EEUEIRIE (BEEUA L & EEUAML)

Ploidy manipulation
(haploidization and
polyploidization)

Steps
AtF Atk Atk Atd (1)
reduced parthenogenesis 2
1]

At Atr (3)
At At X A°F Aar At At X Abr AbE At Atk X Ak Aok At Aty X Add Ad+ (4)

1 1 1 ¢
At Act At Abr Attt At A+ Adt (5)

. ! [l 1
AGayt A(a)+ X Alb)y+ Abi+ Ao+ Ao+ X Atd+ AGd+ (6)
Ala)+ AGD+ Ato+ AGD+ (1

— a_- a
double double (8)
Ayt AGa+ A(th)+ A(tb)-‘- X Ao+ Ao+ Atd+ A(td)+ (9)
Alab)'~ A ab)?'+ A ted)/+ Afted)/+ (10)
- Alternate Synthesis
‘.‘\(ta)+ ‘A(tb)-& ‘,\(tt)+ A(ld)+

[ —unreduced gametes————————- (8")

v
AGart A+ A+ AGd+

SEETE (Analytic breeding)

Chase (1963) Can J Genet Cytol 5:359-363




4x cultivar
l

Pre'breeding To obtain

2X X

|

Advanced 2x

\ Polyploidization [EZg:¢:x|d /

\ favorable genes
Haploidization gERz¢uN(e and increase

heterotic diversity

2x wild or
cultivated species

v

New 4x genotypes

Process of analytic breeding

B

Haplodization




(Reprinted from Nature, Vol. 180, pp. 1209-1210, Nov. 30, 1957)

First parthenogenetic

A Haploid Plant of the Potato Varie i
Katahdin o hapIOId
A pPLANT with a somatic chromosome number of v - \s o
24 was found among an F, population of a cross -%’l% EEFIE“— EN %E.;&{Zl&’f’ﬁtlj

between the tetraploid Solanum tuberoswm variety
Katahdin and the cultivated South American diploid
species Solanum rybinsi, This plant resembles the
female parent Katahdin and lacks any of the distine-
tive characters of the male parent S. rybinii. It is
therefore presumed to be a haploid plant of Katahdin
which arose through parthenogenesis.

Hougas & Peloquin (1957)
Nature 180:1209-1210

Fig. 1. Plants of haploid (right) and triploid F, hybrid

wwEmEe O S~ peam

@ ) Megaspor ther cell (2n)
Microspore mpther cell (2n) \ Meosis
¥ Meiosi @ Three nucldi degenerate
Migrospores (n)
1-nucleate sthge
Mitosis|

Vegetative and gengrative nuclel @

Vegetative nucleus perm cells

Sperm cell fuses

Asperm ce es wi with the two T
egg to form 2n embryo polar nuclei to Three mitotic divisions
. . form 3n
Two synergids sandwich egg endosperm
Egg cell (n) g

Two fused polar nuclear
Three antipodal cells

\J Megasporogenesis

2DOD/EZDSE, 1D ETRH/BULHRELZD,
1DE20DBZERIE URKHA LD

B (Double fertilization)




Ploidy levels in ovules of the cross
cv. Merrimack x Solanum phureja

4x x 2X

£, (Endosperm)  F£ (Embryo)

EERE @ 6x 99% 4x 39% 2 2ns
B @[5y | 1% 294
?
wssnson Lo 2X 8% B ik

None 52%

BAA4GE (parthenogenesis) (& 28RS
2DODBIMN2D D% ETIEL. IFHREIEISBRUICHKEL

Wangenheim et al. (1960) Zeitschrift flr Vererbungslefre 91:391-399

Elite Solanum phureja pollinators
BEHEFERRT (haploid inducer)

BHRARFRRT BhRY—H— =55

lvp35 Emb t

VP mbryo spo Hermsen and Verdenius (1973)
Euphytica 22: 244-269

lvp48 Embryo spot uehvtica

1.22 Hypocotyl color  High frequency of haploids,
developed by Peloquin

No. 460 Embryo spot =lvp35

No. 461 Embryo spot =lvp48

No. 253 Hypocotyl color  Very high frequency of haploids

AR (1975) ILEERFEARGHRES1125




BHEDREY—H—

R#~—Hh— (Hypocotyl color marker) (1.22, No. 253)

Pinkish
pigmentation

FHE i

R
FEREORHRIIERT SO T, ¥ES DHANDHNEL
Haploids from pigmented cultivars also show pinkish hypocotyl.

BHUEDFERY—N—

By ~Y—Hh— (Embryo spot marker) (lvp35, lvp48)

AE A miE

BRAFHERTE O

BHERFERRBOF OE—TE
MEBEFOBEICLD, ¥iE
HiFeRzRIELEREDH
BELTENS

Hermsen and Verdenius (1973)
Euphytica 22: 244-269
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B3R ¥ — H—DiEIGRY 7 B
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BEREFREE

(1) BREE

Egg Central cel

Haploid 6x endosperm
Wangenheim et al. (1960) Zeitschrift fir Vererbungslefre 91:391-399

(2) S. phureja ZEEDEIRAIBER

Egg Pollen Embryo Haploid
G o~ —®
®

Clulow et al. (1991) TAG 82:545-551
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AEHEmED SHEHEGFARRZRAVTESNDS

A
B R/ BR/ \
BT 1002% SIF
28/6041 ? Hougas et al. (1958)
1/36 5.0 Kawakami and Matsubayashi (1960)
222/49004 1.3 Hougas et al. (1964)
? 53.7 Hermsen (1969)
174/757 33.2 Cipar and Lawrence (1972)
10674/86583 33.8 AR (1975)
6/2055 0.7 Ruhde and Hanneman (1979)
662/14898 104 Kotch and Peloquin (1987)

Hougas et al. (1958) J Hered 43:103-106; Kawakami, K. & M. Matsubayashi (1960) Jpn J Breed
10:10-18; Hougas et al. (1964) Crop Sci 4:593-595; Hermsen (1969) Euphytica 18:183-189; Cipar
& Lawrence (1972) Am Potato J 49:117-119; A& (1975) JbimEEZEAEIERESE125; Ruhde &
Hanneman (1979) Am Potato J 56:587-589; Kotch & Peloquin (1987) Am Potato J 64:137-141

13

FIEEICL 2 EEmED S DBEHMEELER

Haploids/ Haploids/ Ref
anthers 100 anthers ererences
]/? ? Irikura (1975)
34/1770 1.92 Mix (1983)

Dr. Yukio Irikura is the first man who
I 11H22 11H23 11H24 developed a monohapoloid (27=x=12)

from Solanum verrucosum using
anther culture (Irikura and Sakaguchi
1972).

Irikura (1975) Potato Res 18:133-140
Mix (1983) Potato Res 26:63-67
1 Irikura & Sakaguchi (1972) Potato Res 15:170-173




BREIEEHIREDLLE

BAYTE HIEE
(1) Genetic composition Female (BR#RR3) Male (FE#2)
(2) Applicability S. acaule (4x) S. acaule (4x)
S. demissum (6X) S. demissum (6X)
S. tuberosum (4x) S. tuberosum (4x)

S. verrucosum (2x) S. verrucosum (2X)
S. bulbocastanum (2x)
S. chacoense (2x)
S. fendleri (4x)
S. hjertingii (4x)
S. phureja (2x)
S. polytrichon (4x)
S. stenotomum (2X)
S. stoloniferum (4x)

(3) Efficiency Very high in S. tuberosum ?
15
8
Polyplodization

16



BEEFELE
Polyplodization method

(1) Asexual polyploidization
(@) Somatic chromosome doubling by colchicine treatment
(b) Chromosome doubling through /in vitro culture

(2) Sexual polyploidization
(@) Unilateral sexual polyploidization (4x x 2x)

(b) Bilateral sexual polyploidization (2x x 2x)

17

EEEYOIIL e F 0K

® Y W an
— e

WEHNERT DEMNSERICHIT T, MERBIERZHRRAIC
HT, 0.15% TNV eFUKBRTHES EIAMELET 5, D
B&ERREZBE. BHILEF UV BAREREET,

FFE;EEEI%
OLEFYKBRNEHXUSREICRD EEEZRILPTV
FASEY) (ERGREF/BMUILKRNREL D) ICBRBBEHEL
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HIEEIC & SR EBEHEINE

Euphytica 30 (1981) 239-246

CHROMOSOME DOUBLING THROUGH
ADVENTITIOUS SHOOT FORMATION ON IN
VITRO CULTIVATED LEAF EXPLANTS FROM
DIPLOID INTERSPECIFIC POTATO HYBRIDS

J. G. Th. HERMSEN', M. S. RAMANNA!, S. ROEST? and G. S. BOKELMANN?

!Institute of Plant Breeding (IvP), Agricultural University, Wageningen, the Netherlands
“Foundation ITAL, Wageningen, the Netherlands.

Received 15 August 1980

425 of 450 plantlets produced via /n vitro culture from
51 F1 hybrids of Solanum etuberosum x S. pinnatisectum
were phenotypically chromosome-doubled.

19

Tetraploidization through 4x x 2x crosses

Ploidy levels of progeny

2X 3x 4x

4xx2x 0.6% 7.6% 91.9%

2XX 4x 3.3% 1.9% 94.8%

)

2nBBFICEL D

Hanneman & Peloquin (1968)
Am Potato J 45:255-261

20




Tetrad

~ (©-e0-(p

) First division restitution (FDR) Dyad
o @ ‘ ‘
) Second division restitution (SDR) Dyad
o ‘ ‘ ‘
2n BfBF DEBGBRE IS 2TEE
21
Heterozygosity
Dyad transmitting rate
XX (crossover) eI &
- — 100%
1:1
N SR B0
N XXX TOEN
NTHOESEE
AN

Genetic significance of FDR

22




Heterozygosity

A M Dyad  transmitting rate
XX (crossover) HEZ 3 &
BRIE R D
RXEFTOEN
- - hEEESE LR
%

Genetic significance of SDR

23

Average heterozygosity transmitting rate (%)

Cross combination %

4x cultivar x 2x SDR 38
4x cultivar x 4x cultivar 63
4x cultivar x 2x FDR 80

A large fraction of heterotic effects and
epistatic interactions are transmitted
from parent to offspring with FDR.

FDRE2NEEFZES ENTOYRAZERELPT W

24



2n pollen formation by
parallel spindle (ps)

FITHEAIC L > TES e
2nieky (EETEH)
BMEpsELFICLD

PARALLEL

SPINDLES NORMAL

METAPHASE
ANAPHASE T

MEIOTIC ‘ ,
@ @ PRODUCTS /

2-2n MICROSPORES 4-n MICROSPORES
Peloquin (1981) In: Plant Breedin Il, lowa State Unv Press. p117-149

2n pollen

25

(1) First division restitution (FDR)
M-Il Dyad

Second division restitution (SDR)

PARALLEL

SPINDLES INTERPHASE

NORMAL

METAPHASE
ANAPHASE T M-l Dyad
MEIOTIC ‘ ’
PRODUCTS
)
2-2n MICROSPORES 4~n MICROSPORES

Peloquin (1981) In: Plant Breedin II,
lowa State Unv Press. p117-149

pspsicEDIESNZ2n TEMISFDRERIETH S

26



SHPD psEIETFHE

Species ps frequency Ref.
S. brevicaule 0.46 1
S. canasense 0.31 2
2x S. gourlayi 0.26 2
4x S. gourlayi 0.80 1
S. infundibuliforme 0.30 2
S. sparsipilum 0.39 1
S. tarijjense 0.20 2
S. verrucosum 0.12 2
S. phureja 0.47 1
S. stenotomum 0.42 1
S. tuberosum ssp. andigena 0.85 1
S. tuberosum ssp. tuberosum 0.69 3

1) Watanabe and Peloquin (1989) TAG 78:329-336
2) Peloquin et al. (1989) Genome 31:1000-1004
3) lwanaga and Peloquin (1982) TAG 61:161-169

AMEBECTpSB-FHRESVDIE2MENEFRAL THMEERE RS EEZEBKRT D

27

2n gameteldunreduced gamete GEERTTEEF) H?

BEH2n gameteldunreduced gamete GEETTELET)
EFEIEN S,

ULHU. psEIEF (psps BHERER) ICXDERIN2n
pollen (2nfE#)) IEHEAHE1 DR TREEBEHDEDITHEL
TW3 (=&7TtLTW3) @ Tunreduced gamete (GEZEITTED
BF) EFEXBV, CDHpsEREFICIDEREINS2n
pollen (2rft#p) F2FMETH ERIN D,

28




Number of ssp. tuberosum haploids producing 2n
eggs, based on 2x x 4x crossability

No. of haploids

Parental Haploids with
tetraploid Screened Producing Producing 271eggs (%)
fruits seed

Atlantic 131 93 78 59.5
Chippewa 43 25 23 535
Merrimack 114 95 85 74.6
Redsen 5 2 0 -
W231 42 23 21 50.0
W760 46 31 29 63.0

Total 381 269 236 61.9

Werner & Peloquin (1991) Genome 34:975-982

2FERNICAE A Z 2B UETH I B D IF 2 AR D20 eggh MEREL T
MEEDEFNTE L. EIRET S

29
Number of diploid wild species producing 2n eggs,
based on 2x x 4x crossability
o No. of plants Plants with
Diploid Pl number : : 2neggs
species Screened Producing Producing (%)
fruits seed °
S. berthaulti 218215 3 0 0 -
S. brevicaule 233961 24 23 17 70.8
S. chacoense 275139 24 14 2 8.3
S. sparsipilum 230502 16 12 2 12.5
310933 33 28 5 15.1
S. tarjjense 217457 15 6 2 13.3
230466 3 3 0 -
414148 9 6 2 22.2
Total 127 92 30 23.6

Werner & Peloquin (1991) Genome 34:975-982
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Synaptic variant ( FDR)

n
AV
0\ ‘v

i ———
N%
Delayed meiotic division ( FDR and SDR)

M LLLGY
cgaspore vvuy

mother cell \\ , /

Omission second division ( SDR)
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ﬁ%ﬁ . _» _> __ Werner & Peloquin (1991)
\V &5 F Genome 34:975-982
No second cytokinesis ( SDR) 2n
31
2X | X 2X
(3.8) (3.7)
~ ~
[N\ "\
S (3.3) .,
Colchicine 2n 2n Colchicine
4x 4x 4x
(3.5) (4.5) (3.8)

Peloquin et al. (1989) Genome 31:1000-1004

Tuber yield of 2x hybrid parents, their colchicine doubled
counterparts, and their 2x and 4x progeny. Tuber yield
(kg/2 hills) is in parentheses. (Peloquin et al. 1989)

Maximum heterozygosity theory
proposed by S. J. Peloquin
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1 1
ATAZ2 A3A4
2X 2X

(3.8) X (3.7)

S~

N2

Colchicine 2n [pi1p3] 2n  Colchicine

[TONT/

4x 4x
(3.5) (4.5) (3.8)
ATATAZAZ ATAZA3A4 A3A3A4A4
] 5] 1

Peloquin et al. (1989) Genome 31:1000-1004
Maximum heterozygosity theory
proposed by S. J. Peloquin
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