m
Contents

Preface...
Ackmwledgmenrs

Chapter 2 Handling of Plant Chromosome...............couivenreeseesieesies s oo

2.1 Introduction ... .

2.2 Sguash Te-c:hmque Mlmuc and Memru-:: Chmmusorncs
221  Collection of Roots...
222 Pretreatment nme:-l;s

2221 Ice-Cold Water...........
2222 B-Hydroxyquinoline...
2223 Colchicine...
2224 - Brmhunaphmaknz
2.2.2.5 Para~thlnmber|mne
Fixation... .
2231 Carm:,r £l Sn]utmn 1
2232 Carnoy's Solution 2...
2.2.3.3  Propionic Acid A.lcohui So]uncm
Staining of Chromosomes...
2.24.1  Aceto-Carmine Stmnmg .
2.2.4.2  Feulgen Staining....
2243 Aleoholic- Hyﬂmchlar:c Ac1d Carmme
2244  Lacto-Propionic-Orcein . .......ovoeeveeceeres oo eesssnessions
2245 Carbol Fuchsin Staining ........cc....oo.ocooooovennnn..
2246 Giemsa Staining........1.,,,..,,.............,.
Smear Technique for Plant Chromosomes ..,
23.1 Chromosome Preparation from Rumq -
2.3.2  Chromosome Preparation from Cell Suspens:un and CaIlus
23.2.1  Suspension Culture of Celery (Apium graveolens).............
2322  Callus Culture of Brassica carinata...........oomovosons
2.3.3  Chromosome Pre];aratinn From FIOWers ..o
234  Chromosome Preparatiun from Shaots ..o,
Paollen Staining ....
2.4.1  Pollen Femllty
242  Chromosome {'Jmml in Pﬂ"ﬂl‘l
243 Differential Staining of PnI]en
2431 Ingredient....
2432 Staining of Pnllen w1th Thm Wa]]s ——
2433 Staining of Pollen with Thick and Spm}' Wa]l,s or Bmh
Pollen-Stigma Incompatibility..... saa s 4 n b R e e
2.5.1 Staining Pistils by ﬁ.nﬂme Elm:
252  Cleared-Pistil Technique....
253  Modified Cleared-Pistil Techmque

- - I R R R R R




wiii

26

2.7

28

Fluorescence In Situ Hybridization (FISH).......ocooviimnmmmniiins
.30

261

262

2.6.3
264
26.5
2.6.6

Total DNA Extraction: Plant Genomic DNA
D700 SOIILIONS . ouorsrsinnsoreinsossensmssinssusas esssasa seresns sres emss esassrrs savses

2.1

272

213

274

28.1
282

283

284

Contents

Chromosome Preparation....

26.1.1 Collection, Prefmatm:nt and Fmatmn ﬂf R;:-crl;s
26.1.2 Pmparnmnnfﬂuffcr.,.,..,.,,.,
S 1]
Fluorescence In Situ H]rbndmauun Pmcedure [FISH]
wieiad]
veneees 33
v 33
verens 34

2.6.1.3 Enzyme Solution...
2.6.1.4 Preparation of Slldts

2.6.2.1 Prehybridization Method ...

2.6.2.2 Hybridization... .

2.6.2.3 Observation and Photugraph}'

Genomic In Siru Hybridization (GISH)....

Multicolor Genomic fn Situ H}fbl'ld]ZHtl.Oll (MEGISH}
Primed In Situ (PRINS) DNA Labeling .... 2
Fluorescence In Situ Hybndlzatmn on Exmnded DNA Fibers
Fiber-Fish....

2.6.6.1 Prutncol I Flher FISH on Entendﬁd Nuc]ear

DNA Fibers...

26.6.2 Protocol-I1: Flbﬁt-FlSl-I Usmg BAC and Circuln:

Molecules as Targets....
26.6.3 Protocol-III: Staining Flh-ers (Yu Yu Sta]mng}
2.6.6.4 Source of Chemicals...

PEOCO]-IN ... ..c.comesamsssdspspaspriniassasnine

BTN BOIIEIOMR 1oioursneressrnsormnenns snnuninsss osavarss passsmnss sres ssswnnsem s mnsnis 448

2.7.22 Procedure...
Protocol-111...

2731 Euf’fe:lessuE s

2.73.2 Procedure...

2733 Delermmatmn uf DNA Ylelds and Suscaphb:hty

to Restriction Enz:fmﬂs
Protocol-TV ...
2.74.1 Backgrnund
2.74.2 Buffermssue
2.7.43 Procedure...

Determination of Nuslear DNA Cuntent -:rt Plants by Fluw Cﬂumatr}'

Introduction ...
Protocol-I...
2821 St-:mk Sulutmns

2822 Finalﬂolutmns

2823 Procedure...
Protocol-I1 .. .
2831 Flc-w Cymmatry aﬁer DAFI Stmmng

2832 Flow Cymmetry after Pmpldlum Imildﬂ (PI) Stmmng

Protocol-I11...

2.8.4.1 Pmcedure wnani

2,842 Fluorescent Stammg nf Nuclear DNA.
2843 Cell Cycle in Higher Plants ... .
2844 Nuclear DNA Content and tI:H: Celi Cycle

29

30
30

31




2.84.5 Determination of Nuclear Genome Size.. ISR, .
2.8.46 Resolution of DNA Content Hlst-::-grams (RO .
2.84.7 Instrument Calibration............. .
2.84.8 Preparation of Fixed CRBC Nuc]et ﬁ:-r Insl::rument
Alignment..., T T PSPPSR v |
2849 CRBCBuft‘ers e 53
2.84.10 Determination of Pimdy in Plams hy F’Inrw C].rmmclr}r e 34
2.8.4.11 Identification of Interspecific I-bends .
2.8.4.12 Identification of hneuplmd Lines ... PP |
28.5 Protocol-IV... 54
28351 Chmmcals DU, T
2.8.5.2 Extraction Buffers P U, 1.
2853 Stain Sﬂ]uuonA{lﬂmL] S SRR, . |
2854  Suin Solution B (10 mL}... 55
2.8.5.5 Isolation and Staining of Nuclal - .

2.8.6 Validity of Genome Size Measurements by F1c-w Cytmnnn'y .,....56
Karyotyping and Sorting of Plant Chromosomes by Flow C}rmmeny SO

29.1  Protocol-I... s .
29.1.1 ﬁccunmlaﬂcn uf Mltl:lt]c Metaphase v 57
29.1.2  Analysis of the Degree of the Memplwse S}rnchmn:f .....58
292 Protocol-II ... * sl P
2921 Suspe.nsmns ut‘ Plant Chmmusnmes PRSI S .,
2922 Alignment of Flow C;ur tometer for Ehmmusnme
Analysis and Sorting.... Hrintes s e s s sasa o THD
293  Protocol-I11.., |
2931 Umvarlate Flnrw Kar:fﬂtymng and Sortmg Df P]am
Chromosomes ... S—— . |
2932 Bivariate Flow Karyutyping and Chromomme Sm‘ting..... 63
294 Protocol-IV... .
2941 Physwal Mappmg u‘f DNA Sequanocs Usmg P{:R —
2942  Two-Step Sorting..., i 155
2943 Reagents and Snluunns SSPTURR .. |

2.10  Production of Wide Hybrids through n Vm-a Thctm|que..H,.,..........,,.,,......,,,66

Methods in Plant Cytogenetics. ...

3.1  Introduction ...
3.2 Mendelian Geneucﬂ I T ; ’ b .
321  Monohybrid Inhf:ﬂtanoe
322  Dihybrid Inheritance ...
3221 Gene Interactmn and E.xprtssmn
3222 Genetic Mapping of C‘.hmmmumes
3.3 Rise and Decline of Plant Cylogenetics ...,

Ce]lesmn

4.1  Introduction ...
42  Mitosis ... i
4.2.1 P‘I‘D{‘:ESSDfMlIOSIS
42.1.1 Innerphase
42.1.2 Prophase....................




" Contents

42.1.3 Metaphaseﬂﬁ

4214 Anaphas.eﬂ?

42.1.5 Tb]ophaseﬂﬁ

4.2.1.6 Cytokinesis.... Lo vorsienionieasisssivrissuvens rommsenssssasepasihsssness G0

422 Duration of Mitosis ... iad SRR . . |
423  Chromosome Clm.matmn at Interphaseand[’rophaw RSO - .
424 Somatic Association... N 913

43  Meiosis... 9]
431 Prmssumenm A 5 i s seasicesssnsmenpmnay resahe i bbnt sant prinn
43.1.1 Cyclel.. 92

43.1.2 Cycle?'?ﬁ

432 Duration of Meiosis... RRREE LR L e e st e O

43.3 Gametogenesis.... B ST S TP——, | |

4.4 mffmenﬂesbetweeansmandMems:s Gk epesinsdiins i wns i cnsiis rase B

Chapter 5 Genetic Control of MEiosis........oooiimmmmmrissinis s s 101

5.1 Introduction... JESTER R IITONR % AP TS S SN o ||
52  Synaptic Mutants ST P ———— ]
5.2.1 Dlstnbuu:]n ufE-“ynapnc Mutants AT | /.
5.2.2  Origin of Synaptic Mutants... v SO L} ¥
5.2.3 Cytological Behavior of S}rnaphc Mul;ants SSSOOTPPSIY || 1)
5.2.4  Synaptic Mutants and Recombinations... ceeeresrererermmnsaearasasases 109
5.2.5 Factors Influencing Pairing in Synaptic Mutams.......,,,,................,, 110
53  Genetic Control of Recombination... i vereriensmenseveberernessississarars 110
54  Genes Responsible for Chromosome D1s;|unctn:m searsrorarsssemmrareresssiains 111
5.5  Other Meiotic Mutants .. il ST RROR—— | ¥
56 Role anetemchmmaun in Chmmosume Pamng ermpteems sepasnrzen seas soninn 113
5.7 Diploid-Like Meiosis in Allopolyploids.... i uinisaaren omemsesssnianerei 113
5.7.1 - The 5-B System in Wheat {?.nm 42} rearasmpmsosbarssssiansasninens 113
5.7.2 Originof the PhGene ..........oooceaeens cissrvinsmmersiusemsanrsonssmnsssusner 114
5.8  Haploidy ... ok R AR |
58.1 Mechamsm of Chrmnmnmn Elmunauun ierreid Buidrsnsnsnsrvnon v L1 3
58.2 Genetics of Chromosome Elimination... IR | -
5.8.3 Haploid-Initiator Gene in Barle;r 117
5.9  Male Sterility.... OO YT OTSRPRN B ¥ |
5.9.1 Clasmﬁcatmn ufMaIe Stenhry iliiuvinisiet ot renapmbryiymmsiiessous T B
592 Mechanisnrof Male Sterility.... TR LW ST O SRR | | .

Chapter 6 Mode nfRepmductiun I PIANLS. oo o verssesesnesssmsesssssssssrssssssssssssssasrsmsssssirsssonssniss 119

6.2 S-exualRepdeu:,hnn R TULT PO O I P E YR TY SR 1 RENOM |
6.3 ﬁmuﬂlRepmducuun rovrsasesssemiseramnssasensn isssessvrinramsssssissessramnraerrsonesens 1198
6.3.1  Apomixis... smeeverssasannsenpsesrassastarirnsmsns LD
6.3.1.1 The Cumpﬂospn::les Cuncept N A TN X

6.3.1.2  Sources of Apomixis ... SRR IOIES ANOES SEUR DN .|

6.3.1.3 Distribution of hpnmixis T ARSI )

6.3.1.4 Types of Apomixis.... PO VX,

6.3.1.5 Endosperm Davelopment in Apumlxls veersrnninsns 126

6.3.1.6 Identification of Apomixis.... PTSORROTINS V'.J |




*

6.3.1.7 Classification of Plants Based on Natural Crossing .........
6.3.1.8  Regulation of Apomixis....
6.3.1.9  Apomixis in Crop Impm\remem

6.3.2 Vegetative R::pmducunn

6.4.1  System of Sex Determination.... i
6.4.1.1 Male Heterogametic [‘Fema]e 'X.X
Male XY = X-Y System)....
6.4.1.2 Male Heterogametic {Fﬁma]e XX
Male XO = X-0 System)....
6.4.1.3 Male Heterogametic { But wnh t’]ne Extra
Chromosome)....
64.14 Female Heternganwtlc (Fema]a XY {ZW},
Male XX (ZZ) (Z-W System)}... e pe b e e b
6.4.1.5 Compound Chromosomes (Intarchanges amung
X, Y, and Autosomes) ... R AR
Determination of Heterogametic Sex in PIam‘s
6.4.2.1 Cytological Identification ...
6.4.2.2 Sex Linkage Inheritance....
6.4.2.3 Crosses between Dme.cmus and Mnnuccmus
Bryonia Species ...
6.4.3  Sex Expression ... £
6.44  The Evolution of DmEmsm
Incompatibility .. -
6.5.1  Self- and C.‘mss—lnmmpatlbjhty e L e s
6.5.2 Microsporogenesis.... ablisdindny
6.5.3 Gametogenesis....
6.5.4 Nature of PDI]matmn i
6.5.5  Flower Modification for Cmss-Pnllmauon
6.6  Barriers to Crossability in Plants .

7.1  Introduction ...

7.2 Nomenclature uf Chmmosnmﬂs ke

7.3 Karyolype Analysis by Milotic Metaphase Chmnsornes
7.4 Karyotype Analysis by Pachytene Chromosomes ..............
7.5 Karyotype Analysis by Flew Cytometry....

7.6  Karyotype Analysis by Image Analysis .., A

7.7 Chromosome Number of Economically Irnportant Plams

Chromosomal ABCETREIONE .o rivnscevi i om0

8.1  Structural Chromosome Changes
8.1.1 Deficiencies ... s

8111 Inm:»ducrmn it

B.1.1.2  Origin and Idgnuﬁcaxmn of Deﬁmencws

8.1.1.3  Meiotic Chromosome Pairing in Wheat

Deficiency Line

8.1.1.4  Transmission Of DefiCiencies ..o e,
8115 Genetic SUdIeS ...c...vvvnvenereroneoneees oo




xii Contents
.

8.1.1.6 Use of Deficiencies in H}fbnd Maize Btcedmg.......,,....... 159

8.1. l'.nT ng Chromosomes .. AR L . |

B.1.2.1 Im_mduc:unn wirrssnssrnrerssaieans 163

$.1.2.2 Origin of Dfuphcanuns and Deﬁmenmes verersssrnnnnne 163

8.1.2.3 Identification of Duplications and Deﬁmencms............,m 164

§.1.2.4 Transmission of Duplications and Deficiencies. ....o...o.eee 164
8.1.2.5 Use of Duplications and Deficiencies in

Genetic Stuxlleslﬁtl

£.1.3 Interchanges... B T T T —— | -

8.1.3.1 Inm:ducnon 1Y onviasersseeissssspmpisssassionssession, 163

8.1.3.2 Identification uf Imerclmnges verneniesnsarasssssnsseninres 166

8.1.3.3 Robertsonian Translocations ... esasennssasrrmsessasyuians 109

8.1.3.4 Interchanges in Genetic Smdws cereeserrmnerasasesens 169

[ 8.1.3.5 Principles of Producing Interchange Teste.rs peeverererenenees 112

8.1.3.6 Identification of Im.erchangad ChromOoSOMES. .c.cermmeenes 172

8.1.3.7 B-A Interchanges... ceesnrnereienne 174

£.1.38 Roleof Interchanges in Ew.rulutmn nt‘ Crups SRR ¥

8.14 Inversions .. R . O P

8.14.1 Inlmdw:unn TR L Y RN PR P, .

8.1.42 Types nflmersmns i rpradeldusnge eaipas s inesne: U NP

8.2  Mumerical Chromosome Chang&s {Hﬂ.emplmdy] SRR |~

8.2.1 Euploidy.... el [ i e Ribiai emesibanimmrebendsissaianst L

8.2.1.1 Iu:rnducunn bttt bicnibitihignsinasonisir LD

£2.1.2 Classification ufEuplmd:.r B situssenmmpisrviimiseususunss FECD

§.2.2 Ancuploidy: Trisomics .. o 2ﬂ2

8.2.2.1 anaryTnsnmms M1t uomssberkenidiurivsiansansnapeins susds BN

8.2.22 Secondary Thsmnwsll&

8223 Tertary Tr1som1c5234

8224 Telum'somics T T DY LT 1.

8.2.2.6 Compcnsanng Tnsumics 25’}'

8.2.27 Novel-Compensating D]p]md o rinipaerssaranispssvarpisnysiies B

8228 Monosomics and Nullisomics R TN awpeesis desimasiaceiirsany O

8229 Alien Addition Lmes!?ﬁ

§.2.2.10 Alien Substitution LD s i vnains e serssssnamssumssiom s SR

Chapter 9 Genome Analysis 3[]5

9.1 Introduction... 2 T e asunni SN
9.2 Classical Tamnnm;r and Geumne Des:gnaunns roetuers s sessssargsessi sninasasesie SO
9.3 Genomic Relationships among D!.p]u:ld Spec:.cs DR . |
9.3.1 Crossing Affinity.... eresssesisasrnarsrmsssasssnsiansirasseress SO 7

93,2 Chromosome Pan'mg R EEPNE Sy .
932.1 Intragenomic Chmmnsoma Pmrmg ceerenmsserersinrniaresns 309

9.32.2 Intergenomic Chromosome Paifing. ..o icissicininse: 312

9.3.2,3 Variable and Minimum Chromosome Pmnng ST | b

94  Genomes of Glycine ... 315
9.5 Genomes of Gussypzmn i T R S SRR | €
9.6  Ancestors of Mlupolyplmd Spmu:s b L i ssainansissssinssbees e 0]




*

9.6.1  Brassica (B. carinata 2n=4x=34; B. juncsa 2n = 4x = 36;

sas
X

B. napus 2n =4x=13R8) ... verenes 321
9.62 Glycine (G. tomentelia 241 4.: SD} . rreereneens 323

9.6.3  Gossypium (G. hirsutum; G, barbademe G mme.fmum
G. tomentosum; G, darwinil, 2n=4x=52) ... SO X |
9.6.4  Nicotiana (N, tabacum 2n = dx = 43} 327
9.6.5 . Triticum (T. aestiviim, 21 =0X=482) ....cccecorvvvrererrereressresesnrererisnns 328
9.6.5.1 The Source of the A GENOME ........c..co.vververveeeesnnsresesneen 330
9.6.5.2 The Source of the B GENome ........coeeermveererennsesnresesrerereres 330
9.6.5.3 The Source of the D Genome .. w330
9.7  Genome Analysis by Molecular Methods ... (e BAL
9.7.1 Genome Analysis by Nucleotide Sequcnce Varmtmn snnenn 331
9.7.2  Genome Analysis by Multicolor FISH ... crerenn 334
Chapter 10 Cytogenetic Aberrations in Tissue CUltUre............cooeovevveeesssvesseesseesseesssseresressnnss 335
10.1 Introduction .. R 1. -
10.2 Chmmusnma] ﬁberratmns in Ca]lus v 335
10.2.1 Media Composition ... FER: = |
10.2.2  Age of Callus... L RAREaT
10.2.3 Nature nfCa]]us (Mnfphngemc Vs, Nﬂnmorphﬂgenm} HERAR s
10.2.4 Genetic Background of the Explants.... i EHEE AR L F
10.2.5 Kind of Media (Solid vs. Liquid) ... B Tt A s ||
10.3 Mechanism of Chromosomal Aberrations in Culture 342
10.4 Chromosomal Aberrations in Regeneratﬂd Plants .. v 343
10.4.1  Diploid versus Polyploid Specles O Y. .
10.4.2  Age of Callus.... RS, ceeeren 34T
10.4.3 Source of Explant Materlals SRR 3.
10.4.4  Culture Conditions ... s e 348
10.5 Chromosomal Aberrations in Hapimd Ca]]us and Thmr Rﬁgenerams .......... 348
10.6 Chromosomal Aberrations in Somatic Hybnds PPN | |
10.6.1 Stable Somatic Hybrids .... it 350
10.6.2 Partially Stable Somatic H}"hl‘ldﬁ : wereies 350
10.6.3 Unstable Somatic Hybrids.... v 352
Chapter 11 Transgenic CrOPS ...t sesssssssesssessssssessssssesssssns 399
11.1  Introduction ... weens 355
11.2 Present Status uf Transgemc Cmps N -
11.3  Production of Transgenic Crops ... . ——
114 Chromosomal Aberrations in Transgemc Dmps PRI R . |
11.4.1 Time in Culture with 2, 4-D Prior to Transfﬂnnauon ...................... 358
11.4.2  Genetic Background of the Explant .................cocvomsrceriveriseresnsenes 363
11.4.3  Seed Fertility in the Transgenic Crops.......ocecinnsssssesssenen. 364
11.5 Cytological Basis of Gene Silencing...........cco.covuvrveommoneeceinsressseseresnessssenens 366
Chapter 12 Relationship between Cytogenetics and Plant Breeding...........cov.oovecveienecensrnsssenn, 369
12.1 Introduction ... vereres 309
12.2  Gene Pool Cunoept cerenn 370
12.2.1 Primary Geue Punl {GP—I} .. 370




s
Xiv

12.3
12.4
12.5
12.6
12.7
12.8
125

12.2.2 Secondary Gene Pool (GP-2).......ccmimimimmimmsnmsimsnenosssee
12.2.3 Tertiary Gene Pool (GP-3)...c..ccouimmimennimssssssissiinsssinsinn e
Cytogenetic Technigues and Plant Breeding.........cooeiinimnnicns
Recombination in Plant Breeding.........cocociiimmimmnmsimnmmissisissssssisns
Mutation in Plant BrEedinig ... oo iveieessmieimrsmmerimsrmniorsisses osssssesssasssmensansrass
Polyplnid}rinPlantBmeding.......................,..,.,...,,,.,..H.....................,...,..,,,,

Plant Introduction in Plant Breeding....
Wide Hybndlzaimn and Plant Bmedmg
Conelusion ... WL R T

Contents

72
7z
37
375
376
376
veees 376
N 1.

. 382

... 383

419
445
457
315




