq SpiRS) T @ o | @hl e
Tgo 5o THIRA | AMICE @3 = Mapew [few ewiw e @it xent (ba 1.1)

5HE
vartable
Gorre *faaiaere
‘qualitative ‘ (quantitative
RS/ GTR  2PTATS TN wfafoem/ a9 fafoes
nonunal/attribute/categoncal ordmal:ranked contmuous discrete:meristic

T A 6 AW e, s o frEIT Ay v ¢ TRE @ W ¢ WA WA

AOTH 6 ASTE 4f; (3T 3 T, TR T A%, AR

SRy fafew emfere Afaran ‘ (@A SAAT pH. A A JTA

cefifas1; e, & qtAfes wFEM, Teorg FER AT A

Y, 7F A (BT 8, ayfe ) AT | &%, a5 | TSATGI AL

argfe
o 1.1 Rfen e verrea (variable/variate) Gifafiem |
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1.6 wf*ee IRLSt (accuracy) € ISl (precision)

(%) T4 (primary) © (e (secondary) IfS ¢ TR vk qifFeey At Gorars
(data) ToIts ot =4 I | YA (primary) @ (Ml (secondary) | 9IITF I ez fArea
AT TR W2AZ FAF, O (12 OCF Y O] T T | *PFBCA, S AW SN
Hrerz A1 B U I IR T, I (IR SUCE Ol =] T 74 | 770 @ Fenifosydf
©2] T AMPRETT @B 4w N | O @R I |

(%) Toiitan g (accuracy) 8 IHS! (precision) § (FICA GF Ba(F HITET™
T TR SFE 1 AT A AR AR FIRIFIR 26AMF Tofired el oo fofee 1
T | 4@ AT, OF TYW AT TRICPIIT (guard cells) s fefy FarS (Ao widrd
(repeated trials) 91 Al O] T 2FS (A 2N AFIAT (estimate) 8 um RO
e T4 T | TF 9, &@vs W Ao @ (measurement range) 7.50000... (TS
8.49999-97 TOF (mid-value) T | pm SR TH7 TP IACE | WETOR T
T SfEel 8.3 um =, OIE &P AR 8.25000... (TF 8.3499-9F TF RN, @R
QUFCE 0.1 pm SIS T | PR (AR ATRA (@, (i AR eyl WA
(significant figure) #fATT7R LS oo Tz |

SORHTH, THOR T 72, O INLSIT A& FALE 77 | 5P (FIAT §F AR
T ARAT 42 T (F A GMeofs «ifRseer o1 999 7> 92 W0
SR P, O TESR 6T (77 | IR THOR {51 20 @F A 7 A AR
NG AR | @ N BT (deviation) “AfeTRrs 28, o F199 WS &M% (random error) |
wiefie, Boilred el foa FCa TF 1 IS FHOE €99 (precision instrument) B
QAT (F N T | |

O TFAN (ST AFAFE AT THSHT Meo{[@FST (repeatability) I |
SR sey (eT SARIR STHOISE, ATHE wgeeMa®N! (reproducibility) ICT |
W@ 8 Rearise! ¢ RIwe! STaatiR SMRINTE awe FeeEr s 7{fwael
@ ATIRATTHAOR e g = |

1.7 Torg aifFrerdrm awds

Afrers Bra amitae ST BT SR | @7 ed S e S e
BRI =[S B0 €11 | 9 AR JROTHE @I 9T T TOIFO 20 | TS LY
SO Rameer =Rte (ouery afswfhe =g @11 &g @iowN e @ TeW sre,
TS Sieegt, Tafe wawfs @ T @ qiRreR @RI T | MY FEH 2R @XG
HE @ T | Aot Bram MpT ewed 498 wwie |

G Wy @M 9%S W (F) @A (line diagram) 5@ 1.2 (Q) 551 WEhA (simple
bar diagram) 5@ 1.3 (%) 3z wEB (multiple bar diagram) ©F 1.4 @ IRICI T
(histogram) @ 1.5 () 389 (pie diagram) 7 1.6
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A5 3 51 707 o7 ore 2= |

osfifEreTs
4 R AT
Fﬂa /R 1%
.
127
5
=
! | | | | | |
-10 0 10 20 30 40 30 60 70 80 90 100 110
Sl (°C)
[ @A17@ (hne diagram ) FEA1 ]
~ M oo 25 fim of
(U oud = G0 e
» £ | aemera 55 fie o
FGO - = B w FE AN
[;?50 - %
B 40
0 ,
30 |-
ol i 2L
T B
10— — [
T B m[ =
TFCANER PR AT HEe
Ba 13 8 (Copaeasp ) (4FTF Bba 14 fafon oem @ w1 (a7E ARGTE
avea fafmn Fras TR | .
( discontmuous distribution) [ =y wEHI (multiple bar diagrom)d 1]
[ A7=1 8T (sumple bar

dragram)3 A1)
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30

20

Tfwa AN

10

o by p—_1.1 | | I i I | ]

3 s E 9 11
Teom I (AT)

B3 1.5 AR ed Seoaw I
R Bras (frequency distribution)
Yrefbd A FEADIANNT (lustogram) N7 Biae]

31 30

Ba 16 ofaTz ffen goIda 74 (ern)
[ T&Ba (pre-diagram)-93 e
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1.8 sifaween Reree (Frequency distribution) €3% 2T O e

RS WA 37 @ A OF (AT AT @IS PRI ToAe 26 T A1 | ©fF
TR QTG AMOCAT o1 (AR SIS 5 T | GF& ST FRTFALT 2ATAE
= | Sy Ao I o OrArd Tl | AN O A s @fire ey
T =0 | o7 &ffs @fam #ifR A (frequency) e wat =1 | AR <t w1 =g e nifo
TR (I TR | (38 I AR Forem | @ida MUt v (AT so-a7 @M FigRTe
TE = A1 T REl WAF w0, 471 S S000, I WHY AT @ |

(%) Rfoew (discrete) veTeaa ~Afaoe e s
TR 5. Toore Toraa sifera R

(1% o= seo)
TOAT WA 1 2 3 4 5 6 7
AAfa < 4 10 50 57 20 8 1

93 TMIRAd, @ 930 @fd 2 @93 WA 1 @, 1,2, 3,4, 5,6 93R 7 | 7R ;R
@, 41 I W67 AW @R YT (Wi 57) WG wiez | wWAF 9O TG Wore
TR @AM AT W67 (Wi 7) R |
(%) wif¥fsew (continuous) 5eTtFa sifeman Rerew ¢

TR 5.8 THA-9T S&AR AR Reew

= 05-1.0 1.0-1.5 1520 2025 2.5-30
AR 3 4 6 5 2

faor TR elew Srieaeed wrel @ifda)fE u3 @3 TR Y | 9 9T @ i
qF @B B (interval) @, 0.0-1.0 &A% 0.5 FTOE (T 1.0 FIBET @3 I
QRITR | @A (6 @fdg 4t 5% 1 axrel, «@bte @R Itr. @ 3% 2t Tertw ©iF 0.5
FTOIT (UCF 1.0 FTOIETI T | AT Q@RI TR (@, FICE @R AT 206 (TR 6) 9T
1.5 TTBIT @ 2.0 TV W&y TS Grvd TN & G T (72 | &R GBI =T
@, »fre Roerma T g o TG AT 91 | S Trizgel () @3 &= Aoy 7 |
SN 2.3-93 AR Koo (ofia 3l @2 Ty Twizae (el (AR |

OF AR Reomae 2R odTn IR IEI0 ST SR @« (F) Tog
@4f5a (Column diagram) | (¥) SOHE (histogram)—Ha 1.5 () FHIHT AR
foa (ogive) |

Terg @4t Boa Wywig sleeprig v wAfere Relwtar ovta araey | @8 B
SITeF (horizontal) SPHCIAN 1,2, 3 Toxf € TAR (vertical) FHRLR AR A
=7 |
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GATATH, WTOHLd SgeiF e @ (@b s wwr) ¢ AP @
AR I = | SSioa S (g srersiag T | swdifie ek B o
st N (@fFE AR (oR T 2@ | TR P @A AR AR
B AR IS =S |

eva A 1 aETT AR 1.1 e AR 1.2 @ Toft TR
wfd 1.3 Wore W FHEHE AR [eww
AOCAA TR <1 <2 <3 <4 <5 <6 <7
AT AR 4 14 64 121 141 149 150
G ‘<3’ oY R 3 L@ 3-97 FH,, ‘<7 @RITE 7 LA 7-93 I T | 7-
@F (AT IG (@AY (FIFS T (+2, Gigee] 7 YR 7 W 7-97 I (I 4R T
IR AR (cumulative frequency) T 150 |

AR 1.4 T FREAHT AR Ko
@ fa <10 <15 <20 <25 <30
FACES i 3 7 13 18 20

A 1.3 8 WM 1.4 Ty [fen oo ¢ 9k sotea Fwd@ife wRwan
Retecas Tarzzd | Mes aurd o Baget reat =z (B9 1.7-1.10) |

RIVE o

530-‘
&

3 4 5 6
W7EA H{Lp ————>

o9 1.7 Ware Wraa Sawadt B9 (column diagram) |
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20 +

13—+

10 -+

TS AFAG

|
1 1 1 1 1

0 10 15 20 25 30

VAN T ———>

f5a 1.10 ©iteR swwa FACEHS “AfRA BA (ogive) |
qrsta REpofers 1w @t faew @ s =R

1.9 FEeeE e

. G ARPRAW R SIS 0 2 SfewRv @7 g i |
. R ad Jt e at R T

. oJoerEagg AR T FOHE I 2 IEIH TR e |

. T 8 AR & AL F 9 G I |

5T FoLITIRT = ¢ Swikad facw R

ST @R IPASR T AL F 9 Trzael faewr e e

. ey Hrem TGu Tl ™ T TF, ©f P F |

. 7ehba FItE 36 ¢ @2 Hraa S Mo

. Tergeadl BF I A 9 OB I A A 9
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1.10 Seawie

1.1 ST AW |
1.3 R0 S |

1.5 SROT SCEDS |

1.4 ST SIS |
1.5 ST el |
1.6 ST SIS |
1.7 SR A |
1.7 S0 SCEIoe |
1.8 S0 HCEAIDS |
1.8 SRTA WAL |
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O3S 2 1 IAgE A (Descriptive Statistics)-1

een)

2.1 ewEA e S

2.2 WS MAF (Measures of central tendency)
2.2.1 Mdf$s 9% (arithmetic mean) |
2.2.2 W4 (median)
223 ARSI (mode)

2.3 fafes oo, vyt @ FRANeED TR ger

2.4 FECAE et

2.5 Teawie

2.1 &RITA 8 TR

eI 3 AU A @Y GITET O (AF (I Fg 2tz ST 20 A0S | IR
SRR (AT I FRCE TG W A1 | g (e iR @, AFESTAR Mt 79 AGT Al
@, OF GF0 GFeT AT e @AMFen WA @A @36 [ROTE RAE Seeisie
T | 4T GRS 4 MR THeIF 3B O[T | (74! I @ ARz e Teow 41w
GGHS T PRI AR, ARSI A1 TS @2 (IS W4paMifet (Central tendency)
|

Tty ¢ FFTSTAR BT SCEIbe CIRNEIE v aizred e STl =1 | @, T
@I 02 AR efSTAidgere Nae ey =7, O iR SRR TR (@A T+
TrHY FACR e | SMIRATFA, FICNRA (Delonix regia) TEA A4S WA (Al
afefafagser A7 Mre 2T Sl Oae HRAW SR TR (AT T Sard F0S
N | @ FTeR TaEfiet Jin METE FE SR TR |

2.2 Tgralifsrem oS
QU 2% T, @2 TSR AT (measure) J! T | MR IR @, T4raiifret =eem
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(I AT AT AT @R QRT3 A @ | @2 I Ao
TR T TS 2{I0F, AR 18 TS AN | 961 7 07 @36 7 (distribution)
&fSHITTA (symmetry) T2 | (NORBeIR Sapaifiror serfer =eem s

() MAfeF %€ (arithmetic mean)

(%) N (median)

() SRPF It FWAYPIRD I (mode)

2.2.1 Mfafe$s 9T (Arithmetic mean)
I Arorera sfdfes e w@ie IR, G2 ARl @ wtg @ qfEetE
MRAT T S FT OhITE @ FA | @I, 11,15 @R 16-93 MfafeT 0w zJ,

11+15+16 _ 42
3 3

=14
OFIOIE, 2, 8, 04, 9-93 MAfSF T =¥,

2+8+0+(4)+9 _15

5 5

=3‘
sfame Rerwa s fafes oy fdy s |
AR Rewa (i Mifer v Fd Tare @ Afmane swg Ane =@ |

Wofore Worad AR Rewra AR 1 19 (@2 TRA 1.1) 1 99T ‘1-93 ~fRan
4-93 9 TN ‘1 B AW MR | AT ‘27 TR SR | ez MfAfes e =3,

Ix4+2x10+3x50+4x57+5x20+6x8+7x1
150

=3.71
e 5ot SifR A Reies @rF N oo @ Fare =@ (B8 77l 1.2) afsh
e TR T [ T3 1 @9t @9 =@ 0.75, 1.25, 1,75, 2.25 @R 2.75 |

qrFg M v 27,

20



(0.75)x3+(1.25)x4 + (1.75) x 6 + (2.25) x 5+ (2.75) x 2
20

3450
20

= 1,725 femiam
@2 TR @Bt T (ACS ST (¥, AR G €& 1,725 Receniam a3 @biR swee
fSfafagye 7 (representative value) | '
MASE ites IR @ IR B FRCE T I 8 G YT (ST ALY | G=TY, &
g ©IeT [ SR |
2.2.2 Y (median)

TR ARG Y 7S | N IS Sl IR IO ARSI QUM M
T | @, 1, 2 @R 3 97 TG X 2 | (A MO (AT TG (@ IO T A4
CR MY OHT T WP ‘@B (WF Y (ascending order) I TG (AT (AC
(descending order) GZSIR ARG fATS R | SR AR WADBCS TS 203 | A
RTare (0dd) 2= Tt @32 203 | I AR @Y (even) T T QT Qe zre
AN | GICHTE TR FOR Aed AfAfes 1w (et = | sl Reew (e o
NG YW FF T AW A | SR e [y e qq oz |

RIS, GFFAT YA (O AT B! I SIal ©h I TR T 50% O
TR SR G AF 50% WA TATT TS |

TP 2.1
Aoy ¢ 5,7,3,2,10,8, 12
AfreTarR A = 7 (Reero)

‘@5 (F I O Afew W =@

2,3,5,[7]18,10,12
QYA TN = 7’

SEpETt 2.2
e ¢ 5,7,3,2,10,8,12,4
MO YT = 8 ((WF)
‘@G (AT AT I e W =09

00

o0
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2,3,4,[5,7,]8,10, 12

QI TR JCO! T SR 5 8 7 &3 N I Siewd e s 3

2.2.3 MAMAES I ($EBF) (mode)

FRATHID T TN 12 Mo T AR a7 Ao | @, Soaf Wheaa Swrzaee (i
1.1) ‘4’-a3 AR ST @R Wi 57 ; FOGE 4° A FRAPIRS T | ©IeT S\
TR (AR 1.2) O HZE FRAMGIR I 2N AR 7| (g @rzg FEw AR
‘6’ TNGR @1 J&T AR (@, MAERD M 1.5-2.0 €2 @fars == |

AR T 2T RAES T 2SI T 1 @, 2, 3,20 92 AR 2o
ARPRAT 1’ TR ATSTIR AFAIT P WL | QT @I TRAGES Awa wFg (+2 |

SeRter 2.3
Ne @B AN (UF 2N 9T [T 4077 4 T (RFTams) @ea 2= |
(G ST S (sample size) SO

44, 34, 45, 4.8, 5.1 5.5, 4.6, 4.7, 3.6, 3.5
4.8, 42, 34, 5.0, 43 3.6, 3.5, 47, 5.3, 54
4.6, 4.0, 5.3, 3.6, 4.3 5.0, 3.0, 5.8, 4.8, 45
.3.6, 5.0, 4.0, 3.7, 42 34, 53, 56, 42, 58
4.6, 6.0, 6.2, 6.7, 5.0 6.2, 6.0, 4.8, 5.6, 6.6

a3« Reww o g7 9 Mfdfes av @@ g9

I JTGW @ FUON T 4 T 6.7 @R 3.0 SIHR #H19 6.7-3.0=3.7 (T61 4.0-
a7 ISR | I B Ta @ @, @ s g @ifdce o w1 T | o@ 9 @I
@9 IS (width A size) T 4/8 =0.5 | 9=, @4 A (class limit) 9 4
RS (class boundary) Tof¥ FaCe 203 | @I e Tof T 1w qif¥ery wIfites 79
T© 9 AT, OF (ATF O T @M e =7 | @fd st 2ot @ ctfaoyfer tofa w1 = owena
A | @ FCE AV (real) T @ @i NG ©GF (theoretical) Hle o1 =7 | AfSH
@ SR @@ FE T @ @1 e (tally marks) IR 90 =7 |
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TR 2.1 4 TeAmrRa iR [Rew

cfa Fww cf}-F = o AAfawan
2.95-3.45 3.0-34 ]
3.45-3.95 3.5-3.9 I 7
3.95 -4.45 4.0-4.4 Il 8
4.45-4.95 45-49 M 11
4.95-5.45 5.0-5.4 l 9
5.45-5.95 5.5-5.9 I 5
5.95-6.45 6.0-6.4 I 4
6.45 - 6.95 6.5-6.9 I 2
=5 50

a3 AfeRAn ﬁ@f@ﬁ? e v @@ TR T Aol @97 T4F (class mark) @3
33 [0S 23 | @i g 2o @ @fda TR W | @, a9 @il TR W
7o 3.2, 9Fzend feolw @idba 3.7 Tonf |

@ s 3.2 3.7 4.2 4.7 5.2 5.7 6.2 6.7

s 4 7 8 11 9 5 4 2
e oo
_4x32+7x37+8x42+11x4.7+9x52+5%x5.7+4x6.2+2x6.7
50
_238
50
= 4.75 e |

2.3 Nfifes e, Tt ¢ Aapelfaw W gliws-aa gel

@3B S TaNfre! WeiE @ T WS R T | O SN Al (F) ATG
e efefafaeye 2ew, (V) 3 WRejfer 2 At w3 6619 (sampling fluctuation)
Al WeTRG (outlier) WM B& T oie 26q @ (5) 7w Wgoid @Tel |

sfafe< sTea Aew ¢ 5y 133 22 | @b aferaE afel aifm Beine Rewe | a3l
¥ TG WY 47 ®G T (outlier) @3 SRS, oMifdfew sors el w1 snidfes aitea
g g (IR IOIE THRT ICAC | SFSHTH Ty foas vt Tt [,
wiesifiEs i Py ReiE sfafss v Fww | gee w6 A% G 9Bl Al

23




WG @@ T AT | NP A S Tom [FEPNT AW @R 5IN (extreme) THI
AR TN @I ARIST =7 | RTHTG 5 (attribute) MAED o0 @@ w4t
Y 7, B O TSP A T @ T 91T T | FRAMSRINCT @t ¢ &
w22 8 | G5 Tyifier AREew e o eve SR afefframy zenm Rowa
e ; IR @ft ot I T AR T W4t | @ s Rewa @
WY @ WAMGIET TN (@FAIDR TS 2ANST AW 7 | TRAWIRD AN 539 I (extreme
value) @91 goife w11 O@ qfEd @f} A% oo T e ot By
AOTFOI A <7 |

24

AT eriafet

1.

TS 00 F Q@R 2 @67 I Fe I T 2

2. ypnfierR AeRElE F F 9 SCIW (observation)-9F ARRAT GFR A 47
@I T FA AR A 2
3. MAfST v e F AR ¢ «ffa 7T T I |
4, Wt Mo foafs o =16’ Bramd 33+ | W @ WAMRENCA AN 9
5. MeF AR NAfoT 9T 8 NIW &I FF ¢ 5,6.5,2.0,3.5,4,5.6,3.0,2.5
6. 1,2,3 G 4-47 AR TS 10, 12,17 8 15 | O YWY IF @ g |
2.5 Teawie
1. 2.1 SR7H SCeTfos |
2. 2.2 @R 2.2.3 R IEAIDS |
3. 2.2.1 SRe ScEiHe |
4. 2.3,2.22 @R 2.2.3 W WA |
5. afdfes 91© 4.01
T (@ FAF TG WA (= (AT IC T SIS AR e 3
2.0,2.5,3.0,[3.5,4,]5,5.6,6.5 QI MR FCB! FRAN AN 3.5 € 4 |
T CE G Y
- 3.52+4 =375
6. QU 3-93 ARPRA FREE @M Wi 17 | JoAR MAHRD T 7e 3 |

24



4% 3 1 IfeE A (Descriptive Statistics)-11

geny

3.1 eREA 8 T
32 ﬁ@ﬁ? AF (Measures of dispersion)
2.2.1 @99 (Range)
3.22 (SR WS (Variance) 8 5F EH% (Standard deviation)
3.3 sfafes strea w5 aife (Standard error of mean)
3.4 2w (Coefficient of variation)
3.5 IEeE et
3.6 TeHE

3.1 &REA ¢ TRl

e 2 @3 Ao TR RS wre @RE, @Re @l ww witwe
AT 1R A S AR ISt | @, FY SY Arabidopsis thaliana- fafew
TR TS ST (Genome zise)-99 ARG (131 T @, &G T 120 Mb (3I1 I+
(PN TTF) AT 2T Stz | I 7 BAsd SiTed @ Siei Al SR
o6 afSsfafigmes Tm irte wRt Te! 911 @I TGN STeEe I (FHee
e, Gifbe zret afefifageee wm | 79 IwE @ @ine AR’ 9o Mo v
TG A 2Rere! o7 T4t IR | e, el ¢ fgfe 161 w3 et iR
ey | oty Ryl Trel @ Aie, affAfieE W (it w2 ety =3 @R O
TS (error) @M AR | 77 QI T @, 3 WFZ FAH O T 2 Aoy (e faghe
C'??zluﬂm,(.TIWGWWWW(representativevalue)ﬁ?ﬂﬁ‘fmml

T 3 4 TS AOUAE A 1, 2 @R 3 | QAT FIFO T AN T, FOH2
TS TR @ oY [ =g | 43 19, aifdfes 1w e efoffgeyers wiw a wapeifree
TN L] T T | G ST R (1+2+3)/3=2 1 1'-GF 2’ Tara e Tt geota wAfawi
[—2=—1 &€ 3°-(F 2’ fra eom Fa0e oo wAfawnd R -2=1 @= 2~ 2" fnew e
FAA TR AR Q| FIGE —1, +1 mﬁ'ﬁﬁwwwmﬂﬁaﬁﬁ%ﬂmﬁ
2,2,2 ! OE MACTF T 2O (2 +2 +2)3=2 IR GrHE [FYE LTSl 7, T
e W2 N SiTea AW | G2 SR TATRA (@, TG T (AT 90T T IM
fate Rgfon aa wacaa o1 ofreqn T |
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3.2 fagfea N2& (Measures of dispersion)

3.2.1 &9 (Range)

RGIo7 FICET 7S AoF 2T @A | & IO @RI =, FIE TG IR FICHCH
@6 WA Reaisreet t #NdFT | @, 1,2,3 9% SR QAT 31 =2 | 9FLerJ, ~11,
~12,-13 €% SR &F =(-11)—(=13)=13-11 =2 | T A& 2,2,2 @3 79 =,
T AR 2-2=0, I @FRe RGeS @2 | WA T AL (@, AT FING (e A1
I

3.2.2 (onlE WS (Variance)

covwi R it 3ga1 abfere Wioiw | &1 31, Ao <=1 1,2, 3 | SIS <91 TR
@, snfafes e 2 W wapanfared W o 2o, $reTd AR =3 1,0 9R 1 | 93 R
sifdwe (e Rgfor @3 T @ 741 9 | I 9o @ F =, O T A (1)
+0+1=0 INE2 ¥y QAN @S &S T At | I FF @M FACE A (-1)2+ 02+ 12=
1+1=2; 9F AR @6 w4y, wfie 3 ey ot SR Aeql AT (AN | oK.
Toitza Ak oy covwi =gE

FRIFREFFE (1-2)7 +(2-2)* +(3-2)°
T ARAN 3

(S (52) =

_ D407+ (1)
B 3

=2-0667

3

(TS SRR (@, (S SR 5 MRa @3 A (mean of sum of squared
deviation); ©12 3”’3“!3 (SN (52)-CF 359G (Mean square or MS) 6T T | &A1Y (SHACAS
I EPe A9F HITS At @fie [ (standard deviation) T 2H |

Torraa Twizand,
e Rpfe = \E =0.816

TPt 3,1: W T I A =e—2, 0, 3, 5 | @t AAfafes siv
(=2)+0+3+5_6_3

4 4 2
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o s Rprfe =‘/%19' =2.69

FNGE (SN (PITS e ©IF dioiojfet 27 TAFH ¢

o) onfafes e @@ T,

(R) S e ez Nfafes arwa =y @@ 74,

(0) @2 s 3 I s @ree ey,

(8) @ @mTEE AP AN faea ©m F=4,

(¢) CI5! *1eT I GIBIR CSAIA |

SR, (SUAIAA 1T FF @61 A6 I G7618 37 R |

WA AATS A (F, 6 TIATR §FF [ F, (SWAITTE 43S (I61F 3 23 | @, 6
O ‘P AR (AT GFF I ‘I(FH | T, ANE HS € T SR GFd 992
A |

3.3 dtfafss et e @i (Standard error of mean)

Wil (TAfR @, Ao IR A TN 7 91 1 o [l AE ek ¢ gt @
I W 422 WO ANF | RS F R nfifes o (3t oy o) efsffrggs we e
GTFANE e =7 71 | Py WA et (A0F2 W | 92 BER (error) G0 AT LA (SHAA
3 TS BT | SR S0AR AR (@, T XA TALT I S AHCY WA G0 T |
INE2T 43 T, AN AT 98 GHAR G TR e 1% @@ T4 2= | TEE
MAfes AT (AT AT NAfST MO GG e “Neq AT | FY TR ACD GITe
TR TGS A INF | Qe Rfen ayai [Kfen 98 T3 a3 e o «2 Ty
Terferae IR R AR | @2 Rgle smem et cenwiv fMea el A | A (A0
e AMfafes ITea cewataa Ia e -

ANATF ConaT

WWW= e

NPT (o _ A s
L‘]a{ W W HAH —QT% = my{o\w = \/W{WTVR'?UT ..............
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ST 3.2 ¢ R A AfRoYfeT TET—2, 0,3 @R 5 (ST 3.1 (YR) | oK, TG
3l %% (population)-93 F5F Ffe =2.69 |

T G2 AT (ACE T (ST R AR SR 2, O 01 (-2, 0), (=2, 3), (=2, 5),(0,3),
(0,5), (3,5)-93 (@ @02 2O #IIF | GT7d Mfafo= aresifer =z1—1,0.5,1.5,2.5,3.5 IR
Q3 MR e 5w =0T 1,421

AGAR, (SAA
(~1-1.42 +(0.5-1.42)° +(1.5-142) +(1.5-1.42)* +(2.5-1.42)* +(3.5-1.42)°
- 6
_ 5.86+.846 +.0064 +.0064 +1.17 +4.33
6
_12.2
6
=2.04
-, Mfafes arefe T B 1.43 e, (B)
@ Rpfersz a1 T3 Afafes rer e @i

TR, (A) @ @ I AT oren 79 =% @@ I 77, Gl T

sMfdfes ates T =% =2T'/—62—9 (ARG YA AT 2)

(B) @ (C) ¥2 W uf6 7 26T™ T, AMe SARTHT S W (ST &) A
TFIO RCA(CZ | 93 T4 (B) ~NG (It FAHR A0, (98 3@ 7 7l FF 9% (C) 7
(AT |

3.4 cewltes (Coefficient of variation)

Agfeq @ Mormaifer I T, T (SHH A AHT HifS, WRwHE «s-fed | wdfie @Al
R ATt 79 1 @ T 5 [ et Aot [(wfe @3 wef fi gemn w4
T A

contess ZeTl RAgion @afh gerigers Tioiw | afb @ =@

s Rgrfe
T effafes e

(ONTes , (AT 1o #7771 =0 ©@L)
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(WRY AT IS @ oMM o1rwa @ 7, conress « {6 w32 | (SHreRts 1000
A 59 S nfAfes sften oAl TAe o FA AW | @ AT, [y Ao a3
CIFIGIE, A S @37 933 NEFMER (um) | GTHE SIS (SN o1 50 o |
g qUo1 SRR (oniera 4y Gl T @S AT |

TPt 3,3 : Mo B30 (ATEINI0SR 51 20 A TRAT (ST 79T | G W
& Q@™ WW"L‘T (consistent) (ot 5T 3t |

A 12,23,38,05

B: 112,123,138, 105

A-97 stfafes e =}f(12+23+38+05)

19.5
B-«3 Aifafes o

1(112+123+138+105)

= 119.5
A-93 T IS =12.46
B-93 7% pf® =12.46

_12.46

A-9F (SUreR = "i'gg— =0.639 a 63.9%
B-of e = 1242 20,1043 71 10.43%

A @R B-99 7S 51T AW | g @R B-97 (owles I, B w12 @ Srsietele |
JHE NI (LA (@, (I A9F IS a1 Toirea [Rge A 7o S« 1 T 7 |

SEATE 3.4 : SRR 2.3-9 @ AR Retew it oI5 Hife @ entes
faefy zga |

SN 2.3-4ICAF BeAMEa (@ SiRER A Rowm oftem o, G 2= famgst ¢
@wgs (Femam) | 32 37 42 47 52 57 62 6.7
AR 4 7 8 11 9 5 4 2
e *fS 3

4(3.2-4.75)%+7(3.7-4.75) %+

TN = 8(4.2—-4.757 +11(4.7-4.758 +K5.2-4.75)+X(5.7-4.75)* +4(6.2~4.75) +2A6.7-4.75)
B 50
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_4x2.40+7x1.10+8x0.303+11x0.0025+9x0.203+5x0.903+4x2.10+2x3.80
30

_ 42,09
50

=0.84
- e P =0.92

_0.92
475

=19.37%
e orefS s
2 ARfSTe (onlN (IF TR TS A R |

@G = 8
W:m [@fs MmamE 3 I ER BT A M 99 s

TR Sl (15T
_ s e ) (3.1)

fonres x 100%

=-51—0[4><(32)2 +7x (3.7 +8x (4.2 +11(4.7)* +9(5.2) +5(5.7)* +4x(6.2)* +2(6.7)*1-[4.75]

=1 11170.251-22.56

50
=23.41-22.56
=0.85

- S BIfS = 0.92

0.92
4.75

=19.37%

Toitzm 7 wfsr @ @ime u3fh 3T T @S AT |

TSR], SN -1 FeTeT SAT &2 A1Af4-3% (3, &6RI® 6= (notation) 7R
Toraloil B | SEPRH CFEE ewe W TR | TOW, @ofFl TIYARES (statistic) €32
ANELF 7| (T &ATFETF (estimate of population parameter) T 917 @ AN | (LT
TN ( TS (Ao T BTG S Q@I 3efariera orwg 7 fofes vt =0
@3z 7|efress HF IR 7R | @3 eleliere wfS Nes @i SRR AR @RICA! 2 |

R (ST = %
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TPt 3.5

Solamum-@3 36 e&f$a 4Cn DNA'F #iffwiel (Pieeria, Pg) FEget ¢
3.7 4.3 3.4 3.4 4.0 46 43
4.3 3.7 4.6 4.3 4.3 40 4.0

Ipg=10-12g| 43 4.0 3.7 3.7 4.0 3.7 3.7
3.7 4.3 3.7 4.3

a2 ARSI (SuH @R T9F HIfS T 73 |

T ¢ 2AATH2 A ARG FAPACT (=M (T IG) IR AP 7R (M G52
T G AF), 90 ARACS AL |

(1) (2) - 3) “4) ) (6)
@fa am - oferagE sffamreant fpfe  (Rpfe)?  sfemam
x G == x (Rpfe)?

(class value) (frequency)  (frequency (deviation) (deviation)? (frequency
x class value) X deviation)

y? f fy; y=y-y y? fy?
3.4 2 6.8 0.6 0.36 0.72
3.7 8 29.6 0.3 0.09 0.72
4.0 5 20.0 0.0 0.00 0.00
43 8 34.4 0.3 0.09 0.72
4.6 2 9.2 0.6 0.36 0.72
Total Tf=25 2fy;=100.0 Tfy?=2.88
- _2fy; _100.0

Mean y=?— 35

=40

- zH° _ 2.88
(S (V )= _2838_,
(Variance, s4) 5f 55 0.1152
[FffeRi @RS @ S (SHE (sample variance, $2)-(F AHAE  (SHAN
(population variance, a?)-a3 o #'Folio%+] AFFETS (unbiased estimate) JCA G175
TS (I, IHTOF TR (sum of squares, ss)-CF (T FA —Aorn—A) facg ot =4
T |]
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7E 51 (standard deviation, s) = \/cowwm FfkfReTE, A -1 & JgEa

degree of freedom I&! =¥ |
=+0.1152 &
=0.3394

T&d 2 Solanum-9% &W8 FYAIGT 4CnDNA-T W4 4.0+ 0.34 pg.
o A5 pifes wfat (redl =@ 3

_ 1 29 1 -2_(nyi)2
_\,(n—l)[zyl]_\/(n-—l){zfyl n ]

QTS 6% 7% FCARA (@ n-97 ARCE n— 1 Frex ont 31 = | FEA 9 8
TR AT HfS (5) IO AT ofnesq @b *Foex] eFITE (an unbiased
estimate of population parameter) Rt &f=g 31 7w

ST TS TR @ f}-orww (class-interval) @i O 9 T, Ol "Kﬁ
CRCATEA | Soera R, @232 R Tae (grouped data) IR g A7y =¥ @ot
7 | Rererafve @i &0 (correction for grouping error), ATHTE, SN (171T-«3
FCNE (Sheppard’s connection) IR T |

D (Yi-Y)
i=1
n—2»A

5

wefie IS (@me = [{rs Boire — ;2

@AM = @Y SWET T, @32

“~

f—z = CITS-OF FROHTIE |

3.5 FEAE eiafer

gfs 0o F @RE-?

fegfon el Trad 77 | @7 Ty FEew @I 9
(Swaq FE 6 2 @b @ [Gfog srew e ¢
‘AT *[ A A WAL NN —SCEAG B |
ARSI FRH [T AT 2, T HIfS O A 9
e PS¢ 75 T W+ o

AN

32




(oMTeT TE A0 9 AAS KIS @ T e Wy A o

8. MAST T X[y 2 (M T TS ?

10.

a3 ®E ATRES Gire A Ridad-gre aF afiteg Twe! AAfiwe w4 =7 |
weEe frEgel 8

Twol

[GLR] 62 72 64 76 86 82 71 87 96 103 86 74

T (i) @ 4% TH©! - (arithmetic mean), (ii) (PANH (variance) €3}
(iii) 3% HIf® (standard deviation) e g |

G =F AEIOT FIMLSIC™E (Chlamydospore)-9F FFT “(fRwo Fa1 =7 |

TR AFFRTY Tel NG ST X 8

TV T [um] 2.03 198 208 224 217

TABT (1) @@ (range), (ii) CSANW (variance), (i) & Hf® (standard
deviation), (iv) WA (WAF 7O E’Jﬁﬁ (mean deviation about the median) ¥R}
(v) CoWe® (coefficient of variation) A< 3 |

3.6

TEasE

» 3.1 SRT G ICEIDAT SR |

2N BR¥ 3.2 SR e | oy e Ten ¢ Rgfon sxeew wewl ze
&9 (range) |

3. @YW IRH 3.2.2-9 SIS |
4. @R =[] R JREW 8 FHOT T A7 T (A | Ffle QUH(a HI3H T2 7

© ® N o W

10.

R (SHA-GF @RIA AL [ A |

FARSCR FIFH W AN =0, AN HfS #[7) =I |

3.2.2 93 3.3 SRCA SCETHA! SR |

3.4 RN ST |

MAST T =77 =0 (onres ({7 T I 1|

(i) 79.9 @i, (i) 153.3, (iii) 12.4

(i) 0.26 um, (i) 0.00884, (iii) 0.094, (iv) 0.08, (v) 0.045 A 4.5% |

33
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GFF 4 (1 AGE, AR T 2R, &g 4019, A™w

a1, t-foie e, F2-39f o=

gen)

4.1

4.2

4.3

44
4.5

4.6

4.7

eI @ BT

4.1.1 TRRWEE /TN (Random experiment)

4.1.2 SAITw (Sample space) ‘

4.13 951 (Event)

4.1.4 TBREER @b 7@ (Classical definition of probability)

4.1.5 QB TS ANst (Limitations of classical definition)

4.1.6 TEEAreTes Med-fofes A@ (Axiomatic approach to probability)
4.17 “Fod glest 9o (Mutually exclusive events)

4.1.8 TBENE (WIS @ (Addition/summation law of probability)

4.1.9 FRET 44« & (Multiplication/product law of probability)
A A A& (Random sampling)

4.2.1 IR T ANeTH TAW

@%5 6 (Hypothesis testing)

43.1 7 S 8 @< % @35 (Null hypothesis & alternative hypothesis)
Aow {951 (Test of significance)

t-[A61 TS (t-test)

451 @F°%F fI519 (One tailed test) € W2 B (Two-tailed test) :
&2 e (acceptance region) €% I g (rejection region)

452 ot ey Rotee a5 wge
4.53 T t-fa61F (Paired t-test)

Ao Gewd fIpita FR-3f, 1MW (Chd-square test for determining
Goodness of Fit)

LT e
34



4.8 TeawE
o %21 (t-fRota nafa)
o M I1 (F12-af afa)
o JA%e AfTeat

4.1 SRR € TTw=]

SRR ¢ ATF [T N 4TS IS RN S SR | @, S
AR Retew, o Tl ¢ Ry | @2 s (@0 935 [Racm w1 @
RN T | Al Remeld w@ie (s, @i (®fB Tl (e 93 2R SR @t e
HHCY Pl GFe T A—I61 fHgh! T 200z | @fbe (MRl =R @, FERTe! Fgold
ARG Swyos o5 Qi Srad $91 syf7 GRRwicag [Jfon =1 s sree e
e | bl SRR, of weif a2 SRR FA0e HRE |

R (Probability) *<0 ST (e Gt 3392 @ibfore @b == | cwm, @t
I @, ‘@I AN 8 BRI 0 I 9 piif~eia 2eqR AgiRe @ 9 st
I (OB IS AGEAOD Mo (SO T 9 9 29710 | ST ¥y T 12 *1%
23 I, W7 T g @36 e I | welie WA @ WA MAR 531 I | TwreRerwgg,
WE WG (WO AGIRA! AN T SN FECAI—HGIRAT 50 : 50 | S AGIKA! SN 2o
T ABRAE F W (ST TCF, FI6! TP T MOR | G TERAR @F Sfers
(mathematical) 9 (ST GB! I (AR |

Trw7 3 WA (sample) (VT FANLF (population) THCY GAC TITACH @3 Jgee)e
I, CF @A @O 2A1F SRR LPIRA (inductive logic) | FiR®TT T AR @3
R | T3 732 ST SISO T (sample) T TGS (population) TFCH !
Frars (2, ©4=2 Si@l @2 fJwra ecam 303 QS | afRess @ ogsf wwat g I
IR I, OITH Yelsd B2 I A WWRA-0¢ AT (A | L2 FYRIOGH
@fel | afiewig @@ MitE sfifoss AR (inferential statistics) St
el = |

4.1.1 TR 2FFA (Random Experiment)

g AT TP S (AE @S I 91 | IMe @61 WA I @, Fenw [
IS0 SR T4 FNE I | 431 S, 930 YRGS FOwsl 791 27 | 93 FeAIwe 203,
‘@ SRR B | @7 I @30 (32 | @ (PN =G WA ([AF @A I A | FATHA
92 VIO 473 A A | G2 21 Sieasio (e 2l 9t 797 TR wagie
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T4 T | @, 9F0 WE 9FAE, 100 IF 1000 IT @O AW | @ 4AE AIFHE
FBRAT ATHFA T W) @7 AEFSO w2, @I BF (die) ®O | 9L
FEAPEE A 1,2,3,4,5 WA 6 1 'S0 GF (@G (I @G0! WAl (A0F 9T IR | e
@3 S IO T2 I W | @2 G ANFR (F(A2 FYRN OTGH ATA1 T 2 |

4.1.2 =1 (¥* (Sample space)

@8 93l FERET ATHAE Tooffe] HeATe 20O M, (18 AT (set) T (4
0T | @ G A0S G FOFA FA031 T =@ {H, T) | TRIF, @2 J@ee 77
19 WA OwA Tatet IR0 =3 {HH, HT, TH, TT} @92oi@ @i s amam ot
TACE T TR (1,2,3,4,5,6) |

4.1.3 961 (Event)

TAICHCE 9T G0 TYCS 901 (event) 8T R | @, {H}, (T} 46 961 | &=
@R (@ (T ATTR @R TR @RITE @ ‘G 2tz | TW atid @ @a «er
T ORI R, ©IF WOl I {H, T}, @I SP¥ceT wuaiee e | «agem a3 e
GBI NOwe et oA =S AMNE (1), (2}, {3) TOW =R (1,2}, (2,3} WA
(1,3,5), {2,4,6} | 94 I 76 901 IANFH @RICR @, ‘RCGA@ € ‘&C MR
LR | TR M @ ¥ @, 3 WM™ 3-9F (T (X6 R 2R 04T WA A
{1,2,3} 1

4.1.4 FGRNF @BIN A (Classical definition of probability)

SISl 9o+l TN IR @FH IO ASREL, @, (®RE ATE A @C MR TR
TR | T AR FTATGI ToeAT (equally likely event) J&1l =8 T 12 It wrolfes
AR (e e Sd AAfitefwre) @ 93t smefie Ak’ w5 wE W
PIME (ILAT I QS 1 | ‘

A1 T ST AAHI TG T (B TR N @R HIoYfo12 ANNE @R OItnd 4+
i <ot A FF0d S WA | W W @A @30 IO A WA T | WeWI
SRl A N RYS AW ARFRGT Wy N, WA T @A WWE o A7
SR (favourable to the event A) €3& N, <N | 7 P(A) &SI qi1 W1 G2 TGRS
fofew =fd | w7 e

N, A -3 SRR qreiejfer 9641 ST, ©F A4

P(A)=x AT A1) KOeTl SITZ, T F<7
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@62 TERAR AP e, T W *TSrBe ALY S @Y7 (Jacob Bernoulli)
A% Goiffare FCEw Q3R AT (Laplace) @ Sy sNfdfesal agfa »ide 2w 33 5te |
WA @ W AR @, P(A)-F WF 0 @R 1-93 T R ; SR 0<PA)< |

Twiad 4.1 ¢ < B, 90 Y4 G RGN E | IR (@G AT TR TS 9

QYA ‘(C T T oAl A | TOR P(A) = 5, PN AT TG GO A @K
TYAICTC (G LBl 7R 2 “(RE 8 ‘(B | G ‘(BeT AT FYRAIS )

TR 4.2 3 TSI MAIFHE GFIT O 293 G 1o 2, ‘ﬁﬂﬂ@ﬂi\'ﬂﬂﬁ
FERA! TS 9 GUFCE [T ST oAl A | TSE P(A) = 5 | FY TACHC (G

Al <2 ¢ ‘ST GR WA | TE -G G AGRAS |
THIER 4.3 ¢ 930 T GFAR FCF| T 20, @C-TRA AT FGRA FC 9 AL
A TE {2,4,6) | TOIR A-F P SR 57 961 2,4 6 6 93 YA WCR (WG

=l <11 1,2,3,4,5 8 6 | TOAR P(A):%:%

TP 4.1 ¢ OF ARG O SEeiR Wi [ o (e 93 @z fe @
‘Gal TF, O ABIRIF ¢ (9T MO 520 oF @ oAl GF AT

4.1.5 &ibI¥ AT ANET4S! (Limitation of classical definition)

HIGCAN] TN ORI &S T 55 wojefet QR | @i-Feweid, =al-Weseid, on
(3@ ergfe Faet 9o, g e AT qred IRE G T @3k Repranrel 478
Ffire =z e 1iRre i feeaq | @b ¢ = gt G Twer a3 o= (AF 50
GIN-97 Y YRFE—ER FOW FORA | ABH IS Serqea el a1 ;I A | FlRe
AT T AN WA, AFC TH©! TfdG @F© A (real number) @ @A 9B
T AR | TS (FCAR (R ARSI 3376 w61 Trmeiy 79 @R Ry wojefora g &bt
W@ AR @R qped fefen Tor afent a1 erem T 2 | WS shfafesg
TegBoq W@ WA AN 7 | G W O WOT® (Von Mises) @R [osw a
NS (A, N. Kolmogorov)-4s «¥ TEACAE | T ™ afifes wRACEE
T Frda o Bfe 3 @f$Pt F@F (axiomatic approach to probability)! @2
7Tefnid HATeTT =T I RLafbe =0 | M b @2 Foy e e

SPTe TA |



4.1.6 FERFSTET W4~ FSf6F ALt (Axiomatic approach to probability)

@ & FFT & I, F-PIA! WAl A-F et TRAT A 93 &Fea™ (real
number) P(A), @ FRBE A-7 TR &1 =(J |

o &S [T 3 @ TN A A-T CFCG P(A)> 0 |

[ '\?@Nws A @R B I foTaS! WBAl (mutually exclusive events @. 4.1.7)
20 | i O Poiole FRAGA SITERY T ¢

P(A T B) = PA) +P(B) coorveceeeecreeeeeeeeseeveeseeese s sasssnns (4.1)
Set theory-3 (F® % AT FACE WO

P(AUB) = P(A) + P(B) w..ovvcvereiieeeerseoeessesesssessses s ssssses s s sss e (4.2)
Sgel,

Ap Ay, As,... TE QLSRR AT FRSER 2,

P(A, 41 Ay A Ay T.) =P(A) +P(A) + P(A3) + oo (4.3)
o

P(A | UA,UA3 U.) =P(A )+ P(A) + P(A3) oo (4.4)

o o3¢ FHIF 2 I A SR A 5T O =1 S@ P(A)=1.

FPRCSR FAff 77, SReafe! 18, IR T R FEREER foat «f
(Property), To 3-8-93 Wy @ I8 I3 € FTRAYE goefirg oM aem fea
Foofer Toioly @ Siafis @R S, Tt (o B (Venn diagram) HIRIG @RI T |
ez T fofes TR STge 7@ ws |

« Ry w31 Sieat oS i Seerve I i |

4.1.7 27 PO o= (Mutually exclusive events)

WOl WoANE ARRTeN Tog I JFotad! ol I 2J, TM G123 701 oAl 378
O e W T | @, ‘(T 8 ‘B | WL, {1,2,3) @R {4,5,6} BF (1,2,3) 8 {3,
4,5} ATHRFCNI FoF T, IFA {3} WA WHR Wiz | wde HF Fowend 3
AT {1,2,3) 9K {3,4,5)} 92 5! 9612 T6CF | PGS G2 WG| ARSI FoF 1Ol
|

1.1933 e &SRS *Foundation of Probability 3209 | S Q¥ $Ta FBAE1E Topeieia ca |
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4.1.8 TEBITNE (T %@ (Addition/Summation law of probability)

(T (A TR, A7=oF FFOTER! K AAS 96 (independent, natually exclusive
L3705 1) SN W— Ay~ 97 TG TGS GHH qBA1 AR R A2 WHweffera
HYF AT FBAA Wred (e | b WA (ANS A (addition law) T “Affow |
wie Mo e I FAC WO

k K,
P(ZAi] =>P(A 4.5)
i=1 i=l

M A @R B 46 TWAN 2707 IS WAl | OW@ (4.1 9K 4.2 I
P(A A B)=P(A) + P(B)

ofgofa YOI WO WA (exhaustive) T Y P(A)=1 ... (4.6)

IR owar AW A frew A Bwifba Afdsigs w6 (Complementary event) S A
wEod BfF® I, O P(A)=1-P(A) e 4.7)

PN GE T A S A AT YTOED! AR @2 M AT Wi | wreal

P(A)+ P(A) =1 s (4.8)
THIZRA 4.4 3 ©IET T GHIGAT OF 20 ST W4 G0 BIea @I A=A (K)
&3 GFl (A) TR FBIRA T 9
Y ¢ ALY @R G@ GIR T S A 7 ; TR 5L AT JRECEd 01 |
wefie @2 qio ol T (simple spéce) 4@ (overlap) FCA | IR QUG
FERAE (@FE 7d et I | WO,
A(A 3 K) =P(A) +P(K)

=Y+ ¥52=85=%5
TwIZa 4.5 ¢ Polydactyly 937 &6 (FIfes, &s7%9 (dominant genetic trait) @I
S 3t ST AAeHa @ SigE ACF | Polydactyly HRCA (RIGCARIZAN (heterozygous)
¢F T GR 9T FeIRT T
(i) @A TG €F e WA FG T 9
(i) O @O TSI 2 e (Wl (WS TWI[AIR I IS 9
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MY 3 ARTCIIOIRE SRTE RIBCARIR FrofRs FR

TR Pp pp
2 l

ST PSP pep
? P p

p Pp pp
p Pp pp

TSI W AT T 3 %Pp “{ReToiRR

%Pp T

(i) &’WW@WW?@WW%

(i) @S JoITa w1 @b w=& B (independent event) | WO, TS ST
IO 28T TS 1, wfie %
THIZAY 4.6 ¢ @I WoF SN [ TR GR TR A SRAT (FCA @OCAIRAT

(heterozygous) OIS T F-*lAniEe I =7 | Ofgw wfvgd T @3l =191 ¢ = v &
T R 11 @ WIS & ToAR W6A AR 2SI TSR ITS! 9 [(T7 G W A& T
&S5 5] | |

MY ¢ 4 A NGO (&CAGRA T/t Yiy

AR 9T 9-¢ (FARA @ TS A (UWF (e @-we F, e
G IR | TO,

P (&9, W, T/t; Y/y) = —1%

P (T, 7, TH yly)= o

GF GG YOA! GURCE AT FTSCER! | T TR TS G (addition law) 2TIA
A I | JSAR

2.3

p(m,w%mﬂﬁl‘,ﬂ{@%)=P(W?T,W%)+P(W’W§T§)=16 16

3

4
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SPETt 4.2 3 WSS 517 eI 3G &2 (e @nes €3 93 @3 IS g9t e
FFSER 9Ol | (6 5400 VICIT FATACE &l FG Lo 2ARPRAA [o (e =G |

e oot sfaareat
0 2672
A 2041
B 486
AB 201

(i) 92 ANEACHT 9FGH AT A JC g7 [E 267 AR 3 2
(i) 9 A 3t AB I g7t R6AR TR T T |

4.1.9 TG o 3@ (Multiplication or product law of probability)

ST GRS (AR DS FSITOE APITCET 7 2Aey T 247 [ivzay/feca!
AR CFC | SRTT, #1707 [y T @5 51 JIA 31 FOFOIT 60032 A | 4132
(SR (¥ FOF I WA 9699 (independent event) S X, (FICAI GF6! 9641 =13
I TBICE OIS FACI /| 9T ©f M G A i FAILSIE (simultaneously)
B | IS RFARe #7rF W67 Aewd 39 ¢ IFfo | 92 qfb sficas IRearwm
(FADRA) @ FATONIT =W, O PR S | W9 Fg @ F, TS M

BRI WIS = T, 1R, > o, Fe, = W, O & 1 e, 3

AR e 3
3 1
1 e
3 1 3
i 16 16
CPCTBRA 8 =, CIF T, Ol
em wgfe 3 |
1 16 16
1 7% =T, 3o @, TS
foa 4.1. W07 3 1 SpPiCea 2o « @ e 3 ;1 SPACSH NET ¢ FfS Aee Avent
TERY FFTOI A 20 R-7RF &S F, SO (FABiRA @nes sifiefwe
9:3:3:1 wvfmmwn
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=7 | 7 SR 9T 9ol wEmed [iem Faee @ g weiite e 31, ©f fod 4.1
g manmmlma%macfﬁmwgmmmgwm % e o
el 0T <N | e Ao gl RoR T F, TOTER W 2 G 4%
i—ﬁ%%cﬂmﬂtﬁ@@wew@%mmwﬁ@mw%ﬁﬁ%&mmm
39

14716
GPESIE i e el e W4 % TR FEe oo 9} OF T @6 %x%

3 8w T O | T, A1 T, G S G ST A 2

=116 SAICS HE | FFo eiFion e AR | B-RIES W F, @FADRA @
WS, G [$U 9TEs A TG (Cross multiplication) 7RI WX(HE #heql 7 | (b
4.1)1

473 FHel-To! (o) Ty [NTaT T 78] UF 9F6 GO &l 9T G 74T
7 gog Woal | wdle, A weslba GabiEn el arered BEbiReE e
PSS (DA Foliee w6 1 |

FIFF BARAT (FOFON [TAE 579 A TDAF GEF) 54T A AP 5o
SR GG ANES S eifowere | @fb? s I 15w

ARSI o9 @ (multiplication law of probability) $
% ¥OF WAl A R B-F LIS T6IF FGRA! 72T FORTCI 5o | &g,

PA 9 B)=P(A)XP(B) e (4.9)
Set Theory-3 RIFCHT IJIZR FACE AOH
PA A B)=P(A)XP(B) e (4.10)

Twiead 4.7 ¢ @3 AR 9T B = | @ T, @3 RrE o @ o —eTE
YR % ©(d, b AR TR @ T ¢

(a) 4% PR

(b) 16 M oo

(c) 96 P @32 forve |

TN ¢ (a) Q2H, ‘ele PNl e 2Tl @k e EEa e zeal «2 7t W
AGT o I SNAM | PGS, FEREE Jdd Jq TP GTNF 4.9 € 4.10)
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P (7% 2 ) = P (2w P oo x P (e P o)

(b) @2 JfE PR
P (700! B3 G = P (2w s aiem) < P (RSim M arem)
11

=§xi
_1
4
(c) o M @32 forrens @3 WAl ToI 2o “IET—2T 72 =, THCe! e Gy |
- @2 A 7S AR ©IT ToF | YOI FERAR @I G WP | P ({6 B @3
fecers)

=P (7 PR e + P (0 PR )
1.1
“474
= 1
2
Twizad 4.8 ¢ (RASRW F, WA (FLABIRANS weoite it ags1 arazo
feeg @ 4%fS (forked-line method)-7 T8, T o 74 |

ST (RCATES (A {6 a-7Hcwael A (oW, Glfel x 79, Figo vea a90), 76 7j2
9FTF MIAR (T x IS 3T ; CIETPIR x FiFe Jw) Ffere 371 | @F v aficy,
famearge *&rwF (trihybrid cross) &7 7jis @aa FFarmd A9 gy Zewa
st FACS <N (BT 4.2) | 99 AN IBTa Megew B, forao wife A s
fites s e 7 387 @3 W GA1 (Independent, random event) IR
Rrafbe 27| wowz, sRAR 7 @ SR 2T F 56 |

G5 (E A @ (BF 4.2) @ TS @FAGIRAT SGHAG Sl I AWK |
@AM @F @ N IART SARXYFR P4 T | TAP—AbC FAGIZR e (=G
i for 1 FoRe) ol | orfre 2 xdx3 o W T e %AbCl@@
Bapita ene P RFamdere F, Srerad (@iviRee SeEe WSl 27:9:9:9:3:3
3:1 99 AHFOTS AN (T (NS TR DIt @y e FeFarmeere F, SAreH
GRS @] Reed FACS R | S W Sfee-arelsf ~7e e Ffwer

43



% 77 | @R PRI AT 43 = 64 AT AN6-CFE (Punnett Square) T
AS 2R TEM @Y RST AT @ AT T @3RS AN A, ©F IR
AR | QAR TBIRAR 7Yl ICaF AL |

femiecarad e F, (FaioiRe 77
A B Bab Cdic TS AT

%C - GAaaee =anc
m<i

Vi - (AN ABe =%, apc
YAy % eSS (AN Ane = %, nnc
i %g<

Vie o GAUAA) A =Y moe
/<<%c»uwwwm=@m

s Voo o UA0AGRse = o obe
DA - Yo

<

Ve o DA e = Yo

5@ 4.2 3 Rog @l (S 2@ I FYRER Yo 74 | QI {PRFAWIG F,y SATSR FCADIRATS
AT I AR

G @&TADBFA (transmission genetics) 551 WERAR QBT 8 07 46 478
TN | O AR AT | AR [y A0S A F1R R [erw e, sfere
AR 5@ (FAD &F R @FFG ety Toli) OR RIS FACHFTT 74T TR
Q] Gl MR |

4.2 G @R (Random sampling)

WS (Population) (XF T (sample) W @i Roww w3 swecsa [fen @iy
fra Frng arza R A | 93T 1-9 T 8 TR RS (RO FA(R | FILT @A
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@ JIAPICAT AR (Collection) | GTATA T ©F (ACF (76T @36 (R &2 | FwAk
T AR (I ST GITE FYANE T2 ST T1S (representative) 209 23 |
O ANEd 2AfS e Ny oifwe T WPk (W2 SR WA (I | O (FG
A 3 T TAF (sample survey) GTS! GAIR | (FG ANHE AT 03 SR OF
g aJeiefel | @ —

(F) CFF FAAFIT AV WA I &9, () 466 ICN A, () GFa FAIFIE FoAiwe]
TS @M ARE W3R () CFE T FOpT e AR OF WY R 91 I 9 G
FANANE T | DA T, @F (SI6F S SN TS S &) @ FA! (opinion
poll), TeFe Y7 T© G TG T | GITHCG (FG FALH-RIG! (FICA! TAT TS 1 | OF
TR (T T @, T AfSAEgTERs W1 %@ ©F (A0S T© 73 i arzel w4l T TR B
26T FERA! AT | ©fF AfSAFeET 26ab TER &ALT *9 |

AffREIE afoffaEa T3 e FRIS @R/ FAIAGT T (random sample) |
R T, 9T I A (AT FEIH A (6 I | GG YT TATIA (WS S0
e oo S oy O 11 | A @SR Ale 20 AN | FReT T O G
T Sy zer e I WA e wetia i WivE | RO (SIeTR T TAH
TN G FOF TA, OOF SCAFYCE! AR 5 Ae | G OeIeiE (Il AR (ofe
AIARI FIA (random  w{yHEY T gIFONd (6T =W, ACS @ﬁgﬁ AT TN
sample) T 1 TEYR ST R AF | T XS AN TS A
BT (ATF (T T (ST T, OIT I 23 [A6EePe A1 (judgement sample) TSI
og M @3 AT TR [ER FA T | %y O 77, 9 T QT A e T
Al T TR B8 TN T T | PG FRepe TEe @ e fofe ¢F |

MIGTGER uﬂ?l?ﬁf? TS WA (population size) N (WF G n A2 KB TE (sample

size n) F&iew T30t GG [lﬂ (n FRAF) T ~eT 7R | FBJT &S TR wwgied
1

AR (probability) ATFE '}?} (3 2fSis 3T FAAGE YA A2&R (simple random
sampling) &1ita fofew =3 |
A T 930 AV S T A 9T WA 1,2,3,4 8 51 @A (A6

B} 105 2-ey fom gt w1 @il = (1,2), (1,3),(1,4), (1,5),(2,3), 2, 4),
(2,5),(3,4), (3,5) 9 (4,5) | F8RY @ 107 T (AT W @& 93 [Low FAn |

L

5 T | (@ AL 2-RAB YA AR @2

HEAR, GFB 2-FR AT T L6 TSR ]

9FH2 =TI |
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A @9 WA R, @ R T Skateg oS (probability sampling
techniques) A&, TA—HNIGA (7 8 WI-fAFTE) (random sample and stratified),
g (systematic), 98 (Cluster) Igett (multistage) 2071 | &I *fe @R
ARCTE TeE |l A ST AT @R @ AFE HPIEI T FRATZT SR A TR |

4.2.1 FATAGY A ST ST

w1 A, 9T 0 20/ I+ SR I TFE @R R GF2 AR | QA (@QAF 5B
@-99 GF{B FPIEI T (7100 T | 93 TAR 2T, I9FTF Y ©Ieen T AT WY
e eI @t 5T 36 o | ST (49T @ O ReR0e Wit SisefFiE eie wd
GPICT! 2 | SIEeTl S GPNCATE Tewnel) Sistejferce aifsfafieses w0 o |

fog AP =g, IM I _EE W (0 @I efsireEs T e =@ i s
q CFI QAR AT GIACT PTAIR (ICal Bl (72 | 93 GRS ST TaAgd ALnte
(random number series) PIE FTENCA =T | @2 WA @sTeF o7 T4 2CAC=R ACS
qrd eifefba Teiffen HERmI 1M | @2 FRA9fT IZ e T | GRSt NYFRE NFTE
(scientific calculator or computer) ‘@ GTH #IGAT T | £ TF, (N =BG W2 35 G
(AT qECAF G0 T ACe = | AUCAR WA 1 (AF 35 @@ WA Mmoo
YIS T 2T | SRR TP AP (A0F G2 W& (two digits) T T e
20| €A TF, G790 A 04 @R 31 | GITHCE RIGE T787 A9+ 3 (T {6 =d T
S M 48 31 | I S A TR AT AW, @ 45 3 98, GIOENT I T Tow
T A 00 T | Ife @A WA 35-97 @ 20 G5 IM FOT WRF T@ A2
TE A | @SN EATIICA! CFLG PRI T 2163 A |

4.3 %5 75 (hypothesis testing)—eafEs st

TR AR @, TR ToiF O I A0F T 417N 3 <7 | IR WA ATS
O G W @ e 7oyl o T AW A AP 2.3-( W 46 4
TAMCAR SRR RelEw Sienal TR | @4 @6 SR 50 | @be @3 w3 |
S TG AT 4N TR ARO Gre (W2 | (5T AWI FANE I W | GFFSA
ARSI RIHA 51 THO! (7 FACS 203 SINA! 71 FIY QA Toos| M 1 1 992 961
A A T | G 100 RICEF T S #AITE, 1000 A T Z0S AN, T ol @
QAR YA 20 AT | @ TR G THOT (AT ARGHICIT 7 QAT THOR AF6! Sale
T | 92 T BF o A | SRE B Ae 7w AR | FRe @51 Ty Freq | @3
TEAINCFE S @FF (hypothesis) T | FG2 2T Z(EN FANAHT (TN ) A
Ry TE @3 RS At qrelt, @Em, ifeRrein Tat Sie Swel 5.25 F6 | Rxa

46



"q3fs A AT GO ARAIT 9 7 ST TS FA0E [ GBIF U AT
(null hypothesis)-8 3l =¥ | @2 3 LB(FE HoS! 12 A2 oFw [ROWTT ST |

4.3.1 347 &<% (null hypothesis H,,)

A#e] 7 7 wF F Aley =1, Givte o A Ry | ez aww [ 77 aaw
ZTNS HIIF0 2T AT | ACE 67 T (@FES &g (alternative hypothesis-H, ) 0!
2 2R AR | 2y e T 20e @bl ey =03 | W 31y e fian =z |6t wiey
R | @ (AT &35 ROICEE *[Fro W 123 LA A T 218 a7l 4 T | wfEE
frte Rerw Fieid ey Baarel ey S FA0e 2w, ©f 913 AT | 25w
faoica Yxacas o1 91 7F | @35 0% ermmes 3 o7l (reject) T =W, (161 Z0ET @ @
&lf® (Type L error) | €2 0% &5 47 o3 W3 (IIHE &5 S 9T | 9T, 96
T ST TM &=V (accept) FA L, (61 I Gy @< A (type [ error) | 2T &SR
aif@a TWRATE ALTTIA (level of significance o) T TF | € Sy e Tifm wsEw
(B) 1 (AT I™M et ( ~p) azfs favrerfoa It (Power of the cost) #iNeat T |

I @R AR OIS et fNagd T O 9| Geew ey [eie e =@
FHAAAE (G (Tfie Tp) M @ *fee AT e | @S AR 0.01,0.05
@2 % WA ey AL =W | 97 AL G0 AT TS /eIl TR FERA! (probability),
@2 YR 0O (R 2, TOL O | 9 ATAF 47l AN 9 o35 eFm o ~=fS azm
T4, T G Y FAECT @ =1 @2 @Ifg (@B wIeTE FERAY) T @M = 998 O | Od
aTF | FANS FA W A |

Tatead 4.9 3 €71 TS, GIH TR (RE O FERA p @R ‘Gl G TR 1-p,
-4 W 07 @ 1”0 R | 49 A, p-GF W A7 ST (51 WA | GG GG

TR @ o1 SRUS =10 1S T p-ad T 2 | <R ST 3 e | TR

(T o TS oM pan W L e e H, =%, H, ;e% ers 5T @] T
AT AN T T | |

4.4 7T favia (Test of significance)
o SrrEelte S o p-93 IRCY G 2% T, @A @Fwlh = p-ah

ﬂm%Mﬁmpmﬁﬁm‘@’WWMEWﬁmﬁWWﬁm

ol @it @ g A9, @ T 100 IF FOEA 791 7 937 W 45 T T @R
‘55" R G it (92 WA o) e (O ANR), O p-¥ WF 93O SN A
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HFFAF (estimator) I 14750=0.45 | T ‘@ 52 IF (G, OF W3 AFFAF I
52

[00 = 032 1 &7 el %, TG e SR 0.45 (A1 0.52) SPIE ‘(XY #CR TSR

farez | GTB ST w41, AR TSRl %:0.50 Tte ot Rewet 0 (e At f)
@ FERAT “heT ACHR, G561 0.50 (AT WM 20O AT | WA AIOTFIET IB_ 0.50 T
(TS Ml =S ANF | FR* [ETFF &% 2 0.50-0.45 A 0.50-0.52 | @2 NLajfercs
o a1 | Rpitg A @l I @, @2 AL SRRE FA AW A GR 9T YT W, ©IF
T4 2FHOCE T 4T 0O =03 | FIRE TA! (AT @Al O AFHE UL FAR 7 AR T
0.50-0.45 (31 0.50-0.52) €% *NLFP7YfT SesFo (significant) AR | AT T2]
2TH O (I (AIHE ATHE A2 T 2 |

oTF (AT IS 8 TAG® AT #1947 Sleadoyef 75 (Wi insignificant) @2
TR G A, TIA! (UF A S T2 AFFS AL FAR | ISR I &5 926 A |
GTHCE SIS W S (@ AN H® (deviation) (A O, ©f FeiiRT el
A 0 T TR AW | I T AL F FE @R AR @ 40 [eaeiet (@ ofie)
wieoielef A Slesideld T 9 @Bl @ARIF T 2, MHINAR (level of significance) e
Wt &) 93 T SeT T (I (AT, A O] we Sifeid table ((ACF) AT @l =
‘@eT® W (critical value) | SR SIS Rrzwereet 1 “hefw @3 eeTSTH (A0F (=6 2
©OIF SIRFRA (insignificant) 3T TR | 97 I T 27, O GO Slesrdsd T =3
R YT AF Ofi5 T I | I AR 0,01 (TSN TW, O T WA @, [ AFHCS
1% AT IS T4 2T (rejected at 1% level of significance) |

oy o et M 26T @iy ReR-TeATssa (test statistic) W61 @99, 2,
t,n? @S | Sl @ Reasiws 31 [pyfe Tonina w1 Ie0 =, TgReTe Frod Reamee
A RpIfS @@ T 3 @3 RoR-TAres F467 371 =7 TR Mg @2 7T 431 AT | 7
79 YIB! ST T O W—AR WES (acceptance region) @ TG g (rejection
region) @29CaT 6T 1 =W @ve Gl SE | T ReR-TIRcssa O a=d SwE
SITE, ST Y] &FHL Y2 | A7 I [T TR A I8 AFEA G @ 747
oFEh AfTe = |

17 TATes F @R TF, G W e Soir ea 3w | [kfew e «3 ==t
Rfen =1

4.5 t oI TEISF (t-test)

O3 AN FA S TS TR AAfGF 91 8 (S BRI | (@5, (@A 93
Tfen ewifon @ 5T 39T (cell cycle time)-9d (3 FNLF O 5 @ (SHA TS 1S
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T AIFCS AN | GG NI GITFC T T (I @5 K1 F909 10 | Tuizaersgat
SRR U &FH 2O 217 ‘93T Tign asifon (P 51 oIS A9 15.5 9567 @3 (7o
23 TS AN Tfen AeifeBa o1 @ 5ra TN 15.5 F6 T | @ GRS ALEITS
GZSIT @ =T ¢

(Y7 &@F%) Hy, ¢ 9 Tfgwn erefoq @M 5ta 519 3 15.5 T 9951 |

(e 2as) H, 3 930 Ofen awlfon (@ 5i&d 3y 15.5 951 77 |

@51 T IS A @, t AER-TIAIS ©2A2 IR IR T4 IHAEA (PIA! 2jefres
(parameter) ¥ (ICA1 &5 Kol w41 =7 |

Twigdet 4.10. PN 2.3-(8 49 Bescaa @ SR [Rewa mea =eatg, Giol
50 SR (observation) ©9F €T F@ Wz | wife «ft @ TR iR
fRSed | QA FATAFTF AT 8 (S WS | %Y T (AT 2N 4.75 AN € 7S
BIfS =0.92 TN el SR (SRR 3.4 (TYF) | PICGE @I e M G306 I
&% Hy, @ 919 = 4.5 foeenam |

(s H, : 9 4.5 Reetieli 77) Kol 20 51, SIS (KoM TAIS 9= F0S
)

o t-[A5F TIAS (t-test)-a7 7t ¢ @b @G TR (FQ &A@y @3 FH17 o™
I (test of significance) | 4T I 4 TNEF #{(FTES (population parameter) € OF
WIANICERY MY (statistic) ATSM @R 1R TAACERY IS )| O (standard error of the
statistic) Seire g Fa =7 |

o WTF FNATFA CFLA %o t-[I51a 3 o Tfa Twerw (normal formulation) I
NE T p @R TS PO s OF (AT n R4 RS @it Tt wizad s34 1-R[otw wei,

@Ay = YA M® (sample mean)
u = FNEATII T (population as parametric mean)
= 9/{%a S AW (standard error of mean, SEM)
CERE PO W’T t (student’s t) TN NGF A |
@2 TS G, ¢ W@ (t-distribution) SFPFRY FCF n—-1 [ Tl (degrees of
freedom) T | I @F RTA7 3*19 TAT (level of significance) 2« T (-9F T, t-
ARfdre PR erers AR et Gl 01, 47 &35 &% i 8 Fries A=RIcT 313 |
TEd T WA, @ +-[ROF IS G, S Sivra (continuous variable) RS
TR @R TR T T IWF (normal population) ST TN |
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TRIZA 4,11 ¢ 930 GHICO AIFAES ©CF 16 T 2 it =7 @ [fe sy
ARTe SMCRA THS! MAT 7Y | @2 GICOF POl ATFE, G THOR Aol T AAMHI 91
Tl etemd TofF fof6 I0F I TS 51T A1 € MEATF W @I A1 =g
& =

A WA & n=16

TR oNfAfes oG 8 § =74 ft.

e Ao e ¢ p =7.0ft.

G, Hy:p =741t
Hy:u=74ft

s T T, = 035—89-—01397

(4 T 7 PSR W, 5 =0.5589)

_Y-u_74-70
O, L= T 00397

WA (v) =n-1=16-1=15
Al t-ARfCS AARME- W@ 15 @R 0=0.05-9 AR T 2,131 2 | oW,
TSI T W, iR 2.863, AR TAA (AT QA 26T, Y &FF I IS R |

wefie |t 1> toosus) © reject null hypothesis

O Hy tp=74ft RS 2@

g oFT T AW 7.4 ft | TS W, W @7 T A AN 2@ *iF | GR I a2
ARFIGE 42 *N%F 6E (two-tailed or two-siaded test) T T | G2 FFIAICF, AT HAS
W O TS AR | ‘

ewe -l ee-2ifres [oE (one-tailed test)- 99 CF(E AT | ©IF, 0 =0.05 o
FACO BIRE (AR % wfie o =0.025-9 AT TR | G AT ©F IR | By
9% T I 90 ARG T4 PR TR SR O (LY FS T | WA 1-97
AW 2.863<2.947 G o =0.005 97 @ W@ 15-37 AE T | @I 2 NHFT [oEWF |
57 eFe AT WAl TR 2.0 WA 2 x 0.005 =0.0% SR W5 Frare 7 3

0.05<P<0.01

=2.863

oD a3 Sz RSN WS, Gosset (1876-1937)-a =N, ®AAICS &R 1908 it @ +w1
GETNCH I |
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SCAF, HR PN 1A, (-9 @18 I (critical value) TRUFH G GZSI 1 5
@AM o(2) 2o TR -3 42 211 AS[A! | AT @ TR FICE Toiire ==1w |

TN AW 112ty ORET Hy I8 |

4.5.1 9%°%-I5[ (One-tailed test) € bkl IBIEa (Two-tailed test) S+
aRe SF (acceptance region) €% I Qg (rejection region)

€11 % -Ro Teres ey aofe efws Rt a1 2= | S @31 T, Sl (et

AR 0.05 TR 5% | M TA WA n W, SR 9F7F [ECIT GFG Tl (AT 2

-0 GO TS TR 10 67 FCA | i IR B PRI ¥, OF 1-0F G FACS

T Ly, 9 T | T AATE I @, OF SCFA (I (IS 4 O AN

"Hy tp> po’ (IR, p (U0 T8) G2 4FAS (SIS S5 TYRR (ST A Ty @
H, (0 (= =S 2AF l, OF Tl ARFC A TP O "H , <y’ TR (6T
T 51 ARSI WAl ARFC @, p FAAT i, (ACF G S A | |- 7 (FCAL Y37
AT WA ‘Hy i p= g G p ZEA FTHRFA GT G FI M |

T &S Hyu=pg IO RA = n

TR e LECRCE G| G ST

(&) H, :u>pgo t<toinor > tonm

() H,:p<pg t>toinm1 U<ty nm

O Hy:p#pg _t%;n~1 <t<t%m_l t<—t%;n_10r t> tg.;n-l

TATIR SCETBIE, FRHATNG AL o, GTB! AGRTS 0.05 A 0.01 (6T W |
4.5.2 fota ey fotag I+ wgE

v Basfers [fon e e o IS AT ZCACR | 70 (e SR
Gl (rejection region) |

) 0] / + 00

tut:n-1

e d3: Hop=py, H, : p> p, (aoifEs RKom)
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7
= ‘
- ta;n-‘l

Basdd: Ho:p=p, H,: p> p, (9301 Rom)

- ‘ 0 l +
t%;n-1
%84.5:ﬂozp=po,HA:p.¢uo (fa-=nf3rss faB17)

Twigge 4.12 ¢ AT S9e oFfod zv wifas & 71 O SR & @3Inel IR0
a3 Rerg 1fS wegeer 157 2o waet wifiwel s | ernwel (pH-9) g7 3
5.7 6.7 69 58 79
6.3 73 6.3 5.5 6.5
6.6 69 6.1 7.2 7.3
TS (data) (XCF & 601 AW @ 9T WFE 5% AT N, Jwojfel ARSI SES
«“q ?

@™ pH > 6 =¥, Fnoffeits MaReera s 73 =1 27 ]
AT ¢ Hy:pu<6

[T $7 @ H, (© > oz qnr, 7 ot oF-wfe aw=w [0/ (right handed,
one tailed test)]

H,:u>6
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A §=6.6;5=0.672;n=15

_Y-H_66-60 _
t= s =06 =3.458

Jis
v=n-1=15-1=14

SR @I @, 205014

T BT a5 H, 69 IS W |

fra ¢ H, 359 T4 |

THIZAY 4.13 ¢ GG @ING S 9% 21T TYHI? QeI NAITH @6 {6F 12 (ankle
brachial index, ABI), I GG« I Wed 0.9 Kl o @ =01 @2 ABI [T WS
@Itaia 2feredr, RO FT 4919 @M (arterial disease) | 9FG NITEF 187 & WZEAE
ABI #I9! I w3 AT 45917 @ (Perpheral arterial disease) SR | SN S
Toilg (AT F I A @ 5% TR T@E | &Nfes N @ /i afzenme e
ABI ©CR ? [F41 ¢ 9% ABI = 0.64, s =0.15]

AN 8 @A, Hy :p=0.9

H,:u<09

o = 0.05

[FT% 3¢9 @ H, (O ‘<’ Bz Ty, T 9t 9-2fS @& % (left handed one tailed
test)] |

9MA 5 =0.64, s=0.15,n=187

_Yy-H_064-090 _ 026 __
== oot 23.658
J186

v=n-1=187-1=186
(-ARfNTe @R @ B Mo -9 2o TN ¢

If 0.05(1),186=1.653

oz 3feTe oo WA Sl &l N SCAFsl @R ST, ST 0.05 TR TAF T2
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&5 (H,,) I9 FaC0 147 2oz @R @7 Frarg etz @ ewe o2y o st @ 2ifes
g @PIFIS AT W ABI SRS 2 |

4.5.3 T t-9519 (Paired t-test)

aft to AR Sre 3 IR #ifs 71 16 AR (T G M (S g
LTANER TF A treatment (FIF—E, FHAXF, ZICAW o) AGIE A1 T | T 46
T AV T ZCA OR OIWF (S9N N 20 8

yi -y
t:—s‘v—_z ................ (4.12)
yl_Yz

@A 3, —y, = 70 T AMAE T Ay, @2 855 (A 555) TS NG
ANLFTE TF AW (standard error of difference between means)

SR sy g @ %, (7% SWAR oA AR TS (SH) T T
(CF ool A AW @R O AN S{fplresa T LA (estimates of population
parameter) RUIBE = | (NG AL TETH (BN (s 2) @R RO’ wea (SwH (522)
TSI TV (ST (a2) TP 431 2T, ©i2 SRl JART® (ewse (pooled
variz:ée) sp2 Sl TR 8 OF ATLE (SAA §2-497 AHIFB &ARFIT (best estimate) oo
QRIECIG I

2 _ 88 +58,

PTV Y, e (4.13)
2 2
2 Sp . Sy
0 ¢ _ = A
R sy 3, a Tn, e (4.14)
A CIUE = 32’—ﬁtilz ' 4.15
\9 Y-y, n] nz ...................... ( . )
@ Equation 4.12 W15
t____L—_Y2_
22
Sp SR, (4.16a)
n m

3 Ton W AYA AL @F 2 (L n| =n,, O 46 n 7o Bfew w1 7w |
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2%p (4.16b)
X

&m@ (- AR (A2 1) (WF GO AT WH (37 T L | O YA ARS8
g WA

v=n;+n,-2 4.17)

Toak @3 72 ~AfFs Rea H, 6 391 T3 7 o Ao caq T 1112t ,, |

9T T RO T, 908 G-~ &8 (@61 GPMA AT THY TSTF A | 441
T, WA FACS 5] 92 YUoRR Tre @3 A AR b e
wftaes AP a1 | /3, Reafe a3 aga A7 «F oie sitwes il (of 3
a1 | 7% Reifre a1 Tow 797 At AeNfES St e A1 Wik oS Tonft T o |

gdfie IdFIE FER ANH I R (AF IV W Y &AW UWOR Hyop, 2p, 9
Hy il <uy
a1, @ G o R e 200 21 1330 Hy py Spp SR Hy, oy >y

W,‘@Wﬁmmwmﬁﬁﬁm Hypp#n, ;nﬁ'tIZta(Z),v’
OITE Hy IAITH H,y t, >y 3T 2ty ), , ST H T8 Y | %4 N0 A
(T 71 BANG MATZA (data collection) TR Y3 4R (T &5 BF I @ero o |
(4T I @ A Hyy iy =, @ W00 A Hy iy —py =0 @R H, oy, #p,
e o H, :p, —p, # 0 1704 ¥R AfS &8 MRS MO H 1y — p, =
GR H, 1y —Hy 1y AR AFF FA W WA 3

@A p, THET G WAL AL o (et i |

SN, AR AR 46 SareRe fe o o-Rew e v (iR

THZRY 4.14 § TGS T ROWA i et ww $ekam sl
A FACS GF TS FIAE SFH 21 (randomly) 13 ft AT-SASCA GfRTS @I 341
| GIHEE STICNAN T, AT 26 AT I | O G ieTol
Rge T = | Toire 7 B &S @I | (72 A Rowaw @b q2-+1ifFs o)
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AR ¢ Ho oy =y,

Hy iy #p,
SICNEST ATCEs erast 3T erme
8.8 9.9
8.4 9.0
7.9 11.1
8.7 9.6
9.1 8.7
9.6 10.4
9.5
n, =6 n2=7
\Z =5 ‘ Vs =6
¥, =8.75 B (=¥ y, =9.74 OF (=¥
SS, = 1.6950 B SS, =4.0171 B2

(SS, €K SS, 7 3o pif$a 7 At sum of squared, deviation; T FRTFCA sum of
squares, SS, Ro1a2 wfsw #ffoe)

2= S8, +SS, _1.6950+4.0171 _ 5.7121 ~0.5193 G2

v, +V, 5+6 -1

2 2
_ 5 Sp _\/0.5193 0.5123 _
_Syz_yz—,}nl+n2~ i =+/0.0866 +0.0742

= /0.1608 = 0.40 O

Yi—Y> 875-9.74 -0.99
t = = == = —2.
A, 1= 040 - 040 - 2473

yl —YZ
o (AR @,
tonsiz), 11 = 2201
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be-3fE© (-7 I &R AT 2.201-97 @M 7SAT H, &4 FMR | e [ w7
IACS (O, (AR (AT @R @,

0.20 < P(It1>22.475) <0.05[P =0.030]

Twiad 4.15 ¢ ISR Seoive @ Gy @3 SIF A9 AR Awfen @0 warE
BTl | fof a3R Toiw Fodfe1 2iih 2blee ~fo «ag ATTREET FOF A O TP
AR ST BT | WICE O 2l Tesive (fell, effe (R30) (el ZeTl | 9w I
S A2 (@I SIS 3 WBIre 7w [, Sl @iare biedl R |

TN ¢ T I (7Lre Aok @,

. evfers #fe T oS
HQ Ry
52.6 54.8
Hy iy <uy 49.9 59.8
49.1 58.0
Ay =10 Ay =8 55.2 523
A 48.2 57.4
vi=9 Vo =T 54.6 55.6
_ _ 58.3 53.2
y,=51.91Kg 7, = 56.55Kg pr L3
, 5 51.4 ‘
SS, =102.23 Kg®> SS, =69.20 Kg 520
n 1
2 2102.23469.20 _171.43 _ 1, ) ¢ 2 ‘ :
P 9+7 16 '
5,5, = _1(;.31 + —10871 =241 =155Kg
_Y1—Yy _51.91-56.55_ —4.64
woed, LS T T T s 15 2

Y-y
to.0s1y, 16 = 1.746

oz afES a7 T || > &oT® W | i 2.99 > 1.746 TR H,, ST F41 0%,
T o1y T oW RHARVIFD oS @Fo2 SR IR, Ol Teo{imed AT FA(Z |
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4.6 AgETOId @Q‘dﬁf IERIGE (Goodness-of-fit) €< Fre-aof
(chi-square) iRl

Rt &y wEewe@z AfRetas @ e [Rer-Ts@res (statistic of dispersion)
IS A, (I =@ x2 (chi-square)! RO Fares | R@ifiozg Sty @3 awfeme e
e @fa A=W ST | 4 AITINRR P Sl =N G0 Weee qt 9 B 1 @l
YRR THAICT 1P P | (1R T 19 M@ A B 7R 1yt S [ewty (61
o7 T @3 72w oA 2l x2 [ReR Fres |

€91 99, (FNe 96 ATrH (experiment) ¥ ﬂﬁﬁ'{"m‘iﬁf (observed frequency)
ey C¥eT (?Tﬁl%[ oL, £ ARG QF I "fﬁ'f"ﬁ*mﬁi% (expected frequency) 2MeA
o, G =6 £ §,,.. f, T O A e B 0, O e p Tepifd Wi (one
21 B A WL f 8 P PRI I, §,8 f, FYIMR X, ... f, @ f, PRI
2@ | x? ol TEress e o g aftg |

x2-ToT AT R

R N2 R N2 2
X2 = (f; ‘fl) + (f, Afz) - (fy - f)
fi f, |

T[4 JYM! (degrees of freedom) T K-1 | GB18 €71 MR @, f,, f, Tonf 39 (=B
T | G FRITAQ! ¢, 2, QAT OIfeTel A1 32 (P x2-99 W (W MC® = (appendix
I orgw) 17w xg |, -9R e =S T, O @i (61 et Hy, 1 37 &%) 6w

T I | AR @fb ez B =0T | AR F13-3of T (chi-square distribution) €%
aFAS A5 (one-tailed test) | &S M@ Pl HF9 (Karl Pearson) 1889
S LYW 93 AIFF FA I |

TtETt 4.4 3 936 OTF (die) 90 IF RIGT =#T | (@ FeAF (outcome) ST (I,
GiGt fAsgei—
FETE 1 2 3 4 5 6
AR 18 14 13 15 14 16

% ‘s’ (perfect/unbiased) Bt R5™ 3 |

QI J37 @5 I H, YO0 wmf 9 ol eow =@ H, - 4 el w1
Y7 oon Aoy 43 et afel wenwem o AR 2em Bhw 90 x (&fel wem
AR =90 x % =15, 5oaR ereifo Rl (expected frequency) I Meva AfG
S JER—
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T 1 2 3 4 5 6
AAfan 15 15 15 15 15 15
ATHI 11,97 M I

2 (18-15?%  (14-157% (13-15)%  (15-15)?  (14-15)7  (16-15)°
“T1s 15 15 135 135 15
= 1.07

RIAICA SIferpl A1 TR (T (71 AR (@, 0.05 FRATE! (S T 1 5.6y = 11.07

AR 1,97 T (WF AP (=0 | F&Z [ PS4 I A G @IBCE 5%

TEATAR Sl FeT J | PiR-3of AT wR efvfere wHa Fe meat wEm ¢
k f. __f'_. 2
= ZSLTI)_

i=1 fi

@A fi= ST AR (observed frequency)
f = @onfe “ARPRAN (expected frequency) ; @M€ ', (ING) Bzl
-5 e 210l = |

ARG S TR, AHRLTONI ATIE) GEaI ‘iﬁfﬂ"ﬁ {6 e ==, @ equation 4.18

(AT “iveT! Y ¢
2

N’ = -f%‘—— n - (4.19)

ARSI, &7 T 40 @ (classess k=2) IR G2 T FRAT (sample size)
W =5 T, 439 <50, AL FAGH-93 "If‘\iﬁﬁt‘ﬁ (Yate’s correction) SR ICEARIIGH
F3-3of e (chi-équare distribution) GEa I Y'i@?ﬁ, wffeg eifdrza = (theoretical
and continuous frequency distribution), 3 &3 (e st Tom Reae) a2
TR SRR S | 77 T 27 379, T Yate’s correction for continuity FITH
TS (Yates, 1934) |

@2 *fs ST afSl @ida saer pie (T 0.5 FCI I @S | IM ST
T SR A pier e el Raea st =7 711 9y yfReae 7w |

F e

1

k (If —f 1-0.5)2
=y 0k
i=1

AIRerS, F2-37 T AYSOR B4 (goodness of fit) G a1 28 FAN@A! o =
0.05-@ T WaR AT | 9% FEaE ARAR™ T &er® T (critical value) 0
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TS | ateet A Fi2-T050A W, 2 SO I SO I Al 17 2w o2 =(F ; @M
20 ARG =@ |

@@ (degrees of freedom) FHCY 4-517 T F&Tl Sio® | G, v=k — | SACF
W& HOPTCRA (variates) 1 @ifdm WAy, Wom @) aifRwcas [{fen s
AFATR 2ITa I W (unbiased estmates) T8 AR R Vgﬁ?ﬁ iR |

TwrzAet 4.16 ¢ - RIS Gt e (AT G0 T AR T T | OF W)
80T =1 Fw w3z 107 =B Tw | o I (A e ARRYA 13,3 SGACST 7oA
AETe! TR [, ©f BiZ-35 AR ey 2fed T |

G, H,, : F, SAIe =13.3

H, :F, TS #13.3

Gt e Rlaic eroniirS f.-f | (f-1)°
(TTaGIR) | ~ARRA AR
(observed (expected
frequency) frequency)
; ;
| 79 T 80 }—Z—x90=73.125 6.875 | 47.200
> =B = 10 13_6 x90=16.8755 | —6.875 | 47.266

v=k-1=2-1=1

Lo &) 47266  47.266 ~
n=y 7 —73-125+16'875—0.646+2.801—3.447

R n2-o1fare (ARRR 1) @9, @ T8 W4 v = 1-9 R4 T4l o= 0.05-9, SO
T 3.841, w093, F1re 7

ﬂé.os,l =3.841

o1 2, WEfie 3,447 ST T (AT I I, Y27 & 2 A (I T4 O, A
TN A GR A AR eenitre 13.3 &6 ¢ @v=d GfFoiP™ (dominant and
receptive epistatis)-43 SFATS FCe HFSTOR Ty IQMR | ©f afSfhe zten | Piz-3f
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RS (AT (@ i Fi2-350 T o= P=0.05 (AT 0.10 T4 TP 42 | 9ie, 0.10
<P<0.051

AR @R TN T PFS (7 (1R BTSB! A O (W @ P sArem e (e
HIFIFOIIR (I AR @A SFT (random) FIY) 5% (RTF 10% CFC |

TIER 4.17 ¢ (NS AW QIR AT FoT W AT WA I 4R TS F,
QIO T & T W64 705 GR AW FETE W67 224% o1% 3w |

(F) O FFA &F 3: | F, GFRIA Sepiiesd e Agey @7 T 9
() el pifs 3t oiF wfes Ffs sgel Foqfe «19R SRt e Face A ¢
AL 8 QUH, H, ¢ oIS T 3: | Se Se@ia WhR |

H, ¢ TG 9o« AT ORX, IR (FCAGIZFT Sl (phenotypic

ratio) 3:1 ¥ |
() EFADERA (FEE TQ)
Qg Al n
f, 705 224 929
Ay 3 1
(%) =x929 ;%929
=696.75 =232.25
v=k-1=2-1=1
£ 2 2 2
2 (16,-51-05)" (1705~ 696.751 -0.5)" (1224 -232.251-0.5)
_— f, 696.75 232.25

1

= 0.0862 +0.2586 = 0.3448
‘1(2).05,1 =3.841

oA PIZ-I0A W | AT T AT I RETA Y &% Hy T& 0O AR |
wefle, WA @ TR T A BHRE @GP 3: | TSR et AL T
TR, ©f Tl W | |

(@) F2-3 FAAfAre @R @ &g T =P =0.5 (T 0.7-97 T R | TOT,

0.7<P<0.5

AN S QAR TEEH-F Rl 72 FR-IE T |
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i, el HfS 31 R wfte Hfe (@90 SFFFeag 50% (F 70% CFia Sl
o7l FAC Be (I Al |

[T ICAC>A (@ 498 TAIRAC | Yate’s correction for continuity (Equation 4.20)
AT FEAR | OF IRA QA v=1 ; T8 VA 93 A 92 79 Arhi F737 ~Hrsed
el T |

4.7

FET e

1

w

X * 2o ok

10.
11.
12.
13.

14.

AR FNF ICH 9 HERA FANS FPRY TS A 9
a3 o e s T3 @ R AR FERA FCS! A ?

a6 A 310 AW I W ST FIen 37 weR | @B T @ A | R A
(i) A QSR FYRA! FS ? (ii) IE SR ABIIA IS 9

T (7 FICF I 9 7o SwrRe e |

AR PROEI Toe 0o F @RI 9 Ttz ey |

FI& o1 FCT P QIR 9 Twrzad e |

TRIZADIZ TGS T FRATZA SCAG I |

TR @ sjeftent ofrEwa-aF W ANLE @A 9

AT 2T G (BT Y JIWA e 9 TwrgRel wx R =
i e eI 20 A 9 ey RiEa “fRes siEa 339 |
MATIG PO I 9 AETS aff F© Feq T 9

t-9R 1?2 Row e wew faq |

GF0 AT (AT W6 SMRI NG MAZ I AR | ANAIBT T4 @AGIZAfe
E ¢ W, CIETRIR—152, T T(Fe—39, 3q&, ClETPR—S53, 7, FFe—6 |
T Grekm F, TRITmIEe @EnReR TGS, 9:3:3: 1 @7 e
ArgErel S TSl ©f FZ- ATH ICI FA |

q3fb 13- ~FrF @ IR @ 30T AR w7 200 <F=7 W63 MR (Pisum
sativum) Tt X tt TRIAFIES (576 FH QO ARG | @ ] WS I |
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4.8 TeawE!
wﬁaﬁm.l:%

STt 4.2 (i) P=0.38; (ii) P=0.38 +0.04 = 0.42

TR erRf

1. 4.1.1 SRCA SIS |

2. YA T (1,2,3,4,5,6) O (@G WA 2.4 @R 6 | JOIR, &G WA

TG T T 2 = L

3. (i)W R % QR (i) PR S %

4.1.3 SR SCAIDS |
4.1.8 SR SCAIDS |
4.1.10 A |

4.2 ST SIS |

4.2 SR e |
4.3.11 @A |

10. 4.3.11 g1

11. 4.4 SR SCAIDS 5 0.05
12. 458 4.6

© 0 N w oA

13. Mggs,3 =8.972

14. Migs.1 =20
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. Gum AM and Aich AB (2002) Statistics fasthe Sociai - iences (World Press,

Kolkata) .
Sokal RR and Rohlf FJ (1973) Introduction to Biostatistics (WH Freeman)

Clewer AG, Scarisbrick—Practical Statistics and Experimental Design for
Plant and Crop Science (J. Wiley)

4. Hawkins D (2005) Biomeasurements (Oxford Univ. Press)
5. Zar JH (4th Ed.)—Biostatistical Analysis
6. <http ://calculators, ucla. edu/powercalc/.>
7. <http ://www.psycho.uniduesseldorf.de/app/projects/gpower/>
offafe-1
TABLE : --DISTRIBUTION (one-tailed test)
Values of 7, ,,
¢ 0.05 0.025 0.01 0.005
| 6.314 12.706 31.821 63.657
2 2.920 4.303 6.965 9.925
3 2.353 3.182 4.541 5.841
4 2.132 2.776 3.747 4.604
5 2.015 2.571 3.365 4.032
6 1.943 2.447 3.143 3.707
7 1.895 2.365 2.998 3.499
8 1.860 2.306 2.896 3.355
9 1.833 2.262 2.821 3.250
10 1.812 2228 2.764 3.169
11 1.796 2.201 2.718 3.106
12 1.782 2.179 2.681 3.055
13 1.771 2.160 2.650 3.012
14 1.761 2.145 2.624 2977
15 1.753 2.131 2.602 2.947
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v a 0.05 0.025 0.01 0.005
16 1.746 2.120 2.583 2.921
17 1.740 2.110 2.567 2.898
18 1.734 2.101 2.552 2.878
19 1.729 2.093 2.539 2.861
20 1.725 2.086 2.528 2.845
21 1.721 2.080 2.518 2.831
22 1.717 2.074 2.508 2.819
23 1.714 2.969 2.500 2.807
24 1.711 2.064 2.492 2.797
25 1.708 2.060 2.485 2.787
26 1.706 2.056 2.479 2.779
27 1.703 2.052 2473 2.771
28 - 1.701 2.048 2.467 2.763
29 1.699 2.045 2.462 2.756
30 1.697 2.042 2.457 2.750
40 1.684 2.021 2.423 2.704
60 1.671 2.000 2.390 2.660
120 1.658 1.980 2.258 2.617
o 1.645 1.960 2.326 2.576*
* For very large v, fa; , becomes approximately equal to Z ,
sfaf*2- 11
Table : x2-DISTRIBUTION (one-tailed test)
Values of 2, |,
Va 099 098 095 09 080 070 050 030 020 0.10 0.05 002 0.01
110.9%157 0.0%28 0.02393 0.0158 00642 0.148 0455 1074 1642 2706 3.851 5412 6635
2| 00201 00404 0.103 0211 0446 0713 1386 2408 3219 4605 5991 7.824 9210
3] 0115 0185 0352 0584 1005 1424 2366 3.665 4642 6251 7.815 9.837 11.345
41 0297 0429 0711 1064 1649 2195 3357 4878 5989 7779 9.488 11.668 13.277
5{ 0554 0752 1145 1610 1610 2343 3000 4351 6064 7.289 11070 13.388 15.086
6| 0872 1134 1635 2204 3070 3.828 5348 7231 8558 10.645 12592 15033 16.812
71 1239 1564 2.167 2833 3822 4671 6346 8383 9.803 12017 14067 16.622 18475
8] 1646 2032 2733 3490 4594 5527 7344 9524 11030 13362 15507 18.168 20.090
9| 208 2532 3325 4168 5380 6.393 8343 10656 12242 14648 16919 19.679 21.666
10| 2358 3.059 3940 4865 6179 7267 9342 11781 13.442 15987 18307 21.161 23.209
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Dispersion; measures of
Distribution

Error; experimental
Estimate, estimator

Finite population of zize n
Frequency distribution

Goodness of fit
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fgfe/Remd ; Rgfer woe
=

Iif® ; o1

AT, ATIAT
n-RAS FAW 24
AR W=

ARETe Bey

w, 099 098 095 090 080 0.70 050 030 0.20 0.10 0.05 0.02 0.01
11| 3053 3609 4575 5578 6980 8148 10341 12899 14631 17.275 19.675 22.618 24.725
12| 3571 4178 5226 6304 7.807 9.034 11340 14011 15821 18.549 21.026 24054 26217
13] 4107 4765 5892 7.042 8634 9926 12340 15119 16985 19.812 22.362 25472 27.688
14| 4660 5368 6571 7790 9.467 10821 13339 16222 18.151 21.064 23.685 26.873 29.141
IS| 5229 5985 7261 8547 10307 11721 14339 17.322 19311 22307 24.996 28259 30.578

RISECIMIESE

Acceptanceregion GEORGE ]

Accuracy . TSl I TS

Alternative hypothesis HT oA

Arithmetic mean . QfT/AfT e

Binomial distribution . feem free

Character, qualitative—quantitative e, SjefeTel, AfRNIRES o
Chi-square test FZ-2of

Cluster sampling PR YA TREAR

Coefficient of variation (onres

Continuous random variable WO HFA 5T

Correction of grouping;—for e R we @@ AR

-Continuity . SRSl Wik wive R

Critical value oo A

Cumulative frequency e T AT

Data U i Ok A i)

Degree of freedom e NI

Discrete . . fafees




Grouped data
Histogram
Independent event

Inferential statistics

Interval; class—, confidence
Level of significance (in hypothetis

testing)

measures of central tendency

Median

Mid-value

Mode

Model

- Multistage sampling
Mutually exlcusive (event)
Normal distribution
Normal population
Number of classes

Null hypothesis
Observations
One-tailed/one-sided test
Outlier

Paried t-test

Population

Population distribution
Population parameter
Power of a test

Precision
Probability,—distribution
Probabilistic sampling
Probability theory

Random number, —series
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Random event, —experiment,
—sample, —sampling,
—variable

Range

Rejection region

Sample; —distribution
—mean, —size, —space
—size, —survey

Sampling fluctuation
Significant

Standard deviation, —error
Standard error of mean (SEM)
Standard error of mean difference
Statistic

Statistical hypothesis
Stratified random sampling
Suitable measure

Sum of square (SS) (sum of squares
deviation)

Systematic sampling
t-test, —distribution

Test statistic
Two-tailed/two-sided test
Type Lerror, type Il error
(in hypothesis testing)
Unbiased estimate
Variable, independent—,
Continuous discrete
Variance

Variate, bivariate
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93 51 Tfen eemam—g i

oL

51 QR ¢ BT

5.2 Sfew amiwmig A ¢ Aefre 3o

53 Tfew eomwawi &= ¢ Sty

54 Tfen oo fMge sl qgeod sEwdites ¢ oitws A%
5.5 emsen

5.6 TeawEl

5.1 @RITA € TrwH

ergraat ¢ Bfgw Rwita @b g7 *I1¥1 =7 Plant Breeding 3t % eigwafwt | &1t
iR OItwd R T el w SRTm Teim HeaE FiRe Swal AR wi @
@R S Sfew @AIF SF AR TR wizwd I MRy (off 7 | geiRe
FACE PRPS WFI GG (A2 TROTITSH T BT T (GBI I &S] o7% 341 A1, Tfgw
eEA{Iy I 0 AR TRrra THo 41w wiw [iv 6 win ermi—wigfHE werem
GG (IR N AT O (5B | 92 AR (P (eifae fofe foet a1 @ s1~sjefena
TR g TR T2 7wk 8o e Fael Te @ I i s
o IRE BB | (et & o wiRkEica #F Prefe ¢ et Sy feew Rl
5ETR TS 4A0d Ofew wie oo, MFAT ¢ ©IF AT I(F FHILTAN GPRA AW,
I 8 (SICHF BIAR (TN (RGN | F&T (319 (tissue culture), & 213 @ f&om @fie
Bfen aimmwivemd IR 0 MR e e (off F7 A e | I8 «IHHre Sl
BfgW AT W, T 8 B IR FRRGIRT S # TR T QF T TFH
TFPe SETE T |

Tty & @2 SR Sfte T Af—

o Tftw elgwafiwyl & O qip F4Co AR |

o Tfew eI &7 @ Tl SISl FACS N F( |

o Tfetw ouma Mg 3 RYM® AIENHH SN AFCH SAR© (A |
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5.2 tfen eomwwie A 8 weg 3fogs

Tiew R@wa @ whre e SRere e, Ffan maard ¢ #ls Fsea wam
it Tferra e wro AR 91 = ©OiF Ofgw @il At Plant Breeding 6T 2 |

RSItE Tre Hed SR I o BAPE (AR 5 pee @l fww
fofes foet 1l | FREF Mre e e wfveer AT T wites Sfgw v w03 ©FF
2T T G G ol (7 T, B IR (e Plaw waamd opufon M
IR (AT FMAT MFIIA AT G AR F01 & 7SI 91 WA ({0 Sfeqaal @ 419
8 PO MFAR TOILS! OF e SR | A Y& IYIA LA JfeT Fereig
ARG (A2 41 9] (AP QI CITZ—C13 TS (VG AR FRAT TANT AGA A4©
WW%“!WWW@W (Camerarius) ﬁawmm,m
TR R safkre a3l Ao eFM FEA—1694 BT T oREgres Sfew
LATCAARIIR (TBIRTST FAN HFIAA GOAR &= @36 gy wlere 2o offamfas
| GRS GFG IS G ([ @TE (FIEACEGE (Joseph Koelreuter) 1760-61
45w Rfen o™ FiTed M4y RFFRE B |

1900 fFOIe (EER RS TifFe NIRRT Fewel SFAREIET S @
TG Ofgw [ Bfgw IR Tenws [eagena [uasd ik st Wy
P (FARGITS (1717), 9% (1824) 8 6 @ FZG (1799) T, (FIATAGT (1766), 26
(1799) , TSM (1865) &Y TfEgW eE=RTE! THRE S H7 ¢RI @ SHma
fAfSq BowlfS (Race) 31 &@IfSF (species) T4 FFAT WOILA! S WA Sfgnsjfet @
@I TG TR (ATF =T 2 | @R SR @oF fOf€ 07 MR ARG ©F (hybrid
vigour) SNRES =7 | & 436 *IF1 6 (SIS @& (SIFH (1908) 9T W ATER 9 M
¥ Tere! emfde =7 |

1990 f&351= 3%t Reaat e @&l (Nilsson Ehle) TR Sfetva Te wie sjfEre
‘g oo oefeq TermifSoyTatt it FC= 11903 DI (emieea el (@i
(W. Johansen) f%«1@1 a1 pure line M AT 2T AW @ [y A=t e
© dl pure line selection theory SRR T¢I | 49 AFS| A (OGRHRE (Radiation
Genetics) T2 7z Sfen ewmakeml 7 Tne §ie SBIRE FA00 7HN JCACRA |

foarsfie T e gfaw ward 7t A6 T=+13gg Bfen wiren wua TwEw @3
wigies AN AfRe@AWS (Interspecific) @ (Intergeneric) W4 HFAII FGI 27 1
IO @™ 8 Fat (199 &Y (cell and tissue culture), (@GIAPS (protoplast fusion)
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fore ﬁ’i@ (genetic engineering) € RIS 2@[@ (chromosome engineering)-9 &
T AReeGO ¢ RN Ty e A=IMETF 8 WM AGIR 2R 8 Sgw
RIS Phre Segnwicaa ol ageeld =1 fone «ififte fice 7wy g |

5.3 Tfew aoaqRwiid 57 8 Srwey

(F) wiHE FeTle TTeT TR ¢ THTEIE TIed Sfew ot w1 7w ofgw
Aeafaerd egF Sraed | egfere w9 SRt wieefferm s faw e
(artificial selection) € FRFA™ (hybridization) ¥ NN Tewwarre Sgw wroslem
T FFIAN RCACR |

Turedd 2 Wi Tred THTHATE A7, o 8 SR T IA GO |

() oore TR TAfe Mg ¢ OfET TEe 0o Sfea SERAR Ao
Tfgvere Beolm BAIR 9OSTe WE RS Aiyws Sfew emwiara warew Srwe | Rifey
EACNA W] *F T LI, 91 8 TR W1 *{ea (@i ¢ bl 3 ¢ R[ifeq e v
8 AW WFfS, 30 ¢ FwF TS Aw Tfegw efomez N 783717 TR | 9YTIS TF
T Bfgw ETl @ #AI6a Wy, AT ¢ 5I6F ©F TeoAMad Gee St ek
HHR |

(9 ot efstais awifon Teiaw ¢ TR TaIF, AT 8 SIZIAT FACE
T Aore =Y Wiiwke el Sfgncs | aiele [fey watam Foorowl 2els JFe =
AR T Ofew | Thwerre Srowired ey T S @hefecaiae w
corTe Tfew eigaamia 9Pl el Srwely | @eTcalnl elferaiy wAe] Tl Wi ¢ oW
9C2q F7 WG (Black stem rust) @9 &foy w7~ [fon oo 7R @3 298
THIRA |

(R) @F (stress)— T TEFwse! 79w erenifs A2 ¢ I, 4, QIR (frost),
Wfoq FH (FR) ¢ ¥ R ¢ Wore Rawa wears qoq e 72 @GS (pb)
TSR (cd) Tonfua wifds AR Tffe 7y wam waormE aufe Ted Fale
TETF o ATAFRE SO T, W3 QA (2 AR 7>y T Fopris egifon
51 T FeeT fIfen @F Sifiaee T Seofima Fafeie qrdl 7 |

() Tfew rtem gfm TEoT WHIE ¢ T SRR Tl ¢ FOR wiaesy <Gl
Bfew efemaRitnd S0 S TN ATEH T A0S | @ SRR 5117 *M4a §I7 1 At
T 5 S TG OIrE JE SO ATTod qoital R A0S Ol Wik WMo,
S *Aer [T 8 33 @ T = | @ A SR SR IRE SR A
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AT ¢ WP 7 WBE W G 39 org (W &i@R), I =g (2 ¢

TN AR I SR I ool SRom IR W IS 47 @ e Bfewef oo

A AT ¥ OF - N ATG |

5.4 Sfen awae Fige FEeh ogead @it ¢ St Awe
Tfgn ema MR M Figg sl aerld eforms wfre eift cremt =@ |

efeoia @ @ T Sfgrmm
eew g
1. | International Center for Maize and Wheat $G! € %
Improvement (CIMMYT), Mexico '
2.| International Rice Research Institute (IRRI), Phillipines 4
3. | International Crops Research Institute for the Semi-Arid (R, M,
Tropics (ICRISAT) Andhra Pradesh, India 6, et
4.| International Potato Center (CIP), Lima, Peru ey, Arere]
5.| International Board for Plant Genetic Resources Sfen Gz
(IBPGR) Rome, Italy HER 8 HFTF
6.| Central Rice Research Institute, Cuttack, Orissa, India gl
7. | Central Research Institute for Jute and Allied Fibre AT 8 ANYeT) ©F
(CRIJAF), Barrackpore, West Bengal, India TeAmaaId Bfgw
8. | Sugarcane Breeding Institute, Coimbatore, KN
Tamilnadu, India
9.| National Burean of Plant Germplasm Research Tfew nfaies
(NBPGR), Pusa, New Delhi, India , MR 8 MIFY
10.| Indian Council of Agricultural Research (ICAR) Rfen T St
New Delhi, India Te Gre fdea

T OIffre SUYS WNHifes 1N 8 Bl TFw (@ (CIMMYT) Rel =forng
59 I (X IS W[Ge Eren Ted = | @2 @ gS @, 2 @ ¢ 9
HZFAA TP T QNG AR @ G oweired AR 7wt 2 | A7 10 NS
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a3fo Feif o 2efs (e WigfoTarem armear & e zaRe | 1963 R
SO ¥ STaRel 9 (Indian Council of Agricultural Research, ICAR) (S
CIMMYT (R(F 435S ormeired fFg Sfzies ez 30 O @8 TF Sfeie (U
ST T SR (O AR et Aol 41 937w 96 TFe i, Fapiecnar
8 ‘CIRIGTR om0 =7 | iR TS i g ooy FRce 7@ [eT Al Green
Revolution-49 7ol I(I | G2 PGSR AT Fpfogqa 9. 2. @RGE (N, E.
Borlaug) 1970 fE96It (itzet =M~ 20 |

4 et e RAEE o SIesifes 47 939 (% (IRR]) SeeNend I3 |
& NIFMHE TG [N T. T. Chang (. T. 57R)-97 Fore f6-fore-Sraw (Dee-geo-
woo-gen) Y A3 AHF(O SRS T TTea Arent TRARR (AT @i 6 731
GO FRFARCI LT OIEPR (LS E 6 BB & b (IR8) 7 4o W F© Sopzperrlier
wiced AR =1 @ 1 wred g ofm wReweds qmpRes SR sl
SISt A FCAC= | 92 76 WS 419 1966 FCE QNI (ed! [Wed Sl = @R ofaeid
[R8-GF (TS HHF T GO @A T, [R36, TN &ATfe TITed TEIA WA
SR (A 4ICRE A & 50 *TieH g Tl I AR |

Tfew FAwe o TUE SERTTE (4w oflell OIS SATAGH | Sfen eewia
SRR S ot el SRt @Il @bl ewlfs @ eigfers kg Ty aitem
(genus) (FICAT 7 ergife (wild species) 30 X ACS | Tﬁ@% RICEIS Tfen e
fge et qare Ty e digfes oRe) ARTena e T qrRs Ao
TP AT TF GRS WLy IR W T &Gifon T TG T | [l T
AR T8 26AR T eFfore el Sfaieafe sRejfem #ite | Sfen anfzies ey,
wawe ¢ Rfon a@en @ER g siva RS &5 1974 70 Hifew @w w=w@
International Board for Plant Genetic Resources (IBPGR) 55 27 1 Bfen sveecTe W&
G (Shortto medium term storage) 'S e o (long-term storage) X< € AT
ol BfEgw egawiivin FIte O [9a¢2 2@l IBPGR-9F < S |

5.5 epduen

1. St eewRmd wket e | Sfen asmewr 3foRs FROFCH SEn F |
2. el Sfen e s@awie sREFCo! SCEBAT T |

(F) FICTAREH () @CTE FETICIGR (5) (@2 () [Weria «@at (8) & 925 =i
¢ (CIES G, (S |
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3. Ofew emaeme 7% ¢ By T [Rwife 3 e |

>

Tign argwcs WIg WHFRS ool e Samiq 770 SITetoel 39 3
(&) IRRI () CIMMYT () ICAR (%) IBPGR |

TaaEt

s

5.2 (T4 |
5.2 (7Y |
5.3 (YA |
5.4 (T3 |
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aFF 6 (1 TEw ee+ts 7FAT (Hybridization in Plant
Breeding)

e

6.1 @R ¢ BTy

6.2 Tfgw MeFardw Sy

6.3 IR Brwry e fdiow
6.4 FFAY orufS

6.5 ITSH ey BRYw Tage ATt oS
6.5.1 4=
6.5.2 AW

6.5.3 2ul
6.6 JIFSH [AUeg wegad orufS

6.7 TR
6.8 anIf&
6.9 TwawE

6.1 SR € T

el ¢ Tftera, Redme =7 awife 8 wirr fifes av@ at Trmfeqm fasq
YR FACE (LTI (@ BT IR @2 IR e ¢ e Tue [y i e |
FORS BfEgn eewis 7T RUT T (AR | 92 GFCF GR TS| GFF9[FIO Wl
e [fon Iz S 9t |

Wit (PR TiegE, Rees peiifre Mg o wmaad «wfS = a0 sz |
Ffie O R@emre e SinR ol f&et a1 6 enfia Resw peiefera i e «3
AT AT MR T (AFT G A | B woire oy ARG T
Rl /B WSS g 2 | G Bfgw Resil @ieTe (@leT 74617 (Kolreuter, 1733-1806)
ey RRBera Bfgw waad Ao aaa waw | B 131 7 (Genus) @7 ol
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5416 @wIfS (species) T FRFA FARE | Shireff 1809 A €2 *%fSTS oW @ T
TS TRCT (cultivar) R FEA | I T ©rgd o Bfe 37 MFae @ <@g
(e G WIREEE (1900 AR #12 78T AR | (T d RIS
4IRS Yeeicy Remisies Aamel s et ¢ o] eeme RTTend a9%9 =1 |
1905 AT &) *37 eea For I, Sfervd @ie efetaiy wweld 3 egfen &y @2
rfoq o IR *F | T THw @lemie el 2o [ied ©itg w3k e
IS WR |

Trwly 5 98 9T A0 A

o Tfgn Tarem Sramy

o HOTAIN @ TOI SN Tiern Gage M9 oRefesfferg Ra

o X I Rx¥ TOT IAFT T 2o Fool(F eefilE «Felt 37 T |

6.2 Tfew AFarod Srw

|, FRFIACR T GRGR @@y Sl 787, A 27 A0s WABTTa Mg SRl
Trowy e FRre AR I | 97 & Rfen Fdiva o=fs swemm w3 = |

2. @ ~fs 7Rl g fon St (idin Tege RREPTIER «Fdiead 7 | (i I,
T O T &SI @9 [ 9 T @3l Treed e aAfmivm 7§ |

3. 9 fReial Sfgrra AR FFE ATl A I (96 Al I (hybrid
vigour) 2 =, q ISAMA FRCFT REITSIF TGS | T WA @2 [{ow
AL, S O G G S S |

4. AR oomE ¢ el euwey ¢ Sfen e u Romy e | @ [Ees
SIA ) GF(E ST I |

6.3 ITFEET STw elieieioe

A OFT ToeT ATABINS 2, €T Y AT &=y el @ v 3 et | 7o
SR WL TR Gol] IS ¥ SHae] T /A |
(¥) wio-REea-mFerR 7 e 9 wwoE, @ 72 Srm W awae 4
A | GO K P12 o6 AP TESIF [@fF1 R#AFT M4y 9 91 A |
SRyl 736l A1 @rias St fWdiow a1 She w7 | wares Bigwe et ot
i @t wai2 @
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(A) e e awas o%fS T [Reag @ 7939, @97 SRl FoaeeEsn &

Q)

TSI, Ple—C1R SN I sffe Frg Face =@ 76 SR
GPITCAN AN, &Fo T3, AGAATS TS q1 IPINGT (Compatibility)
Fojifne el &3/ |

fA<ifbe Sfewaam Way TG (homozygosity) IHR & & Tivel Sfgmaars
AIFOIA FORPCANA A TS [ 0w, TS (intrabeed) &F©
Givel &7 I9=F F9 T AT |

6.4 T AfS

1. Wgael ¢ FProwier biresad | 12 giiel Sfev yogeid a4l o &gk |

2. gGweld AANETEI ¢ MRIONI AT R sfamiae vt enfem
AR WA T T, IO FOR @5 TCS SiF W | T (FHE ed I
TRICS @b T 77 | O GFhered TR (T @3 omfSa eftAeE = Al
Monoceious 31 TP BgHa CHCa 7o)<l 2RTeNF AR (ST & | FoAPTAMN
T TSR Teferent B “f@maad I 2 FIGIACIR (emasculation) T
fafen ot s@erEw I | @ —

@) fFFerg, B 3t e AR Sifire SR Fens T8 T I A

C)

Q)

FAGAT AR RS I (e 2 | 93 2SS (@eeTlg @
SIBIER 2512 Sepiae] T 7S |

R N JTS G A SETCPIRCAR AR 2RIGF—@ 7T eeifon a1 332
=I5, GPR CFCa =7 oS I 90 FoNT @I A A 5T G
(45°-50°C) fog 3177 (1-10 f8) @Y 77%ITg T T | GF2 O I8! &
3 TP AIRACHE #LIG YOICA! FEA |

R st R 2R3 Bt IRTT— @I @I SfEw wFre 7% 4
T | @2 7w Tfew F wivel AR =7 T4 W, SRR e <
l, IR RIGEA BRO@ RERYFER T AP U TR, U,
SN, A (R, 4IW, (GRIE Agfore 7)i3re 7% Fa1 Ot | FRIG 12
AT = | FICNCACT SRS TS w21 MG qEH el
T @S RS DNA w9 (&) wio© | *IFRT CMS ' Cytoplasmic
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male sterility &I fafte v wosfel ke @mem swFe
%831 T8 temperature 3 photoperiod @I SIS (T #ICd, G2 AASH
TGMS (temperature induced genic male sterility) 91 PGMS (photo-period
induced genic male sterility) fCa Ao |

(9 CHA (Chemical hybridising agents) TS &CAA 2RIUTGFAI—SCAT
A (@ AA, IBA, 2,4-D) GA (Gibberallic acid) 4%, (WG, WifFETe
TETEIRT APls AT 2T € 2RINTGHA] TG | 93 A 271
AT ethephon (30E) FAHE @R IR RCR | A, 707, 79, @I, €=
8 S[CNE (LA AT IR TS ST (MR |

. SNt A isolation 3 NN TR #i7 TSI Afefes ojeforeTCes Ty 7 (e
AT | @3 HAY SRMES 215 T IS FAR TACT & Forojfercs el
WP | 1G] TR 215 WYl BT A TS (ISE WS A T |

. FTET SRATIN (artificial pollination) 3 SEI 291 T4 5ol &g =7, T
Pre-sfer 17 Bfes Bt RN T TER ~[IEY WAT FE & 27F
A0 TS To7 IS a1 =7, T Fhaw ~1a @il ot =ifkifoe | Pro-site
(TF #AN] FREZ F(E RIS AR &) ©IF 2 WP 78 | ©fF Wg-Tferna
TG 4T T T G AR AT | ASEIIEN ASYofeT HAey @
Y[R 2SN, FIAT 21 @ @ HACHL T LA | AROTININT 217 WP Gfoia
TSRS 7FAA (NS SO Tl 7FH, ACS S (FICA] 2f=00] AL A 90 |
. fof&esad @t Labeling ¢ &0 a7ge afof ga1 sameem BEesad
v | (TR JWAE Gyiel At fes wroel-Redw ez w1 Bfvw | Biitsl sfvere
AAfRBa, 271, SRR IR 2R, 2[NS wifiy Tovin R e T
F |

. G AerR @ ATH ¢ AR Ao Teaffe1 Qa1 5|AFe@ G 72 ARTS] 49H
T AT T | 9] T (AT (T SeeeR T 7 (et F-w f2oma ofee =w i F -
Gaa Sfemefer SpTseTg (heterozygous) &, T @it o vda 20w e =i =1 |
GG F, Gd &) 4e1 o AiEe vt el 5118 & (back cross) I
A 2O #Id | @R TYE Wy (AF WG e Siefese 31 Tre
@MCE Sfew sem T |
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6.5 IS [T Sfew Tage ATad 2ife

6.5.1 41

afb poaceac-7 TWLE *PEAGIS | I & @3 [HE panicle FEibe wta
CISCF S T T A0S 7 el 2ifa<eeris e pive 21 | o5t ¢ Swifiae wHifaesef
@ @ spikelet (AT AR Tl =7 | 92 I glume-Jf&1 AR weejfercs b faca @6
oo @3 A FRIH T AW | @2 FRIGFA Spikelet-B-F ACIFCIF T4y 40°-
45°C T8 (e 5 (0 10 fil2 TRET @Hs 31 T | 9103 Toigg o 2/ ([e 9o A=y
“AfRoTe TSYGT ToF QG (SN R | SA1I-FLLAGLR 7 R0 @I 7R S
CIETE (O T =7 |

awET™ 6.1 ¢ @MY weTFe

5@ 6.1 4t 7T A

1. 41Nz | 2. *{P=IRa7 | 3-4, T A1 I IRZE anther AR @S (SRIITGH)
6. TN T PIACT RILEFI | 7. MIAAT AT (NCCF B R (@IS TS |
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w2 Tferta (AIHIES RPN (fusion) N @R MFF9 T 78I | & FRFA
@ (AT SR M Wa Sfgn W 4ioa a1 9 |

T Sfew 4 Tfgw
J J
3 (OEPS Y (BIRPE

(@O aFregd
MG @i*t faioe
LG @fm Colrel
@Tﬁ;aﬁm
R g@w e
(13.3.1 93% 429))

1972 A Carlson '8 O FNBAAN F4 Nicotina glauca 9R N. Longsdorfii ~43
Ty @ 3 Y & (@ amphidipliod-93 Fet geNIm) | OT RKfew w94
o @2 Al Reea e @12 |

6.5.2

N FoT ~AIZICE0 eFfoq | ARpiRefe sifee zemm waR & e pasH
(STP SIS I(A T3 1 I AE | KT A lemma € palea-T Fg ot Fifba
AR (05, g 230 @ Safels AR @ 27 | TSTGF wrwe @2 3 A
FICTCAR AR ZRATYFCE AR (T < | 9% 7RI AT WO TFee] IS
T T W | AERS] @I A (TS AR =) Y € et e gl Ry
AP BICA =Y | 27 @A 7R ARIE0T (eE e IF T oF |

6.5.3 93!

©B! @3 monoecious I FZAB BEGW, F(ET G@ANH FRFAI WS FTG | WY&l S
Frewfeigee Biee SRvfte sj9s g3 Al anit =7 | TwRaeia 1o Tg-
wfvel Bfew A 17 @3 M Pro-afver Sfeme A s 2@ AE | @ 3T A
emasculation-93 &« F-&fo] BfEn (AT tassel TN A2FNER RCG @l T | T Y-
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faRin
R

RICTL|

CD (9)
Bz AR

f5a 6.2 : SO fag P | SRIGS AR ST FITHAR ITHTONF tassel T T3 "= |

ORI @G ‘cob’-2JfF12 #IfAeiF TS #IITa | P FURTSITA hybrid-93 T 9 2GTR
fag a1 double crossing 91 = | ,

6.6 IS [OT AFad Hifs

(¥) Single Cross d €33 H374 ¢ T % inbred SR oMB w01y M7 =7, @
93T M|F N ARPY | @ AxB A AxC A BxC

(D Three-way 1 Gufes T ¢ 9o NI TGO F - Ag-wivol 20a
IR I(E O A G0 inbred GNSIF Avet MFT Amfas waFad e,
@ AxB=AB AB? xCd =ABC
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() Double cross 3 &g T30 2 QAN YH @3 I Goferer Bfgrwa w4y 7w
FAY T T, @ (A x B)(CxD) = ABCD | ST F4RS @2 *%fo Szerge
a3 =01 (b7 6.2)

() Back cross 3 751 IR 3 ¥3 2ifere @3l wiers (Massfdwena I3zR
T T | I oAy & o0l FNOE M6 MFAE I A T, TIF OF
test A AW TN I | IR & orfore @ T e [F (Ko i@
AGACH) O Tl W |

A X aa
3
F, \ test cross
(Aa) Aa:aa

(1:1 SHATS =fie)
Test cross-4% F, Sf@ne{f&l a1=y G (phenotype) 1: 1 WgoT® wfix |
At - 1
(F) SRw avw @ AIgy R4 FCARER 9
() TGMS Ft ¢
(o) faif& 3t three way cross 1 ?
(]) SO MHRNS F (AT WA PN 2T 9
(8) AT FA AT FTH RA&@TF 90 F 9

6.7 FAIRH

G2 GFF AT TG T T A FCAfR | ewifs Raga e g Sfew
ATNAE 97 AT [FFT FACR | IR T @R 97 & Giwe! FEASR {w
WEDS TR | FRIACIT & IAF0 O7fe @ sjs3apreacin srajfaa S 1
AR | ORG IAIH [T M7 4o 43R Sirna Reiag a3 It [esw =o-Bfgm
TS WIA oo IR e AR |
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6.8 @Al

1. Bt forew ¢
(3) 170 M3 () FHT WFF (3) @ *34IF () test I 2[rF I ()
faufes w79 |

2. Ofem meareR Srwmafer 3t w5 |
3, FORMCAN SfRw oRagae oo 3 fae |
4. Tfgn MmIR QN SCABA I |

6.9 T@aNEl
SEpET- 1.

() Kolreuter (¥) Temperature sensitive genic male sterility () 6.6¥ () 6.6
(8) Carlson ¢ O/ e |

erirafer
1. (3 6.6% (V) ™ 6.1 (o) 6.4% (7) 6.69 (8) 6.6¥ |
2. 62!
3. 64,99 91
4. 6.4 (YA |
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«FF 7] Tfew ewwr 457 (Selection in Plant
Breeding)

orn

71 eQEA ¢ ST

7.2 ST (A ww oS ¢ Sfew ewaw

7.3 HeRPTAN e ewaw e
7.3.1 9 {459 (Mass selection)
7.3.2 Teert R 57 (Pure line selection)

7321 et v srfe
7.3.22 TR fRdista 9 ¢ g

7.3.3 FAS 469 3 Pedigree selection
7.3.4 R 459 & Bulk population selection
7.3.5 *6I AFEY A Back cross

7.4 ToRRMTAN Sfew wge Rfen fdiva oafe
7.4.1 o PrEea at o { &
7.4.2 Line breeding 3 @& efewa
7.4.3 Recurrent selection 3 (Mwsofas Fdva
7.4.4 Pedigree 3 FAMG W&o

7.5  Clone(@W) i

7.6 AA™A

7.7 erafe

7.8 Teauien

7.1 AQRF 8 TR

e ¢ RAISTA *7 (U032 W Bferm $oin Meai, ot g 74 oF Fed
8 AT W F AFfes e g (Sedentary) G *g I, OIF
(A2 @MY YW o %7 T @ oRox N Sera ey TEe dreaieies
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“fZaeq 3 TAfoamim a1 T, OiF Bfen e Rwgt 3ot a7 | e Bfgw aiwww ey
T TR =07 A | Resmfefes Bfgn egme AURIend @URT st =163 X 2 |
s T SIS (A2 Bfgw et TR ReW Sweld o (ite | Sitag a6 4R
R (1662-1723) @« 187 sfite W3 «F o= 7% FEw AT SR FemE a2
sfeiene =3, 12 9% (ATF AR g @3 g ST (cultivar)-493 AR =7 @
imperial rice I ATH 47 AW A =7 | o FAEF W42 oot ATST T, @ 4N
BT Mg ISTT MR @2 TSRIFCE JFFATS *[g ST BCoR a7 9761 o |
af6 F=IET TEeE 5T T @ | o Ay Rumfefes Bfen awmra @ore
(G 7 ARSI AR T W | IO GI(F WAt Tfew eemiaa I [oow
S IR SN TR |

BT ¢ @R G Al T R

o TN € ToF AP SRR T (IFBR TR (@ AT o7 efeme alfgal

IRZO T, G TF i 4R, @3}
o Rifew fdioa ~mfor sxgew wifere e sArretsferd 71t e «1fdow offe Fata |

7.2 Sfeta (@iweEw ofe @ Sfegw ewww

Tfgm efgwcs o1 Sy Sroed ofgfon Tfew AR, 11 ageHirs femee Wita Teiw
o7 03 | G712 TR ema ¢ i @ Sferm [@aeas smfer Tom Red fReaiier a3k
FIAPICAR ¢ Toq Ahicanl Tferr forgel ew sifon ataee zw | g Sfen ewife
RIETIG SoG Gaiel S re R 3o 30a | GF1 CF(a 2ae-+%fe Froifaends for |

7.3 Fearad Sfew awww oryfe

R *DT IS FRRITAN, @I 4, 97, i, TR, SR, 9o, GIsyies! 2o |
O3 A (@ T REIEeId FEaal, i 97 Te @ GBI Wy Fwere [acaa aem
@B I A W @R @36 [ BaibiRet (Genotype) 31 &gl wwereny fWras
2o Tare Ty @ | RIS o FFiER @2 71 Sfew ewife 3t oime siiorea apfos
fRABTa T 74T QA [ethal CRRFF) fom waa1 2fowiar? afere 2t e Iow oind
T4 in breeding depression (HEATHH TS ) GF WS (TR0 I | Twe 2 71
Sfew [ argeitaEs AAfcaed (ecological niche) FFETOICI 2f oD e IR, &g ol
AT AlfnfHeen e 72w Aot AR Wre St | 2 I3 Sew 9%
fofiom srmafoafer SR el SiteTvat 3594 |
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3.2.1 oo f5diow (Mass selection)

@fS Fierwt etle I[ge wforfer serew | @6 WWIW YGl (phenotype)
fofes | @2 ~mfote TMyraeis sl RAbe Agegr fofere Teps Tiegnrrm sifdioa
T | #AGS IS & (Generation) J @2 AR R AT, ToH 1 @FH IRr©
G (phenotypically homozygous) TSB! A ANST TR | Darwin (1859) ©OF Origin
of Species- AT WX FEN @ a141-fodbe MagTw Terares aoes SRwAS! #fhew 78y,
&g f&m-Reem st 78w oft 77 form afsfe @ aver M2 e sy G
*7, Tafoq R 787 77 | 714-F&6+ qualitative 31 additive 1 W& &eam cwee RKeea
TS (Gardner, 1961) |

s1el-ffb 43R HZS AR @3 F5 46 A | ©(F A1el- s el g @ @ @b
AZG! (phenotype) e, T Bfen nfeenfe swed »ffafee ze #ia |

7.3.2 eyt tow (Pure line selection)

T @36 Bfgw Bt Feramae e-seEes WS 2a @3 FNLHIER (homogeneous)
T endia AR F07 o3 @3l Rereuian Bfgweandt 578 =81 1903 A Johannsen &AW
e = eeR 0w | [ ot ad g FR-Eewmr Ryt 78 =3 @ &
TR FRereea Refraaiat Redd ofiiet o7 | Fore? Rerdial fWivea Fermicais e el
T =W | T AT BT Rpreiat fion Fa1 T, GATA FIATSII FARISTANANR
ROl (6T 2T | YRl AR Gye FoRIeEn & |

Johannson (1903) -3 Rt o caw, fof o Sad @ I0I@ &9 *iF
Secsic sl cis i i B RGO TR DA CT i el El L G BT FRtEY clle e
WfEFed THOTAT Gl FRFF ATACH 27 | TRFF O Sferns 2 rat fdiva 799,
@9 9T Marquis 39S |
7.3.2.1 fegesta Fdisw orafs

R 73 Sfew eomen Fafiiie e swergm a1 70—

@ Fife Sfn oifia W e Ko, @@ B Sre-wiet A a1

T =0 | v T SR A T bide 37 =3, e St Swsl, @i
2AfSTaly !, To, e AT 2971 |

() 2 g Bfew (A eiw e MiFaeica w6l =3, @k 92 71 Tien (A
sfFar A 41 = | Bl Tge a9w w)6iad (F)) Tfetnd w waz F9
faSTa et AfEm 51 a1l 2 | F, R¥1@effeT (U s oo a1 2 | qFend
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IS G 51 8 fdisram siarcs Rl 91 787 | AvRerena a3l R
ST (cultivar) TBF & 8-10 IS (A1 To-S[PW) FAI 2ATAGH 27 |
A 7.1 ¢ Rt tofdm TEw B FACARCA dihaploid fEw AR @
(AT AN 8 ADNCAICNT NN HLGE YIEIAG (T € T g
R T 7 | YTy (@ Al Sfgwcs [fen esim aefE colchicine @S
LTI (FICCI FFgFaCea MG dihaploid SfEn toft =1 78 | e 72
ey AT @UNEI (@oR “Neq W, 9 SR Feereeid 5o
agiod, Sidis T2 i fEmresita homozygous 31 TMIGE @3k qrzmre
¢ foere Tenes Rl wig | @it Reaat JfRa seerow Bofln, FRe @3
Tfgmalfer ToojfO erema 7 |
7.3.2.2 fepesat fRdvtas oot ¢ gfo
93 “fs fdifbe Sem 9aRfE WeiEa (homogenous) @R fEwereeId g
(homozygous) ; T 2[FTS! TS Y9 T TFGT et A 1 | FoACTN SETH
Rt 32 TRwily @R @ SR GNP FeeiEd 28T’ oW, [ieee SRkt T,
THE AFOR W 2T GF2 1A &), A +fore e <51, IR ey 7zl |
92 TR e (M Rt IR AT | SweE @3 [y wwifRale qoace | RepwaEar
4y fowere TRRICER T <IC o, (13 e @q1 #Rafee Afeiife s 72w
T Fire 1tz 911 Te @ 99 @R gmeR wE 2ol Sgnz wmend wiaw
TS A RGNS el I3 TG-S0 57 I I WK W@LEETANS T (in
breeding depression) (M1 (TSR AR U |

7.3.3 3o 459 (Pedigree selection)

2olfeTs *MF (Feg @3 fioe RO M@ | 1927 FAE Love F91% fodioa ~mfes
fRge (1 | 93 2o Toa AN @3k JoRECTAT Sfetre aan Sl 5l - 93 #fe
fRpiar ST el Gaa, Oi3 @3 *fSTe el MR |l siasre @R
e SO = | e IS e Sy F, e Sfgm Rt oo omife
SRETE SR T, T 71 @3 TG Sfgw Bl 2 =7 | Fe @2 Tfew (Bl armereeity
ANYPIEL (homogeneous) 9R Gt &R TG (homozygous) WI@TJWBB/W 93
foie Ao s, Sitas TG -Sfewr, = Gris!, W69, e, @57 epfers g e
o] 7Y T FCACR | FORHCIN «ite 7, o egfe sfiies 3 wfere fdibe = |
% W6 2ol Tre Sge Sfema 3 Oifersl ¢ Fu@l e sicamed a1 24 | 9 R
oiferel siiare Wi ware IRE w1l AT |
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7.3.4 95112 459 (Bulk population selection)

a2 ofRfore MITEe T F, TRrm Wy ANRIS ¢ G-SESieeid eema ¢
fdi5a 1 = | T@ TCE A @ @I Rresre g Sfew eife iR = @ omfs
FUIG-[EE =B A IARRITONI o1 F91 T, (12 TG [T T | @2 »i=fs 72w
8 ¥ AW A, 9 A6f-T60a ol germn, ©ord aF AW 19 RFaE |

7.3.5 “*6IR 7FAY (Back cross)

a2 i smfere @ [T shes (cultivar) T W& I TF@ 99 I, &g
@ RO St ok, @99 €31 T @15 ARG o], @8 7] CFF (TN TS IR0
3 wife-Sferm @ Rem e (@ afste wwen) afodR oy 12 ondia S =
0 A T, WA F| I GRS (NP weds S o a1 fdvtar g @
favra semg F| Sfera et e aRfera Wy ofFE WA I @ ) WA F, KA}
Tre wfferan 759 f&w shren 1w | 9Bty fdiow @ ApAters TR FH SO BRSNS
sfferan e wiw fow g ooy SR o o Rece st ww w9e | 9 onte
(Mazefamer spore-seame #fe s@orgs aa @ (Ba 7.1) Mesfamers ge
&l recurrent parent @ (s st qae | Hfbre wrags wfwer® non-
recurent parent f@ica #(fafoe |

fow 7.1 : fagy sieasrera Sowmy

l

1A ViB
lﬁ,

A - (4)
“/.A’1,B

9T (AeffaE oMbl WA WA B-Bentnd @IeTg IS’ wieres
e were Wy S TR ; Seiter @REel B A-SRmE | @l A-Sfen
recurrent 1 (T¢7fF Sl @& B-Bf8% non-recurrent &« el |
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«Z 2R NI @R 7ETE (CMS) @ THONIAT THOCE Swiw 784 | (GTHE
CMS T8 Sfgnl non-recurrent o&fe! ZAT QA7 92T T4 = |

7.4 TooAsCN Sfem qage feon diva e

0% 2N Tfew &AIFios St GaaTooita STETg Al heterozygous | 9271 Sfgwn
fafn sraee (@ sprenfon) war sT=sid #[reefa Rfeq sigaore RTEe A continuances
7 T FOFICAL ACRATS TG 7 | S[A1IANNT T OIwd @32 (P o+ Sferwa
Tog T Ao T, T @ fAeeroeia T wg v | @ gaee Sfew sifiafee
AR 2w WA e #i | o7 921 e fWdion @ a1 1fo at om R 4< Sfema
T Afre a9 RS o sl Sfevte aae e o9 ) Ted
s Sfert araxe fifen Mdivn smfEafer fwgei—

7.4.1 5% Frreeam At aa-fadow

Foraerear o aty 2w st Sfene ae-fdivn aafl Fos omefe | o -
it e T fpeeeiy aragy el | @8 owa oo ap-wfel fdiva @ e,
et afest Rdisw @ e | enafias Ffista o mafsroere e s @9 @
G (RGIEE 2w Al a1 B i ol st en-ween e @i Sugar 369
9% ofE BNE WO 7 IIWT T W |

7.4.2 Line breeding 3 &f4< &waw

a9 st @3l Reaw eer @i fdve | oo 3R SRt @ Tl siies
AR GR @Y g7 @R G TR 77, (12 T CFC @3 2 IR T (@S AN |
g Taosita @viefsraiy wae! 7fEre «g wRfs ReITeia AR T | 92y aifEe
Tiew N ojFeira A 1 =W | @3 A (B st & Iwa 7 93 @
Bfew el AR T 7, @AW (QAF AT Sret “@RE R (S-S F o)
T ST Yo Bfgw 7o &1 50 |

7.4.3 Recurrent selection @ ¢fwsoffed fdioa

ey o Sfgw et (A s Meg 70, AFRS] T e Wy a2 )
wERs fofe a2 s 41 = | *RaSTeIet Tge Sfen (il s kS w4l
T R FIIN (AT 2 e s = | o Sfew Rifem sieRy Reicst (combination)
T WA T T | @B Al (Meesfieed v @ @, iR e @b
recurrent A #(f&fb® |
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7.4.4 Pedigree 3t Ferfer T &oa
FRETAM ST AT TR SR Tfegmne TG W6 w1 =¥ (7.3.3 w4 |

7.5 Clone (@) F&iow

@R T TS (@@ s G SSTe e I(F, FPR (Fd QOIS Ig *I9)
AGIETS @ FAGER MTNe eTww 31 2 | 92 2HIoTe BT I faere (Ffey &g
SFCT PR A T | @R cfore Tge A Bfgw «Ilh @iAd WeE, TE a3
fies @MW FEEa qi «1kbe | 3g S Iw qfR =W Fl, @ T, S g | S
AE * TRV @ e, Sl oW, T Toqfrres «2 owfS SRerge 3 T | 9K
TRt o (AT AR 9MMRA GOR 7 9jel & TS (TS AN, FKe 9FA Tfew Arare
I Teg RE e 200 71 | (T2 T SIS g 59 FTHIT &) 98 R S
@ T T T | QR GF FIH 97 Twfe Fhe Sfeng @I Wi wivel-Tiew (s
AR 27, T e € ArFere TeASIER AT TiEn U2 AFNIT T Gk R 4t T
I AR TCA | 42 (A2 Sewofel AN&FIF (homogeneous) T8 397G (homozygous)
T e 2o R | TRSIE (16.2.5 <35 7)) Tgo e ¢ a3 @ $§, 9%
somaclone ((TECHM TES) A gametoclone (Free Tfgn o Tgw) i «ifafoe
(16.2.6 9 T2)) |

St

1. =P o[ 99 ¢ _
(@) 9 e =G TR B aitew @3 Tow Fies fWivw w1 —— e AR |
(4) Mass selection 31 99-fdiEw Fvjdfela —— gt fofes |
(5) EINCET SRR 2y e T 9T S F0EA |

(7)ol FA=Aioe AR Tgo F, Hea Sfern — fioe (S orerge 391 21 |
(&) @MY #arTg W50 (CMS) T8 SRME —— ol RNt 332 9=
4 2 |

2. oIF AW TR e ¢
(@) A9-FE0a @R @R fEe v [Res TomiRs 9
(}) @9 G 7l et Sfetna @ifdafem g |
(o) =T Sfgwls 72 g, A4, oW, GIHCe! 9ol |
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(@) 4R FECs o F garag Ao 2 = 9
(8) Fe @ &P 67 37T 9

7.6 FQHA

9 G S BfEw el Iz [y e Fde smfs siems seaf | 7o
fonfer TR T orfor Bom RETMe | (12 S T ~[TE 8 Fo=iscaen
TR fom e FEiEw #fe Spd a1 2 | SIRE @ 319 Ofgwn Sl siwfore [wim @
F, G fom 3ot Ao 7fS serem 331 =1 | efwee F3ge WEiva crfonfera i
I (LA TFACR HRAS (76T 2 |

MEICY GACEE YR
1. RPN Sfgn 2. ToAAIITIIN 3, SAW Sfew
A. @I 6T omfs
(a) Mass selection d1 99 fdiss (a) N TEHw (a) @ Todioa
(b) Rt = iow (b) @R= www
B. (Ffam) Fameem 7 oo
(c) Foifer forfio (c) Feifer forfiver
CORLIEACRIT (d) (Tesifas diow
(e) 2I*Gle TRFATY
7.7 erfafe

(i) 29T AN Bfegw 7S W57 simfoa)fer entetval g |

(ii) TR SR SRS Ao srfSaferm 3 |

(iii) “POI-FFL F 9 9T @I 4 T @RT HETR SEIA g |
(iv) R fFdoa 9 @2 foim sl @ @z 94 ¢ gl seersa g |
(v) Recurrent &l FCF 01 ? Recurrent fWdioe »refofbe a9 faw |
(vi) Sfen ewmare fwdiem smfsre FeT it T3aa TEe 39 |

(vii) R fion ¢ FafE fWfistaa ey N1 Srae o9 |
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7.8 TEawe
AT - 1

(F) AEHW € (inperial rice) () ALY (N Johannsen, 1903 (7) R () non-
recurrent.
wepATEA-2
(F 7.3.1 (D) 7.2 () 8 (D 7.3.3 (&) @ 5w |
ermafer
(i) 74 (7.4,7.4.1,74.2,74.3,7.4.4)
(i) 7.3 (7.3,7.3.1,7.3.2,7.3.3,7.3.4,7.3.5)
(iii) 7.3.5
(iv) 7.32,7.3.2.1,7.3.2.2,(iv)7.3.5 8 743
(V) Wﬁﬁﬂﬁ, somaclone, gametoclone, dihaploid (pure-line)
(vi) 7.3.2 €733
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«FF 8§ 71 Heterosis or Hybrid vigour ((ZETRIR
AFE 97) |

eeny

8.1 eRRN 8 T
8.2 (@A, Jw@E I
8.3 TEFW IR et
8.4 AR IACHT B

8.4.1 *AAET TG

8.4.2 foeifgs ey
8.4.2.1 &GS TG
8.4.2.2 wfS exbel og

8.4.2.3 fEmsre Tjzae! vg
8.5 oAt Afdfens araae

8.6 HITF RUBTRIP™
8.7 AR
8.8 emafer
8.9 TgEwEN

8.1 SR 8 TTHH]

eI 3 e WO o e (1960-1980) e re @ Reitgz ey A W
Termw TR wifae 3 o | wrE i ReeR g o @ @I, ore, sfiie,
frferenge, Taz et oass (e 4 Besimear Qe fa w1 g o Teotmw g
e Ao TR T ane FUWerd 3R A1tk | e Rerza @ &ed Normal Borlaug
(TR @R 1970 ACE *Ne7 Ty (AT [ 47 79 1Y Igo Trre FTIH—
“We are dealing with two opposite forces, the scientfic power of food production and the
biological power of human production™ (S 7% R=f® »f¥7 ey, e R
(Y fofe T AMPITAT Beov Trfcss TR e Temedn I) | 7w R b e
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A7 G AT IR IR & 4 Rifere (40 @) @R @eme @i 850 ffews (e 8 @@ift)
VI SRR A AR #2025 e [Reva s wewa 8.5 [{ifem, 7w &= |
billion 54 Wiefag MM e 23 | JFME 7& [REATIA T bIIT SN IZeTR
THrel Dfarace, Serde FHAE © FEAE A IIEA ecological diasater I AFSIFS
FEAM B GECR, TE O3 A g (A TeAAMA I HET 7T | SIRITIS BILFT TR
AR, GTHE TEAMGT FR Gl ZF 2A1ST[ T+, GLANFR TG OF GRre WiE
FHT TEANAIR | 9 AW S 9 AR @ transgenic I & elferism e Sfgmma
TG ZACS] AT IR FAGT FA1 ACF, f&F AT transgenic BEW Q4FS gl
T ST, O GF ARACAIITS! AT TS [ored R T | Tt @S 1w Reitad
G SN TR 9l hybrid vigour-93 ToF @F@eI e | e [ we 39
ey ofie fice v |

Ty ¢ 93 9T Al AT TACS AR —

o TF I I 9

o JIONI HIF I (ofd 4! =T |

o T e N e ¢ fGwere fofe |

o IR(® FIge FEHH M7 ol &l |

o dlldferTeid 9w (ofka 2fe |

gonin REgefet F=IcF eldfiF qrae e F0aw |

8.2 Heterosis/hybrid vigour/hybrid (CZUBTRITHA/7F
I/ AF9)

Wi Si@efEe A Inbred SRWNDR eiwaw el 7Fq Tfew wivemy s ftwed
I 2, [ G 91 23R o (e 39 i #IRw (6@ 8.1) | Hybrid Vigour
QA WFT W WCHCP hybrid A RIF ZAIS TEY T =Y | Shull 1908 AT 24T
heterosis-9% TAY FIH (I © SIS 2e1 | (CINFG &7 (1914-17) New
Haven-49 Connecticut Agricultural Experiment Station-& &3 FifdfETTen IR
hybrid $8 tof e |

W Sfgrrd Aerel [ieq sRtad T4t o™ (Ite #i1R, @9 Sferma Twet (1
. Shull T &% ), SeAAETe! (T FROS AW GITACR), B/ ST W2, 71K

Fe, @l elfstaty wwaol Topif | S A4l WP @ heterosis-4 4o TAEG 8 @i
(inbred) Tf&w iB1 efemte 38 =, Siid (e A4el hybrid I M @ @ 56 Sfewwa
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&
=}
=
o

F, AB

fow 8.1 — @G k3w 71 | W@ o (oMY A @ B 7 W T TS F, WITAB 1 a, b, c,
d Rfex “Cob’ @i 128 b @ ‘Cob’ (I3 I A 8 B BfFgwra o | ¢ B wfere!
(AT TS Cob, @A d HFF AB (F TS | M= WHT 938 Cob U W
TP I AP (AR (F, - Ab @R d-cab)

LGN YOCO A @R GIANH TP FeT AT FI€ ({09 {103 | W [Fgrewca 1o Sfewn
GBI &G AIF (negative) TE1E #[1eql AR ; TS GBS heterosis @M T3, g @
(I TS hybrid vigour 73 | GTTHE hybrid vigour '€ heterosis FW<F T (Dobzhonsky
1952) IWH‘F’S? Positive heterosis-(® eutherosis FINHIE FCI | O RIGCAA MCA
T (74T AW | AT inbred 31 72ST0 BfEgW GBS «F I @F(fEF T (lethal gene)
heterozygous SR SeRRe A, TG 96 @B W4 ee=@d T homozygous
SRR QT O AP AR, T IS heterosis TR T |

8.3 WFd =19 AFM™

WY @ Tfew OB qH-AorE T Feale widie Bfgn oidien 7w @ @
HF, OICHE AT GO F| FFH O (T4 7T | SR G GEY ARSI eefed weE
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Hifre 263 e, gl I evmw-wre! [iYg = 196 subspecies-97 G eies
HAETe, 76 &R A Variety-7 WIF Sl @R, g 1 eiwifer efwmia Maa 3= 719
MET AT A |

Heterosis-93 & hybrid-9ff Rfexena «ftem a1, @ Single Cross hybrid :—

AA x BB
v
AB—(Single Cross)

AT double cross hybrid : —

AAAA x BBBB CCCCxDDDD
\! \’
(Single Corss) AABB CCDD (Single Cross)

ABCD—Double Cross

YIS 4FF P (AF REPER MIA AT @ & | TS (FLa 42 97 TS

FOT @ IRZR TA AR | IOTA BT IRZ® @FFSN $OR IS (cultivar) 72
relies 91 Tgo TERO |

WP A GO [ T T @ F, TS TR0 ZA 941, T 51U Ty Afeqiz

YN (F,) Tewa Ararew, T SEATE AT (O 391 TG 77 | S| 0w G I G e

R o fRSTAeT 20O 3147 | Maharastra hybrid Seed Co. (Mahyco) 9% 33 @3 Iw

FRAAZRIA FAR | @ F, TS hybrid- 2 FRETS! 2R © f{ry Wi @RI 2@

AABD aabb

AaBb-F | hybrid
Selfed
F, aB ab
AB | AaBb AaBb
Ab AaBb Aabb

(T T, (IREANG 14 NS YRR F|-9% AaBb & w1 7cawe (raemwig o fere
cera, 1 g frar TR < T, ©13 @ WHerS o)l O AR) | ] AT F,
-(% T T A | AfdfEreeny e Beomra @2 W Rferer ol s @ @
TR 2T HEAGH 337 |
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eigferiot 8.1 ﬂWﬁﬁ? (Green revolution)

Wﬁ?@ (Green Revolution) * B 1968 ATH William Gaud (“’f&_ﬂ Director-U
S Agency for International Development) &AW IR F(IW, e @3 T FIw
1943 FIC& Rockefeller Foundation € Ford Foundation-93 WEITSR (WRTFTS %7 < |
@A (FPTY RCETF Manuel Camacho | 1951 TR (IRHCH <AM07) AFREO! #11© 4 |
G CHR TCE FISRATIA IS ¥[F T SRS e (g Hrrweaw jJgafaas-
7 (FOTY | 1970 FEHT WAL OIS AH) ROITS 417 @ 1% GeoNTe FReTs 20 €0 |
e Re@ 0 T3 T8 Rewd w1y (eete =fea it | wgwfaed HYV @ (high
yielding variety), @5 “iffsa @75, Serfie apmAfaE AR ¢ FHAXTEFT JIAEE TR
fAeaTa | HYV-93 T4 FEOR AR @A dwarl wheat variety, @32 4IT7% RS |
TR BCHICARTR Peta 93 7 Dee Geo Woo Gen STRIED (A0F TET 731 |
e [Re3a Srew 4 Norman Borlaug 1970 ts =7 & Nobel *F¥HIa
TS T | (RS 1941 7T Minnesota University (303 Plant Pathology-(% Ph.D
A | O T F@Tl T—“A man who saved more human lives than any other person
in history”.

G (T GRS U] T AN AGS A FACE, TS G Swwaffen
ToA @Y MR | Sl Semm IR0 T SO 99 (N (I0R, AR IS
M ¢ AT IR 2R 3ZF AR FERS TR | HER TN o7 T «fF 33
s oRE @rER, T TR 8 NG SO &b | GRTIS GF TH 9T LJA7
T imperialism-93 % AR, @ Standard Oil of New Jersey @t o afimr
ANG (R AN (@RI FR, FoaE ¢ o FRAEE G0 I3 FE
SR | QREIS biodiversity 3 &R AMBTAR (Fiae @ RART = eoRr +fFwfwe
TR |

8.4 &9 ICEE FEY (Causes of heterosis)
6 Shull 1908 FITF G¥F heterosis-47 I (77, QURG T 4% MTHR 9728 <7

TR TR 8 4ol (O =W | Rfeweis W 39 (@ e A TR A (el
TR @Y fEmeg ¢ w7 orer e 3t Twifre ware |

8.4.1 MAFET TG
wieas Awie Rfen Serntan armen @ | @FTen SUHste TRl aRrey
A, T isozyme T AR | Isozyme-AF Zymogram-a ©1w7a Teiffez wa st
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T8 A TR ‘S (band) W | GF inbred A TELETW Bfegw cndite sl
TABCF AT isozyme TIPS 6 ARTS #1C7, TG 74 12 I ST inbred (B
NG WG, T O (FICH FIF0 izozyme-2 &I6 0O ANF, T & BT IR
9B, T Tferra T ™~ | 1998 A Gupta € Singh P8 esterase SRBIBTIT
isozyme-93 TAFRIET e GTMIAIT G&LAT H#F o B0 | ORI (7ACe 7L T @
9% inbred GBS esterase-a9 47 isozyme-d9 4] 2% 25 @R = (SR S wfo
&5, g F, 3RI0I 41 isozyme-R &5 (WIle Zymogram 4 ™12 band (a1 )
g GeAMRETS! I A |

8.4.2 foweifes (PR
8.4.2.1 Dominance (&F59!) ©§

@S (inbred) (ISR T0a7 S 0o g wowEmT 7RI @ 07, T inbreding
depression (STEfERoIG ) TN #IfAbe | @ 77 vfg Aarere 1 evzn fom =@l fFafEe |
(e T 4o o7 Ferwww ST W 91 9B, O & HeAIUT aven G e 4w 7
@3 hybrid 3 W0 gopdor YfiAre S<FEel A enhancement ™1 (R &
enhancement &GRS “Row | 421 7w aalb Tfen ewmfere Tefor o willt ABCD
2efS @ acare | 93 EBite €7 IF AA bb cc dd &H-a7 AN @R @3 TeFFIR
@l 2 | @2 9 GNP WFF Faa AMEH LI Aa Bb Ce Dd IR G Tegdor sl
WGIE—4 |

RGP T T AZTSIF &l T A 1 | Tfew Sfew it W 7o @
W,W@F‘IWWW,mdominancewwm‘fﬁﬁﬁaﬁ‘mwwml

8.4.2.2 Overdominance (SfseFoel) oG

9% ©G Hall 1946 e 2T (oK ICE | @3 ©F SHEEA A0 A SRow sorsorg A
heterozygosity RUEIA MNIAIER TR SAT ARyieas | SR allele-97 76 &=
ey o AN @ Sfgra wwwel IR T3 |1 999 @ allele-T over expressed RISIEN
Y &6 T | (@I

oo BRW Gf  — AA  ——y  Tedel WAl 1
o Sfew ol — AA ——  Ted W ]
R AA'  — >  Teel 2

Dominance ©§ RIS MFT F&1 A7 Faee g &% @@ overdominance
©GE TG I0E WAE TS I F(RA | O3 92 TGl @ioe 7vjfer aracamy =1 |
wfe 7efs JakE Gorgs fSfers heteriosis-9a AT FIAT (RS TACE, TS
Genetic complimentation 9§ (Milborrow, 1998) f&31ta wifefee w41 5 |
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8.4.2.3 Genetic Complimentation 3 &9 T[T 09 |

% ©g SR @3 wefem @it o 3l wesen eifin seten oy R
Afsojas oma siw w7, T wIE Ufgn wiiwes w9 @ NRNgET g vy ¢ @2
OGS L B0 | Wi TS fiE & wrg @2 wrew @R g ame e erer | @
IS0 PR Term wwefem eifite [Riey er e +iffees ewfde 2@, 3t intra
specific violation of genetic colimearity <l eGIfeq Bmere [Rane™ sR=e @2
Plus or minus genetic polymorphism (&% 31 121 femere aggetten) e wifefze 2 |
3T Bfgn amfore sue @iol @Es S | efeh @ren @ s [
& Ry ot A | @3 ewefem Bfgn @B chromosome-@d &= sequence
TG RO transposon I DNA-parasite @91 RfSrena (zfte srom Atz oy wwzrew)
AT 2Ce it | @ GFINENT [ addition 1 delection, W base sequence-99
/{3967 @57 & exon shuffling (exon-& ST XS (FAT (T | TCE @ (AN Geore
fafie Raner ~fees 3t s 27 1 fEmers R S e (redt 20 | 9o
helitron N transposon “2g? TSI Tl | 4T (FTA pack-MULE G @3
e fofee e (o @3 transposon-Muk 5% A active transposon-C& B
(silencing) FCT A ) WREe TRow PR Rpfoaf waa Sfewm vt site 7w, 13
SINO! U WA 2Ifio R T 3 | Laier al., 2005, Lal '€ Hannah, 2005; Smriti
Guptaetal., 2005 &gfe R@ &s @277 transposon-97 AR 7% I | Springer
8 Stupar (2007) 9% O T2 [of€ A heterosis-9F AN e |

8.5 Heterosis-99 aifafens a@me

P 6T TR & AR T A F 99 e tof FAce 7w | FRre Afifereens
T tofiw fAfie AFara o Redw orell SRETs $41 &taee 200 0S| 71E9 g tof
TR T IO Ig@oq e oo WAl A GHEHA I FA 5 | THO
CreffeTa DI T @R 1w TR T (@ AP W7, g v [Regw si¥ieE Iz
AR I | SIS IIANG By BT 9% 99% 98I, 95% 1B, 80% 71T, 80%
TR, 62% 36, 60% 1 I TR | Heterosis-4 IIZ0 MIT A& TLAWH
fAEfiie smfos)fer IR T =@ W |
(A) BISICH GIOR SRw—@ N 9Bl P N RS AF, 9R T APF 33 (@6

T, O wq  oaplie Mad ol sRergs Fa =7 |
(B) % monecious &f8tn f[ifen apifas ecans (i Signcs weig & Sfem ~fafss

T4 A | AN FACY! ISR Tfew | 22 ITGFAC] (@I ATRS I7F =, O S04
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Frace RS SWRPES, mendok (GG SRR @f#erab) al 34 (& @Il
2% el @fie) eefs Traa@il | Ethephon-93 R qife, 70, 79, (a1,
YIel \Q ST 2J< TG QO T |
(C) S=F monoecious OB R FeT (F3= T B Tfew e w1 Gl
F,-hybrid e (O 2@ F41 909 | @ Ricinus |
Monoecious Sf6wH 2757 fdibta stagrre & Bfew siew Wed | Qi @ AR
Q@ J 2El e T | FIEfE AR T T | AT G A IR Wb S A1E
SR O BfeW #(eql I, @I (@G Fiofeoi #fieql T | @i Genetic female
N 7o |

(D) ~RIUTGIAC 7 (5TF HRUGHST male sterility factor-a3 T (ST | 97 T4 A4
cytoplasmic male sterility (CMS) | FEGIaeTs xfee wEghaien () s
e fapar fee Svbufers g Bfen ewifore sy (i o1 @ w@ce @
Bfgwrs wipwlee! Raa araea e Ha Aenl HFa | S AR Cwea el
Bfgrma TSI of (restoration of fertility) T <t weta, agal F, 7@ Al
Besiiuta 27<f &1a, el AL (e wperiee] e ARBIAG (i 0k AEBIL
GR CMS factor FCACE) LI g1 REUR A LIS, #1404 &% rf (restoration
of fertility) f&# nucleus-@ W@ e Tgo Man 4y @Sl FACT Hw €A |
W, carntr, R erpfore o sl waerys wl @ | Wi Bye WEfdce CMs
T ARGIAIGN I FA6 @ 4wa F Bfgw 4 w3 |
ﬁsgﬁs@m e fome PRI BIC® 172 | 99 WYy AR TGMS (temperature
sensitive genic male sterility) @3 PGMS (photoperiod sensitive genic male
sterility) | SIER N 9B QA Photoperiod-93 sfgeq b 73T
wifie 4l T |

(E) W& *P7 F, TfeitE SN AT (clonal propagation) 2&H T HFA @
T T | @O S, WA &gl |

angffe 8.2 WITR[E™ Cybrid A A2FC

@3 Protoplast-93 el T4 93 FOFAHETT (@GRS A ARGIRECIE

GFSI 06, ©4F Cybrid (Cytoplasmic hybrid) 78 & | Wsi€ @ (@It Afers Cybrid

ofd 781 (3) 7 Protoplast-43 GRS o7 a3hg WofFaee FEibe sy it

524l (4) 93 protoplast-97 A& 9T ARGIACHA (NSIFTRIRER protoplast, SLE!

Cytochalasin B &M &l HRGIAGCI B4 fRe)-a9 e e | @ Cytoplast-a 3

CMS factor TSI AF, O @ Cybrid (AT Tgo TR 7Ty (4] (0T |
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8.6 I« o™

(@CRY 41N RO LTSS AWM, (18 G I WP 991 3j8d &y f[{eea Srplst (el
TR | 1988 A &AW IR 34 @R IR 42 IRRE P 361 4B = | (Teowa—10.41/
hectare—Virmani, Aquino ‘€ Khus, 1988) ISWI(H 5Itd 8 SEHRHIAR 4ItH 134 91 WeF
TRC* AICIRE BeTCR | 2FITERAC CMS, TGMS '€ PGMS 72l SIReTgw 34l ZCACZ | OTRIT]
heterosis-9@q ! W ooy fafen qata o7 IR0 AR, (T (i) inter varietal hybrid (ii)
inter sub specific hybrid (indica/japonica/javanica) (ii1) distant heterosis (sativa x
rufipogon) | &9 WA indica/japonica TR AICE O T (T | (@I P645 x 9311
(BAMA 10.5t/h), SMMCE TIFNNCT &A1& P645 x E32, @A TAWA 17.1t/h 216
Ty | TR e &fS @I 2.5t *PIRRCSR (ITHN T 6,5t/h) (e BieaR |
billion SfefE @™ 45 BN T (Lin eral., 2003) | Rl acaz 22Rees sy
w1 ¢, f&n ef®oeiaa eS8l FCA0E, W super hybrid T &S | Super hybrid &1
oAt T (€37 &l 13,5 59 «W Berimw wmee | SitAm @@ ST (Australian Council
of Agricultural Research) apomixin-&¢ i4jes hybrid-o|ffa eremtaa (58! beeice, CTTatE
&% aen 7Y WA hybrid Ta Sesirw Fw &rarent €T @ 1 Apomixis-& @alb @iy
AR (2n) o AR @ | wrw ApEiieE Hae o e TN AT 93R AT 9
TGN ACF | T @ (BT endosperm A * BeHMTAR T (A WG ) WrEae
2T |
oy
1. 7fds Tarm wet fw ¢
(F) Hetersis (T 2T TG YR T Aqo—(i) SesAereTel (ii) & ~fd=rae
(i) SfEs @t &fSraty wwe (jv) TS0 e & |

(}) FoRECe AfSTay TER @ S)¥ A R SR AR @l weR—
(i) TSR (ii) TSRS (iii) RN (iv) AG |

() for ¢ Bfes Fg7—() &G (ii) G (iii) “IF-[ST (iv) MUK |

(R) TICO TrOW TR #RIOTGFACE LTSI (T RS SRerg S (i)
CMS (ii) TGMS (iii) PGMS (iv) Ethaphol T |

2. g FUT e e ¢
(&) Hull Helitron
Shull Over-dominance-¥f6 26! ©g
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Lal € Hannah Euheterosis

Dobzhansky Heterosis (¥ I)
(¥) Pack MULE Super hybrid rice
CMS in breeding depression
(Srgefema 1)
Apomixis Mitochondria
GMO @ fdfiow
8.7 HAMI™A

7 for wIeef& (inbred) Bfgw ciifla @&t F, 39 (@ Trow w7 ©f a1 3
Al hybrid vigour (& g7 hybrid) 1 heterosis 7T ~fAfow | ¥2 e 22Fe few
SesimereTel, g6 sifioret ¢ Tre @b aferaty waew e $Ee Reeid oo | F,
TS TP AITO! IZARDY Z A, (1R & b1 & Af69R g F, hybrid I
AT 7 |

WA IR P 46 GIPR 47 T=0da To feq 07 | a=Iel FA 39 e &=
GFF WA I RTAR FRR T | [fewen wFw = [ T | @
“TT@?Q@?JW, dominance J! &F5] g, Over dominance 3! wfeeoel WQWW
f&m wrgw fefere @af$® Genetic Complimentation 3 &mare F=7s ©g |

AT ©IT RIGRIPA IR G I &6 wgfd, (12 T [feq =
TREAFA T | @, wF A 7@ A A 9w w7 2o Iz Fgsad, A [ifew
AT ARG (6T, WL CMS A TGMS 3 PGMS 7%fS Serew 341 | .

01 el ffen Sfem b a1 Rew aarw aecz | @2 fe Awei 4
AT FA TSI T, ©f ¥ Sesimrs faor wgw [ed o= |

8.8 eMiafey

(F) WFT T F 9 MFA I FONI &I ~IF ? HIETOR @l Freld I 71 W
ST T |

(A) R I JITR & 2R ool w3 |

(o) AffETFea MFT Aw TAMAT & JIZ© “iofera [z e |

(%) Super hybrid 49 1 ¢ Ford @ba tofT el btz U T ©fRF ST
TG |
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9.9 Teawa
wrpiter-1

@ iv @ iii D iv (D iv

SepAteTe-2
M gfeme—Lal and Hannah (helitron), Dobzhansky (euheterosis) Pack-MULE
(inbreeding depression) GMO (Super hybrid rice)

ersiafe
(¥ 8.2 883 MYI
(%) 8.4 ¢y
(o) 8.5 @Y |
(®) 8.6 @I
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@& 9 71 Mutuation and Polyploidy Breeding (#f#=5fe
¢ ARTATATC eremv)

N
9.1 ERE ¢ =l
9.2 e aww
9.2.1 ﬁﬁw\ (Mutagens) 3 *afE s
9.2.2 e Sge awa v
9.2.3 @AW “fTwfE A Somatic Mutuation
923.1 “fFfe awa Sfew Tt orwe
9.3 I @& (Polyploidy Breeding)
9.3.1 *m ewifen eem sAferemfes shmt
9.3.2 Tfew ewwa sl aerEe Avef
9.3.3 “iferaae Bfew feq Tomwmz
934 AlTAEE ewam FAeiEd
9.3.5 wifag Afereafes st [eaa Sweae
93,6 IR
9.4 emwE
9.5 Taase

9.1 EFIAT ¢ Trwly

SRI[A! ¢ S T IR G GIER ATHAHAI FCIBID WD S| Az, @A
% (A AR @ Ofgw ewn Yo Ofe v ¢ wwEme | Gl weie tafbar,
AT G0 dETon (¥ Fg MAT 279 A Variety (ST ¢ wifaraiare s
T 8L | AFToF @3 RHTER M (AF AT &0 wioa Sfew awacma fofe
TRIE 93 2daRes)fEiE aow eifed RSt AR a1 ©lb [ De Vries (1901) 229
Oenothera lamarekiana-C3 @ #EE 7% S, SR OF ~A$ adag w4
Afraree el | agfore @ iftarfe @l a7, o 498 [aet 1 107 (2eF 100 omesesa ey
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g @3 allele “IfFrf® 7% a1 A 1 1920 AT Miiller @Y X-ray & Drosopila-
T 299 T"@TI 71 (induced mutation) SNfRE I | 1928 A @iflw [T stubbe
fafen $fF Sfem, @wm GRue, FuFe eefoce, $faw wfzfe wbice s =11 ~faafes
FE APH (@ FITT TEI R, 2T IIE Tfgn e ol [ St (73 | 1934 7e12
2% AMAfGTFSIT TIZS (mutation TS 249 B = | @2 GIF A1 Tfgw g
AR @ “AfTecaitn efiie 7Reeita SEsal Sl | el #fFafe ¢ wferf s
TR (BACRH | (13(RY IO GRS (T TG SEReGe Qd $hihge SCEsl
T |

BT 2 92 OFF AN SAR TS AR —

o I Tl R TR oo g ~efonjfel 7otdF w3k

o [fon 3 Bfew RIS awmm ey T «af Al gRe we w0 |

o TfEW 2T #ifFemf® Iz (@1 A1 T GR FASF * ST 7 Awey T=F

FACS A1 | ~

9.2 ifgrfe ewaw

A7 e o *1o 2P T, g goovwe R 432 vefe | Mymeed @
2AFIMOTS 1073 (AF 1070 Te @< #fFfE =06 | widie &f$ 1,00,000 Mewsa 9+
allete-a #fFIRE “eT ETS 51T | De Vries (1901) HE 22 5@ S #{fZ=yfg o w02 |
QYAIPI “8_2*{5_\9/9@%1% (TP AR Gala &9 (AT Royal T, Imperial ST
aefs emmjfer FHibe 2z | @rry ~iRIReE 6 awaas S, ¢12 &) Ffaw Toiicy
sfarfe wReea o8 W7 =01 afne ew Ffaw i 1920 A P o T, O
a8y frar (o7 zea =193 Bfew arwmce Ffaw «fifs aa=m w7 Wi acad =g
oY | O FF (72 ANY (A2 [fed I, neutron, o.-particles gefe @ Afgrfe wbire
e, EIoffeT el IR STEoeTe] & @Rk S{RISITe =Nfe Rea s e gz
YR IR Tog ~IfRcal g =i |

e ermmc [ifen e RO 999 IR @9 (i) Genomic ARAIE—@ICA
A @ICNENT A @A @l (set) &T© ; (ii) Structural AffTR—@ eI
el A1 R (abberatio) &) €06 ACF | (iii) Point 1 & QIESIT] (point mutation),
T DNA-93 deletion, duplication, 3 base RIS 78 &, 938 IO T &F@ “ifqfe
AT oAl =T | GRIG AIZHIRGTT SIS & 71 MR 4 Gaieis G T89m,
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iz Affdaeq a1 fafen AAfaafes R ata | w9 T w@eta &y 999, wfre fom aven
(recessive) | @5gH &7 o0 ooy 7eFae ¢ v e = |

9.2.1 TEHTE_(Mutagens) 3 sifaEFEs

@ e (81 (Physical) 31 admafs »mid iyt woice swwd el Seite a
ARfesre qrw @be | o sl FetEel o At g fetras g
Tfefze 2| Ffaw at wfeE (induced) RTRCe g0 AfRgfesasyf e
(@) o FITONET—aHE (x-rays), M @& (y-ray), neutrons (MEG), o € B (alpha
@ beta) Particles (), ®1fs @9 a0 (ultraviolet rays) @gfe wifae ifaries
T TS T | SReCasff A Sy (S cifayiesreefe (it o4, drd aft
fafead g i

(=) IS FesET—@a armafae (@9 wikE ARiens e kg =@
I, SICAa ey AR ENFEA oneiEs (Sodium azide), EMS (Ethyl methane
sulphonate, 32131 LY ARTFAB) DES (dimethyl sulphate, Si2N{2e FEF0)
mustard gas (IPGTE 971%), nitrosoguanidine (FRGICTIFG) egfs | wis
I =P Sfen 8 RS AR T Tuizdd (el TE—

eraife sifgrTeeree Tge el
1. 4«9 QIIEIE Calrose 70
2. oW 1. forE 1. Lewis
2. GTfEa WT@TQ@ 2. Above
3. Oat X-3f Alamox
4, e neutron Star Ruby
5. @A EMS Mini Green
6. T X-At Seaway

FAO-93 R SE@dt 2000 @ »% +farfe ewme 22500 FiFe a7 Tgo
AR | 97 & [eq ~ARrsaime 927 2R | 932 asifore ffen fehites a9z a7
forgel e 8 2R | @ At [fon ge esitaa s 61 i af, 316 faega, 16T
X-3f, 12% EMS, 7% smrwy ape cifieers 76 seble e Tge R |
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8.2.2 f3fy Sgw e=a v

AT T g cRTSanE ARESNE (999) @R AT, EefF AT ML
e = | o @PEen SifFEe WEEE A1 lethal T, ATIGAR SepTolm @R
fAvrTa M FfACe TR I W @E PR @ Rl it =, e @
oifed AffETT IR WP =T ALSF, (WA BT 4 Zahfu' &BE 10% TH
TN | SFHE 4 Oryza glabberima endospern 1 96 T, G @9 a3 wfig
I (y-o 7 Tgo) 5 AW, T R o v =eac | @R 99t AR
AT 30-50% ©ist @R (@B 2 ST TR | DR cassava mosaic virus (CMV) &SRR
30 Cassava @3 RiF0 Tgw =4 | e | oigd Sl @ Tw=ae | 169 Above
G weRAE ARy #ifFfe 49 @ sodium azide FTAS 21T A |

FAO 2250% mutant-97 @1 @@ @uate, ©F Wty & 1800% 8w sayfearws
WIfB | 97 ey AREST AW, i, A, eeT, Siaramin, et &g AR 1465 LT 2P
Bfen e Fel T Sferm W BEw AT, €9 W AR MNP, G, e,
e, Rrenfam, e, crewfehmm, snfbfaam, sk aefs | o= Sfema Wt
AETE TS, T, T, (3G 2¢O | @=Iwle TR @ T2 ~faargamess
AN (T Mutant PR AT (I7E, SAA T4y ICACR e, R wieg, s, coipfa,
Y7 &S | WA AT T QUG STATNE AR, G473 TGS AN BICET &) »IG!
= |

8.2.3 ey “f4a5f® 91 Somatic mutation

AR e AuraeR SRR s e T 3T I LI WS |
@2 Tw Tyw T e F1ET T ) @ vel SR [fen @it weorpse
sFR o o | siftReefER starwe Bt = A wersge sAftfe <o I |
TR @ TeH (AT TN 0 A T TR AT | QTN FACEIA SAS ARG 2SI
AR AR | WA @AATSHTRI, G (bud mutation) ST &R GRS o TR |

9.2.3.1 ¥ ewww Sfegwea coltge

Tfew T, Reage TSI IFee S (fFe T SR apfen e
e 2R RS Tow awime 3 2o #1eF | FEIeEe W AR i @,
A e @R Toin CHRR PR gend @ OR FTNIN (W0F SRREE Al
micropropagation W TYA A A = | €% w@wa @R somaclonal (Larkin 8
Snowcroft, 1981) €3¢ fretsa @ (AT TgS &9 gametoclonal (Evanseral. 1982)
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f7a ifafow | FEsaa Mt 9319 @S (QF AT TToN Ofegw 72 2R | @
Helminthosporium maydis QTOTILFA ©6I, Downy Mildew € late blight &fetatess
G fHT AT (BT (01, BAGATAT Geramium, salt-resistant TRF, 47 SO |

THE A
(F) *FPREA of Tg 3
(1) AR vg — . AN FIREW FE |
(2) ——— OO FOTTFS AT W AT |
(3) Oenothera lamarckiana var gigas @I — ~AfFyTen Trizad |
(4) EMS @3 — ~AR=iesEs |
(5) GIFT?E Bud Mutation €36 — =RyTea Twrzad |
(6) ——— %77 SfEgm e Faw AR 9w FE |

() TTHA Teq et ¢
(i) Star Ruby Sga & ¢
(i) Sfem e F e “ARies Teq 71 ¢
(iii) AeRET ARTeTRs FIom =1 =7 9
(iv) Flas 2R @ s o7 gL 7% e 9
(v) IR aoa I ATATARTS! (& 9

9.3 sferetafe awwa (Polyploidy breeding)

Tfeen #ifFfen W wifeaiee e R g ewfen st Rt oreerd Fe |
1901 7 De Vries A7 @ 3= Swizae fafere™ O W4 Polyploid-¢€ S@sfo e
@9 Oenothera lamarchiana Var. gigas | ST Polyploidy *™ib &% IR I
Winkler 1916 3 | Polyploidy &%+ &g *7 =& WA W#F %3, Blackeslea '8 ©F
TEFAE Colehicine-93F ToF AfSTPE SAAN@ SFR ~ | ORI &7 ICad @
Colchicine WiZC5IBF T microtubule-(A 2FTCRIES FC@ At (1, T TR A
MESBIA spindle fibre TOR = 7, @ FECA metaphore-98 ¥ sister chromatid 6
2T 7 TGS G A (2IIed S @S {17 711 1 @8 @I cytokinesis T A, T 16
sister nucleus'® (P 7l I @FH B AF | @2 AT NBCGIOP C-mitosis TCIS
+IfifoS | @Ry @ @It S04 G sister chromatid (AT T, (78 T & (I ICNCICT
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72y fGed 27 | wdie @A @I A 2n (TF 4n-9 SRFRCO =7, e @b
“ff#f® A colchiploidy &oMRe ~ififbe =@ | W3 wiRkwizs Fe1 Ofgn agae w1
sferenfSs efie e I =i |

I Sy AR T M (AR, IS GF(F SN (TG SIER 2
“AfererafGa St Qe T | O Sl Sl o @A AAfieion asmef A
AL I #NfF (R 9.1)—

A 9.1—=feremfe e=atew (Type of polyploidy)

“forerfS
l | I
e (Buploidy) rifGeaf® (Aneuploidy)
TR T IR (I (@Ol @RGSO EPICACT
ToifRfS @ n, 2n, 3n THRIW WA g A I 2n-1, 4n+2 2orif
| |
| | 1
TS IR ATeT2ATG

Y GRS (n)  ORYWEEY (2n)

! |
] Sl

GRS (3n) GGIATC (4n) Tonfv

I | ! |
Segmentau allopolyploidy Amphidiploidy  Autoallopolyploidy  Allohexaploity

(AAA'A) (AA BB) (AA BBBB (AA BBCC)
3 AAAA BB) gorifa
n= NS (FACNT @S T YRS (@I SN @ AW | A, B, C Tojiin gy
haploid TGN @S (set) A'—A-9F “RIAEE 71 |

9.3.1 *77 ewifer Raew Afatafen it

Fo1p (e Y erwon KA @l el SR RO | oW, T, O,
G, FACT pfon RIS Shl 8 wWieet Ton awr sAfaaies gl @l a1 | @urg
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9% Bfgra ARt agium wieE wibey, GiRwer @ojfst palacopolyploid WIS Afb® |
AL aF Teotf AEfd 9.2-( @A T

237 'new world' 95 old world o1l ¢ STy 2l welm FeFael ¢ g |

Triticum monococcum Aegilops speltoides (7)
2n=2x = 14 (PTITCAE WA 2n=2x =14 (RS ALG!
(AA-genome) l (BB-genome)
Hybrid
AB-genome
l fageael
T. turgidium X T. tanschii
2n=4x =28 2n=2x=14
(AABB) (DD)
(allopolyploid)
Hybrid
(ABD)
f AL

T. aestivum
2n=0x=42
(AABBDD)

et 9,2 ST Seolfe
e fafey efs ome Rrassica juncea (2n =36) or B. napus (2n =38) 413 1T =
IYIETT B Nigrra {2n= 16 € B, campestnis (2n=20) 9R B. oleracead (2n=18) 8 B.

compestris (211 20 99 90 interspecific I QR fagace Hﬁ TR | Al 92 @
wra A Brirg . ey g
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At 9.3 FEwh «ifFaTe w7 awfs

37 B e TS T sferecafe wa
@TINTAS AR )
1. Avena(QOat) 7 4?2 61
2. o 17 34, 51 2n, 3n
3, Tl 11, 22,23 2n, 3n
4. & 13 52 4n
5. BEme 10 40 4n
6. T 12 48 4n
7. Y 10 80 8n

QRITIe I *FY A T A CeRET Sfgrns A & @ T | @ o, 4,
AER, S, *Merr, 5, G, oawy, R, R Tent |

M8 QLI TArERerTge IEFH0 *F TR 790 S Tl =8 | AT GG,
ferwe: Sfegrmeed [asw »(fenf Rmmena sikxazd IR |

9.2.2 Efew e At gates vl

1.

ffen *p7 eoife et ~feecais, ReEe allopolyploidy-8 RoE gfuw
ACACR, T SR SATAG SCEGAR &7F FCAR |

ARl Ao «F R wafs, o s e W ik @ o | Y
g “RARE lethel a1 A2 a7 |

TR siferfte e wFac oy fon foa o aReR T4 5 |

“(feraifie Bgtn Iwas 74D redundant ($98) & T8 A3 191 7tz [femens,
GTfE FITBItEN AR 41 genome-4 TIPS transposon-GF AN &S
sitefay 9o wga eFEd A @Efe e MRy A |

Afefie Sfev-ewife f[fen eor www Afiar seorsigs FAeEek ReE e
T3 | SR T, QAiga SegtE @M ARt Bfgw e 1w | e ciferafie Siew
@ St wy ST oMF | Sy oifFafie Sfevw ArTend waw qt Ferew
e SfEFed T | e AAfFae Siegn S weers a0 |

@3 I35 e Sfegw erewie “Afearafln aRer g =@ | FEwenr ke gk
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WeG 29T AR aeme [eag g e oA | S g Aifere «me ¢
ea G Al (viability) I T |

9.3.3 siferaifye Sfew jfea e
aFfore e Fospeeia (el o | 7O Alecafe fFrsig S 95e #fiea
(¥ s T 2n chromosome T SICACHT Se#1ered | |
(4) Polysomaty (72 7 fWEfza = faiga fes)
(o) WIRCNCEA P A Fageel

() Endoreplication (ATSIRARICEW)—a? 7o TGP —R sister chromatid-
sife1 AP Q1T S=ERIE 77 DNA replication STICH GG GFICHICAN AL
3R or |

FET T AT IR & WFS 7 SI@ergs T W—

(1) “TaEe TFel S Wi TFoid 9= Reraes At Seofwead 75y | S
Y SiF Areels JITT I A |

(2) FABRIN-9F IIRF | FIFAET 8 FLHAR 1939 T 9% 7= TERA S, ql
ISR SR SETHA TR | FABFA colchicum autumnale (Fam. -Liliaceae)
e PR G SR (AF @l alkaloid | ISH colchicine € o e
F7MEA (@4 colcemid) I TOR =0T M |

(3) ffen am wteTe af IRRe SRS siedl 789 |

(4) TICIBE (Gammexane—hexachloro cyelohexane) e S APTRIES @
TYNG FYAQ AT AR FACO AN |

T Rfown orat Aecers, AAfeafe ewm w91 weg R YHEd T S

FARRE AT ewmea FCerw Meacany =i |

9.3.4 “TITIT ATt FeraAEd

TR magee [ Sem el i a1 9787 | sieigial 8 s
e Sfev iR 8w atw i it ot cliceez | giekire Bfiew wAftarfe e
e Toa, TR AR B Wowa 90 O &Ry ; YIERTEITE @TG G9F (O
(I T, O3 &5y [Fee eiw o1 | @8 #Rfers St e 501 «ita= &= 8 201
STNE 2P (STIEG) AR T AR | AAYER, BIed, THeilfs, B, 51 @efere (Chen,
1990) @2 *Rfa Mes @1 [y Fes 7R w1 2R |
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GRE AT 8 YIAFAG 4R O faeaare B2 YieEe Tfen i 20w #fita |
3, 4, oI, egfore «3 ofers FFey “Medl Gtz Yong €% Zhao, 1982) |

ez Tfew sfBre eresiige [ReiEeitd 9% =4 | Endosperm 1 =91 (o130 1@
GRICTC (M1 (A Fefteaa Mpes Gere Tien #hedt I | T&1 Bfew triploid Re=reita
e, TR aojfer %@‘W | Annanus squamosa, Pyrus malus, Prunus persicas, Citrus
grandis, Emblica officinalis @gfore @2 »=fe ey ariez | g % wielm Sfem
triploid &f8tn 38 e, @ Populus tremuloides, Santalum album, Putranjivaroxburghii
2l | waifer ifdge BIdajersT=ig |

9.3.5 wifq® +Afereraioa Frae® [riw Suizaa

S G 2P SRl FESH AR auaem Tge et Srae Fafk | ol
Al RS0 [T e Ay AETn TS oAfE—

OWIT ¥ FRET Nicationa dighuta TEIT® &N SRIAANCT 7B 2l |
Clowson 1925 JC N. tabacum (2n =48) Q@R N. Glutinosa (2n = 24)-3 X FRIFC
@Ff% F, hybrid #I¥, T ¥ FOI NN @0 2n =72 chromosome w17, @G
A N. dighuta T ARbe =7 |

1927 ite1 31 el Karpochenko & &b synthetic polyploid (0 Ftaw ; fofa
T (Raphanus sativus) 2n =18 '€ Brassica oleracea-8 SFA4 (@ F, hybrid “TH, ©F
TN 72y fagace a3fo Tl s 7[@ R, A Rephano brassica (2n=36) TN
+#f2fow = | TR @b uald weaaw (inlergeneric) ¥4, @ s o Sl
BICKIC N

Synthetic polyploidy-3 SItal @af &2 Twizad triticales A Triticum aestivim @
Secale cereal -4 Y G 2IT PICNCAN fTGFAC “ANST AW | 1985-1990 HACT T
fen FRR@NR @7 7R T | SerimaieTs! @k @rieforaiy waor & gt ke
S | AR /ey TSI 2500,000 (RFF GO @2 9% 51T R |

SReEt B
(F) TP o I 3
(i) AR HBre A (7, 9B $ANT WG
T |
(i) 1916 A& —— &AT Polyploidy *H IART T |
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(iii) INEEe SIE D’ genome ————— eifea wawie |

(iv) fCuiga sce g6 oz Wefeam-aa s —— 1 =)

(v) wRE gecsirde — TR 2feq 7% |

(vi) Endosperm 0 *F1] (I (FICNET A oy, 12 Gy Tfew 7{%(’.‘@

FECARC endosperm (FM GIKG T =7 |
(%) gt e 34 ¢ |

Blackeslea allopolyploidy
De Vries Triticale
Secale cereal O. lamarckiana var. gigas
Karpechenko colchicine

() 7% Tera wint fuw ¢
(1) AT (PN FRAT--20, 40, 60, 80
(ii) Bread wheat @3fo—triploid, tetraploid, allotetraploid, hexaploid
(i) @O triploid—aMIN, OIS, GeAl, S |
(iv) ¥ou’ WAl a—
Brassica nigra, B. campestris, B. napus, B. oleracea.

9.3.6 A€

fqaes ¢ wed eFrd R aum Tt «fdafy @ e o1k wW few ewwa
sifzrfee w3l e shme arare | worwe sifaafy 432 vefe zean & Sfen ewm
wfte vfarfer g @) Rl sereer amy o @Rren ARafee waes
(lethal) | &#1A1 #ifarfe st wiaqes a=R +41 = | ~iffarfe wiRkE wam oy com
e oRarfeeas (mutagen) II=F A T | I @Raen e e @
sifrfeaRe, @a= X-af#n, s 2t arefe wr Sge | *pr Bfew wrene 2 Sigw, T Tfgn
2efere AR eom T o =W | MHERTSIA #ARAfE W ) o I9EE 73 T |
TR Rfen ozw @ee AR ot e #ia | @S« @I bud mutation | S
TR T ARATE @M (ATF o BfEgw ofteq 78 | a=Ie! FEARCAS ARG @R
T Mepre SRR gwaw 794 |
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Afranfve ea vatTa #If735fE, @I At @ @l @fve | Bfgm [ere [fen
o4 wTAeen e Alaeafe ol [ s frac, a1 [fen eafe ¢ siferey
TR TR 7% FICE =78 (4l T | ~ifFefEe Im opr mus Tye fom awr,
aZa Bfgr wowt ~ifRRa e sw | wifefie Sfgn s efftaed 3k Sedr s Al
TH RS gwed A | @2 77 IR AAfeiie Sfev awme [RerEeie sy |
Y@ST\J"I@TW@W 1 fces rfed Rfew rfsaw 96 At | @A Colchicine
aefen aPTRAT el Paweia »iFale 7R s 799 | G=el Fell (I THTHe
PTG, BR-EES, triploid AT (ol Tl 7 | I8 fAfen ewifon epa s
AT gerd FRCe A7 200, T @3 W4 allopolyploid-aF AAE @ |

9.4 aHEE

(i) Mutagen § @R I &R ? AR e 770 FH WNTHITE TrizaepTz
TEY A |

(i) T wikE ~ifFarfe Sge ewmrem Turad e @3 OInd SHONIe Srad T |

(iii) @A AR F o T awme Sfgw T e el Trae g |

(iv) *P77 emife RRem wfrenafes ofiw, gt TaiRaemr HCwA Qo $9 |

(v) HOrFe g Plaw ARTAEC e Tom F ACHA A T |

(vi) Sfew ewma #feaical® i “oef i g |

(vii) RIS ewT AT PR S T |

9.5 Twasien
TR A

(&) (1) De Varies, 1901 (2) Imperial Gala/Royal Gala (3) faifie (4) BIMIHDE
(5) CFPIE Stubbe
(%) (i) M (ii) Miiller, 1920, Drosophila (v) 9.2 (¥ |
SeRNeTa- B
(¥ (i) Spindle fibre, cmtosis (ii) Winkler (iii) T. Touschir (iv) Polysomaty
(v) Helloid (vi) 3, triploid.




() fore g |

() (i) 60 (ii) hexaploid (iii) S (iv) B. napus
erafer

(i) 9.2.1 C74A |

(i) 9.2.1 72 |

(i) 9.2.2'€ 9.2.3.1 (7 |

(iv) 9.3.1 G737 |

(v) 9.3.3 T3 |

(vi) 9.3.2 (747 |

(vii) 9.3.4 OT4 |
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9F% 10 m‘ﬁﬁﬁcﬁmﬂwﬁ@vwwmw

@ Tfegw Fertaae *r4fs (Cellular totipotency,

Development of plant tissue culture, Plant
tissue Culture techniques)

gend

10.1 TR 8 Trarey
10.2 RCEF oo el
10.3 Tfew Felt @ (@-colims =g Feiee A afoe
10.4 Tfew Faitedmd S
10.4.1 30 st @ I FiwEs -
10.4.2 o@act ~refomaz
10.4.3 CATES (FI
10.5 AT ST
10.6 TeastE

10.1 dRE € STHHT

T5R 2RI FENCARTEAR 9w SR - SR, TAeeT, SRepTeta IR
simrfS SroifaRd 2 SITTTR | IR M (s SR aifafers fofere Sfen ammfe
Terfifre =00z | 17 eYfere TercoRed [Resd gt 90 | Mag-senied Bign Fem e
P IZD, T GIFF 16 (9 SETHA I AR | Sfegw @ 8 AR GRfas
SRR @F Fged =14 | 93 9P Sl Tfew (@I aF Reeiw e, Tign Feneie
AR Teoffe © R @3 FAARCT A sfoefer JREHCe SCETIbA 39 |

a2 @0 Al FT wAf—

o TR @R sjfeae Wl ql totipotency FICF I3 GACS AR |

o IO @3 =147 RS 905, ©iF MFErY Bforp Wb IS A |

o T +wfs MFe Ry By «Aiefie @i i T3 |

10.2 (I “fee= et 4l totipotency

936 Sfew @itad Retem Aeics 3 ) S Ratoem w5 7jsiame wwel R
sifgrfae 2| @ A ARTYHER ae Afemw wwe! [ AP | 1902 A EiEe
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faee el Haberlandt (REJIFEIG) & (1891 FCEF @ 90 SfEgw (FICT Lo 737 9ol T
9R AT (el RfTe @l @R o e e 519 Sfem [em (e =g, T @
totipotency 31 #jf&w el B #ifefas <7 | 92 $rwi Haberlandt &5 (¥ (91709
258 7 | g A1 Staeel fof spreret & | Sfew @ 1eag vjfema el epfore Iz wre
e, IS #H1REFT AT &I (AT 2ff Sfgrna Jpm, o =1 Sfew @Iea 7jifrgoa
297 | Vichting (GPIEFG) IR2Td (1878) % (AT (@ OFf FE© *M S#t (AT T91F
e ool @R W6 (TS o GUR | O (1 TGN el A (P ([P SNRATA A
Organogenesis 7RIfe7 TIC 74l @3B TRt Rew FIETNG 71 IS IST WA 78I
| (@ HAW (FIA @I A IO @R W W4 FGR FOFI (nucleus) TR,
€% WY (T jefemerwy | 93 2ol (differentiated) (FICIA ROIETHA (meristematic)
(I =L AN ASPRISACE dedifferentiation I RAREET I0eT | @2 &ifFAR T =t
GATES FTEADT (callus) (FIT TR Ber =7 | OR7F AFARFoF (re-differnetiation)
SHIRAMA (organogenesis) RISTe @M 2 Sfgrm R 38T | W12 «Iww AR
(AR ol SReTRE @AeE | (12 ROTR @IS sjfema el A (totipotency- T
Haberlandt 23 3T 7@ : (@F TGS I TG FS! IR A $ATF (7189l MO
€ 2/fAae @y 99l g 3 #itE 7 TR [iem 77T |

AT 1
LRI PR A
(@) offome Foel */H oo FE |
(DAATS @A QAR TR 6% TS (I weferaer |
(o) 93l jfoteliy @iaa RowTsd (@i eofReas (|

10.3 ©fev @ 8 FF-coige =N [Rieer At sfoa

1902 T Haberlandt (PR ~jefema aol e i I & (1T (RTG53 FCa |
92 ooy fof sty @<t [fon o/d Ia=m F0aw, 1 7=yl foet 71 | o= 1R el
92 REc grele welgsl &6 | Haberlandt €% TG Lomium purpureum (GRS
“@7IR)-9q e[ Palisade I, Eichornia (SNEIFAN-T 2@ pith (P TIRF
FrAfREe | @3 @R FAW i g Igfe s, w1 ok I @R I e = |
g 93 @Y Koo oy & | Hennig (%) 1904 M Rafhanus sativus- 93 J9
(oI 9L 2 | Haberlandt- 93 TE3R Kotte 133 O HEFAAIE (1922) GFTIR @FIF
cAiTael ST 2 | A @3 G TN Robbins (1922) SPRE &1 (2I1&Te 79 74 1 1932
AN P! YFACE White FIET TCT {719 (A7 GB1 30 163 39T (1934-39)
White €3 FICA Gautheret (?TLATHB) BB eTlel (2ATF0e yeast exract (FA)-93 Seizife
T A | AT FICE (1939-56) Whitemore ER S« (LY auxin (Eﬂ%ﬁ), gibberelins
(FErcr=ifer™), abscisic (STREGIE) Gfe egfe 3 fNrzres g gy S | 62 Ty
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White, Gautheret, Nitschﬁ?f\? R Sfensen (GNIesd (oNgs s (?ﬁmm) LS|
AR S| 1957 A Skoog € Miller (TATER @ Auxin @ Cytokinis-€a
eeite for 391 Seliertine faEe 03 | F0e A6 WIFd A0 1 IR &y [
oJfe snrsr onfage =7, N Musashiga '© Skoog M4 (1962), Ganborg B T47¥ (1965)
Z9]1{7 | 9% TN WKy SRR (FIF FAAE 1 Callus AR »iefe [ifon siaadica sifiies
| 1958 ACF SIATS Rainert (FBT) @R 1959 A WHEFE Stew ard (FFI1G)
SHEH (PIF AN (S Grod R o7 aeaw | 68 g [rgsere g gy @3 5l
Tfgrma &0 Mo 7% | T 1902 T Haberlandt @36® @8R ~jfama “ro@ eew
S efwlel NS T |

Bfowtyy Rfeq (e afFae onfigs =01 @9 Nurse e &fF (Muir, 1953),
Microchamber @&, Agar Plating @fFIFTZ | €2 753 71(® Sfen Reaqial (oii5el owifoq
WG (PTG BYT@ ANFAFE ARSI ATl I | OfF ©I8 G3 #rfoq o7
frmajfer Reee PR e Fiee s s s s)fze R w11 1960 7E Morel
AT (o{1el Afor TRy 93 [y Rl =S TeRm S+, T9 | mm <3 I
TR T (A GF ISEL AT 7% GG TeAW 789 =, W OF oS B 4 |
WS O ANCAR Tl (el oifors R @ Tupissi Toys SR srfess wifes =7 |
93 s Tfews TR (alkaloids) 9 S Sfges (@9 WA oG 2l 2 |
MG WIF RS Cocking SSTHCA TR GRS (@ATHIRFE 7] PIFa0el ¢ (<maee 7¢
& | 93 S A0 BITY MIAFAC G RexFeia fom oo [eaeeita 93e 2R |

@2 Y SRR Rfen aaemiicae Sfgw Fel (i [{ak €06 A | 93 ey ffa
frefvrercaa Sfevlvn Ren Reiw Fforea @l a1 1960 ™It Maheswari € ©fF
Saedar fogme, Bge 8 g e Awen oo waw | 99 [y e R Johri €
Bhojwani endosperm 3 SPTCATAC triploid Bf&w et oY <A | 67 SITRREIANCIT Wi 45
3T AR @ 2APIARE (Guha '8 Maheswar, 1964) | @2 #%fST® 7t Haploid ®fgw
AR AT T | FIEAG YW fEmore araweny Koo =TS | Haploid g fagsae

®g® Dihaploid a Homozygons Diploid Sf&% FRTwca Ige1 #ifRaled 79g© 20z |

S -2

W vﬁcf FgA -

(F) @R ~jdEaa =FIo] L Gy 1902 AT @2 TRWRHE (v
258 2 |

(d) Reinert © Steward SERE (PR 7AB (AP &3 RS 2T o7 B |

() 1957 AT Skoog @R Miller (AT @ 3 G A
ool Sener e fRage 30 |

) AN wfiFe @ Redg i rafon Sgw Feaw |

(e) Tfe Refwyiercaa €] 2 (AT TS SIS FCEH |

®) 8 AN FH (IS AT Al |
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10.4 Tfew s (Age *ryfs
10.4.1 30 W @ It g

Tfen PeTCoRel R 22 (A(F 9B =98 ST (@ F&Tl (I (TSR FIeT
Ao +fE Maw wREzH T7 F7 0 1 193¢ AT White R T SRS 719,
=4, feBifm 3z TS SR shfte @i w03 | [iven s Feta 3 o 0w | 5@
fafen Sfen awifs ¢ e & fomga A Aifisme aures | sl Iz 7ge 3™
TS M AR Murashige € Skoog (FFHEFT ¢ ¥) &3fE© MS (1962) W,
Gamborg € 7= 2RfSe B4 (1968) WX 8 Nagata ‘¢ Tagabe 2)Jf$T NT (1972)
g, @ o Toime AR 10.1-9 @A AR | 9 4K NgNeferes @
basal medium 3 & | (N MKGCH ﬁ?@; Vﬁﬂ%"ﬁ’ (macro-elements) € 9% (micro-
elements) (T Tole g taa @ @ I e @1 Fa | MuFIed Sfaw =
CAIRICETR &) S A1 semisolid MW ITRT T A | AZS# | (ATF 0.8% agar (TIR)
oge #ff% NN @ A |

At 10.1; FTSH T2 TIZe TlEw Tl (oAl LGTHF o7 ToAw

(M (2) 3) (4)
o AR MSI{E B, WHIW NT W%

(mg/L) (mg/L)

1. W@ﬂ@%ﬁ

GRS IRGE (NH,NO;) 1650 — 825
BRI TZEE (KNO,) 1900 2500 950
SR (@IZC (CaCly, 2H,0) 440 — 220
AR FATEFS (MgSO,, 6H,0) 370 250 1233
BRI TIRRIRDIE
TAS (KH,PO,) 170 — 630
SCHTST FETEE (NH,),S0,) — 150 —
TG BRAZW@IE FHTE
(NaH,PO,, 7H,0) — 150 1233
2. Ses @6 SefR
TrenfaE ALES (MnSO,, 4H,0) 22.3 — 223
(MnSO,, H,0) — 10.0 —
feres AT (ZnSO,, 4H,0) 8.6 2.0 —
e IS (Na,MoO,, 2H,0)  0.025 0.25 0.25
FAR ARCES (CuSO,, SH,0) 0.025 0.025 0.025
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(1) 2 3) 4)

oA A MSSIH B W NT S
(mg/L) (mg/L)

@FRIT @RS (CoCl,, 6H,0) 0.025 0.25 -

(RIS ASTES (CoSO,, 7TH,0) — — 0.025

IR SCIeEe (K1) 0.83 0.75 0.83

@fee =e (H,BO,) 6.2 3.0 6.2
3. WFE : ENfeAs EDTA 37.3 37.3 37.3

(™ ARTED (FeSO,, 7H,0) 27.8 27.8 27.8
4, foHIfi @ (& @l

M (glycine) 2.0 — —

il e (nicotinic acid) 0.5 1.0 —

A2fef¥9 HCI (Pyridoxine HCI) 0.5 1.0 1.0

Q7™ HCI (Thiamine HCI) 0.1 10.0 —

BAIGE (Inositol) 100 100 100

HLPTE &AW (Sucrose/g) 30 20 10
5. qﬁl g (Growth regulators) :

IAA—(ZTTE SHeIhE Sitie) 1.3 — —

NAA 0.1 1.0 3

(Feiefe™ St e Sife)

BEADGA (Kinetin) 0.04 10.0 0.1

(6 furfuryl aminopurine)

(6 FIFAE SRCAATRE)

2,4D (2,4T%)

(2,4 dichlorophenoxy acetic acid) 0.1-1.0

(2, 4 SRFRATTAIE SHIHT SHib)

6 Benzyl aminopurine — — 1.00

(6 @ieET SRS aw)

MS Murashige and Skoog (1962), B5-Gamborg et al (1968), NT-Nagata and Takabe (1972)
10.4.1.1 S0ET TR ¢

@ AN SeRd 7 (NS MUes @i 341 27, Gojfl e v3 eitas—(1) i@
3 Macronutrients, @ 5% 513 S@gw @M 2Afw1ce 9= I, @ TGS, CTG,
BRI, SR, SRR, AP Aefed 3¢ @R (2) W@ A micro-nutrients,
Tfew «ofer Y92 o AR e W | e wfee SRR civy wieers oy et
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Toffos wgfd, Qo W AR e (Mn), & (Zn), TERTSHIN (Mb), ST (Cu),

@RS (Co) Tojiwa &1a¢ |
10.4.1.2 5@ Tl -

R sy A [few fobifm, sras sz e, w<da Tonf |

10.4.1.3 3 fwgs -

ColTRe G I &P I E J1 L0 @ T W | @ Auxins (),
cytokinin (GTIEIBIFIEW), Gibberellin (BTREEW), Abscistic acid (STREIOE  SifFTS)
gopitn | Rfen wifsnas Wy aTe—2ce™ SHeIhE SRS (Indole Acetic Acid, IAA) ;
Brelel MSGRS =1t (Indole Butyric Acid, IBA), a-naphthalene Acetic Acid (a-NAA,
ST AFEAEE SetE Siite, 2-4 Dichlorophenoxy Acetic Acid (2, 4-D; 2-4
CIREPIACTCAIRT SIS SiTe) Topiin | AIZCBRART 7 W47 TECR—Adenine (STTSF),
Kinetin (F12AG), Zeatin (Eilw) eigls | owy 2@amefm @@= Rl a1 syt
e, atw AEEARS! SerFRFe T | AR 10.2 @ FEIFH ARSI g I

S et (e =+ |
Afd 10,2 Sfgw T coitaet A FRSH IR FES
e FEE W ACFA TR
CiE:C ORI SIS IAA Callus Tof7 &7 (10-30uM)
(Indole-acetic Acid) FrSRAM (1-10 uM)
groE ke e IBA Shoot 3 fBTo7 &1 TerAWTA

(Indole butyric acid) ‘
2-4 CREFACTEIH Spe eifie  2-4D
(2-4 dichlorophenoxy acetic acid)

a-AEw e wnte a-NAA

(a-naphthalene acetic acid)

(1-100 uM)
FIET T FACHH Q@
F7ge (TR S (150 uM)
IAA g7 (Flaw) Sifew

RGN 6Tl SyEal-Pefe (3R K

FIETH 8 HLEAIRAMCH

6-furfuryl aminopurine (Kinetin) (1-20 pM)
@Afget gl el BAP K-9a3 alfsa
(Benyzl aminopurine)
o (Zeatin) Zip —
fegifem  femifem Ay GA, B9 A shoot IR &=
(0.03 to 10 uM)
SREIE Absciscic acid ABA (MR (RGNS (Somatic)

LI

g4 TAMA (0.04-10 uM)

After — Franklin and Dixon, 1994
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10.4.2 fteraad »rfosz

IR I FAIF (AR T T8 T FIEIwaS Teol IR A | 92 79 G798
TG FAATI RITSH FEA FCF | ©IF FATATEIR 2L 8 2 TG SIGITYE
AR R | @B TR FACAR IAF W T, TS, 30 Tfew @<l 7=7<ferea
TR 791 W | 93 & Rien ewr Rfemel efgn g9ge =1
10.4.2.1 (PN T IIRZS AAlq ¢ TFoAlTe -

IR G TS TS FIER G @R 4ofafsie g1 @ pfETe (electrical
oven) 160°-180°C @ 3-4 95! (@Y GRIT T3 T | 41y fife Tl @ forceps, B,
> o7 959% 21Fe IZET (ethyl alcohol) FRET 7ta ARficaa R #{fSwa ¢ ST
T TN | W @3 ATOTT SR JRRET SRS 2 @R IR & IR
RN @ T T4 2 | IR IRAET e @9ffe] I8! I3 @S AT |
10.4.2.2 T € SIFAVLATZ

(T g, T AT wrmemid, FE ¢ aipffife awafie autoclave-ad- LG
RIS 1 T | Autoclave 9F electric heater I8 TR @7 FHeaa weet (b

@ 10.1: @3 Rge wifFrS =bCFs |

10.1) | Autoclave (STBTFS) €3 THJ 15 7T Pressure 3 517t 20 G et 120°C &1
B I W T A TREPTR FHA A TS G ARLY A SR, @
SR ATed MR TL I I SOIF© (NOISees ARy Fewarag wHwe
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g T T wrE febifem, sErE, wreEe wmie esfE tww dis we W
(Thermolabile) 2T WiEEgTs FMafaeas wltW 79 | a9 FuEs @b wrew
FFemEs (799 Scitz (A1) FFb@, millipore Frebm 2ref®) fowa fom wiEmemme
ST 24 w1

10.4.2.3 Bfgwast 4t explant ;

s & 9Ee SREREEl 41 explant-lree wepfere Saqus w1 anmE |
ofga wrel apmfie ¥ @@ Mercuric chloride (TRERT @@RE), Sodium
hypochlorite (G SEATERIES) siefE aem =1 | | 2% i TEreiFEEs
B 5 (4t 30 f: e, mest 0.1-19% TREtEe @EiEne 2 e 10 B cny B
e TE Teiiaer SEEEE 9 A 9 WUe ST IR fTeEe wieE (ArEeE o=
AL AL
10.4.2.4 ¢ a1 TATHES (% :

FE1 A1 (3 (AL Ty A AT o] W) e e Staeen effaram
A% = e @ Towesn a3 [ REE Laminar Airflow Cabinet (FRTR
AT FRTEE) T Airflow Chamber T9%@ T2 78 1 o <=l Gfavea s (Ba 10.2),

e v e e T, e o e e ‘*[_-.";. T

,;"' i |5 < WL 3
..I'i'a '\Ei, i i B
gl 1% F— F"' —
L"t":ql:“‘r_ A | = s ja » D_I
-‘-;'ﬂ'-"'iu.:- ; -
o L o P e §
¥ Yol st =
b pra AT - :
iR i 21, I
'! . Ir_f‘1"_'I A FE 3 i %
Prne Rl |
.'ni Ban ‘
L g .
1 14
% o
S
 Pee— —_ —
————— — —
=

for 102 ; o=l =fie gne-an e

e wimfan o Befasst v, #e5E T Uliafilter 97, TR Wy foe Feeds
FEE MM GRER Ty emEe ) we G fren wen S o | aEue
T auETE @F{G Uy afe At S et e o
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10.4.3 CANEel (F*Iet

Tfew SENTRCeR e Ainie)fe] IR BRI W) F1 = | fo{ifbs v Fios Sfgw
] 91 T A1 (PIRPINE Al LRSI (AR & q1 SRR & I3 39 7, GIfS
explant JICY RS | AT TR G5 FeT IR I W I L OGSIE (@
@R AT (P AT S | AR 0T o, oo, T7-SIOR oA, Seprad
hypocotyl-93 SHRTCE Ao | Weaace 7 $Ewma @S- 2-5 mm F=1 explant
RO 3927 341 | GRS @R Wy 9 5 NGra (INe I T3,
Q[ AN Qe Al A FwoE BOEa W) explant GRS forceps-49 HRC
RSS9 2 | 27 FIHA 2/ I Cotton wool -7 AR #[FaR I Tl 21 | e
SIS T ¢ TQIe 98 T, (IF AAB (A FA | AGETS explant-2Jfe1 (o189l
T 25-28°C @R 12 45! AR AT € TSI (o Tl =7 |

SpAtE-3
AR o7 FIA ;-
(F) SIF (semisolid) TN TORR & O #{fF MLgCH gz

(4) @ ATV SGF Ty Gl MU @ I =7, Gl e 12 oad, ——
i |

() 1AA GreE SHEAhs wifie) st — |

) TG @R RS A ™ |

(%) Gibberellin A, IR T IR =
(5) MS g g/l FE T FA =7 |

10.5 FE0E SEpAETa

(i) Totipotency & ILT 9 TWRRY (AT AT T |

(i) Sfem Fereze N RFea e [egd W |

(i) Sfew Fesmad R ffE Rufnece Sfkenfam Reaw samia SEe 394 |
(iv) Wﬁww?ﬁmwmmwm\mmam@ﬂmﬁﬁw

G G |

(v) Sfe7(f ¢ Sqeif8 (o Tofmiq Ji 9 TrIAPTE SCETo=l T |

(vi) ©fgw Fereiee I Faaees ol StErve 39 |

(vii) FASH Feras *wfS @ St AR AEBA T |
(viii) Explant FICF IC&T HCEDAT TG |
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10.6 Teasie
SAtETt-1 -

(%) Haberlandt, (%) @@eiba, Fof@am, (o) ReifE"F0a (dedifferentiation).
SepATET-2

(F) Haberlant, () 7, (o) oM, ARGBRERT, (D) 1960, Morel, (8) Guha,

Maheswari.
wpAeTa-3 |
(F) 1-0.8% WM, () wfes{3, e, () «Rm, () 2-4 D, (8) IBroR, (5) 30.
FEAY ST
(i) 10.2 &4 |
(i) 10.3 g1
(iil) 10.3-93 GTAR¥ (7Y |
(iv) 10.4.1 9% A9 10.1 @4 |
(v) 10.4.1 9 =D 10.1 FYH |
(vi) =R 10.2 Y |
(vii) 10.4.2 W4A |
(viii) 10.4.3 (Y7 |
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GFF 117 SCANRAMH, ZATH € S@id (Organogenesis,

Embryogenesis and Micropropagation)

Cey

11.1 &QEA e Tra
11.2 SCesiesve
11.3 (FITE T

114 3faw e
11.5 Siqfaee

11.6 FECAE SrpAreret
11.7 e

11.1 &R @ T3

TR FACATRe KPR 212 #itd [eaeiat soRers @R 772 q St (Callus) (R
wrfeR SITaReNy fores fR(eT™ | % STy FEAAEeR RS era wial f=el 71 | Ao PP
Tfen T Reoea [er 96, 9h FET (flFe T S RATH, (FHE G,
@FRGS FF Flaw 5 Rce 32, “dREoeE e @ g AR ¢ wqfiem
Fonfn ol nfimicaa e, Faieiaas Rfen IRl e s I | B0 T
erfs (o AgRITe Ao 7T e I3 | 93 OF(E WEl G271 AR SEnal 399 |
92 QFFH A0S SHewR—
® SPRER (1Y Al explant (AF SHAMA *rfon AT Frelcd o= a1 Fe Tfegw
% T T ©f FCS AR |

o Y T AW I Frold Fiaw e (ofd Fa1 2T, © G |

o SIATAMITA Tewfawe = (AF Freld Reopi s ot Sfew R w01 1w
(SRR (T AAEE TACS AN | |

o SRwIF ~irfoq Aees Preicd foq GRS &%), (T Somaclonal I Gametoclonal
e ANe T, ¢ KA oRiRe 2= |

11.2 SeiieAiv«

ST S ST FCAR 1957 A Skoog 8 Miller UM @ auxin @ cytokinin-
-7 TS OROT faget Senterie Frrgd Tt i | 2R W 3R e R
e explant (F TRAFR S SHRAY FEACE TN {769 1 shoot TeAW F1
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G | SR SR Teolifre [Kbee s[remienive F=eoTiy i ARy i wmiufe
Y[R o Sl BAPRfere el (adventitions) E ARG wER | [{Oo@ Ape
Caulogenesis (FTTITECAN) G & Ao+l rhizoenesis (ARCHSABH) T #1ffoe |
e o ©Itd W6re 2Aia—

(i) SARETe R (AT STl

(if) Explant (& FaHR Seniesms

(iii) S P (AF ST ox-Sferra [ |

wicetiesime f[4feq €0 explant TIT A | 93 &) TP TON AT (0T
PG, AG, AHE, P APS I T AR | IZIEET Tfgrn [ooN ST explant
RO Ti@ 0 | W explant-9F ST g AT @R 24fF e Koww w1 @
LA FIA HR A | 97 W AT TR explant-93 RS w@fRe @3
FAMR |f2 MgeaR Ay A | 92 79 @ g EFE, @4 0.45 1M 2.4 D-3 TofRfErs
TR Teswen AN =7 | 5f8 Mg AEERFRAER SRS e Sy w@ifie 33 |
a2 AN T o7 o R fon wieiEe R A @E TR (e TR | @ T
ATANSIZA (parenchyma) (I QoS Fsiage (@7, wadaie @7, iffege @ Topim
ANST T | TR T ROEa=y SEa(aRe SoAfe o, @i sretier v, {759
8 T 5 (P RO 16 (3 | ¥ 8 TG @3 [ew Seie swenesma
(ROTES SETICSHAPICH) = 3 | SBEa F5 T2 JrAtesme T=iTs | 25 A=
@A 25-20°C ©It? 16h photoperiod €% 1000 lux SCET Murashige ‘€ Skoog (MS)
ML AZBFEEAF 6-Benzylodenine (1 uM)-a3 TAPASTS explant I I SATARC
(sub-culture) 3 (T 5 AYLR WK o1 Teoive 27 | @3 B MS R snageed i
g K fRiferes (31 @ReTwig S SofRifors) a8 SR 3 Photoperlod
Q@ 5000 lux SHICET FROG2 YCeTiesiva e o B ifvere =3 |

A1
A PR Y
(@) oy wepeitrfe 9 TorfufSre Spifis I offgon 781 |
(¥) cArel qages B A T |
(1) CPlIRe FMGTH e AACF QAT |

(¥) IEET Tem
() i =ifm

11.3 (9% 41« (Somatic Embryogenesis)

@G 9o @ R =rfs 7 v @3l (e @ A e R sl Rew
ARFEon aAfF @3l gd Seoiva 303, T 9B 70 S ~Afire =re 75 | Steward
@ OTF TRFAA 1958 A @ MGET Suspension (PRCIHHLS (HIEG GAAF &7 (A |

Ol explant R o1& A |
T RTeE R 0 |
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1959 T Reinst-8 @2 #1499 (4 | Sharp '@ O HZFI! (1982) 46 #2415 FoRna
TS o1 T | GF AROTO (FICET T @I inducer 1 AHS B =7 N @ICAT
#fST1S (inhibitor) @W 77 gfie @3 ERIRE] MR ?i?fﬁ’(.'ﬁ/ﬁﬁ GR 63 (P @I pre-
embryogenic determined cell (PEDC) | S« #%f$te (@It I agss e @it
(I (PG Lol oS 900, G2 (T induced exbryogenic determined cell (IEDC)
R 97 =W | Embryonic 3 @R @4w @fds sk PEDC, @38 S9ReA 1,
e ol v Tonifrat ety @fds wefie IEDC | @3 @RefeT ReeE #ifgoee oy @
(ATF 7)9F =T pro-exbryoid “3R embryoid B I (Williams, 1987) | (FIT& ¢ FLel
3l foatsfae g 71, (18 ©IME Embryoid I Somatic Embryo 31 2 |

(TS G TR AINIT WO AN, FAH—

(1) &% FAE (Direct Embryogenesis)—®@3ITH 3¢ @@ cxplant (A3 FaHfE
Afgie =T 1

(2) AT FRFT—@H o1 explant (AT ST FIRAF T8 =, G 2AX FACH
I (P gl AR = |

@RS g9 T T § @0 NN TG T | A W S @l w9 =, A
Proteferation Medium (PM) Fitst #i3f6® | @2 Wuew I =i [owasy @[
embryogenic clumps (EC) 3 a4 | €8 EC &1 &« @36 58 M4y =wsfiie 311 77,
R T Y3 o AT S A+ #Afe wHw S Qe | 92 g geem o R
B, (12 &) 92 WP embryo development medium (EDM) J&T T | @ LTI ST
w5 ~AfRae ARGIPIRAT @ ABA (abscisic acid) @9 SRS grer fapiest R wzwe |

5@ 11.1-9 IENCR ROIR @R (AT @RS FARTTR AT G =9 | Embryogenic
Clump (EC) & (IS I 2 3¢9, [ 7107 Traipfe @k Seofre wngphon gl oirsfie
= | Breofrel wigfen 9ol (e Sfen-Rre e €906 |

TS e
7 11.1 : @IT® FEER opfEE |
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(T QORI TSI S Tfew ~ifica? TwiifFre a1 38T 2= | ©T3 Solonaceae,
Ranunculaceae, Apiaceae, Poaceae, Rutaceae @|§N Twsfe Tfgn awifere 7zras @
I MATE 27 |

epAeTe-2
PRI AEe P
(F) 1958 e @ O WIINE| AL (RS AR TF ICI |
(A) EE go AYRY 9 T, GIRE] G A RaIE
() Proliferation medium-9 ICIF0 et @ 7R 1 |
@) " e o] [REem a5 ( ) &S |
(&) o e 8 ool Rt Resg 1= |

114 ?isﬂ‘&l e (Artificial seeds)

(TG T M G Koo sifore ofRaes a1 THge 41 I, T &9
e ANeT] Siel] Tl A | 9% FAFEe el Flaw Jiw K #If76© | 1977 A Murashige
(R el Ffaw e ARen Tope FE | 9T Kitto 8 Janick ([R5 ¢ Zafa)
1982 A AW e Teofwtd e 7Fel 29, Gofcel oigpfon @e goes sirffee
IR (AF TIGL 7T Fq T | 62 AP it 1 FA wogme FJafws 21 1,
€% HIRMe O G A seed coat-9F & (A @R oI AT WK© 1 Gl
WiFwe TOTI (AF SRMFSE T I | Radenburg (AW 8 SIF AT (1988)
SleTer] Sere], B erpfon $faw e (o &7 Na-alginate IR IR | 7jLRIFo Grofred
HIFied (@G ¢4 0.5-5% Na-alginate (T brown algae (X 216 T) FILH GRITCAT 7 |
o 3% AT 100 mM Ca(NO,), &3 S | @3B pipette 9 AR PG Na-
alginate X 990 ICA 9 G2 TICA GLe (e TW @k 63 fewet &g 30 fig 7w =,
(et AfZA9A9 N Ca-alginate €2 IPIBR® 2@ AR F1G I3, g f&0r@ 799 Na-
alginate ¥CF T PAW 797 REWI i 37 (b 11.2 € 11.3) 1 82 @7 Fiaw e I
AfSTACPI A1t TRF=He FA I | @2 ASTS Zea mays, Oryza sativa, Gossypium,
Bressica, 5%, 57+ &gl T & TeAMH W& ZACR | Jim 8 Janick (& @ 21,
1989) AGCAT (TG Lo AGITACIT & 5% polyethylene oxide TIRF I | @2 v
%S oS! Al wet method &I IS | 43 Fiwtaa sregae el 25.50%, TG @U@
TR TATGS |

i G tofi wwe a3~ &l wieR A dry A ¥ S ReRed #if7ve | 3
FfOTO (1A eI desicaccation tolerance I *[He HZHIE Twife Fa1 27 | @2 &)
FoelfeR CIRel AT abscisic acid @19 T = | FHIbe gosjfercs xFFacea awy i
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T SRR TSl 8 disicator @ 2RPRF RAERS 7491 27 | @2 T NRFO T

QBRI & polyoxyethylene glycol IR 41 TF | @2 4R =HPo Ffaw e 3ga
e B AR, Y G wegqe FWo! T AW |

s I

@ 11.2: Ffaw Tw eglon «rfigaw : (1) G FARFTTG @ jAFFe @RS IR fime |
(2) Preose it fog, el (Rewt =& ; (3) TR SUATGTATo CFIBT FIETORIN AZEE T =G = ;
(4) AR IMRWT Ca- ETfes S =01

Ca-9oieATsa Fiaw Fee

@ Na~GeTRrc (3o 5om)
_y — (FTFETEY

oa 11.3: @30 Faw w1

enefertsi 11.1: W e A Artificial or Synthetic Seeds T WY artificial seeds
3 synthetic seeds 31 FEN Ia 2= “encapsulated somatic embryos which functionally
mimic seeds and can develop into seedlings under suitable conditions”—%efie. Ffaw
e 2R RIS (@RS 9 T Re(d Fegae Fa ToFS AR 51 Tfern Rahrs zre
A | o Y FEN o @-@A TRES [T I oEF I WS AT A TS
RSt Rry SR Refre zre |
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A3

R RUSISEVECINS Ol

(i) 1977 A=

(i) Radenburg et al (1988)
AR IR |

(iii) ot Toiirw erge Fiaw s Sregael el AR % |

(iv) T o Ffaw e @-@A Rk aq 3 Trige ARBER
o Tfgn Ml oite =iiea |

V) 8 Ffaw e qRCe LW 7PeT 2 |

11.5 S9faRIF a micropropagation

AT (P A I LT KA A F9 TfYra T4 micropropagation
! RIRWIE T FORS, P A2 @0 RARIIA AR e Se={fase F=1 a1 @
A | 1960 AT Morel CNRESILTN Cymbidium SH0eA Fu {67l (AT ©ZaH T vl
Bigw tof o8 T | S o7 et 6 RKowiig ofag 7591 tofd a1l 3 93 eremer
rhizoid 39S proteocorm A ¢4, T FEA TGN T protocorm @3 FIYeT | €%
protocorm-fTtE FRIS e WLTT = TYA protocorm TR HIA-Tfegw BeAmeH
IR T T | T T | mm-93 I AT e (AT 95 ISAR IS o7 ST 5721
o 7T = (Morel, 1972) | @3 #%fS 657 (floriculture) @< RATIT o1 954 |

awﬁw%mmm‘@wwwa
A Flaw Rew foad toface

Bfew P
3 (o @< >§@ o oiree
qrHFIRHMA

e 1

Explant ee——) 23775

s ll{tﬂﬁvﬂm
Embryoid W HfEgE
(@r@l g eeneAm=
Tfgw i

B9 11.4: 72 &) ST srfeq @lda |
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O SR “efs wfRItan 9% g9l TG | 1978 A Murashige 300
fafen crrerds TRm iR srfon I7=7 FRT F0aw | TSI e 73w AT 251fS
93 THIEHI qRFO (ORET Sfe ewifore wefawm sifs qage 20w | 1, SR
Ao T TlErne 7 FI7e IR AR | 1989 FER ROWR €3 A& 7@ 513 fferm
Cffefee 2wl 3 fsre Seolifts =7 (Pierik, 1993) | M9 WCae ztac wow@
(PITI QORI Bl 78 | 9% &= gel 7o fom Soiew 97f = 1 (1) IR Wy g4 AR
(IICIT TS, 8 (2) explant-97 &g (g 7GR embryoid 9 “fFoa—a1 57 11.4-¢
WA RCACZ |

11.5.1 Sdfae srfor [oe [«

1. @ “fE SRETH (FIN THS genotype 99 T© R[N 75 |

2. ARy @b @3 @ [EE “wfS, eree wrey Sem Ty Seme Lageiel 5
A1 | @RS T A CIERET TRV fEF9S ©IF ST (heterozygous) | GG SR
*fore RHRTR 21 ewlfore [ReEeia 1% |

3. ST FeTR AT I RAF Al Sfegw TeAme 7 |

4. ANCY G2 A Teod en Al x 33 Tferm e Wi, e, SiAm agfe ol
@ e Sfgrna (v [eva FRaess

5. QAR Tfew A WRIT “Rife [esaena eamar | 92 #fere 93 seen
ACHGF Tl FRFHe W AR |

6. 8 “fore O)g Ry MAMS (cryopreserved) SN (A 2ATAGH FACATH
ST sjereias & |

7. SRR ol (@W R ey g Bfgw, Rewe SR waa Sferm
xR Rew 72w |

11.5.2 GISIEN € ATABIF (Somaclone and Gametoclone)

Tfew FEANARCA P @A (HCq TGP el 1 Fiaw wgeaa wifewy Teonf,
RN #ifFaee 1 +AfFiere @ siiare 1w 9 | 62 ~fiefes @ @
Tye (1 AR (AT Tge Sewiyz 3l @HT wesfe @k Okl Soma clone RGII
AR® = (Larkin € Scowcroft, 1981; R[N ¢ (FFFs) fereiam Tigw (@iEa ¢wa
@9fe1 Gametoclone RROTA B%© =7 (Evans et al 1984) | €3 7 (FIT (AL @“@
SfgmaffeT Somaclonal 3 Gametoclonal %R Reia bfew =11 @3 75w awid vt
@ AT TAeed FACH Tew “eq (Itr | @I blight (19 &fSCREHT ¥, Down
mildew 8 smut @9 ST 7% B 2ot | @IS 16-9 QR e BN T4
AR |
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-4

1. AP AR T

G} Tfew W W cfs Ree 7= |

(®) "ol s T faoeilier 73 |

() RFEFSE Femid Sgw Gareeid | oRe ___ ofs wm
LRI Bl

2.(F) WRT 1960 A 2T WRER e NRERT FE & 9
() R = @l § 9

11.6 FETAT SrpAtera

1. SARGTT FTRN @IE (AT FISI ST FEI—SEABA I |

2. O § AT JORTAN W 2N WA S | PEDC '€ [EDC-7 Wy A1
e

3. PM ¢ EDM JF A ¢ IR & 9% medium IIT I T ¢

4. Radenburgetal (1988) o3fee Ffaw Tw ol s oI S FF |
5

6

. 4 Ffew e o ofeq oneder @ Akl @ o SCen T |
. ReE orfon Reda ffRatefer Sicenea T |

11.7 Se&Fse

SeAtEa- 1
() SRR, o S, () SENCREH - (caulogenesis), () FRCHTHCAHA
(thizogenesis), (¥) o=, (&) 2,4-D |
S[ATETA-2
(F) Steward, (¥) Embryoid 3 Somatic embryo, (5) Embryogenic callus (EC),
- (¥) Embryogenic development medium (EDM), (¥) Cytokinin, ABA.

SRpATETAL-3

(i) Murashige, (i1) Na-alginate, (iii) 25-50%, (iv) JF¢1, ©1&F T, (v) Kitto '€ Janick.
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TAeT-4
1. () TR, (W) 9T, (o) T, Qe 9Tgoio! |
2.(®) Morel, (¥) 11.5 AT |

FETHE ST
1. 11.2 @41

11.3 g |

11.3 (g |

11.4¢ F 11.2 € 11.3-93 7EFe! 7 |

11.4 Y1

11.5.1 (g |

A
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GFF 1201 Gt (oI, oI @ SRIATAS] Colteet 3757 coitaet
(Embryo Culture, Auther and Pollen
Culture, Endosperm Culture)

geny

12.1 &REA 8 TTw]

12.2 3¢ cArEd

12.3 @ @ 2RTEY coird
12.4 7 ¢AtEd

12.5 A

12.6 AT SEpEerat
12.7 Teqe

12.1 &Rt € Tl

Tfew Follq Wy Fo12 FEALT AN (- T (R 31 7 | FCH S Tl
I 2L @ AR G 777 (IRee T8 = | W2 Fel (Ao fafen qrieaize
e ACACR | T A, 2199 8 HETA T (@ 9B (0] WA {67 (01 ICHACHN
T, TCA @2 Fa (P SO Tfew (@Ered | 93 @I SN G- WA CPA1Rel #fe
.8 OIHA RS M SCEAH 94 |
T(E @] 9P A0S Selfa—

o 2 *wfoofera Toran MY oA TN AR |
o Tfl, “RANIAY 8 I CPICed AT FH=eie ytael @i e T |
o UPW Mo Ricw vaifis Mefere sare == |

12.2 g9 ¢#I¥ (Embryo culture)

g% TRevemeTn Wy WY SN MLy (el FA 8T = | 1904 AT Henning
(@) Raphanus €3 Cochlesia @SITSa ol (AT TRFeT) o11® Teaw | fofd coirael st
Afes T ¢ IR RIW GO | 7Ta @2 2o SPeael Tea MFAPAC] TS GUeld
e [Ficd ROIaeied oipe 21 | @B 7wl grea R &= e #{f e sl o
Tre R MRy @@ | MWad el wfegsd, wgfiem oo a1 @fe-are g
AT P9l AR |
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I ST GOl 72 PIR—(F) SRS FOToie ¢ () #ifere gonsfae | weifders
ZOCHAIRY eT) Y2 Hiav SAcE #ifFere Goreiiael SerFge 728 9R O3 T [eE
I 5% SagTe ee = |

4 (AT ) AL AR et el aREs SR T = | A 9% o
GI1e #[77 AR T F(F [TFF 2|AF I 9F @01 2% Nerw 77 96 F0HA slide €
Tol 141 2 | 6% fOH STHIRIT suspensor R S 2B A (AR WA RAEHS
T4 T | JUIF G CPIRe MGC SYTaR 72 (@ 20% ©IRA &) @19l T &7 | 7jeRIFe
oA SR ST 25 (Glutamine) @3 RT¥ TS =2 | Monnier (3033,
1976) @38 Ko () @ OF F=FIEI (1983) 92 407 2{BICH {1 T | ool
I AGETOT Auxin I Cytokinin @5 T = 71 | FF6© Lo I suspensor
AIFCE MFY MG Gibberelic acid 8 abscisic acid @ e =6 T |

|37 erEATel SHA grew e 76 «ivt a0z | 2490 heterophasic phase 3
RTSIG! 1 IZCOTG! 21T | T2 G AT T3] € IR M| (A IMAY &Re FA @3%
116 autotrophic phase 3 FCOI&! 7R | @2 7Ky ol fre? <y (ofive 7w | Te eew
S[ATCAR ol (ofTael Ay Ay, g #a #Acag 9ol coitaee sty s7eeed | 2 2R
AT SfETed AT & Williams 8 De La-tour (SRS € (T &11-54, 1980)
@b R oirfoq TeIRel T Nurse Culture T #fR0© | @2 #irfore 5|2 T « b
fE© AT W AN =, T T 9 filter paper @F HIFE AT, FE© w#ifR® g9 63
Siefed Teia A1l =¥, IO 68 el ey SRS 77 (03 AW SR T AN | 68 )
L GRS-AGIS A &) (Al TN 28 2o A1 |

12.2.1 3¢ cAtEeeR FpRRifes gl
1. @2 *IfsTe SppTeTs ME g4 b F Tfen i 77 | av—ansewiie A

Abelmoschus esculentus x A. Monihot; Brassica Pekinensis x B. Oleraceae; Corchorus
capsucaris x C. olitorius S WENE FFE Hordeum x Triticum, Tripsacum
dectyloides x Zea mays @O MFT QAT (F(Q ATI AACZ |

2. T AR AT ¢ TG T SLFa I 7 A R 92 fga [eg
HTS |

3, 3g TEWI ofgw @Ww 5, 6K, afes Torm A T @9 Cattleva, Laelia
agfore e g SeifRas AT, T3 62 TG TS T 7 | (A1 TN TARTS ot
“fffe T T, T 6% g SregETe A =T |

4, ﬁ“i‘ﬁ IR T @ Hordeum vulgare ( £) x H. bulbosum ( o) 99 TRIFAFAC
@ ge A =, O (AT S T bulbosum 97 @ISR IS 27, T (AFe AL
9% go T4 7ol AR, O O W @IS 9T (@1 (sone set) vulgare-9T @GN
TSN NS, T AP GfER haploid T | G Tgw {fea @@ “%4f® bulbosum
~fs RETCA 7RIS | W2 4@atwa Siwe @3f6 SWA Agrophron tsukushiense x H. vulgare.
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5. @fﬁ}mwm
farg #1127 IS Tfew ¢ I &IoR ewfors gure @R SRwTad I3 T4 764 |
A% GO Tfgrre SReEe a7 [Read efisst acacg (FItAs Minocha, 1980) |

wEAEAA-1

1. () &% 7T g9 (I (F, FCI (T LR6CT FCIH 9
() 7 LFPFS FAATE (FIF Amino Acid 93 R &I =g 9
(%) Nurse ¢otge »%fs 1 snfiwr e 9

2. AP F R T
() A R Wagewe e I e [ 7w |
(%) R A suspensor N AIFC (A TGTH 8 A e 2A1eq I |

(o) Awa______ afopwes @2 St 50d AT 2 @3 AfF [ovg simws |

12.3 *RAER 8 SATIY (oA

AREII T4 Sf8CHE microsporocytes 3l 0 T KA | 715 TP (AT
SR TEI T | AR @ ARSI AT STl AR T YIS (Haploid)
Tfeww= @ | Haploid 9 (/TF @™ (ot Bwgaacd Dihaploid SR et a1 | (77
S 9% Tf@ntT Diploid 957 05 ) | Dihaploid Sféw wsesiae {8 @3 pure-line €3
A AT | HLETSICA Pure-line S8% AP @36 ITAKG @R TG ANAF owfo T
RS T MeAine 3fMeas Mo 3 (o F91 37867 | Haploid &few Rfer femorfgs
YA @9 feesre SRR, linkage (ST9), 7361 fotma i@ Tonin sitqaey Reowrera
ARy 303 | MiE yMnee® Guha @ Maheswari &I (1964) Barura inoxia a1 {931
AFINGTS 270 (M0 Haploid 3¢ BT 75 2 | 974G IPICA Bourgin € Nitsch (I
8 A=, 1967) *RMIE @9 Haploid $fé7 72 3@ |
12.3.1 cofrgel srafe |

AT FAA $oq ARGW GRAAME @FTHAT R SRAIE S Ao
AEHATe S| T W IR AT ST MAITH (T T =7 | AR rooimwed swicas]
%R 789, #it7 7Y Centrifugation “RfSTS %8 a1 I MS MU 2-4%

sucrose (IS (I o0 (1Y T R | W 9% NGCH ENRE THPRTS @gf | Nitsch
(1982) TLICT € AR 78T | A9 (N Nurse FE0R [T 72 |

AFNAACS AFECER SPmieaed [ 0k @R g4 Seifeaits Fsh ojdiore
THIACH SRHERE FACS A, T fGea1e FIRNES (Genetic Chimeric) Sfen I 2@
A | (2 To) YIS Sfen TfRce 7jAFFe 2AATAEe J1ea |
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TG AFONIYTS WEMR AT (n) LA A, T 2o Tge Tfew Haploid
R G3R @R @672 (Homologous) GRITNICAN QTS 71, T €3 Tfew Fyaererd
T = | O@ IR AwSre geEmEe g4 [RIeR oy FeiReeid @Taem aewad
(diplodisction) 95 | 92®\A Haploid ¢ (& Dihaploid @59® Haxaploid Tfgwe ez
T | Haploid 3 Monoploid $f&7 F4@ere 746 &ai30 @R SIM *[qa0Hd 91 (@I
@RIRHR TS TN | WER Haploid FHICFE @TAIAG A7 5-8, Dihaploid 9 10-
15, ANA Tetraploid @ 92 2T 18-24 | (FIT PN TR IR ¢ Hw] SfYgena
vfdq 9 A 1 Haploid T@™E 0.5% Colchiciae 24-48 IB! A &AM @
Dihaploid Bf&% #fewl 7§7 | «3 #%fSTe Vasil € Nitsch (1975) J#eTere Tf@gn (0
29 Dihaploid Bfe% 78 30 | B@ 12.1 @ EIHTE ARG RSN A A6 (A
Haploid ‘€ Dihaploid Sfer«d T8 (TN TR | ‘

A1 21N
AR (e
@n) @ -«
L@y —— O o
S e
O x>
(2n) ,fo“‘?@ ?,gp%‘b (n)
TN AR
Y W
(n) (n)
@iy = @R
i Sfgw feira Sfgw
(2n) TR (FEUTTS) n-JIHoTHG |

BF 12.1; 0GR 7 27 o Tigwe A Trre Tfgrm Tea
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12.3.2 #EeTaEted raREste gl

1. SRR M gerETe Sfen i 787, (@R Sfen Taee sageny [
T, wie e e, fom-sfee oy, [Rfen o MeFeTst Samid haploid Bfgw
g 2 | @3 TR e wereR Afarieere e s w4 Aw asg AReREE
Tfgn Ted w&A |

2. gfaw fagsard SRR GO IR (@Fas @or besae wweskd [ e
Dihaploid, Tetraploid @9 Bigw 3 2@ ~ita, @ pure-line &G & 37 | @R
= g Tfew ETaE stock ROICR ooy =7 |

3. Niizeki '8 Oono 1968 FICET & LA RN (2196 FCEH | TSI BT 2fzmapaied] -
(AL SITH (IR ATl Tgel IS (cultivars) T2 AR, T S S@ifed (Fras
AT e =S AN |

4, WG FOToIRT @ GRS Tign R e | 93 RS aEifere «g oo
SRETRCA YI7FEE € Dihaploid Bf#w 72 =gtz |

TeATE-2
W Qﬁq g
Sl ] (1964) 2TOTO “STAY Cofiaee goi Beefwr 7w & |
(}) CURY IS ETCICHIN ACE, T Tgs W haploid 24 |
(") Haploidd@ TR homologous GICICHN (FO1 TS I, TC= €2 Tfew

T

@@ s 12.1: Bulbosum *fe

SIT5R WL 12.2.1 G96CF bulbosum RS F=IT STas= SR | Haploid SfEw
AGCA SAF FACAL GF TP A Al bulbosum 26T YW (6T 27 |

erefei 12.2: Gynogenesis € Androgenesis

AL @ RBTAY (o199 JTSTACFES FEATAIY MLITH SASIT YIS Sigw 7
(T A | (@9 Gynogenesis €& androgenesis 93 T | 2N (F(Q T I T
@I e Trewed deld (I Reted ¥y 9 @ W g st wivead w5 |
93 TTET 2HTS I AAHCAY AT 9B AMF, @A Solanum tubersoum € X S.
phureja & W& dihaploid & *€T AR | Hordeum vulgare, Triticum aestivum,
Nicotiana tabacum @3ToTo8 SWRT 9 (I (Gynogenesis) haploid Tféw #tex
(T2 | Androgenesis-< A I 7¥, g Fracea et wfanicaqa Wefgam ewitr
AT haploid TEW 7R 07 | 1% T SR IR Qiwenae Tfew R sxfo s
androgenesis T fasifee =7 |
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12.4 3173 @9 € endosperm culture

Ho[pos ST 80% (NTEF TS W 3P Al endosperm (¥ T | Endosperm
77 double fertilization 1 & CaE Tesig 77, @ OR Wy o7 @1 HICNCRIT ACF,
(e 77 T Triploid 91 3n 1 g4 O KR s s 537 ey Fo1@ S faeoade |
o RSHHE @ @i Sfen ewfere 797 Fvjfere fte = @, ek Sitea g
TETW AT | T 93 e 3 A endospermons RETCa (7o |

SR Lamp '€ Mill (1933) B 797 (21104 ST73 & | LaRne (1949) @3R =103 )
FEFe [RE [fen ewifers Axrenarea aws @ (L.ampton, 1952; Stranus '8 La
Rane, 1954) | ©(3 Adeiew s Refawrsz® Johri 8 Bhojwani (1965) Exocarpus
cupressi formis @S FA] (AR N [o7191G TeoAne o] I | /07 92 7o
SEETHCH NYRIGE FE TW | FOROE G2 AW Bfew Triploid T AN | [fon tace siwas
CFCA2 Triploid Tfew T | FCATEY #%f® Triploid Sfen SeAMIRG SCATFIFS 7= TR |

12.4.1 ¢#IiE9 ogfe

A (A White-43 I8 Mg 91 MS R 47w I I W | SLIIPO W 63
TN RAISREE 91 = | ] 9T B explant (¥ TP via Tfgw (oft 2 1 fog @i
sl awiferes 0 RN (Ol T, (AW (0T g4 AR = | AT e il
(basac) #f2 ST %96 1 (Yeast extract), S, ARORPRAT @32 TH N, I® (&3 @t
W, g R o GIfeT BoreitEd w1 wEig | B Mt wf¥e e
MEGIPIREA AT 7, OCF TN T8 TGrRRfeE @ a1 =7 | FETH (10 SFae 8
oF WA F4 2, Y G R & 25°C @ 2000-4000 Lux SER TS 29 |

12.4.2 3% (oEreR Al

@ Wy Bfetm Tioww wdfeT ares (17, wedt e v wiorers qak a8
A 9189, PR CF@ Triploid Sfen S a2 Sferon ) <1 | 39 (oIiae oas
2ASISTOE Q2 4AR ARPey NS (317, @ Cz;trus‘ grandis, Pyrus malus, Putranjiva
roxburghii, Actinidiua chinensis, Santalum album 2ofS | ST CireRES e Triploid
e Read sge &= SWMEdR”, @ Petunia axillaris T Codeum spp 2SS | GRIT]
HATA WK elpd ARG ACF, 6 T AW TG AP Sy 3y (o1 [{esra 720w |
ﬁV\i TR SRS triploid e P SR R, @ Populus tremuloids, T P
o s 492 SMANT | GRS Oryza sativa (Bajaj et al. 1980) A Zea mays (Zhu et al.
1988) WIRETS 8 AT (AR triploid *1eT (it | g Toria Tofdre ¢ 79 (e
il TraEArael, @ TR Y WHEA (Caffeine) ST W1 7R MUT FFCAR
AR Terarea 3R A |
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SATETA - 3
MR SfF S
() 77 ofraee Tge Gien S el
() e i ey C (1965) 9 (oLl
Ter{ve 7% B |
(%) 3P Cofiaeel g RS &y <Jf2 g 8 LT =, ©F T
(e IS AN |

12.5 AR

SRR Slaaaell ¢ [@IIF WO g 2ieren @ o, AAAI 8 F3) (159 F1 78 |
R 1 o Aew, e oy g4 oRTeid], ©iR W3 AR weieee go e Jiwe
FrRw, SR Nurse (l1Fe #few @2 F6 SRR s g7 w41 3w +{fdre go
FrorG, iz % R gel (o{1¥e e | g9 (e [k i 7Ry a9 Wy
T e e @9 A go-qie (émbryo rescue) SIS | @G ATHI A
SfoFd ¢ e Sier JRres «a T TR |

AT @ 2RI olEATae @WW@WIWW(Homogeneous)
Tfew ARree % swfen e AR | g IROrE Tew ARe @ e Koo gfie
et | SIfACE Triploid ©few AfRre soiamad Reag 72as | F0-FTH (LS (189
AT Yo A, 6% F¢f RO SHapee @ ARTaes e #11e +0a Triploid ©fen 78 T |
IR Te1, AR HTeRET Bgw @I S 1 /@I 769, GFR (Hed 79 (IR
e efitst ez

12.6 AITHT STl

T (R eI AW I g |

oo (i RS AR o

AR 6 AR IR sfeq e el el |

Dihaploid &f@% 1 ¢ sl coiare FeII dihaploid TEw *iem T3 9

Nurse *%f$ it wifkER Feaw 7 *xifola mfHre fKagd e

S (e ARTRS Ry Read (e |

Ao 2fE FRTTCA A T | FAATE ofrifion yRafes apeffera fame e |
A (e 8 Il uie RRmreas SR MRewee Wbl 9 |

® N kW -
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12.7 Teawie
A1

1. (3 Hanning, 1904, Raphanus ‘€ Cochlesia 2%, () Glutamine, () Williams
8 De La-tour (1980) !

2. () “RTe 149, (¥) Gibbercllic acid, abscisic acid, (°) H&R™ (dormancy)
aqGaw 53 |

A2
(%) Guha, Maheswari, Datura innoxia, haploid.
() L RATF, SRABITAY A |
(?) Monoploid, 341 |
SepAteal-3
1. () Triploid, 37, (¥) Johri, Bhojwani, 5™ #[@| (3) Auxin, Cytokinin,
Gibberellin

AL SepreT Sed
1. 122 @A
12.2.1 (YA |
12.3 (Y |
12.3 97 (AR¥ @ Sqfbd 12.1 @A |
12.3.1 (A
12.2 @3 G (W |
12.4 8 12.4.1 (Y |
10 CIRH, 12.3 AQNRH, 12,4 AYTRH (7Y |

® N kW
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aFF 13 71 (2ATBIERG (oifget € T at@s (Protoplast
Culture and its application)

ger

13.1 EEEal @ BT

13.2 CETGIE *{udiTas € corad

13.3 (HTHIHFG fredw, (EEg A, i ¢ sty e wi
13.4 (HMHIHFG CHMETeE STHe € AEEEE Y

13.5 e

13.6 FETAE =Rt
13,7 TEawmE

13.1 &%EA & ST

sifiteE & Tfewenes Y 90 [{em el Sfewens er-abiag Sl
Bemen *g emebE AR WEE o9re | ©rR S abie (F o9 9 13 9
1 R (EEHE WAT (FEehE I3 A9 S mneEnt G e | oF
STFF WA HNGIHGT ASFwad, TR e omfE gan uF emefEn R geemeE
HILHATG] 99 |

4% T I TeE e T sere saee—

o (EEHIHIGE sudiFad & viEe oy |

o (HTBIEDS WFreaw fere wufie el Aaamd

o 2 (W) =BT (MFE) @ AEET Teemm omfE

o % FWE +FufEn AR TR |

13.2 CATHIRRS ALdIFac € (ATgel oafe

EfETwa A @FEeBE U FIEE 1880 AA Hanstein (TRFHEA) (HWERAPE AT
fofere arem | e WG T3 (FE GTEEEE LR FE | 1892 A Klercker (EREHE)
T wrefere EmenE wermEe 7w =9 | &R plasmolysis #FfeTE @FTE @UHEEE
wgibE 02 | @mebi MiiRrera WerEe FaE, #1F deplasmolysis *FRTE EIHIREGS
AT T ATSTA HUT T TAT HALAE, B 9% T @S (I aTE
== T | 1960 A Cocking (B THEREG +juSmme@ aF6 7o #e SREE I |
eifte weimEe fEf Cellulase (FETFT2) Bene 249%™ B2 | Takebe © BT HEF 2
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(1968) @R T Power 8 Cocking (1968) @2 Trwrx] B (FReibia R GryeTs
a9 AL (PG (pectinase) SLHAGE @I (A | TEANA @7 BT 03 (FIRABE
AT 330 =¥ O 7 13,1 @ @A = |

ARl 13.1 @TEEBE #Afaolits (@TBIAPE AAFFe) TI%e SLTHFAIR
ClefEeTs O« (TefceTer, GIETeT3F (cellulysin), WIRFGET (driselase), WiZPieTs

(maicelase)

Ciﬁmm e AERES (hemicellulase), TS (helicase)
CIfP5RE ONa : (& (macerase), CIPCA®IEN (macetozyme), AT

| WIRAEARCTS (pectinal zymolyase) |

@O 7P Sfgras R soe @19, @9 N (mesophyll), &1
Ao, oiiffe e Tonft 92T T 5T | 1968 A Takebe ' ©IF FAFTE! #(IS
mesophyll (@I & @ 76 Fonf Sz G aget—(1) YU Ao ¥ &9 Ig
9 7Y | (2) O peeling TS Ao 9T (lower epidermis) S#HE T4l & 1 (3)
AL OFo TS Fiel @il T = ; @ W{Tel AT 4% GRS, 0.4% ACATEIZY
Q3R 13% (w/v) Mannitol | (PREBIT “ARAISa &y SIS 951 9T LG 20O AN | A
(4) Centrifugation 3! filtration *fST® @TBIAFS %jIT Tl = |

CRIBIRTG (PIaTed S #1f LI (@ACOIens 9 O ReE 9y eted 23, 31 MEReTs
5.0x 102 @ 1.0 x 10%/m] 93 &7 | RCHIRFS PIRCeR &+ MS {2 TG a2 41
T | G TN TIICT RATCIRPS (PAIATel T | (o{17el M 3-5% =54, fafen fovifim,
SIS @ FRBIFRW @ T T | & 0 #{f8 Mo @Gt Ao Az
1 7, G5+ Osmoticum (@7 mannitol) G T4 = | (IRCEIR eI 7 @CBIeiesa
SR Tew I @RLBR R =W I o, AWETe 2.7 Ta et @1 @9 o
protoplast 37°C & @R ST CI1¥el 1 =¥ | 2-7 TCTd W42 (a9 Rewwa =
€ 2-3 A WM @TTIAES Tgo @@efl @6 @O el R Fa, Asfferns
osmoticum T8 € a-NAA € Zeatin T8 *IfB N« F7101 (o &y =8 w11 27 |
GF (FRGFIE 27°C SHEAR TSI (Ed 41 T8, #I(3 82 TR (FCF bl Tfgw 318
2T | 98 AN FETIfE Wi @ Feraia [R& S{fRGTs 25°C4a 16 h photoperiod @
(*{19% 21 =Y | Takabe et al. 1971 T LT OIF ARA (Nicotiana tabacum) @THHIG
F 77y Bfew tofd Fare AN = |

13.3 CATHIAPE e (Protoplast fusion)

st SRS [a @ITHIRITE GRITe 20T #{ITd, T G0 RS (I R @ | €3
WIT (FE (AE Tge ST MITA @ (el T (GIAPE-97 GHSIN HSIYS
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(spontaneous) 20O AIF, ©T3 O 33E W @A I | AR SEFLS @GP 519
frree uﬂﬁw 39 Y, 1 mechanical fusion A #{f3fow | o7 fFafie aFtearg &= ﬁ?‘i
APTAE LR I T | @R TR FRITONY TGRS G 7EE, Sl fusogen 0T |
5 IS0 AAANST fusogen-9a IR WA 2 |

1. 0.25 M NaNO, @ (2GS {907 Centrifugation-43 W5 |

2. 0.4 M Mannitol, 0.05 M CaCl, (pH10.5) @4 37°C-d protoplast 434S O
4 A, GTAICT &g protoplast GFg©S 2 |

3. frafite @RIeT &) IEMH Polyethylene Glycol (PEG, AFZRIFR ai@ae) 9q
F9RF &S | @3 & PEG @09 (1g PEG/Mol. Wt. 1500in2 ml 0.1 glucose 93 0.7
mM KH2PO4). |

AFP 13,1 2T mesophyl P (JTF protoplas LA *4fE

1. 70% 3B SRR “irer e %R 30 0.4-0.5% sodium hypochlorite
mad 30 g @ e |

2. 717 [999S (lower epidermis) peel ¥ 600 m mal 1-! mannitol 8 CPW @3
(KH,PO4(27.2); KNO, (101); CaCl,, 2H,0(1480); MgSQ,, 7TH,0(246); KI(0.16);
CuSO,, SH20(0.025) mg 1!, pH 5.6) Gt |

3, 30 fi2 /@ CPW-Mannitol @3¢ ((F GG W7 G THd @09 (CPW
7 4% Cellulase, 0.4% macerozyme, 600 m mol 1! monnitol) 16-18 951 24-26°C
CAREDE

4. Pasteur pipette &9 FIRI ~fol Sx¥ee7 Hra qea Weswd 2 @IS
WA TG | TSI I SKAYPTF 60-80 um Rege foeibm fex st g |

5. Screw cap L& Centrifuge tube 9 “if8® w34 100g & 10 & Centrifuge 37 |
Supernatant (8°I(F7 oik*) (@ e |

6. TEN (sediment) 800 mmol 1-! sucrose L& CPW T WTT W9 Centrifuge
| |

7. TG (SGIAPS Ttaa e @3l Siwad 18 903 | (16 2jAF TCT ©e (TIPS
(o ST FCAAR 4L o (2f9q” Centrifuge 2MSTS Protoplast 424S T4
7@ )

8. (ANBIFHAFR ATl (AAfFe TN o T | IS (@XBIRTBD 919 0.5 1 x 10°
ml~! e TR |

9. @I (ATBIATHYE TG SHFgE 77 N =SS T |
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GITCBIATS a2 BT @01 T @9 11 = | by FA9077 W2 @G 99 9Feq
95 | Fusrgen 38 (3 9GS ATIAFG (17 SHITH (@7 a & =i w1 =7 |

1981 IS Zimmerman € Scheurich (AR @ *FRHY) @AEH @ Wfo 5 TR
I, =S S Electric Field @ #imi=nf wxfare 96 @ithians-«a afaes 906 | @2 *wfs
electroporation WAE #/fFHS | €% 7S AT 7S ¢ qPRfAS [afeal 79 1 99 96«19
ACACE, 2T LA @GIFBefe1 9SG F fusion chamber @ [ T | Fusion chamber @
Wi TAwAE 17 A plate I SIHTS AT, @ electrode RO F1@ I | &L a2
A.C. field I92F T =T, 4 protoplast T 90 electrode-a8 W& GF0 ST *2¥e”
(Pearl chain) % 309, ©YF 47 S ANIT &) T% (SI064 D.C. pulse TIXT T4 & |
iM% protoplast @3 T (FIFMIR FCAEH WG, 7t FRCGRGN el 27 | (T3
e 7w 16 ReEeR ¢ ediesd wb, ¥ @ RF9 Tgo
13.3.1 (F¥W AF[Fa9 (Somatic hybridization)

42 SHAnHe et RfoTe 4ib SPTICEIan aFTea T4 7 | 21T (I M 63
(I (AT TRFF Sfew e =7 | €% Tfgn uzlh @&W MF (Somaticihybrid) 3% €% 7o
@Y FAF 24YF BR ~Rhe | Tmee e i (@Wee s [ifen emifon
(HTHINTET FISIT H8I ZCACR | GT(F G2 A s ia Raqsaes FRabe 2R |
1972 A Carlson (FEF) 8 O TEFIRN @3 O S@eTqd I3 &AL Nicotiana

o™ 13,2 CEBIRFS AR svfe

|, ST CoIrEe AT (1-2% agar) W2 979 3T @UHAPS @enl = (dfof
13.1 (YA |

2. 2'ml (AHIEES e (suspension) 3.5 cm CAGGTA AT SFFICR 37°C @ (ARLEIR
oy @Y e |

3. 14 T o9 14 eI =¥ 5 em eIt 9taT W8 3 ml. $9& S« 27°C @
(A g, TOH 0.5 to 1.0 mm IR (I FCEAN AR 27 |

4. (@ SRS O GO (24189 NG (MS +20 ug/l a-NAA, 50 mg/l Zeatin,
30 g/l sucrose, 1-2% agarose) 2T FIF 9K TSI 27°C @ O g |

5. GRE 7-14 F= 27 qFlre geefece a9 e O (MS + 30 g/l sucrose,
0.4% agerose) H[IERS FgT W3R 25°C 9 16 h photoperiod & ¢ FA |

6. BT 1 Fr-BfEnafoS #ita qpoReed & (hardeniag) RIFERS S |
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Glauca € N. longsdorffi-a9 IR W37 BfEw BT W 2 | (TR IR IS0
i R @ B9 13,1 @ G 2@

e[ (RICBIAPS 7| AFIel BT (2ATCOIRITS

\/

EITEIEG — @FTeqw
!

R (AR o
3

E (FE

J

I (@ G FEH
g

(PR TR
J
Fq Ofgw (Pomato, topato, W?D

5@ 13.1: @I I ~Rfore Tgo I Bew : afwm s

13.3.2 A2ETea (Cybrid) Sevife

G (@ATEPT 93 Aol T4 G WofFar RN @IBars A ARGREG @1
GRS TG T4H Cybrid (M2FC) @7 {R =7 | fFrwg @-@Ie *=fete Cybrid @3 7%
(S A3, (1) qo ATHEPE-93 GG #17 @I WeigeTd Regfe 3l Five sy
(S non-viable WoFa™ a1 7f¥y e I3 ffeey SiFam) | (2) @a NeFae™ e
GG WO AR (RACHIRPE 31 AIZBIRE 99 GFISI | (ATGIRNE Cytochalasin B (50

g/ml) QTS A=CGZ HABCOHPE 71T T, A density gradient centrifugation “FSTe
%% T 787 | Nucleus ¥ GETHIANG SoFFIgFe ©F 26 gradient 9« Acoa aea
AFE, Y ARGIACGE wod ST &7 TAfdews =feql T0ea | ATEFT 99 My
cycoroplast @ mitochondria ¥WF | {98 @@f6T® mitochondira-¥ cytoplasmic male
sterility (CMS G 7R3«0e) fom €W | 92 sfayg maw Sfewm sga =,
TS Rere ovad, 9w 92 Sfgn 72w MFF TG (hybrid seeds) I hybrid
vigour (TCe® &%) fBre TI2T T4 AW | G2 cybrid “mafea e sifent seaez | o
13.2 @ (SIFE e A mFaead iore REe ¢ MAETeT Terlfe (Al 2y |
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&=

®O
%S O
PSS
3
® & O
2% \&3/ \&=
1 2 1

59 13.2: @GRS WFreaw 23RT ¢ AERTEa Terfe | |, o3 FeFarr b ww=ww
HEFTea Tef®, 2. 22fe, 3. @GRS ¢ RefFam RYw AROIEES-97 9Fieaw Tge AT |

13.4 ITHIARS colETeR [RATS 79

CRATCBIRIFS (AR o7 33y | Rfem cwia v oyiem et I9ela T06CR | A FAS0
AR HiteTve 2o

1. 9%~ SR MFENT FH] I3 TRIT GER e TG (AR, [HET Sy
v ewifoq o%0a | Carlson €@ ©F W&IFIR! (1972) Nicotiana glauca € N. Congsdorfii
7 T AT G2 2FS SFETHA MFT (T AR GIUA (AT 7RFF &fgn AR | 7
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g Tfe @B 4ANE WFARA W AR | @ Brassica mapus X B. campestris,
Solanum tuberoziu x L. esculentum, Daucus carota x D. capillifolius 2ol | 93 *fs
AETEA S0 O Bferw @9 elfetraiy el e Tfern ol WEE | @, SEfd 39
SIS Solanum brevidens IS leaf roll (Tl GBI ©izam 3t ©izam Y 96w @t
afotany 7 | @2 ewmiva T WEE SIS (non-compatible) | g @NHizTS
GHISICH G (BT MY T AT, TGO A Ofgw €3 w2 ©izam 1o @l
2ifsTary 7 | 9% A% SRETFA Schieder () 1978 T &4 Datura innoxia x D.
Strammonium €3 FRIJFAC! T 7 | 98 WFF Tew WA A hybrid vigor {7 @<
@2 MT Tfew Afdwereelrd Sfes #{fFw M scopalamine ToFIF Tl A |

2. @ T Ofgn (Tl RARWT Soiel, (12 71 Bfen Havike Tfen ewmiw
JRRACA 7Y | ATHT (FC (2TCHIEE aFredd R a1 | RS haploid € triploid
Tfew, @affel (@eieeta I A SR, (IR SfEw (RACBIAE aFTIH dihaploid @
hexaploid 7&4 | Tg® Sfgwesi & &7 | Toryama € Hainata (GIFEN ¢ =iy,
1988) #AMILIN & TR ZIPETC ETBIATS (AT qFoI 7S MTFS dihaploid @
triploid &1 J2CT 73 AT |

3. ARG CMS (Cytoplasmic male sterility) &= SEGEwa SRS, Gey 2RI<0!
Tfen siEce widige Tfema Rede sl qone | Rfen Tt ewifere 2 gam izle
MEATA] T AR | @, O, P, -ipler, oy, I, oW @efe (Gleba @
Shlumukov, @11 € ¥IFE 1990) |

4, RISl RGN RS S SRCaR S8 WA (A Cybrid @3 2TIEATO
IR, @ W ORF (low temperature) T Brassica &SI (chloroplast DNA) |
A C; IR C, S W (W AT 8 AREC TeAWH G, IR ANASHILAT
e R S T A7 |

5. Twe BRa @d RO DNA 31 foaa seeca 9fbea Bfgrmm slasts «ifiaea
! 789 | Ohyamak etal. (STRAMI ¢ HZHIF, 1972) 92 Trwar<y &L (HIFE-GF IR
T(F | Agrebacterium IO € ToHod THIHA (RAHIAPG LA (A (SIFA [Gmore
78 Al transformation ¥U8 | Agrobacterium @9 TR EHARS @ Rerdw fawa
alfem7 T4l 78T | DNA ©g8 JFaPif @125 @3 W& microinjection 7RIS
liposome ¥ IR A FACA 789 | qriors [ieq ©igam e (vector) TRAE
fom afferaioiears Tign A} 5187 TR | 93 CHE2 @IHEPS 7T 391 79, @ GM
4l gene-manipulated 8w It fare &fS7F&I® (transgenic plants) Sfew FBCS c21Chie5
CATe P! SRR | @3 15 78 @3 KAy w sitenoel 0 2R |
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SRpATeTat-1

[P P8 T

@TRm _____@Redtm __ @RE ____ qE|

() 1960 AT AIBIAPS Faad aF 7T 71 SRER I3 |

() FyRere 227 Wewa ey @GRS 7 s e

(}) @ AW IS (OIS GF €I %0 = O

(%) 1972 A Carlson 8 FIFAR! (FIFT MFIFA9 oo ey
a7 (ST WA Bfew ARCe I & |

T

AR

13.5 =R

1960 AT Cocking SIHLF AR (SRABR AARACFT LT (@GS sjAFTaced
936 2w 21 NRHE FEA | 92 Trw IO cellulase, hemicellulase. 9 pectise
oefe TbE AZC =W | 6% @THIRAFT (o179 MY ST (FE &b @R A T
AT B | GRS FET FAC Mg g w7 = | Iemte I afye Rfem
TAIE v A @M @ITBIERS O T GO G | GTOd TEO WA (FIE MIF (1T
SR T (77 | @2 (AR T 2ore Seies Tfen ewifon Staps MFaRd 79 |
T o SRt @l alferaty el siies Sigwr eae w @l T/ |

b GRS «7 NefFem W asiba e sy 9 @t @isErs ¢
fwefgamT REA protoplast Wi cytoplast (HBEIETT) @3 GFSIH cybrid FB T 1 €2
*fSTe AToIAE AR IR @FF 757 41g (Mitochondria ¥ DNA), fH-wromes
3% WS (Chloroplast 4@ DNA) ge)if argfe Maa SRm =~ a1 a7 | sk
Tfew QRIS hybrid @ &FCS IR 1 <7 | SUMF protoplast (2119t & eicam
e @3 Tow e Srmfoe FaTE | RINGIARE @7 W [Rien Ty Reren fom 9t DNA
& T & efe e ransgenic BfEw 7% 787 MR |

13.6 FECHT SIAtterit

. @SS R T i @ea TTHE IR T W 9

4. CRITOIEFS (e ~fen wefee Famel e |

9. @R ARSTS (@TBIRPE GRS J§F, FT9fe] AT SEDA T |
q

@

. @I 23ET ¢ ARG W A F Ha T SEGA] FF |
. CATCHIANS oI geolfel Sl T |
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13.7 Teawe
SrepET-1

(F) w4, *[7, GRS, () Cocking, () 7w, FIRABHE, (7) Fusogen,
(8) Nicotiana glanca, N. longsdorfii (5) We{gam, &SR, (D Cytochalasin B.
HIRCHIEFS |
R S

(F) 132 &ALARA € 13,1 (T4 |

(% 132 YT |

() 13.3 Y

() 13.3.1,13.3.2 @ @ 13.2 @A
(8) 13.4 41
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GFF 14 ] SITRATT T © SiFies 7% (Germplasm
Conservation and Cryopreservation)

Cen]

14.1 QRN 6 BT
14.2 @nfae S
14.3 afem A
14.4 AR

14,5 AL SpAETt
14.6 T@awiat

14.1 &SR € Trw]

TR, (1R 430 (PIN J FEAE @R @A ({F #A0a 2J<f 3 e 763 | A1fig
%08 Germplasm (2% a1 Soma (FIX (AT LTI TOF LA (TF Y TAwe M, g
B (PlLa ojefoee FIOR Ty IZLIE T 1 @I (A S S Rt e |
A B a1 et eenfore W TS (U AR T OF Whees A [
ATAE | A G2 GFF TRFE FRIwR Srweey Rfen Foifre smfosryz wimemio
T | GRRIEY TREFT G0 RO orfe g B mawd | 92 G T Wl F 7S
AHCHE TG F7F |

TSR AR GFF AT TATH—

) Wﬁfﬂf\ﬁﬂ@,

o I FIHLIR T ;

o IR MIF(R ITIH S ;

o O-ZW FWww AfE ¢ o [era ARt 7E TS AR |

14.2 SaEs 7@ (Germplasm Conservation)

azfs TfEn ewifn e Fes onaizl i TP 7 OF I AR Geg
@2 auf%a ‘Gene pool’ A @, T B ewm v RewE ©wd TA@WA | T
eIelelfer N4y (1 I 99 A rait WITE, TACS! FIejfeT I Rend o w1 g ofvae
G R amed TR AT we ANE | O T |13 Y IReT @ wafHes
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SRRbfE AeFem MRk M | SMwE R s siiored [Re@ vifkmE o o=@l
g+ st Wi frren Fifesfr s Rem s 77 | W, 93 T SWmE
(0¥ &I 3000 AFICAT €12 BT TF T | TCH N7l &3 31 epzef Rem o Ry
RO HIEICR | 93 AW ST € 2Glfo MFHeR Gy Sfipiens] Aeawel R elce |

1972 #1CsT HECOLRA Stockholm & 36 FAFIIH Conference on Human Welfare
Tﬁjﬁ@ 27 | 3 conference @ T&mare (afbay 7w Kfon awlfs v oine e T SgH
S = | 1974 AT International Board of Plant Genetic Resources (IBPGR) oo =7 |
63 (QANTT YT ?ﬁf’ﬂg Genetic Resources 8T, FRIF 8 OF HigF J_RET & [ewrg
ARIAST A |

I Tfew erefor Mawed @v Ty, 93 St Tiw Mawd 31 | @A @
Tferra Aw “Nedl T A, I RGeS 7F, TR TG PR - 7, 63 7 Tfewma
SIS 2P 905 | 2 T Sferaa R srenl @ Corm, Tuber 2SS 78T a7 &
G MFH T T |68 WIS iy srin RTTA opefe R e | Sfen awife wawte
Seed Bank-93 $HF < 0ge a7 @ g opIRale Icace | @7 JRaefE @i

(@) Ty RFTH 7T | '

(d) o TEETe] QR GF TRIFE FH I T |

() o AAfce S qw AL AEA |

@ I8 AYEE 9T (AF G R RS T A7 |

(8) & AEL GRIGTE A T |

g Aw Aerwen fog wojlkidle TR, @IE—

(F)  ATH € WG T NGF SATAMAT TS 2 |

(R g I=CE2 G/ TP AT A | "

()  I9 AT SRPRIES = (heterozygons) |

@ oA Sferr T TRl |

(&) ~IRfrere Rfen SR @It @I T e TR2AFTS |

9% AN® S ofifTe o A @ RIFA A in vitro RIF 2fS TCT S, ©F
2w 906 | % Al [Rew Fo0 A onfIe e A @@ e Begg Sifiae AeRifena
AT FF @, ©AT Ol Germplasom convervation 20T Sl = |

W3 erafen Reag R T Je—

(@) o AP 33 dufo «R eTiRe MIHe 7T |
(}) GRS FAREET e qf[l |

(o)  ~ifFcaere oaE der (F Y9 |
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(@) o AR TRARFS T (AT TS @I S5 AN 2pF A A BB 7 |
(&) rOT A SISETST (FICINBIEA in viro HIFRFS T (T LTI 7Y, R @3
Creq esfaines o AR WIfre =3 |
(®)  Invitro QRIS RIFLER WL somaclonal TR gametoclonal AFR|fFre
TH T AN
(R GRERS TRIFEF TGN (T I g weq Serw apmfe {7
TARS T & |
9% ST GETHH Germplasm Bank 3t Bw-a71k3 A% 2t @AW (ot enamgaw
Tl FRATT F HCT &FF FRAS BIFCAA Tfew 72 1 =7 | Jirea e erwfs a1 epaE
TTHAT Gy &S 9T g A (O taew 7T, TR T &ffS enmizhe i v
3 R R R 2ITG | (T2 & 2lBd GRS ATiew &7 | TR 8% 518 #{firawisre qeoa
AT 7Y | (12 ’ONR in vitro TR /e ogaa @M 72w, Fearasy, awite | 3
SRS GG E ¢ RIEal ToT oFR Tfgw w2 7e1 | iy 3 s srelh
SR o Al A | SN 2 TS @ T A, SR I A @R A T W
TN RAIET I wFE 998 936 &F8 Frrleie See F9as S 27 | Fois,
CATRe WIC (1Y A oAl Ridsten coiraeel Rfem 391 +ifffes 73w =@ +ig @) g
AT ZM (P10 AN | TOHS, IR TATAIECE G| TGN Sirepl I #(17 | 9 e
SRl qRTACe IO OF-R W™ 27 efbew zrE, W S WS w1
SrPRtEI- 1
FCHCH Teq A -
(i) TPRECT LFqe MITH(A AT J 9
(i) RIS qoaR e e TRIreR JgY J 9
(iii) Germplasm bank 31 & qiks i ¢
(iv) Gene pool TS F @AY 9
(v) IBPGR @3 =97 Sl ¢ ©F aigW 66 1 9

14.3 Sigfes w@®et (Cryopreservation)

Invitro AT I @ I T4 A R Sl iR s spal TEed 331 20,
@l OF R IFCHT MG ATOFH F41 T | (@I 9 AETS SATAR AT 2
1, T 97 2w TN T A, @ “Rfore Rrre i ARt TRl 498 W 9
&1 RPN TSIAAIS P AT | 92 *=ifs feaen Resrerars | ed W @ g w992l
(dormancy) T, (1T T T (AT (FICIF TG 68 & RN TS A Q4TS FF
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i, oy O MFwd @2 J¢ I R F I | OF-w @ g oo
SR S =, T IR SINE wfie 9 «F ¥ A0F | G2 & Sfae
@l OiF-fRN W Ardew R aer =3

ARSI (@A (T I TN O XN Hererol AT 71 | (12q=) $Ig- 2 Acamwedl
eI e Rl sReE waelR | g aminfe g9y @ SRevea iR @ o
PO Hi7f HYHAS! 78 A | (2 NTT 82 4FWF IS @A @FEF I T AY
TS Twig T T | W7ol [Wirer <ibe @i iR a1 e @ AR et (cell
permeability) #HTSTHA & AR GFIH! W9 G AR IPTIS FCIR FRAT S 27 |
@R et (FCaZ 99 T ice bate @ 5-10% dimethylsulphoxide (SRR HETPRIIET,
DMSO) 917ZE 341 =¥ (Gront '8 Hanshau, 1979) | (FIC1 (FICN (FTI O ACE Glycerol
(faltie=1) §Ial Stress 3l (21F9 AL Tl JREEP SR SN Proline (A1) @ @
T W (Withers & King, 1979) |

23 TR Gy ol (@ (PIACE Aied T Ol 2o SiAees o1 = | (°C (A0 NEA
100°C €% & (TR L0 R (FHAT WA T IR (@ -~ =0 =fiez 1 7
YF HCE E0F el WA 29, (PICEE ARRE GE IqT W GR MRS TR W
SEEE oo [Yf% 906 | winE g it I W ARG eiereiv Wik
T OR ST ool [ 90 | it 7o Siries SRy wwe ARnEET eereiy
Fuife @@ 932 WA TERYE Y32 W 906 | TS (F(A2 (FIEF FO 9 AT AL
Slow freezing ™S, @ (@ woTes &fe WA 0.5°C AW 27 @R e —100°C
R 2T vial §IC (FIF A A O ARG [&y WA FA = | Rapid freezing
wfere wRiEsR waEly Tee WEGre Waftte @@ 281 S 4P (step-wise)
freezing 7S FACHE FRUETS | 92 (FLa Sfew TNF AR (AR T AL 410 Siofes
A R, @R OEEIE ~100°C W 7R SREefEl wae AiEGnee e A w1
ARSI FFHR G -100°C A ~150°C WRE, o7 qRuwd ozel FRGem (I|
G - 196°C) TR FA TF |

@ A T WY R’ I S (W SRR (thawing) § S SIRIAR
FeT T, T (FN TSGR (FEC I7F @A (| G vial S &AW 37—
40°C @ 90 FILTS AN 7Y, 7T IS STER (room temperature) N = |

g & Tamd FET (@I Y TATAG IATF @A ARTS 2970 @FRoAMR 2%
HEFA, T IAET ST TR FCFH @M | (TR AT FOF FE @I viatility
7| GlFW wWele 78 | Gew [{fen oy IRE @ @M R W | 93 e
vitrification ¥, FFY ATH(E [T @IS 1 T, IFRH] FIG-7MC (amorphous
“glassy” state) PIES 7 | @ 7@ AN 77 42 TR0 TS T, G Cryoprotectant

158



(SFANATGEIT) N AFH | Cryoprotectants ST W ACACR Polyethylene glycol
(PEG, ~ifezfafem, aifzeeD), Buifa, DMSO L-proline 9% | @8 Ttwey Sorbitol 9
sycrise @ IRIT 31 53, BRY Ex-osmosis 95 T (FRFY AT ARG T 2677 “ice
nucleation” 3183 T 1 | 92 {AHE GBI W-ﬁ’{@ Cryoprotective dehydration sIiC38
e | I (TP TreTa wffae wgei Iy @edl 77, $@ RS Cryprotectants
(AR STATH BT 7 | THARYS T € (FIT FADI ©7eT ABGICSCAR fRaifees a1 a3, WLl
we1 Y7 #i7 391 A @ Ca-alginate @ (FIERS 11.4 9T @) WRTS FAE (DA
Cryoprotectant RS2 €17 B Figwwe i a7 |

14.3.1 $1F &5 sA@we ohyfs
gieiojfera HRe—
(i) (oS TITT TS (6% wiv) @ 37 W ifoe Fet A @R 3/4 9 cofigel B

(ii) 1 TG @ suspension CSR T (30% | ammafies Cryoprotectants :

(P To7) | 1M DMSo
(iii) TRCF oA (A S TG | 1M Glycerol
(iv) ST e [T G Cryoprotectant 93¢ 1M Sucrose

e g — IM DMSO + 1 M Glycerol + 2M i

Sucrose | T JT! FE 2M L Proline

(v) ¥ita Ht7 (B Suspension €9 FH 1 : |
TS Cryoprotectant 8¢ (@19 S QIR SIS
I | |

Dehydration €3 &) Ig© (T
1.5 M Sucrose

Glucose
(vi) 0°C & @3 %! @ e | Sorbitol
(vii)2 ml Polypropylene vial €@ 1 ml suspension 2 24 T] ST
A e Sl STl T T T G ETEA (label) '
TG |

(viii) Vial §fe1te RS 1°Cc ot S ~35°C @ fea S, 40 FIiG 713w @ =
oeT ARG Fftes g |

GTOA OFE TGS €3 (FF Jql Fell IZMAQIA e Tl A8 | WA
thawiag 9% g FAHA ATO Spiae S |

(F) Vial 9 FIEF (sterilized) ST 40°C @ FEF GFS @A IS SHTER
HAERe g |

(%) TR TEF (AR THTIR T9F @ suspension G W | @3 vial (¥ 3T
plate Tof7 71 @S #A |
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(o) @RFE TR NE] HTS G (9119 T 4T TF9T NAPPIR (BTA (aspirate)
e o |

(T) CFREFTE S[FaE e 3 | I49 (PR @i SiRme 8 F9a, $LH Ofl
TATATE @I A |

TG 2feTS (MY, T, @GRS embryo, embryoid (45ELTT) egfod ©-fam
eI G, ©T4 Cryoprotectants 7JfFa TATe @2 Ty [&feH 2O “C7 | Bhojawani €
Rajdan(1996) @2 A Arachis hypogea, Beta, valgaris, Cier arietinum, Mentta arvense,
Trifolium repens @groq QRN MeEREe N (T g9 Sfew {Bre AwW AR |
2R CFE Dolly 93 T TurRae | Wl 28 ITF F o O @7 $F-&w Mafrs
53 coieaa e g SR gro el 0 O T K0 & (el 789
ZCAfRET | QRN W AN RSN, 2N @I ALPIRIOT T @ APUR (R =, SRncicas
sjfeI WIS (totepotency) & (1 W AR = 71| ©REren e ayfs O
FAFS SRS (AT JEAT WIS F|gIT - TR TS |

SR~ 2
A ¥R 2[99 YA
(@) Cig-fw T @I Wy A A A
(X)) SR @ETm____ erferd oW =, B @I
wifie T 0 Y A |
(")  Slow freezing *fore afe WG wiof Tt =1
() PR I WA A WP (AT OOPRE A N G TH Sl
(ST IR, T (B TOTBH @ (77 |
(8) (IR T4 AT (AP (@Y 7S T e |
(5 o e o7 w1 A @R « RfEe A6 g &y 7w
WA |
14.4 A=A

e 1 fEe Tfew o1t A (1T A [T e 747 Togg #IfR0 AP ©ig Aa=l
W R O (F oR7re sjfter Sfgn R iET =@, ouw ©l Germplasm
Conservation R #fofde = | Rew wdafes simd e awiReeReE ool 37
fes © T eW© € eFRe IS & Regfe #1te | 9% AT Gene pool FRIFL &)
Germplasm conservation R0 959 7S A0, T fafen sIt=aemItd Germplasm Bank
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3| fEa-37kF R AR | G2 ARISTS TRfRE] MRIHET T #[F7{ X A (NEe TG
=, A ep@ AW @ [Rem Reseie st Tem emier | @3 aww wofRat
TSI G TG OIg- 2 el »(wfeq ebe Z0ACR | OIF-f2m Fawel @ Wy
AL Al dormancy S 1 TR, Fle 63 ONF fawires (i wew [{oiss- I3 v =@
TR | 9% *fere T Al (@ 1 G OFe RGeS (—196°C) Fufwre wa wamwe T3
R | (AT (IR T SF-Tew 7Ly W] AF 7, G12 FACH (FIER W&y 82 Fool Ty
T W | 97 & P A (@R (/F [Rew aomeiee @ e -RyR| O @, T @[
G T IIF (T #KTS F R amorphous I TR TF RS =7 |

fog AN (051 TR (TR 1K 901 T | 98 AW IS Y Cryoprotectants
e AR | Sig-few wTwE T WF A, WA ATAATH AR Hoge Aiore
I I T AT | (N O~ (A0F T A (@ SR W€ (FE G
P A0S RO (S Serge T 7 1 Ol 1’ Wawel owfers wifaies agadaell
Y G STF (T2 Tl AN (I (AT 7 Tfgw AR 7T |

14.5 0T SpATeTa

1. Germplasm Conservation 910 F @A ¢ @B 2o R A B |
Seed bank ¢ Germplasm bank-&% () AN F 9

o TITCF AR 8 SER9fE FETH T |

OR-& AW R @ S el SEn g |

Vitrification S 31 ¢ Cryoprotection 49 [fex *rfefsr Sitioal g |
Cryoprotection *%f® @32 thawing *«feq MFHFe FKaad fw

14.6 TeasteT
SrpEtETa- 1
(i) 14.2 SR FYF |
(i) e Teq frga |
(i) 14.2 CTARY SIPRA (Y |
(iv) 142 2 SqCon @3 |
(v) 14.2 RS Sqren |

@Sk W

o)
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EBT-14 (B-1 & 2)-11



SrpAeT-2
() domancy, JERE |
() R, *FrRe, SR |
(" 0.5-1.0°C.
(%) thawing, TS 37% |
(%) Vitrification. |

(5) AN S 7R |
TEA TPt
14.2 SO (7 |
14.29 Sead Bank 8 Germplasm Bank (% eI SHETG F1 TCACE |
14.2 QLR (7Y |
14.3 93 AT SRR (T4 |

14.3 (4 |
14.3.1 Y |

Y N
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9% 15 1 T-eyfe ¢ Tw-afem-ae Sfew

eeny

15.1 &A1 8 Trwely

15.2 fom-egfen faam

15.3 FE et @ Tfgw M-y

15.4 TEw-efevadivm orfs

15.5 IFRH PP Gewie 3t fem-eferiom-ue Sfegn
15.6 Tw-egly e e

15.7 AR :

15.8 IFETT SrepArera
159 Taawe

15.1 &9 G BT}

G MoTRIeE [G-23[®9 A Genetic Engineering 93 *rorn ROE @r@en =1
AR | IR @3 MOMRIce fEe-gien Rew o e @2 s T Ryl st
G ROed AT ANLCTT S I A | 7S WS oA T 7S {2 9F g
GTAIRE, T AN ASRG(NS SR ¢ [T ey (Age A= [y FTRE SRYyE
B9 (0T DR | ©IFCe Ty TP 100 (I A T (" GR2 9B AT ASTRS
1.8% QA @CLE Hlency | g Refet soRed Aiwd sifEn Gl &+ fEm-ergfy
R wiE A weacR | Sice fom-egfS At et @y, 89y e Sy Al
s 3fom? Ko sawe @t | &-23f® RS Gene Manipulated 31 GM 417
B E MAMATET IR 503 TR |

% SR wis F SeifE—

o Ga-2fg N © I TACS AR ;

o E-agfEa R Tl SAETH TS AR ;

o I R few-aforwm-ars BeT AN GINTS AR ;

o WY T fEw-aiyfen Rien saw T eRfde o« Sifdeeic ;

o TH-2f¥ o Fg Roraa gomas 1y A0S A TR |
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15.2 fom-ergren M

-2y frem Rfes egfe R o Taew 141 @B =E FoK e Fofe @@
ot A Aew Y TR |

fEm-ergfe s aeire o o Wew@a wItF 35 AW | 19707 Smith (FH2)
@3 AT BLAGT WIS S0 A Restriction Endonuclease (FPFFI reieigas)
T “fEbe = | 98 T wIh DNA 98 R @36 Nucleotide WIFTE SHEe
F(E 8% DNA S(F f&® 7 | ST FN 42 4777 A9 endonuclease TS =1
(@t 15.1) | @ 7108 & 200 endonuclease TRFT =CMR | =1 &7 f&7 nucleotide
FIFACE A F(F | T IEI6 ATDINIFEG @R 8 @0 7 DNA TS (@06
@ FE o @R edt W |

o @F3 M (1972) Mizutani (Fgei™), Temin (GR) € Baltimore (AFHTI)
PSR FINT (@I (AT (3R 7T AR (7= (B (ACF 3) 9T 40 [eog Seomms
wHfIEE FAET T RNA 99 (A0F DNA o9 (97 409 7w | M49¢®1ta Central Dragma
W@ transcription FARHR) ST DNA (TF RNA 99 &ge 2| &g 94w
9507 O ﬁﬂ%, CTE) A% TELAGLFE AN (FST T reverse transcriptase lﬁ@’f@ﬁlﬁm@“@
SIRECIT T FRCIGRCS G (o WS 72@ 21 | FI9 @F% mRNA SGF 7J4F (A,
9% TeTCE WIC O [WAE (5if47[@%) DNA 19 (Complimentary DNA a ¢cDNA, T
a3 e TgeT) Tofd T4l I | 9F7F W WE Phewt ¢ O 7= (Mullis and
Co-workers, 1987) @16 Rp*18 aifga wifa®ia S T polymerese chain reaction (PCR)
T Ao | @B [ ol 90T Klenow S0i6S AT A | [BY €2 TbS TH
Sl FHREA SN 26T elfod Rism wwy 9ga TUAbT @9 IR TG T |
1989 AITA Lawyer (F2TF) 8 & AXFRQ! Thermus aquaticas THCORA (AT TagDNA
Polymerase &T6% SIR&RE Fa, T PCR 2RISTS 7R T O (90°C) FIwIE!
FE AT AN, FLA T PCR %0 TAq Te@ba IR 341 =7 | @2 Risam
3% DNA o9& = RO 92T 3 Taq polymerese-97 T €2 DNA T4
IPRAT &fSH (clone) 2ieq AW | ©F WA WHIFA I8 SMA12 Cohen 8 Boyer

aEFHR 15,1 Rty areSiie @ wima s 7% {8 nuceotide SHF
Endonuclease 9 (@ W8 JIFCHRA (ATF NS T, OIFF Genus 9. Species 99
TrEasfel M endonuclease @ TSR ACR | @R bacteria (AT QTF e
QTOIASIFEE #Iea (I, OTE @ TR Fe @I 27 |

T s TG ST] S
Arthrobacter luteus Alul AGCT
Escherichia coli EcoRI GAATTC
Haemophilus influengae Hind I1I AAGCTT
Nicardia otitiscaviaruns Not | GCGGCCGC
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(1T 8 TR) 1972 A 4T 2JLFIFO DNA T ARG (I 2T Fawre 79w
* | IR @IEF §-[RIRT 92 DNA T9F @ @ 2187 78 | 30 1 a6 B argfem
2T ACHA |

ferm efem @< *RitT (7791 NG bacteria (P IS TARA | @ Escherichia coli
PRGN NCET diabetis (FYTIZ) @A STIGAT insulin @3 & efevre w1 | €3
IO AT (PIF (1T T %81 AR insulin FREZ T 7G4 | @2 2RiSTo3 2o Afdfers
Ol A< E-eY(® &N 934 humulin A human insulin SF=T< &M 961 Eli-Lilly
Genentech Company @I &€ I | I3 AT 974, TFOH, Twws Tonfg
qifafer TeAmaa & fEw-2gfere -ikafEw &l At w@iea e 99 TR | $@
few-ergfen Ko [em whrz g | a9 Bfgn @1 totipotent A1 7jfawa ot 77 |
Tl gt 99 transgenic (R TR WEA 2@, 98 (PR (UF (AR SFSTe @l 7ol
@R 547 TRow [em 3757 | QUEg RAShT oie o2 wfte siig Fifedie, T ol
#fRfEe e 91 siiores Tet o | 749 g &itTa RO DNA SR_ IaEAhIc
2Y® DNA T &) G (T 7o 791 7 4R 92 DNA (IFF @I IS
GFTS Al integrated T | 9 9% (P 73T 1 219RS A transformed @ R
fofee =7 @R % @ (AT Tge &t at BRW transgenic I Tw-aforrE-ure Rew
Sl TF | 1983 AN Montagu (1% 8 Schell (CFeT) e Tw @I IFGRAR
neomycin transvferase & fSIHGT T 291 ©@ 1987 M @GR 936
Biotechnology (™l Plant Genetic Systems @7 R&«@1 2w transgenic Tfew 72
A ; 6% Tfern Fiberoe @EIA FIIGRAE Bt- fom afewiiore ztafee |

W‘ﬁlf-’iﬁl-l
@G (B
(a) Reverse transcriptase (i) Mullis and Co-workers
(b) Restriction endonuclease (1) Thermus aquaticus
(c) Polymerase chainreaction (iii) Temin, Migutoni, Baltimore
(d) Toqpolymerase (iv) Smith
(e) mRNA (v) GAATTC
(f) EcoRI (vi) cDNA
SRET-2

(i) Ti-plasmid € T-DNA @3 %97 &< |

(ii) Opine-<3 STAEATS! FI 9

(iii) 76 f&7 @SaF Te-plasmid F F 9 O Ty F© 9
(iv) Acetosyringone (FI9l (A0 fefas = 7 w7 w1 | 9
(v) 9F9AG “al ST A. tumefaciens JFA oW (e 9
(vi) Vr G foitaa st 91 9
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15.3 Crown Gall ¢ Tfew fow-agfe

PITA 9 (Crown Gall) @3 &fgw BTIR (tumour) | 78 FhE1@ T @ g
qHAEal SYwE ORI @3 JfGFEIN AR A grobacterium tumefaciens N
(A 8% Tumour I Crown Gall 7R T3 | 9T @3 eliFies Tm-agf@ wrn mear a7 |
I G JRFCGREAR (I TS plasmid 93 &1 TRmraicy =mrefie 27 62 Bt @R
e 7 | gArSfe Sgner wfreey Reomta 7, T @36 wmour A 74 7R
| A, tumefaciens 97 eI A Fwol 02 AFERIF @ER-ITPS U0 2-2HAG
(megaplasmid), TR WEPEBIRG 721 130-230kbp, € Toia R | @2 2mfie ey
Tumour-inducing 3 Ti-plasmid TN *&6S | A. tumefaciens -93 @ AW strain -93
QWA FAO! AT A, OTHA WY Ti-plasmid- € e | TW Crown-gall &E &=
antibiotics @NW Cefotaxime -9% AWK (*F T =, ©CF 98 @A @ bacteria
161 T I, ©F6 68 (T Wiere Reiarra Tl AL 4R LR =7 | &FOTF Ti-
plasmid -9% €T 4G DNA 62 SRVCIIT @IATSHICT GFTS (2] Y | 63 DNA 463
T-DNA 4! transfer DNA (P18 DNA) 3&7 23 | 9I<ie T-DNA Ti-plasmid 93 J8IFR
DNA 93 Roog oie*l 91 Tgntand =eRe 3w 68 (s Psie Fa[ wwel A1e |
ieie SEneity AmNeed W™ ¢ FREHERT G =k »eum €3 i 68 72
e tofire e, 91 O (@R wfTe Retsm wuel o | Ty geree @R
‘opine’ WY &% (T FRCET F(A | 1SR TR FAFOIRT SR SIS A ARFGRAR
IR A= B | g AR SR @2 SR Snhie (ofd 21 @1 3 Aree 7
11 Opine f& 8 Ti-plasmid (4T T-DNA &3 el RIFSES 27 | Opine ARSI §
B @AV nopaline (CTHEIERS) € Octopine (ST, Octopus €& #ieql T, 71 46
o &I Ti-plasmid, TAFH pTic-58 (202 kbp) €<% pTiAch 5 (180kbp)« *ieq T |
ST WY (PIETNG AL Ti-plasmid-2 9 A. tumefaciens (FICI *163 78T | G316
Ti-plasmid €3 &@ore sfoq f6a 15.1 @ ordiTa =& |

Cytokinin

Auxin Opine Synthesis

Right 24bp repeat

Conjugative transfer

Opine Catabolism

Origin of replication

5@ 15.1: Ti-plasmid- @7 &7ors o16w | o7 Roera st &% T (1) T-DNA- 26 6 opine FIAEE
& @ W% 7= 24kbp repeats (2) Vir- &9 @31 T-DNA HI993 ae@eam @ibiaa mias a2
(T @3 (3) @7EA (opine) SBS (catabolism)- (9 TG & |
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BT ST (W Afb 2% (@ Ti-plasmid @9 (FETNE T-DNA S*3 HIGoE
(P T Sz FCA | O Ti-plasmid €9 vir gene 961 Sfew (I T-DNA
IS RUSIC AR 04 | T-DNA @7 42 747 24 bp 7€ insertion sequence (IS)
RT@ T-DNA era R eraediy, afre «ar freal Bfgw femion iarefae =g @ |
A ¢ i WeFd 24 bp B 767 @Il WAHT ANBEE GTE) S repeat sequence
8 T T | AHMEE T-DNA 93 GRS opine synthesis 938 One &9 T-DNA
HRIIGH 2TAG T W | F(e1 68 35T DNA SHF ) (Sl nucleotide sequence
DNA ¥ 7l e 1 &feriofF 41 T | €2 AT &1 40 kbp DNA (W &r1 107 ferem
FAGET)) TR ST |

15.3.1 T-DNA "SEd A

Ti-plasmid @3 Vir gene &1 T-DNA *W%ca [eaw Sl (717, sve1taa Tienaiy
GF R (FAERS (@9, @9 acetosyringone WA T (bw 15.2), At WIHGRACS

acetosyringone outer membrane

O

——

inactive Inner membrane

VirG
romoter vir operon
P >
Ti plasmid
activated I
VirA d

: active

VirG

Agrohacterium

O = phosphate

5@ 15.2: Vir A € Vir G 80 g S Vi fEmefEe sifeaesd )

TR TN ST @3} 932 FCH Ti-plasmid 97 Vir A fEs Teaife 301, 11 S
T Vir ¢ f& T ARFT IR | Vir 9 Gene 93 transcriptional TeAWE T S Vir
Gene *fFt® TIPS 04 | 9357 Vir D,,D,, D, B (@iifbe (@etejfer @#f 24 bprepect-
OF (T AT THCS (=N ’ﬁ (nick) ¥, @R VirD, @on @vre single stranded DNA
(ssDNA) @3 5°- &% a6 (@9 2 37 9% 55-DNA & SoHIe T2 (b9 15.3) | 992
MY DNA- (RS T (repair synthesis) W4T Ti-plasmid RRICEETIES
SRS ss-DNA a3 el VirE, @G T4 €2 ss-DNA =g @1© 3 | Vir B
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(a) LB T-DHA RE E ¥
Ti plasmid  |=*] [=
3 L = VirD, D3, D3 complex
- " single-stranded nick

Ti plasmid | =] =]

5 synthesis
—_— VirD2 coviienly

' % bound to DA

w) ¥
T plasmid  [=] =1

3 5
VirE2 D&

binding protcin

1]

YirB gene products
form export apparoius

Ba 153 T-DNA *jfmmrem eofmes |

AS[}( 'O phvlohomones
Bacteriol chromosome .

Lhiramuossmic

mlamt cell
BF 15.4 : T-DNA MR g |

&ma T @ T-DNA-97 single stranded form @ B aeifs wmm 3
A 6% DNA 47 fellige Sfgvm Fofiam wwie DNA 9 offge w ax ufm,
AEGEf, edfiET (ol =g 3 (B3 15.4) 1
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15.4 Te-aforai *fs (Recombinant DNA technology)

T G0 SR A1 SEIIT DNA 3 EEmig &8s DNA &9 O @3 &9 1
Tiew (FICY MBS T =, 93 68 DNA IS (@I BAw aFhee 27, wdq €3
(ST oIS A transformed (1R RO Hfes a1 77 1 @3 Roim »mfs fgw-aferem
*%f® I recombinal DNA technology &G 197 | €% (FF (AT T Tfew (ransgenic
1l femeifern-are Tfen a1 Gene-manipulated (GM) few &ora #fdfes & |

15.4.1 DNA ¥ & wze2

a2 Y FA AR @ 1970 A Smith @FH Re Terwe wReR F=+ 1
DNA 997 @36 &¥ nucleotide SIEFTF FT I DNA TIF 45-3G A0S AN |
@2 T restriction endonuclease W #IR5S | €% TermE @ WeFdbiEy g
g Fea, T AIROREE ey Twany 98 FeiFeize ¢ sirfes! NeiFabiRuef
methylated, T bacteria- 7 W& DNA a8 27 1 | &% endonuclease-99 I920F
@36 DNA S0 (206! (B! WG ey 91 I T @l B #j2Fiaae a1 7% |
S mRNA (A0F€ reverse transcriptase SUAE IR @ DNA o9 A =3, Gilbe
9T &TTa ANGeT | (TP €8 DNA 3% mRNA SF #7755, GTae 92 DNA &
¢DNA 4 Complimentary DNA A #8975 DNA 8@ o1l =¥ | WM I (I T
mRNA &&if$ #j43 T I 9k ©IwF ~IR#FS DNA WY 9R ST @ A 711 27,
6% 7% DNA ©9 ©99 @376 ¢DNA library (S 37 |

s 15.2

GG SR TR @ acetoryriagone Wewe I I, Towg oA
lignin Ms=tem e Sigwew G Falie =7 | 312 T4 A. ramefaciens @Rem
qFAGHq Bfgrw om afevieieg TRy 11 g AWl W0 94w S A
tamefaciens TIACI T NS TR | GRIGI FOHRMH acetosysingone A R
GFAG-718l SI-IE A. tamefaciens TR AT AT (TR |

s 153

Agrobacterium -3 S 950 IS A, rhizogens a9 WL G LT ARG “eal
T, T root induction ¥ A I BB hairy root discase 7B 3 | 92 ARG Ri-
plasmid FICH #{fA{S | €2 7@ FoATSRS o1 (o{19el HGTH FTRCGE IR AR | w°ee Aifeifegas
I EGTe WA N RS w3y oiaed 9%l PSS @ (e [ewea
HIRAT T |
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15.4.2 Toa @ifee

RS 67 W™IFT 4w At Boyer (IF), Cohen (FICEA) € Berg (I, 1922)
orire w7l =eW (@ Rfen B (AT @i® DNA 97 04y &9 3§ 3 recombinant
DNA technology Reita R oTfe (4 | =T ¥3 AfOTE DNA W9F recombination
YO TR | FCEA @A A4 & 9 cDNA (0 TR 91 o aFfees &
S A FITCEERTE (ST 62 DNA T FRSI WOIA1 78T | G (e 6% ARG
foifee fota q1=F At Vector | 92OIE G-2R7 TGTT FGRA @I FIRIA f&=-
w7 30 [Afen 934 @ g At »ivel 753 | Bviag e irans FEfve foma cife
@8 AR F41 5l | AfFricaw 537 Rfgat (PCR) WiRksitas =17 fom @ifae Seas wewes
= | 9 936 DNA W90 ®I6 RE1E 33977 303 Wie sifErnicas Serivs I9-E (Tag
DNA Polymerce) @57 *Iffwitel €2 DNA 97 R <oreat 319 |

15.4.3 Sfewtaity [Resin g afssatem

SRy e g afeizm SFReng WLl @A vector I AR TR
TOICAT T | AYIFASIT 92 STy (RICHIAPS AL 31 7Y, ST SYA] =it qiferat, #fwl
AP @ ool ol a1 grere Famil & aifomiviag aes! s, e g g (wia
HFe] FSS WH(R |

15.4.3.1 TGRS o afesdio -

@ICBIAPE @3 GRS Il 2Bl AL I, Tel 99 Wy Rerow f&a e
TOICA! =W | Ohyama (SITIM) 8 TR (1972) &I Tgw (ANHIRTE [Rersry &
SRt WO | Qe fusogen 9F W (Fe¥ T | @2 TW* DNA SYCF tepid
TIRBACH (liposome) WIS IR T4 BT | electroporation Afores foraa Saeta
OICAT ST |

15.4.3.2 Micro-injection @ iy #fS

Microinjection *4fST®S (FIFA T4 DNA -97 ST IBICA T | A,
A WPLFE AGfOTe DNA WY &% FAH! Gy NBBIZGF 46a A=y (763 27 |
Particle gun bombardment *f$res J~-Sa, g 31 S @IT W0 RS &
ARSI A8 | @8 TCHCH 1-4 pm SIPICH 416F TS 250 m/s @O (@ICFT WLy ST
T =T | €% TR 7Rl WEPe DNA Fre st =3
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15.4.3.3 Vector 3 2T QW Ga-aferdiom -

o 2femeitas &) 4iFs (SIER AR (e = | |3 s St @ ey
@ g (30w AR A% fram @ 7187 | Vector R i amfie, o
(phage), ICAFLPIT ©IZAM, GWFF transposon IIRE T4l W= | TR @A Ti-
plasmid & (239 RENI FFGRAR antibiotic A T G ady 2R 41
T | YA I3 Bfew ewlfS @om Tes!, Wi, e, 7, (it erefere Ti-plasmid
AR fEe-fS=Io17 787 AR, O EXT TR Bfgw @z 7Tl #1037 A, ramefaciens
RO S, (T& O CFCT vector 0T [fen Bfew ©izam a9gr a1 zae |

15.4.3.4 Vector Zta Sfgw wizaitig 9929 -

2T CFE Vector ROTT e SIANIR IRRA AR, g @Fiaen Sfgv oizam
(TG RNA ©iZaM, sidie ows w96 DNA-@3 #fHacs RNA FiFE, of 3 e
SR -SRI & TIZMAT 2TF SFFA N | FESO OYgw SRAR B
DNA #item T @5ffel q4a0"d, @ Caulimovirus (FFCASEI) € Geminivirus
(wfifeeizai9) | Cauliflower Mosaie Virus (CaMV, T 4F&F1 Caulimovirus) €7 f&aics
8 kb ROE DNA &9 #eql T, T & | kb SCFF FHed DNA = (e wow@
&= o7 1 5Ce) | ARRGIRAR dihydroplate reductase & (dhfr, 240 bp) 31 WL
interferon (500 bp) f&" RINEH CaMV SR TR HFSA TAR | @ OIS
G316 A 7 GMETFT® single stranded DNA ®9 #ite I (74 46 DNA A/DNA B Rea
fofes) | atnm afSffae (replicatior) RNA- 3 B9 figailie | €% wemf 2.6 (ATF 3.0
kb T @3 @3 AT ©iZabt Capsid @b & 7=t 3.0kb 7Y Rendin DNA &9
RN TGS | TG (Sl ©I2aPT 3% wlfoF Tigw e 7, GTee) CaM V-3 Geid
(039 ReMI @R SiZAeE T84 WA @ | Wheat dwarf ©R=RAPT (952 (@ W
wizam) R&few W=t «ot1, @9 Triticum monococum, Zea mays @Tore [reraena I
9 TR |
15.4.3.5 Vector 21T transposon (BTAIE)-47 T2 :

Transposon 2T DNA 48 T (I (SR WY FOAIJTST XA
RIS I | 1934 A Barbara Mc clintock S8R &< transposon-97 TARR® &%
TR | TEANA GECeEwe TAfRfe o wvwy awiferes orw a1 oitr | AHETSI
transposon R ARIETHI MLTH GITICHTIF DNA HITE (@ SR AR S,
AR RIS 7276 | (MLl O’ @ @F 2T transposon S 2RSS T,
T vector RO transposon (P8 IR T 7ET | IYSATF WAMTHA CFLI vector
RO transposon-€3 IART (&S |
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SRLATET-3

A Taw uw -
(1) Restriction endonuclease (& B Bacteria-4 Nucleotide ST SN ?UQT?
(i) ¢cDNA @a oigf 9

(iii) Recombinant DNA FI(F Qo1 9

(iv) Gemint virus 99 Y 9
(v) Transposon <3 B+FRS 2% (F &% I G2 (I &GO 9

15.5 FEE0 qeod GEee Sigw

1983 & Montagu € Schell SR A IFFCGETR @0 & (Neomycin
phosphotransferse) 7= &I Y & | TS IFTHR WA 1987 AN ARFCBHAR Fio7roen
IR Bt (Bacillus thuringiensis A O fom eifomiishe Gras S 748 =1 |
TS @ FEF0 FrEnEee Sfev afafirs fofers siw ww, w7 s 7Rl 15,1 ¢
TIAY T T | I MAF G. M. Tfew 19T F a1 AIHIRAE (field trial) TCIE |

Thew
Rl
[itens

ot

wald 15,1 FEsh gyl fom-afeiem-are Siegn—

TEEF AT,

Monsanto

Calgene,
DNA-plant Technology

Dupont, Calgene
Monseanto
Ciba-Geigy

Plant Genetice system

Upjohn
Monsanto

Univ. of Hawaii

sffgafoe viaee oo Sitag Ten
IS 2[@el Antisense RNA

RI- AT ARG G, Arabidopsis
RIS SRARE GRS SiEaA
ey

SIZAPT efferaid Bl ¢ R
SRR ARE R A

g afstaid eS|

fom-aiforiem-are vl afdfers o Ry [t o seR R =
FAIg 2, @32 OReE FReerss *oTee (redl = | 9B s Wdiae w1 23 @3 Tfew
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TRy, R 8 AAfRseeid Waem B9 ARl 152 sEsh e SemE

faaterel o (redl = |

AR 15.2 : Faerel gosa st Gesf e Sign—

Tfegw  Tuiaw wedl  dfeiie o afesaem omafs frorat =it
SET AV o] W SRR

[re] Monasanto Bt-gene Agrobacterium * * *
= Ciba-Geigy Bt-gene Particle-gun * * *
Oil seed Monsanto Glyphosate Agrobacterium * * *
rape ARy

Oilseed Plant Geneties Male-sterility ~ Agrobacterium NR * NT
rape System gene

FIRT  Monsanto ABCFCIG-ARE  Particle gun * * *

NR- not required, NT- not tested

Ff¥es Sfema Iy emnfeefem g s @ @in-afstaig oo, [ReE 0a oiam
8 RYIT-Ge @F &f6Te I T ACE | FRET TYrw 62 7w G- 2ifemiioita eizar
@ ZOF-Ee @ &fSraiy 91 78 | 7 SR @6 @I (coot protein), I ORAGE
e @89 I s, NiRe G @i Tfem Tobee ans, ©ia €2 ok T
BEmes SiFwel UL T | Virus-99 Coat protein & efewiioia = g wizam afstaigsw
Greatas BRew 9 TR | @ W IR A Yellow dward, $OIF dwarf mozaic, e
leaf roll, virus Xm virus Y, [ 1[4 yellow leaf roll o |

A @92 e TR SR =i efvrs a1 wed | Rien waes (@Rabie
chitin, glucon orefs sl (o | @& chitinase, glucanase 2ofs THT €2 Y
AN (T bl Ffoaw a0a | sfos Tew o2 70 afsraes 7 f&a afesem aed
@3 sl SR (2 BT R WE] | v@lE €% W Tfen AfRd 09 | 9T 49
FASH transgenic SREMR W4 ACACR (F57 (TN chitinase fom afsvanivne), =i
(IR glucanace &), SIICH! (TIMICHA chitinase f&), @affet INFTH downy mildew,
@ @M, powdery mildew Gl efoTaiCyd el e PCACR |

toe T Bfe ¢ & egfrs e g 2R | fRere v AlRAre e I
60 x 60° B Tfgw (51 TeAIme 27 | @3 42 TORKH (Sl (OF IR 4 Perre Ko
@ A, TeBtares e erefers aar w03 | gt Reae Siees cores e o
5eCR | TR 8 detergent P lauric acid T® (STETa 924 32+ | @6 @l TR S
(c-12) *&FTgs T S | sTe mite Swfae g @3 sifEnt & 6,40,000 54 | 51
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wiFeTE Sfess (ore edla T wwel-#[d 9T TF SiegceTd SN wior Bign ¢ Al |
e 2yl Te oeffeire O3 «Aae Sfges (Sred biftwl GBI oW GRTEEE Sietwd
TS (WEU! 2T | Lauric acid 99 FCFS C-12 acyl carrier protein thisterease (BTE)
f&te Atz | €% &+ California bay (Umballularia Californica) f6ne a3+ | @2 fom
U Brassica nepa 9 seed storage protein (napin, TNR) @7 Tem promoter <4
AU IF A Arabidopsis 932 rape oil seed @3 W&y &fo7NI7[[ 78T CACR | WA 15.3
g FASH (onde SfEm foa egfes Sowmy (et =& |

Arafd 15.3 ; IS0 (oS SR T egfed Srmi—

AL I&YLT]
1. Brassica-3 [feq @@foT® erusicacid e IR2a0a00 S0 (OFT, TS Teome
a3 oA R 6T BT A |
2. TR (9T linoleic acid -9% AW wivwen RfeHerel |
AL |

3. FIfeMreE S%eT bIRELT 9N (oG FIHINE ARITIT G3R FEH{E] 21eT™
Ttz AR <41, 99 W opd oAfsnd &
lauric acid SoifR® ACF |

4. (PR S fatty acid 97 SIACT O HLRICHG 5CeT Al A |
AR 2 |

TAE SR S FAR (@ o2 Affens Sia SRrahy @ FEFH G
Tfgw 8 2R | NG WA FEPH R GHT™e ST F=9((F SCAGA 32 |

15.5.1 So7Awe @EF FHCSES SEW

a3 Trmeey i fon orafs s@ergs aa | @I ASTO Bacillus thuringiensis
SR Bt foeae 9= w9 2| 6% FRGHEAE spore- @ AT (@@ S @ifT
TIET toxin 7IeF TR A insecticidal crystal protein (ICP) AN #{fXfo® | Foorerenta BIS)
9% [CP (A5 €2 protein 9% B i =3, T larva-3 midgut (& IR L (T, @R
@3 A%] Aeq T I(A M IR VI TR A | A 3 Twed A (FE 82 toxin
HRETTE T | IZMA GCHR ST 82 [CP JIFCGRIF spore (T WS TR @32 41, 71
UGS “Toe] WA IS I SR | [FgUa 7t Mycogen 71 82 f& Psendomonas
AR TGO 7= 33 | 98 ATBRS (recombinant) IR (ATF e ICP
<, Feifer, @G, S, @ i ARG T4 insecticide ROTT IS 2= | O
97 IR 6 25 A g 791 TR 3w 63 o samifi sfes SR afewism w1
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W T | 9B T JCP-F T4 1155 SUMEA! SifHe q0A0R, TR & N. terminal 97 607
SR BTG 63 (oxin- @ &S | €3 [CP-3 SRS ©F (Mel. et) 1,30,000 Da, &%
8% toxin 93 ©F 60,000 Da | ICP-7 & trypsin I chymotrypsin (PTG ax
fRfga 62 toxin Y@ | T [ ¥fES ok* Ti-plasmid @7 e R[fen Sfgn
A =S 787 TR 9R €2 7oy fgwn [fen Fiowroe afStany 5w | 9 15.4
QG A0 OB T T T |

A 15.4 : Bt-gene &fe=iFe s Sign

Tfew Teles AL wiowes ot

wo! Ciba-Geigy/Mycogen Corn-borer

5l Monsanto Boll worm/bud-worm
RIGH Monsanto Colorodo potato beetle
ST Plant Genetics System Hornworm

AlgEere @l AN @ FFos T I-awifoyfer Fooroe afetai 7REe wwe!
AT | 93 T (PG g @fbTe FEatFa (inhibitors) $oiffea T e |
@Nfbeaa vitow afear g @b Senrad Boi fiea w0 | /g ¢ e Somes
T Qv o, et 2w T R Wb | GRRe Sieet (@ e Bfew ftates I9T 6]
e Sfen Aifaz 303 | e Sfew Aureeid @Ifbe (protease, proteinase) HCag®
wsifre, g 39 awifer 63 Joel foq sfos Sferm Gy afewe 78| Tge
s Bfgn Ioorow @y T | @2 oo WFsR 0 (cowpea) dEfed
trypsin-inhibitor) (G7Fa-ftaies) &w onite afemisita Tge Tfew lepidopteren 9<%
coleopteran 2TO#APTR @A army worm, com,-earworm,root—wormﬁ‘?% &SRy 7% |

15.5.2 SIHIE [Refye oget @3 Ad-seifg

BIICH! @R ST T A CFd (A0S *12d A RSTI(E A G+ IR 7Y S
T | @3 Y TAN T {1 S AR A AR T =, GRS WASCHCEL A
1P SICIR SIHE ST T AR 2D 2T, T Ty PR T s #Afaweed <4 =1

ersfeol 15.4 ~

Bt-gene 3l @tw ftaes Gremeiae Sfev Reager wiferee zeers, 1 il
Tl W 62 T R reel-Rarm s wwel A1 T, 9 Arorei [{aeiy
NG O SEreae AfSTaewael IEq IS AN, @R Grwg euRR Ao
TR T AW | GTow A2 SfYCw 12 fon s srowmms & afswie qiear, Iwe
9% ST @I o2 AfSTAIEFTS! S 7Y 7 = |
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C12 T T [eifze st (delayedripening) 1 =g (long shelf-line) &] form
2 IR I AR | AT 47R praa =0T Tpeht ASHca “ihea TR, @5 Flavr-
savr (calgene) 9<% Endless Summer (DNA plant biotechnolgy) | @2 &at~a Sfgn yfEce
anti-sence RNA @3f8 q9gm 1 =z | @8 oyfgre Sfem it Roow cenfowy an
TG Terline RS T IR @2 forad @l a #ifd#[@F (complimentary) DNA
Y Ry ST GO effeis 33 | 68 e DNA (antisence gene) 4%
(A (@ mRNA (anti sense RNA) 92 303, OF @ SS9 =03 €3 & Tgo mRNA
(sense RNA) &3 (I3 ST #{f9[7 | 201 98 48 RNA 7R QWIS T @il S
2R @R 9 ReoE @lfo A1 Berws SIS (translation) T3 |

Flaver-Savr GWIGICS poly galactaranase TABCA antisense IR P AR | (B
T T A 217 TR W QR T @IF AT CIfF (18 77, 93 Ty T w99
Y G3R “Ibw WY A | forg Girscaae Siemw ¢ Terind 31 T8 (97 =0 CF, T GG
wg fue ooerss wIfdg e A |

33 FEW 7FO! BYW 2 ethylene (BRIFM) @31 $eofw ST | F0e1@ 04 ethylene
(SfF =7, T T ARPCS AR I | PN T ARPAR Gy 2 7= 91 27 |
TR Wy 3R @ Teofrw w9 2w wel MY Ry we w9 | 3R e Wy s-
adenosylmethionne (€5-afetaF@fNfefia) (2t 7 ralfd® =7 1 S-adenosyl methionines
HI]IA 1-aminocyclopropane-1-carboxylic acid (ACC, 1-SUTIREHIZ@IAA- | - SRR
i) (AF R W, 9k O &N Acc-oxidase TLAGIFA ATAGH = | Anti-sense
RS SIS ACC-oxidase-93 BT 97% T 1 78 LACR, T(e1 GO GBI
AT S 6AZAE @M I ACow AT | STY@S @2 &Y SRETHCH A A1z
CitR |

15.5.3 SARI-AF ARRY GICESE Sfew

TRCwE, Reree 328 SRMRITS SiRl-RAe s aeafEe SeimR-ams e
e | (12 G [N e SRl A% (@ glyphosate (AIRCFIG0), bromoxynil
(@TfHE), glufosinate (ATFFRG) 2Pfe I T ™ | O AR sRios
TR ~ITe T HfoDd | @2 IR IFOT B WiHiTRl-FF ARFoR RO 2cate |
HEMZ @ IASH AAR-AT 7Ry G v iR e, oF el T
GICEIHA A1 =T |

15.5.3.1 AMICwTAB ARy Bfew -

Glyphosate 9% F5 I A SRl 7 | @b ©fe s o{faiee® s e
W | NP6 SR Aromatic amino acids, @ Tryptophane (GACOICFE), Phenyl
alanine (¥ STEIF), Tyrosine (GRIAIF) e a7 307 | Mgeaa o g @
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SR SITGefe] FCEE & 1 | T @9jfet FAPR 4] (/0T AR FCA, GTow] 2200
TCET ACF FOPEST 797 | Amrhein (SAEN) 8 ©F FEFAQ! 1980 FH 7% I @
AT Sferw @l [ew Soms 5-enolpyruvyl-shikimate 3-phosphate synthase
(EPSPsynthase, 5- (BRI HMHCI0 3-71020 Breiae) & iR 303 | 260e 2B
Geiffore 62 fou szl wnifie (o e 2 =1 ¢ foq sz wnifies e
EPSP-synthase SAGCE @il 5@ 15.5 @ (AT 2 |

Phosphoenolpyruvate + Shikimate-3-Phosphate
/]

EPSP Synthase

v
5-enolphruvylshikimic acid-3-Phosphate
/]

L
Chorismate

Tryptophane Naphthoquinones. etc. Phenylalanine

Tyrosine Flavanoids Phenols

@ 15.5 : Aromatic TR SHFG F<0#TE EPSP synthase-93 i |

T EPSP-synthease 93 FRFTC! e (@2 92 BLIABIHT 910 QNFS((F o8 41
T (@ ARCPICH ©F e R sorn =7, W@l 3w Senaitd EPSP-synthase 25
wfee et 1 4w, ©rd 92 e Freiike War ARt ARE 7S AT | Salmonella
AR EPSPOsynthase e @3 @ @1 (C 7 =@ T) ARICT I (base
substitution) (@ JITF AFE ~fRACH S 7T ZAZ (FCE e sifFoibize o
amino acid &fe (proline) 97 = (AT (serine) ANeT ) | @7 T Glyphosate K
TeAsraa cen RiFaR oowd = 1| A. tumefaciens 93 Ti-plasmid 97 TN @2 RS
EPSP-synthasef@W wel, e, @itre ef@% e alfemii#i9 41 783 2R (Monsanto) |
9% g Tfgw ARTTICH ARge! &1e FCA0R |

ST Perunia 29T oW EPSP—synthasef@F@ FawR 9 ol 20 99 QM
THS (O FET RCAC= | ABCFICG @7 el [iFwa #ita wfefd® EPSP-synthase €%
ANE SIS ST ST FROATT TNz S0 AN, TE 62 SN 8 AR
AAfsIe ABCFICT SoRl-THF IR Floaw =7 A1 |
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SIS SR bromoxynil (FTHCHIFE) photosystem 11 €3 D, @i [
IR, Te1 Ofgn Hoew = | Y Klebsiella TFHRT @TIRHAE (308 non-tonic 3-5
bromo-4-hydroxybenzoic acid (3-4 @I 4 @I @R SifFe) @ Foske Fare
AN | 9F G ATEATT SSBLHA (nitrilase) TRIFS €2 AIFHRAT AFIRCS TS | €3
nitrilase (AT €2 & Bromoxynil 93 &3 TS, 1oy @fb bxn & @32 €2 ©few bxn
Tfew iew ifafowe |

Slgrra J fEEs 2, 4-D OfEW @ wiRl AT RO I9TF FA | Alcagines
RRCGRAR cytochrome P450 minogenase $&GTHF 2, 4-D (F ©R6TS 7 | 63 BLAGE
o Alcajined BT APRTS SRS @ 62 & ST 2, 4-D ARY w6
well AR 2R |
15.5.4 Sferva fom egfes sr= fon ara

a3 ey vifRniR edm Wy ¢ 37 | Tenrwras oW eyl Reiseitd 72ws e 7,
T AR q[e SR ST SIEThal (U (AR | q= fon waeaa Grevefe Sfgn
fBa eame vercr | Rfen Bfem <mppet g g 6 et O | @ e sty s
2pa e @1fbw eiteie FCFIH aminoacid 92 protein-@ I AT | SFIAE A 2T
lysine '8 Bryptophase-49 Sre[d QM | GHEE ST M4e @2 91 qi6fe 279 Ta1
(5! Be1CR | % @Frel GEEE 49 Golden Rice (Potrykus, 1999) St #ifd Ay |
Golden Rice-9 beta carotene-93 & qswe1a @f$™I79 1 IR IS endosperm 4
beta-carotene &1 ¥, T(eT bIo1 - GTIIE 7063 =W | MFF beta carotene (AP FSHIFR A (7ite
A | AT 2fSTS @3 LIt OB(eT Fe-9q Wiale IR 31 3787 A= | S 341 T
Golden Rice?@ﬂ 56 f;'l"ICW Y Vitamin A 93 Sreiq [ty g eifetany swww R,
M Vitamin A 99 TS SRETST AW SIewa (e A SIeI @ ) I |

wice @ g GEefe BfgwcE “molecular farming” @ IIRA T TR | @I
Rape seed (Brassicanapus) T RIG&E R oi75IRT Fe- mieh (leu-enkaphalia)
& afewifre =eacR | Segel OIS FFGRA (Bacillus licheniformis) THeTH
ECIPARH 97 o-amylase & aferife zar| €2 Aow Bfgn (e €2 Rz
(A7B1ZT 1 Trive TS T wRfie TR | G—iors et Reia Gretae Sieme
SIS SRV ACACR, (@A e W& A &IGT enterotoxin 9FBC&EH (I Oral vaccine
RO 732 41 o0e) fom afesioig ot 2R | & i siwe o el 3R
AR epitope BRI (T&HIF S (TMV) Coat protein T&H-ews @femiiwm
341 | 6% SRATT TMV TF® OINF N7 (AT &7 AR Malarial epitope ¥ @S
AMF, T IETRAR SN RO IRET F8RE IR | HiFe [ww 7ge sash
GrerEiae Tfer (A ot (@ AR 15,59 e IR |
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AR 15.5; Tl Biomy Jage Afea (@ TeAm [T GHCEET ofgn

Tigw aeifs CTef IRA ferea T
1. Brassice nepus ~ leu-enkephalin e bR RISK
2. B. nepus Magainin RG-S e

3. Nicotiana tobacum Catalytic antibodies & B RIGR
4. N. tabacum malarial epitope MR S| SiERT-ARIIED)

5. Solanum tuberosum Enterotoxin antigen ! Oral Vibrio Cholerue
(S SpIFT
6. S. tubersum Serum albumin fifen Plewm RIGK

(broad clinical use)

15.6 o e AFs e

THTRT SITAG (U Bfew o-2rgfy Saseite Sl AR A0S #(Itd OF 93l
e ARGT (TS i | o7 @2 &y w33 Roe AR T 92 & Red M
TS M08 FfO TR | SwF @2 G. M. tood 1 & manipulated 4 654
IR 3 AR | -2 ey [fem Rodd o1t ow-MiRed Tomeed & 1999
f3U5t=a Biotechnology and Biological Sciences Research Council (BBSRC) IS0 e

1. Bfew oy e @ SRy Rem J F o

2. (SRR B9 Gioai=s SRt & (It ol 2Iers #ina ¢

3. A T fGe-2gfeT gel F e AN ¢

4. Sfew o3f3 & @ s TerE R swce Aiiw ¢

5. 9o Rowa ortafera o SR iR aor i 7o 7w » Tonfi |

wwe [&-efers BFS AMTE Franken food 4T MRTRd | @6t B398 G. M. food
JARNET WA WS AA-WIrwt T &S | (W Bt 9 T\ 97w *¥F UM ; Bt
g erol )i *MF ToF F O AT AMWE S (@R | SRS 63 o oME 7y
TICER AT 3 GTATA A To0as Br-Totad @Ik #Iers #{it | $13 Sl 331 T &~
27f%7 AT IR TR TR | ReEs $OR Ross FTHRENT SRR o SEar
P (FIATE FETEE T FEIER Ao AN | fom oy et W eifREe
HEA FAC AN, TR At Tere Ta-age ofiw ame | o7 w-ayfe
T Rrag wLdifa Tom gl o1l o Tara | weiw Regs Teefnraa Ia=ta Fesmas st
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TN TS AT | (@9 GG BfEw laurical-9F T RIE F0Ee 9t 9N (SCeTd IRTE I
=@, [ wirel o affm wdaifer Tom Rl efefea @ora | smfuee Gemefe Sfew
(FTE SR THS SN Tog FoaleT w3k 473 IRPTe 28N, €3 71 ORewa
patent SITEPE 41 (isjfera Rexe T Aeovim e | Boieg g 71 SigrrE & 9950
RATR]- A TR (76D ¢ GFII FHRE TG | T(E G LA agricultural imperialism
9T &SI orR T TOr Rewg s ot Fa0e 5oz | O fow-eyf o id sl
RwfEe ok Rwwerre s Tifeq et |

SATTA-4
g AW Ted T
1. TWIBE Reif¥e “99ld & (FNT technology TIIRIT F41 TR 7
Bt-gone (FIF JIHCHREAI (0T 7et T 9
Glyphosate WIFET AT FOTRE T (T ?
T 24 Tfegw (@IT YICeHTE fom-afemivm st o @ o ¢

Bxn-gene N 9
Golden rice-&3 T ol § 9

15.7 <A

G WY 2N E-e 7 TS 477 R Tt SeEsat $91 AR | 93 W4
O & #jA@77 qA cDNA TSR 2% | Vector-a7 7R &1 PCR Rfgmaw 62 ferw
@R 3 FRER i 757 | 92 owre [ smfere Sfen fonmica aifseism vt a7 |
@ @ICBIANGT electroporation ARITS, WAl fusogen-9% AR A liposome-43
WI4ICH | G2 By microinjection"f“ﬁ% ! particle gun bombardment S aa T
TRCR | O3 vector I AT AR G- oo HI6CT (i Awe1 (e | Sfenaied
9% &) Agrobacterium tumefaciens TRPGERAF Ti-plasmid-99 AR (S =W | ©CF
AL (A (P0G RIS W1 %R (RCE CaMV @R Gemini Virus-49 A12R7 (63l
TR | Vector RGTA transposon-4F IRAE TR | fow-a3f® wazes @ sl
Tfes BfEgn AR TICE ST T AR, @ FoAeH @LFIA Br-Sfew, A1 &+
YATE GETEWE Of$W, Anti-sense RNA @Y€ SRerqta ©gw Gaichi eifye wi@el ¢
TEE AT WY TS SIEhal A R | SEREE-ARy Gonee Sigm
TerwE @it fefe i 1 'R | AReE Sfen efe a[Re e g e
T SIS Tl AR |

R
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15.8 AT SepAteTet

1.
2.
3.

© o N o

10.

fem-ergfen R 7o FRTHCA ACETHA T |

Ti-plasmid (R 16 TR ? Ti-plasmid-9F 26 SEAHA T |
T-DNHA &l ¢ T-DNA Foid Sena =mrefs =1 ¢

e fom Freng SRnsE afeize Tl AW SErba g |

Vector TCE A ? Vector-99 F& FI o Slentaicy fe-afevaens F 4T vector
JRE T =Y 9

Fooroe! @Y FRTEHE Siew Freid Tl T T SCEA! I |

Virus @7 ¢ =ai® @ eferany Tien Em-egfen azm o w51

BER ety sFe! ¢ Td-7arry fom-ogfg Frena I3ge TR S0 I3 |
@3 SiR-ars 7Ry Genae Siegv e e B sisa w54
fm-2f@ MRIFTY ReF IF90F MREFH A I |

15.9 Twawe

AE-1

(i) 3, (iv) %, () 9, (i) 9, (vi)®, (v)5 |
SepAETe-2

(i) 15.3, (ii) 15.3, (iii) 15.3, (iv) 15.3.1, (v) @A™ 152 (vi) 15.3.1
TAE-3

(i) 15.4.1 (ii) 15.4.1, (ii) 15.4.1 (iv) 15.4.1, (v) 15.4.3.4
SAeT-4

(1)15.5.2,(2)15.5.1,(3) 15.5.3,(4) 15.5,(5) 15.5.3,(6) 15.5.4
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A SR
. 15231
15.39R 15.3.1 YA |
15.3 g ¢ 59 15.1 Ot g7 |
15.4;15.4.2;14.5.3.1;15.4.3.3,15.4.3.4; 15.4.3.5 @A |

N

15.4.3.3,15.4.3.4,15.4.3.5 RoIfde SCetel 34 |
15.5.1 74 |

15.5 (Y |

15.5.2 (%A |

15.5.3 GigeT |
10. 15.6 (3 |

© ® N v AW
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GFF 16 (1 T-FeTIC TIEW FENATER Sl

eeni

16.1 &QEH € =]

16.2 FRFE, SHIW-5517 © SRePTET Sfegw Fersirad
16.3 SfEW AFHTe FANTHAECT Gl

16.4 fom-aferivmers Sfew sjfere Fersmd

16.5 Tfew ammwfiaa Bt oo Sfew w=isirae
16.6 I

16,7 FECHT SpAtert
16.8 TEwe

16.1 &R € Ty

Tfew (e elyfe swa-werricd [Rows 7, e, wiw, B e oot «ieg & aagee
o1 BCACR | @3 e TN W3R ISTCH A Srwee] 99 FI2R 2R | Tfgq seresirae
1S A MK (T 8 (ATHIRAPT 7IRe 8 wwsfo, FRrwg age [{fon Terme Tafewars
FFOT IJIFC TR GR AR | TG 8 SROPaH JILECAR Tegn awifer
TafoaE FCeiRe R 93w o® AR | role fgn apriaces S fZroas 3
ofoq AT SrECay | Sfgw T oS Germplasm RIS RO F2AT |
HEif fom-aifemiem are Bfgw {fRrs semsimeR 3R seifad | 8 Jwe FwRd -
FANC BfYW AR SR 1S wieordoyef | @t @2 Seiea ¢ 7wE wewee] g
G 9 | ORR U2 GF AN QAR 7T FEAHS FACeiRe srafesfers gazifs
s @3 wgTetie Sfew weticeirces gl ey ALY +If o7 AIEe |

16.2 SN, THACHIT @ SFAPYE Sfgw FeiTotares HIRe
YW TR TR P T2 FRSA @ THIADHI | Tel) e G2 “ifeq
R 97w itz | @3 Srmeel) Ieiefiaed [ieqens Iage 20y, @Ha—

16.2.1 % eifetatess sfies Sfen e

T FFARAR A o TEWE Al Wik I dBReIa|fera RFAFae 7L
R | 9% S SREEE Solanum-9% I TS S, bresidens 97 ALH FECE S,
tubersum 99 FRTATA] FY LACR | B FRGE T 711 (5I1BICT ©12A leaf-roll virus)
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O3 Y- ©izam aforaig e | a=iel {59 S e Virus I8 SfEw eitedt I, 1R
TGl SiEaRT ST (ACF AT AF | 43 A SianT I3 Siew fafern shioe Sfem g2
TLACR, @ 67 (Piscersatium) 9% RISH Citrus @@ife | foraedit ©izam g SFE 519
e wie 2eace, SR €2 b TEE Geina aget sifawd IR etz | @z Ty
T virus I¥ BW Germplasm FFHI € Germplasm-Exchange Programme @ R0

PEISICIAER w3 Bfgw Quarantne ¥¥ (Bijman, 1992) | '

16.2.2 TETT € TIRGIAET Sfgw

JITTT ¢ TRYIATAT Bn FBCo TR ~fox AeT a2 AR | 25T 8
AP giEeTe  Bigw R 3o e 3w cfitn e | wieee Sen iR
ST R Torarl | @3 srfere B e 50T aitwe ereiEle ¢ 201 st ez
7 781 A= | BI-Rimidial w3 sifere «elh TR Sfen AR st @ Twem 6
fibicaas @ a3z @0 T srefsre wHReIT 3% | Polar, Aesculus hippocastanus,
Vitis vinifera, Malus pumila, M. prunifera, Litchi chinensis, Camelia sinensis (Chen,
1990) &Tfs TRGT ¢ Wikes Tiern «B e Foer] R |

WS A Giae s YT ¢ TRYAET Tew 78 767 | €8 %o Sy
Hordeum vulgare, §19, O, Triticum aestivum PSTOTT AT AN (TR (Yang S
Zhou, 1982) | Dihaploid 3fwsfer swemiad ¢ femeroeiy feaam wiie o3z «®
SfenefeT egawe s |

16.2.3 TztEe Sfew gfere wFisad

SE! WA B FER @ endosperm I FF-ARTH TS triploid SfEw 7R
G | @2 I TYW ARSI ST G e | (12 TR0 T BT triploid Reeweiea
SfS1eS | Annona squamosa, Pynus malus, Prunus persicas, Citrus grandis, Emblica
afficiralis @STOTT @3 */fS ATy «Tacz | GROle g SR Sgw @ Populus
tremuloides 9 triploid wigeey Qi Wﬁl‘“i FIRS | Pufrenjiva roxburglaii, Santalum
album, Actinidia @t SRS aifore 2 «fe Serge triploid@f@'ﬁ AR e TR |

16.2.4 g AfSTACF (Stress-tolerant) Sfew

@l efStatemre St Tt (iR elferre e Sfgn AfRres T Awfe
IR T LR | AT (FA2 @R ARy wWel TriY TAIE G FEATEes
@FEFTE toxin @7 TAMRRETS oEd T T | 9T @nl eforain WISl ¢ (A1Ed
At el Twie T4 T | TS JGFI SRCEHT Sfen @ S ARy Ofgw
GZSIF B T4 G | @I IR Meges W2 0 @iesl e Fow alfstany wwel 7R
41 T, R 93 (P (AF TES w68 5ol IS | 9TSNA WHRI-FF ARY Cirrus,
I, Gapicht erefs A 2rare «iR FWERA W SRS AT IfeF TeawE) dReT a4
HiRq &R BT |
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16.2.5 Micropropagation 3 SIH%E

92 (o TRETHH O ANCAT TAE IPRYT Tfew Bes(ma g | weRiwE il
Rereir g o9 omfs ¢ 9fy emfere aRge Tz | ey s, @, eee,
FICAT, FCCICAGH, 5-ReRT 2efoq CFia a3k T emiwmiR) Sfen arse =1, o
eigfen AfATers ©itg a=fawitg ¥ ~Fiore I5e AR TS AR | W, 3! ergfoq
51T 92 “ivfe @3 g [z 9B | 1978 A Murashige 21 3008 Swcere! Sfera
s iR weaw | /g 1990 e 98 WA IR Iy wor 100609 (Sagawa @
Kunisaki) | 1989 7ts1 513 fifewes seare Swpeesirel Sfgn wefawin »fore 52 =@
(Pierik, 1993) | «¥ “wfore @ g SR owioq CH@e AT AR | @I
BEHET0M, #iofeTd, G199l | Bl &S Paulownia Kawasaki 3t sapphire dragon
96 TZET AL, T Fe1 6 YA I &) Reed STime | wefem sifere 2 awife
A IO FAT 7TH (97 WR | AN THS AT J¢ IR 9T 7 FIRWEA 2Rore
P TR TR WO W SRAPTSA ST ghiat Mg | SR o Ffaw e ¢
(artificial needs) TIRA T4 TRACE | AT ATOF CH(I2 F1AH IS (0K WS TACR, (I

Dacus carotus, Gossypium hirstum, Solanum melangena, Horderum vulgare, Lactuca
sativa, Euealyptus spp @SS |
16.2.6 G € AFCICHISNe ~4ivw

TiEw ST (AT (AT (L RS LI CART S=&T oIl Mg SiEm
erofon AT el ~ifEgRe KRS T erwme 1 o7 | R efFTes ARTRERe
TYH (I 2R TEI T0E AMF | 92 $RF &FRAT somaclonal BRI 7RB® (Larkin
8 Scowcroft, 1981) | ©C3 Tresiad Tenas (18 @5l gametoclonal &FRe R
5% =¥ (Evansetal. 1984) | 92 WG R W47 W6 S Taoen Tfew 7 7ea
TR, @t R «ikars sfacas &y WW | S Helminthosporiumn maydis
ST Zea mays; Dony mildew '€ smut 9 S1¥, Early blight, late blight &ttty
WEN O, G oA GIICH!, THe HAYE Geranium, FRE TS AW, TRI &9 |

16.2.7 (@7 AFAead - YT ¢ Mg

TR TRFFPAD AOCS (A ATGF Jt SFRIT WA TRIAFIS TEI 14, (P
A (RANGIAPS RFAFI ASTe O Wy MIA A IET B MW | (W IR
APRCAT AL T AR, Q1 sexual A seasonal barrier I T I awife at eAFRER
T | ST TS, Gore aFReR (@9fF @W-a S Wge (@S
PSR TLCT MBI TG | 4T /o7 Mo Wreeefi@y ewifod qaps REqeae
HET RACR qﬁm Q2] Tfen S AT AR, N Solanum tuberosum X S. brevidens
Tgs o, 31 SiRan @ aforany e | B Afore Tge WAl SRS SfEmm Wy
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QIR Brassicanapus X B. campestris, Nicotianatabacum x N. glaunca, Daucus carota x
D. capillaris A MIFE Lycopersicon esculentum, Diplotaxis larca x Brassica
napus @ | ST Haploid 3 @IH MFa@acd Dihaploid pure-line Sfgn #fis
G | @ ST G ¢ 26T (Toryama s Hinata, 1988) 41t dihaploid @ triploid
oo RS WA ACRA |

Sfgcna @ sida AEIAEEPe WRGEATH ¢ eFbren DNA RufEs, we
(A TR Tgw FER[e A 97 wieres sia RAeRe T T | @5 CMS
Al Cytoplasmic male sterility & | ARETET MeT T, 41w, Siey oo 73 Tign
A HET AR | Hybrid T9 SAMCH “jx3%71 Sfgw R <Qies | @=I%9 Raphanus spp.,
Nicotiana spp. ﬁ\?ﬁﬁﬁ mitochondrial cms @W’N BIEEI] T‘I@ AR | ABORE qifRew
T+ 5lATET Tere cybrid-a¥ G TCACE, &I RAIRS A Brassica @S (chloroplast
DNA) | Atrazine =I5 4IH, T SNie] &gfos @2 (of 78 TR (@R ¢ YIFS—Gleba
@ Shlumukov, 1990) | SFEH C, 93¢ C, S0 047 (FITR HFSFAA WA Cybrid-47
WG TES AERCET FIoH THe Sl T 19 |

16.3 Tfew gt FemeaeE gh

16.3.1 Eisielers wegwwe Sfegw Feaatae

Sfew et 12 (o oo it acace | it T APITTeIta el siaes s)a
g4 | [g 9 “fS =W ¢ IRHIF | IS Cryopreservation-98 TN Germpeasm
T WEod HRAETS | AN S 9 (SR B 196°C-9 cryoprotectants-49 SAPIGTS
e | T | 93 Tl | (P A (oAIFe @2 Tfegw BeomeA 9= T TR |

16.3.2 Sfegw e wifawia srafen a2

wfqwia ofs [ee ¢ [Fem Tigw et Reaa Togar, TR 2 2fere SEpse
7g Sfew e a1 w84 | SReR oo g [Rest sfowigs Sftn @ wwiwy Rem
Sfgrra R« e e |

16.4 f&= eforatermets af Gmeie Sien 7fere Fencarad

SR SIe) SCEIb S, Em-ergfen Roera e arbee Tfewr, S @&l transgenic
Tfew @19 R WA 98 @ totipotency I 2T FAOR G 68 FEHO (S (AT
AIEe ofore Tt 70 Sfegw #fgha 7187 | (1T & a1 DNA 9 eiferieitag &)
2 I (F(A2 (SIE-LBH %A (GRS IR T T | oK Gronaiee Sign 7ere
Tfew et (Pates gfseel woifeds |
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16.5 Sfew amatEa (Phytochemicals) &3 RGTCa F=ACiTgel

93 WS Sfgn aeREE a1 Sfgrrs ¢Nel 9 ¥9) (secondary metabolites) G
T (alkaloids),m(terpenoids), m (steroids), SRR (anthocyanin)
agfs Tfen am ags, Sy, Yoify, FT aefer i Sfegn e srdfea g
Mo T | @sffe] St A Rl vy 99 @2 (el [olts simafore tof =@ | @3 T
ey ersife e« @I @I oFea o FfM2e 06 | «F TegB Tvread Siea,
Al (rocus sativus-£3 SfSYIN (ACF2 AleT T | AR 16.1 @ FEFH Sfew apTERE @7
T R TIHE JIF (AT =9 |

AR PR PRGIESEE TGS @ &3 Lithospermum erythorhizon-9
FAAE (403 AfAfers fofere skikonia W iieT-7g wzace WL 2 | Nitto Denko
@AEe Panax ginseng (0@ ginenoside T 4 | TS FeT-CITT M
s Bfew A lidfere fefere refie e | @3k Sy Tgcwce [few stagame
TSI STFON HoICR | G LI DI TRUFCAR FACATEC Tfew qeimiveea Afdwne T
Tferma gemm @R Hem TR | AR 16.2 @ FEEH TAiRgd (el = |

ARI 16.1; FEH0 TR SfYgw IS, ©itwd TIRE @ BT

BIZIRIEES BIEEAG] T Tfgw awfe
1. seglfee (atropine) 87y (relaxant 31 ®F) Atropa belladona
2. 329 (Quinine) WERT Aferags Cinchona sp
3. RGNS (Artemisinin) TR efetags Aretamesia annua
4. TR ( morphine) analgesic 91 (<l &¥INF  Papaver sp
5. fogmie/feafzsita FPPIE TS 94 Catharathus rosens/
(Vinblastine/Vincristine) (FrE dfetass) Vinea minor
6. @ (Crosin) e (e 8 7E§F) Crocus sativas
7. B (shikonin) FE 9GS Lithospermum
erythroshizon
. GBI (taxol) IR eferaes Taxus brerifolia
9. R (vanillin) orifeet Ay et Vanilla pillifera
10. =R (piperine) JoAME Piper rigrum
11, STCLRPEAA T -qgS Morinda citrifolia
(Anthroquinone)
12. Syt (Anthocyanin) 9% Populus nigrum
13, Traifem (Digoxin) CHAS Dioscorea deltoidea/

Digitalis lanata
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AR 16.2  FEACHARC € AFles T 2% Gy Sfen aEices emmeErs s
it Tfeverwifs ol aPIEEE (% Dry wt.)
PN Tfen
1. S (Shikonin) Lethospermum 20 1.5
erytheorhizon

2. PTREES (Ginsenoside)  Panax Ginseng 27 4.5
3. JFERS (Barberine) Thalictrum minor 10 0.1
4, SIRLYRFRAN (Anthroquinone) Morinda Citrifolia 18 0.3
5. TEWlieE NG (Rosmaricacid) Coleus blumeii 15 3
6. CIAPE (Diosgenin) Dioscorea deltoides 2 2

s fefere Sfen armafe e & AlF @ fWEiva et | «gora S
AT SRR AT SCATREA IS I (GNRAQ 16.3) | WS (0 (91T MG
Toitae Tesim apitafcaa offdd Wea w0a | Saizael RO Serpentine St [fen
(oIl MGCNE Ao ARG 16,49 @A 24 |

A&l 16.3 : (R W57 Tiew qapriece offne 3R

Sfgw apRiE | Sfew sifeanel (o) g
1. SYCAFRIWT (Anthocyanin) Euphorlia milli 7
2. AT (Biotin) Lavendula vere 9
3. ZERFRAN-10 (Ubiquinone-10) Nicotiana tabacum 15
4. IFERF (Berberine) Coptis japonica 2

after Miswa, 1985

AR 16.4 : /ST i NG Carharanthus rosens 99 serpentine TR “Afaae

ofEe gy CiE R Serpeatine Serpeatine
AP e/ TR mg/fGI “ifeTet
(% & gav)
1. Gamborg € 5.1 0 0
2. MS Wigw 23 2.0 0.09
3. Linsmaier & Skoog ¥1<j¥ 8.9 10.4 0.12
(P e )
4. Blaydes 4 7.6 4.4 0.06

After Zenk et al. 1977
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GCAF (G (AT MG BN A wdE Teofire (@iea Koo (@5 @il FRee
Tfen ariafites S g% #1171 @2 9 (@ S TR glucan polymers (AW
#{fFwR), AR’ @Rff% | STCBIES &2 (autoclaved) W& Rhodotorula rubra R
Ruta graveolens 9 (2Tl {8 SNGGC () 307 [T 2(16T AW | L. erythrohizon CNRC
555 W (yeast extract) @A 2.5 99 @M rosmarinia acid “NeT T | U3 ATW TIF
elicitor 3 =¥ | {Fg AR (59 € WEA AP 8 elicitor (AFIR57) e F% I3 |
@I Sodium OQerthoranadate (Vigna angularis (?lF%), Sodium Chloride, Sorbital
(Catharanthus rosens CIAC) |

ST T @I oMol [l 73y Besiwe s, @@ e (differentiated),
fRIfeS (stationary) (A2 93 el Rl 7y eg® o0a | (13 IR0 T Iy g
(Growth medium) (FIF AT @ TOICA] T, I W‘{ﬂ%@ T WY (production
medium) TSRS F1 < | 92 TGN (F-H@e 9 ), g Keieuay Term Tenfe 27 |

Nl Reeny eps ~ifwe Seomiaa & it o ofgfe S[erae 9 = | @,
suspension 1 ReTEw (217, @ICH (YT JF TR A0S | Moringa citrifolia (T
Anthroquinone, Renwolfia serpentina (4F serpentina GLHAG 2 7 STHH T 2T |
o+ 2T immobilized I 6T (31189 | S9M1F (agar), alginata, FIFCE (carragenins)
2SS (ITEe T Q@ A (NS (@ IEAfIEE immobilized 1 ATORIN 41 & | Catharanthus
rosens (CF ajmaciline (STENAET) A Capsicum frutescens (ATF Capsaicin (FTPT)
@2 e ffere o enea w9 = |

T SlEgw APTRINS BLAACH O] G U0 o #[Fl 6 T<erae Tl = | (To—

1.0& 7% 1 biotransformation : €2 TS (FF-(?1F WA precusors I 2jF4
T3] (15 91 = ;98 #{Fe AIF wierere Refieucdy e = | @4 Digitalis lanata-3 &1&
MG B-digitoxin (KoI-TefEGifsm) s wats 63 735 B-digoxin (RE1-Taftm) @ griefie
=Y, A AN TSI IIZC TR | €% %l SReTgd Boehringer Mannhein GMBH
(@rEfRsmm weRiEs e qifdfere fefere digoxin @F© F(F | ROl Catharanthine
(ACPS TSI Vinblastine 1SN 7 | Salvia officinalis-a7 WeTg7 (A (suspension
culture) SUTIEC! SIHE @@ SHEaH (phenyl alanine) A T&HIRNS SHHC (rosmarinic
acid) FRTET Twiere 27 |

2. De NovoFKIHT : (AT (AT (30 FIATIC RAPER] A T Afee oo
Q| @ Coleus blumei (AT rosmarinic acid I Atropa belladona (RTF atropine &S |

TOAA Nl oI G35 = Agrofacterium rhizogens-99 R0IE T9= A1 A,
rhizogens-93 (@AFPE Ri-plasmid (7I1¥ (0T gomea W6cy SPIfAF T (adventitions
root) 13CS FRR FCA | 63 I FreTa WO! (MU0 REAW “hairy root” ACTE #if7fow | ¢3
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wR[fe<s 3[&1 Al hairy roots C2IT¥e SaCs 3 faaraa Teifefe Qo g g =i wzR ¢ftel
Relewdy f%S | @I Bera vulgaris @ betacyanin (REFRIF), Hyoscyamus @
tropane alkaloids &gf@ |

AT~ 1
APAR R Y
(&) Crocus sativus-9% _____ (UTF &I AMeq T |
() Lithospermum erythorshizon (4(® AINE e TG ANeT T |
(%) Nitto Denko Co. 99 (FE-(o1F9 (A ginsenoside TLAMH T |

() g i, e endierees «¥F _ Roend e w1 |
() ©IEF I (I 7] B e |
(®) =S (7R YA presursons I 747 @15 (@IS 41 2 |
(® Ri-plasmid OGRS oftedl I
(®) Ri-plasmid (@& Foirea 96w fecs Ay 0 |

16.6 ™A

TR B FECATeE S T[4 | IO TR A P97 gl
TR, TFEER 8 SREPEH | SR SEma @ eiforaly, 799 wWiens siRes 7,
pureline (R 1Y) o, wefiwim Sagrsr w1 SR SRy SEl Sfen sfEce, Tfen
| ARG ORI SRR | SRS 97 S R 3R AT | axrel Bfgw wead
Germplasm &%, Reaas Reet @ sjeei ewfeq wamed weieiad ReEens g
TR | OFRRe werE G-egfer e Rewa e s e Sfev fem-agfe
IFERE Bfgw s Tow Fea | Sfew apmiaten o fariae e
ot Rereea Sadany | 2ot Feefiae Igewcas ipfos T Tfgrma gam
wfewed A1 T TR | I SRS TRew oM Reieacae SEEl Rewa ofgr
FAMAN IS TR Al APfos ToT Bfgw mamrde AR I | [{eHw FHIE
SR AT SR Sfew FeTorare EfewarE o qrwd @R | SE SRES SR
THY ¢ Tfgw ARG STy gy [re stz |

16.7 R0 SrpAteTal

|, TERFETIe SRV TR Bl FROFCA SCAmA! T |
2. FRFLR TAfors Sfen FwRARce srwiRefera S e+ |

190



N o v AW

8.
0.

THEER FHACARCT Bhr! 9

SR IR SR S g |

Tfen wIwd FANARAT S i 9

e Rtrersy F ¢ el Stw @M R @t Bt @ Ia7R e 39 |
Tfen AT SRAC (@I @A CHLa P 7746 SEFon AL (o
A I |

TAIRFMR Elicitors-43 il SEb=1 g |

Sferm ol Refeucra qifafere sizare e +4fore Sui SIebal S |

16.8 T@awie

SrepEAt-1

(F) 17, () shikonin (%) Panax ginseng, () elicitors, (&) CN4 &1, (5) bio

transformation, (%) Argobacterium rhizogens, (%) Hairy root/ SPIfa<s &7 |
FECNE e

1.9 16 93P (0T FREFCA 1Y |

2. 9T 16.2 |

3.16.2 8 16.3-97 7T W |

4. 92|

5. 16.3 MY« |
6-9. 16.5-9 SIS TCACR |
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