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DEFINE

“* Polyploids are organisms with multiple sets of chromosomes in
excess of the diploid number (Acquaah, 2007; Chen, 2010; Comai,
2005; Ramsey and Schemske, 1998).

“* Polyploidy is common in nature and provides a major mechanism

for adaptation and speciation.

N¢

»*  Approximately 50-70% of angiosperms, which include many crop

plants, have undergone polyploidy during their evolutionary

process (Chen et al., 2007)




“*Flowering plants form polyploids at a significantly high frequency of 1 in every

100,000 plants (Comai, 2005)




EVOLULATION OF POLYPLOID
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Classification of ploidy

“* Based on their chromosomal composite

“* Euploids

“* Aneuploids.

“* Euploids constitute the majority of polyploids




Euploidy

“* Are polyploids with multiples of the complete set of

chromosomes specific to a species.

Depending on the composition of the genome,

* Tetraploidy is the most common class of euploids (Comai, 2005)
“* Euploids can be further classified into
“* Autopolyploids

“* Allopolyploids




“* Natural autoploids include tetraploid crops such as alfafa, peanut,
potato and coffee and triploid banana

ANEUPLOID

“* Are polyploids that contain either an addition or subtraction
of one or more specific chromosome(s) to the total number of
chromosomes that usually make up the ploidy of a species.




Table 5.2: Classification of aneuploids

Term Chromosome number
Monosomy 2n-1

Nullisomy n-2

Tnsomy 2n+2

Tetrasomy 2n+2

Pentasomy 2N+




Table 5.1; A list of major crops and ther ploidy

Common name Ploidy Name Propagation

Maize =20 Diploid Outcrossing

Wheat bx=42 Hexaploid Outcrossing

Rice = Diploid Selfing

Potatoes dx=48 Tetraploid Outcrossing; Vegetative
50ybeans =40 Diploid Selfing

Barley =14 Diploid 5elfing

Tomatoes =4 Diploid Selfing

Bananas =33 Triploid Vegetative

Watermelon =27 Diploid Outcrossing

sugarcane il Octoploid Outcrossing; vegetative
Sugar beet =18 Diploid Outcrossing

Cassava =16 Diploid Outcrossing; Vegetative




Origin of Allopolyploidy

“* The polyploids with chromosomes derived from different species are called

allopolyploids

%* The fusion of reduced 1n gamete with unreduced 2n gamete gives rise to 3n

zygote followed by the subsequent fusion of 1n reduced gamete with 3n

gamete in the next generation giving rise to a tetraploid individual.

“* This two-step process of allopolyploid production is sometimes referred to as

a triploid bridge.

“* Environment and genotype have the influence on the formation of nonreduced

gametes
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The origin of allopolyploid from unreduced and reduced gametes (Source:
Campbell’s Biology, page 454, 5th Edition)



(i) Bread wheat (Triticum aestivum)

Triticurn monococcum X Aegilops speltoides
(diploid AA) (diploid BB)
(gamete A) (gamete B)
Sterile hybrid
AB

Accidental doubling

Triticurmm dicoccum X Aegilops squarrosa
(tetraploid AABB) (diploid DD)
(gamete AB) (gamete D)
Sterile hybrid
ABD
Accidental doubling \L

Triticum aestivum
(hexaploid AABBDD)
(gamete ABD)
(fertile)

Evolution of bread wheat (Triticum aestivum) (Source: http://www.ibri.org/Books/
Pun_Evolution/Figures/Fig03-12.gif



(ii) Tobacco (Nicotiana tabacum)

Evolution of Nicotiana tabacum




(iii) Cotton (Gossypium hirsutum)

Gossypium herbaceum X Gossypium ramondii

Old world cotton American upland cotton
2n=26 2n=26
(small chromosomes) (Large chromosomes)

F1=2n= 13 small + 13 Large (26 univalents)

Chromosome doubling

2n=52 (26 bivalents = 13 small+13 large)
Gossypium hirsutum (New world Cotton)

Evolution of cotton (Gossypium hirsutum)




(iv) Amphidiploid Brassica species

Brassica Triangle (Morinaga, 1934)

B. Nigra
/ (X=38,2n=16)
B. carinata B. juncia
2x = 849=17 (2n=34) 2x=8+10=18(2n=36)

/ \

B. oleracea B. napus B. compestris
(x=9) (2x=9+10) (x=10)
2n=18 2n=38 2n=20

i Adopted from Chahal and Gosal, EDI}EJ







Characteristics of Allopolyploids

“* Larger cells
“* Vigorous plant

“* Less complex than autopolyploids

“* Recessive characters may appear less

frequent

(A) diploid (B) induced tetraploid




Applications of Allopolyploidy

*“* Bridge crossing

“* Creation of new crop specie

“* Widening the genetic base of existing allopolyploids




Advantages of polyploids

+* |dentify genetic origin of plant species
»* Produce new plant genotypes and plant species

+* Facilitate transfer of genes from related species

+* Facilitate transfer of individual chromosomes or pairs

of chromosomes




DISADVANTAGE ' ™

** The effects of allopolyploidy cannot be predicted

+* Newly synthesized allopolyploids have many defects

+* The synthetic allopolyploids have to be improved through

extensive breeding at the polyploid level

+* Only a small proportion of allopolyploids are promising




Table T0.2 Some allopolyplodd crop species and their gamsstic chromosoms mumbers

Cametic che
Sceentific name COmersn name ek Cultivatedwild
AveEna S0 peser Samd oats T Wild
A_ barbaaia Slender wild oeis 4 Wild
A malivag Cultivabed ools Xl Cultivated
A bymantine Cualtivated red calts | Cultvated
Brossdcag aige Elack sarson (B Cultivated
B aoleracea Cabbags, canlifioeer, L ] Cultbvated
aeto.
B campesrs Tarnip rape I LAY Cultivated
B canrimaia Abysmmian cabbagze 17 Wild
B_ juaced Fai Indisn mostard I8 Cultivated
B mapas Hape (k4] Cultivated
R sy i arboreman Asinfic (desi) Ok 13 A Cultivated
. Berbaceuwm Acsiatic oodton I3 LA Culbtivated
Or trardery Wikd Aomerican colton I3 (I} Wild
= barbadense Sea island (Egyptiand 25 (A0 Cultivated
coblon
e airsofam Aomerscan oplamd L LT ] Cultivated
cobion
Horndeum vulpare Cultivaied barley Ll Culbtivated
H_ jukearum Squirrel tail barley 4 Wild
H_ modosum Foxitail barlew Z1 i
Medicago hispida California bwerclowver T Cultivated
M lapaling Elack me=dic T 1& Cultbvated
M. flcate ellow alfalfa B, 16 Cultivated
MNicorimnag syivesdris Wild tobacoo 1z We'idd
M. pomemiosa Wild tobacoo 12 Wik
M. rabureum Caltivated ohbacco 24 Cultivated
™. rusfica Cultivated tobacco 24 Cultivated
™. Bigelovir Eld tobacoo 24 Wikd
. e Brenyi Eld tobacoo 24 W ikd
Promus e ric Gme American plom B Cultivated
P avism Swaet chemy B Cultivated
P persica Feach H Cultivared
P renasas Sowr chermy 1& Cultivated
P domestica Europsan plam 1& Culmvated
Faccharam offic dmaram Moble canes 40 Culivated
5 barbery Indian canes 41, 45, 44, 58, Culmvated
&2
5 SiAEmTis Indiamn canes 58, 59 Culmvaied
5 spovaicne wam Wild camess 2054 Welild

{oontme=d)



Table 10.2 (comtinued)

Cametic ch.
Scientific name Comiman name Mol Cultivated/wild
. robustum Wild cames 3074 Wild
Sorpham versicolor Wild sorgham 5 Wild
X bicalor Jowar [} Cultivated
X halepense Johnson grass Pl Cultivated
Trifoliam pratense Fed clover [i Cultivated
T aglexandrinum Berseem clover k. Cultivated
T epens White clover 16 Cultivated
T mediam Figzaz clover 40, 4842 49 | Cultivated
TrificCalme MOnCos Cwm Wild einkorn TLAD Wild
T turpidum var. dicoccoides Wild emmer 14 CAR) Wikd
T, turpidum var. dicoccam Emmer wheat 14 (AR} Cultivaied
T turpidum var. fargidam Solid stem wheat 14 (AR) Cultivated
T turpidum var carthlicum Persian wheat 14 (AR) Cultivated
T turpidum var polomicam Palish wheat 14 (AR) Cultivated
T turgidum var durum Dwurum wheat 14 (AR) Cultivated
T timopheevii - 14 (A Cultivated
T timopheevii war - 14 CALE) Wild
MMEFICAAL
T aestivam var. spelia Spelt wheat 21 CABRDY) Cultivated
T gestivam var. aestivam Common bread wheat 21 (ABDY Cultivated
T aesfivam var macha - 21 (ABRD) Wild
T, gesiivam var, compaciam Club wheat 21 (ABRD) Cultrvated
T aestivam var. Inclian dwarf wheat 21 (ABD) Wild
sphasrococcum
T zhakovskyi - 21 (AAG) Cultivated

= etters within parentheses denote the genomes present in the species
Source: Singh BID (2012). Mant Breeding, Principles and Methods
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