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Dermail et al. 720724
Quiroz et al. 2024

Haploidy Terminology

Monohaploids

2n=x
Allo or amphipolyhaploids
AA= A ) 2n=nX
—Euhaploids = monoploid AABB = AB
<= B _ Polyhaploids -
le, whole sets 2n= nX Autopolyhaploids
2n= nX
AAAA = AA
Haploids — Disomic haploids
2n= x+1
- Aneuhaploids ——Addition haploids
2n=nx 2n= x+1 alien chromosome

—Nullisomic haploids

2n= x-1
Modified from: — Substitution haploids
Jauhar et al., 2009 2n= x-1+1
L Misc. haploids
2n= xt

Haploid history

Strawberry faux hibrides
Millardet, 1894

Giard A, 1903

“F. virginiana x F. eliator F1. Practically
indistinguishable from F. eliator, but
sterile.” -- Manglesdorf & East, 1928.
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Manglesdorf &East, 1927

Patrogenesis from Tripsacum x Euchlaena
Collins & Kempton, 1916

‘Man Cotton’
Harland 1920/1936 COTTON

SEA ISLAND
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Recognition
Blakeslee, Belling, Farnham, & Bergner, 1922

Clausen & Mann, 1924
Gains & Aase, 1926 ==

Blakeslee & Belling, 1922
Das & Rahimulla, 1933

Moringa and Fukushima, 1933
Harland, 1936

The Marglobe tomato _
Morrison 1932 . oo oerin

THEY YIELDBETTER
AssoLl

: s
/ALTER S. SCHELL Inc. QualitySeeds |
lOlhandMarl}.etﬁ_t_s_._‘_ Harris urg, Pen.nn.!

FJ Pritchard

Obtaining haploids

Review by Dunwell, 2010

Twin seedlings
Weber, 1938
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Morgan & Rappleye, 1950 » @

Weber, 1938

Semigamy
Turcotte & Feaster, 1963

allotetraploid cotton (Gossypium hirsutum L. x Gossypium
barbadense L.) with a haploid population. TAG.
DOI:10.1007/500122-002-1100-4

Indeterminate gametophyte/Haploid
initiator

Kermicle, 1969, 1971; Lin, 1978; Hagberg and Hagberg,
1980

maize — Lin, 1978
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Irradiated pollen/stress
Turcotte & Feaster, 1963
Katayama, 1934

Naers et al., 1998 . A 4x leaf (center) and 2x leaves
obtained from 4x blackberry
pollinated with 100 and 150 kR
irradiated Rubus cuneifolius pollen.

Pollen parent Dosage  # Surviving  Offspring ploidy % of seedlings in each ploidy category
Species  Ploidy seedlings n% 2x 3x 4x 5x 6x aneu® mixo¥ x°¢
R spp® 4x OkR 432 183 1 1 67 1 7 19 4
50 kR 31 31 0 0 26 13 0 55 6 b
100 kR 34 34 15 0 62 0 0 20 3 e
150 kR 21 21 24 0 57 0 9 5 5 e
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Delayed pollination o
Kihara, 1940 Ca0p

42 30t ‘

E s

|3

& oot

b2

P}

BE 101

0 A
2 3 4

Alien cytoplasm
Reviewed in Hsam & Zeller, 1993
Kihara & Mukai, 1962; Tsunewaki & Mukai, 1990

Chinese Spring Salmon
1BL 1BS 1BL RS
e[ X H 1 [ 4
NOR P
Spg. Rivi B
2BL 28BS 2BL 28BS
28 [ X ] | X Z

Gonjird Inazuka, Cecil Salmon & Norin 10




VI-B - Haplo & triploidy PBGG 8900 Spring 2025 | page 7
B e —————— e

L
I )
“‘Hll'l !
: h}"

‘ 1 1 !

i _-.1.:‘.Alll.l'.xu".‘.i..

Sennedjem and lineferti in the Fields of laru A.D. 1922; original ca. 1295-1213 BCE

Somatic reduction
Britton & Hull, 1957

Leaves showing unstable
sectors.

- 3 primocanes from somaclonal sectors

Super reduction, double reduction
Eg, Thompson, 1962
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Androgéneéis

Isolated microspore culture

Anther \

Isolated
microspores

Anther culture

Shipra Guha Satish Chandra
Mukherjee Maheshwari

Diploid
anther
wall

Diagram by course alum, Gurjot Singh

Dunwell, 2010

Vegetative cell division

Dimorphic pollen

i’rp ol/en of poppy.
Fusion of vegetative and generative cell

Dunwell, 2010
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Petolino et al., 1988

TF-mediated parthenogenesis a

Parent 1 Parent 2
Bbm- a
Parent 1 Parent 2
"\\k Cross .y, Maternal DH
Ye et al. 2024 W potinate 3 ek lpers Hemizygous
* r\ // breeding cross Pollen donor
N . ( F, generation (2n) with paternal CFP trait
| Y \/ (non-haploid inducer)
. \_ b
Immature‘*~
colourless s Paternal marker
embryo K
b Diploid  Haploid c w (-10 DAP) !
( ............... > Pollinate
. Regenerate
2 1 Transform mature
= o { F, breeding cross
Brightfield 2 . 1 embrso T, plant Pmenied
S - embryo
52 20
23 . Perform
32 . : l embryo rescue
£7 ¢ 18 DAP,
Cyan =R ) : ¥ ( )
spectrum & 1 i i
. CFP positive, CFP negative,
0 then . * ( then
DH ion 1 DH ion 1 DH 1 P F, diploid embryo (2n) maternal haploid (1n)
i 1 l
Huang et al 2024
200 - b
Haploid e Diploid
%; 150 4 150
<
5 100 100
2
El
Z s0 s0
0 - 3 ] i
AR DA o P e
Relative fluorescence (P1) (10 000)

Chromosome-elimination based systems
4x-2x crosses in potato and alfalfa

Hougas et al, 1963; Hermsen & Verdenius 1973; Peloquin et al, 1996
Ercolano et al, 2004
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Montelongo-Escobedo & Rowe, 1969

Land race
S. tuberosum group Phureja
2n=2X=24

Cultivated potato )
Solanum tuberosum L. Phureja sperm

2n=4X=48 @
D
S. tuberosum \
embryo sac °

Dihaploid
The Montelongo-Escobedo & Rowe 1969 model, from Amundson et al, 2020

Reviewed in Ercolano et al, 2004

Land race
@ S. tuberosum group Phureja
@ 2n=2X=24
Cultivated potato o
Solanum tuberosum L. Phureja sperm
2n=4X=48

@ Elimination of

paternal

Q chromosomes
S. tuberosum
egg sac @ Q
e

Chromosome elimination model, after Amundson et al, 2020; 2021 Triploid S. tuberosum
egg sac
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Patrogenesis
Millardet 1894/Manglesdorf & East, 1927
» Strawberry faux hibrides

Collins & Kempton, 1916
» Patrogenesis from Tripsacum X Euchlaena

Chromosome elimination

Subrahmayan and Kasha, 1973 éfﬂ‘:s) Cells with chromosome  of CA;{E/# o
7 8 9 10 11 12 13 14 embryo
3 3 1 2 1 37]
4 3 221 ] 2 1 75
5 10 6 4 4 1 1 1 1 199
6 26 | 14| 5 | 3 1 1 370
7 68 | 16 | 10 | 3 1 772
8 160 11 2 2 1 1178
9 177 | 41 | 11 2306
10 [|218)] 13 7] 2 1 4710
11 431 22 7 7430

h.ca/kkasha

Bennett et al., 1976

Haploid metaphase cell in an embryo of

barely x bulbosum.
Role of ploidy
Kasha, 1974 2 g F,
A% BB \
BB Vv Vv
Vv BBBB VBB
BBBB A% VBB
VVVV BB Vv
VVVV BBBB Vv

BBBB VVVV A"
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Studies with trisomics
Ho and Kasha, 1988

Wide crosses = patrogenesis
Laurie and Bennett, 1986

Ishii et al. 2016
Monocots Dicots
74 35

Embryo rescue | Not required

VV + chromosome 1 x BBBB
VV + chromosome 2 x BBBB
VV + chromosome 3 x BBBB
VV + chromosome 4 x BBBB
VV + chromosome 5 x BBBB
VV + chromosome 6 x BBBB
VV + chromosome 7 x BBBB

Nicotiana tabacum x N. africana

Supporting evidence
Majka et al, 2023

In situ hybridizations showing Top: fescue

univalent without the spindle attached to it, and

Bottom, more NUF2 localized to ryegrass
metaphase chromosomes than to fescue ones

2025 | page 12

- stable
- elimination
- elimination
- stable
- stable
- stable
- stable

Rye
Secale cereale X Zea mays
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CENH3-mediated chromosome elimination
Ravi & Chan, 2010

Histone tail

https.//www.ucdavis.edu/news/obituary-
simon-chan-made-breakthroughs-plant-

breeding
Histone
FreeStocklmages

Defective CENH3 ~ Normal CENH3 The resulting plant is haploid:it has only the
protein (yellow)  protein (green} chromosemes from one parent
bound to centro-  bound to centro-
mere mere

from from - f

egyg pollen

Normal chromosome attaches to spindle  Yellow-marked chromosome fails to attach to spindle Daughter cells in embryo inherit nermal chromosomes.

via the kinetochore complex (red) fibers and its chromatids are not moved to dividing cell  The chromosomes marked with the defective CENH3

Hybrid inherits parental poles are lost.

chromosomes
Figure 1. http://www.plb.ucdavis.edu/simonchan/about/research.html|

CenH3 loading factor Kinetochore Null2
Ahmadli et al, 2022

/haploid ) /diploid

34

13
3
3

counts

0 4 2 0 400 6X
FL1In 532-30 FL1In 532-30
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Chromosome elimination — over-arching principle

Ishii et al., 2016

Unstable intraspecific cross Stable intraspecific cross
1 CENH3 CENH3 A CENH3 CENH3
"¢ ¥y EH g,
@] [ I [@ @l
2 2

s Egg cel Sperm cell " Egg cell Sperm cell
T

'® -0 |,! @
;' © i
i i

i
8 (K .
, . [

@ ||| &

& &

v ¥

i iv
’ @] ||° |

©) @

Haploid Aneuploid Diploid

Fertilization-dependent systems
e NLD/MTL/ZmPLA1
o NOT-LIKE-DAD/MATRILINEAL/ZmPHOSPHOLIPASE-A1
o Lipid homeostasis
e DMP
o DOMAIN OF UNKNOWN FUNCTION 679 MEMBRANE PROTEIN
o Defective fertilization
e PHOSPHOLIPASE D3 (ZmPLD3)
o Lipid homeostasis

Stock 6 in maize R1-Navajo (R1-nj)

Coe, 1959 Q ( @ @
X
q @ htt://ipg,missour
@ @ @ |i.edu/faculi.‘y/coe.cf
m

Haploid Diploid & /out-crossing

Inducer line

Chase, 1969



VI-B - Haplo & triploidy PBGG 8900 Spring 2025 | page 15

R ——— =

Zhao et al, 2013

Kelliher et al., 2017

+ QTL mapping — qhirl
Stock 6 C D

67.60M  67.85M 63.42M 69.54M
g6 | - 4 ]

/ 1 -
GRMZM2G305400 sz».czcw\
= a » 4 & » .
GRMZM2G106834 GRMZM2GOR2836  GRMZM2G120587 RMZM2GOS Kelliher et al., 2017

MATRILINEAL (MTL)

ATG TAA
ll ] L ] I 1 L [I
|
GRMZM2G471240 A TAG
-CGAG-
Gilles et al., 2017 N2 3
? XV WY
y e
" x ‘y”{‘ e o +-
MTL substitutes in dicots @ﬂ._’
Zhong et al, 2020 e
£ | [ 4
E ° 174 -Q:
S .‘..‘ &
WS & =
Class 1
4
e
5 :‘ =
g Diploid 'y.

Class 2-1 Class 2-2
Putative haploid

Molecular marker and ploidy analysis

Haploid
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Jacquier et al, 2023

Kokopelli mutants

Mao et al., 2023
ECS1 & ECS2

|dentification of haploids

Guard cell size

GTV& 0 \' ;.if;n

Eg from Christensen & Bamford, 1943. J. Hered.
34(4): 99-104

Cytologically

Aleza et al, 2009

Spring 2025 ]| page 16

Tester line Atkpl or Atdmp8/9
F1 Col-O/Ler d mutants
glabral /- GLABRAT +/+

Offspring
Phenotypic screen

Without trichomes With trichomes
Sterility check ¢

la lle Control fertile plants
haploid, = diploid, = GLABRAT +/- Audn
glabrai- labrat -/
(false positive)
Flow cytometry Genotyping
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Haploid Diploid

Normal seed Small seed

Aleza et al, 2009 Yahata & Kunitake, 2019

150 1
100
’ jz\__
0 i T o T v
0 50 100 150 200 250 300 350 400 450 FL1500 partec
channels

Aleza et al, 2009
Molecular markers

9 10 11 12 13 14 15 16 17 18 19

Aleza et al, 2009

Phenotypic markers/metabolite levels

ORED
haploid

Donor l Inducer
O «@

H D

http://www.plantbreeding.iastate.edu/DHF/Service.asp Qil content in scutellum
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PoHenferﬁﬁiy

Yahata & Kunitake, 2019. Flowering and fruiting haploid and
doubled haploid pummelo. DOI: 10.5772/intechopen.79180

Uses of haploids

Instant inbreds

Time

5®l
I Fo II.

P1 P2
}
3 Ilo
®|
|le
®]
E, 0
2 @
®)
21 @

P, P,
Il
b
1Ml
:
DHII.

Melchinger et al., 2013
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MINGO BARLEY

Mingo, a six-rowed spring feed barley (Hordeum vulgare L.), is the first barley
cultivar developed by the doubled haploid method. It has a high yield, high test weight
and good threshability. It took only 5 yr from the time when the parental lines were
crossed to the time when Mingo was licenced on 28 March 1979. Breeder seed of
Mingo is maintained by CIBA-GEIGY Seeds Ltd., Ailsa Craig, Ontario.

Ho & Jones. 1980. Mingo barley. Can J Plant Sci 60: 1-4. [ oon
ul
Pros and cons g
- JHCK!
Dunwell 2010 g ;
i
1 O
23 25 =7 19
L sso ‘mcv(s
wf i
t
i
g
5 i
2} :
i
't i
LEAF YIELDS, 100 ky'hs
Average yields of dihaploid plants (top)
compared with plants derived via single-seed
. . descent. [Schell et al., 1980. Crop Sci 20:619-
Geiger and Gordillo, 2009 622]

YY "supermale" asparagus

Chee-Kok Chin

A ¢ 4! & - 7
Heirloom varieties 'Mary Washington' & 'Martha Washington' Jersey Knight' - a supermale
variety
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XX - Female X XY -Male

Howard Ellison & Chee-kok Chin
XX + XY

@ @ Gametes
DH production

Females XX X YY Super males

!

XY
All males
Genetic analysis of qualitative and ( R
- - - one gene—. a —_— aa
guantitative traits |
Hougas & Peloquin, 1958 "f’ "f’
1/4 aa vs 1/36 aaaa
Colchicine doubled
(twt;"gdenés)—.\ Aa\le AAaTBBbb

(X) (X)

Differentiate between allo & autotetraploids

Diploidize autotetraploids

Jansky et al., 2016

(three genes)

(1/4)2 = 1/16 aabb

Following seliing of the diploid
the general formula for frequency
of homozygous recessives is
(1/4)n, where n equals the num-
her of independent genes in the
heterozygous condition.

(1/4)% = 1/64

(four genes) (1/4)4 = 1/256

2x F1 hybrid

Vs

Vs

Vs

i
(1/36)2 = 1/1296 aaaabbbb

Following seliing of the auto-
tetraploid the general formula for
frequency of homozygous reces-
sives is (1/36)n, where n equals
the number of independent genes
in the duplex condition.

(1/36)3 = 1/46,656
(1/36)% = 1/1,679,616

fnbred 2x
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Inbred 2x ‘ ; Inbred 2x

https://janskylab.horticulture.wisc.edu/
Hybrid 9

B -
o 2 8
R .

S

o

06
|

Tuber shape

04
oo am}

Comparative yields in NW Europe of 4x Bintje can a 2x hybrid.
¢ Stockem J, M de Vries, E van Nieuwenhuizen, P Lindhout & PC
Struik. 2020. Potato Research, 63: 345-366.

02
1

0.0
1

Est 4
Est o

Berthem —
Giethoorn —
Berthem —
Giethoorn —

Hilvarenbeek —
Warmeriville —

Hilvarenbeek —| ©
Warmeriville —

Novel ornamentals
Dunwell, 2010

Uncover recessive traits
Maluszynski & Kasha, 2002

Selection at gamete level
Ambrus et al., 2006; Darko6 et al., 2011

Figure 2. Haploid Pelargonium ‘Kleine Liebling’. Scale bar is 5 cm.
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Treatment Concn. Nr. of % anthers MDS/100 % MDS Nr. of Nr. (%) of fertile Nr. of seeds
anthers responding plated developed plants grown DH plants grown from DH
plated anthers into plantlets to maturity to maturity plants (range)

Control 8000 50 124 14 [1407* [28] (200 50-120

Paraquat (pM) 05 7000 208 40.2 10.1 154 10 (6.5) 8-95

1.0 7000 13 223 345 43 5(11.6) 3-167

Methionine plus 10 5000 30 3 38 69 10(14.8) 1-146

riboflavin (uM)

Menadione (pM) 100 5000 19.6 62 1.8 29 3(10.3) 2-56

t-BHP (mM) 1 5000 28 49 54 54 8(14.8) 1-120

10 5000 18 32 44 21 2(9.5) 7-28

* In the control, only a limited number of healthy plantlets were grown to maturity

“The optimal, Fv/Fm (A) and i £ | T B
effective, F/Fm’(C) quantum yield of
PS 11, and the photochemical, gP (B) [ o
and non-photochemical, NPQ (D) =
quenching parameters in leaves of fu %
different DH maize lines and hybrid

plants after cold treatment (at 8°C o
for 5 days). For control
measurements, the plants were

kept at 22°C” H DHC PqR1 PqRZ PqR3 PqR4 BR1 BRZ BR3 BRA H DHC PgR1 PqR2 PgR3 PgR4 BR1 BR2 BR3 BR4
. D
0Z°C W8T C sl BZ°C weT
[
[
£ a3
£ o
© e
< T
02
at az
o o

H DHC PgR1 PgR2 PgR3 PgR4 BR1 BR2 BR3 BR4 H DHC PgR1 PgR2 PqR3 PqR4 BR1 BR2 BR3 BR4

Bioassay for mutagens
Pohlheim et al., 1977
Christianson & Chiscon, 1978

e Spontaneous mutation rate = 3 x 108

Triploidy
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Widespread triploidy in aspens
Mock et al, 2012

World’s largest organism

Triploid block

Meiotic behavior
Belling & Blakeslee, 1927

sl .
Haplocol D !
Belling & Blakeslee, 1923. Note that the use of n to denote
DiSjunCtion —Anal ploidy has since changed.
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0 1 2 3 4 5 6 7 8 9 10 11 12 #cells Il/cell
Tomato 5 13 17 10 5 50 49
Lily 5 10 25 27 29 2 98 9.7
S. chaucha 1 1 2 3 7 2 6 2 25 7.1

Anaphase | and Binomial distribution
Concept from Belling & Blakeslee, 1927

1
3 3 |1

7 7, 0 6, 1 2 473 3, 4 2,5 1 6 0, 7
(a+h) =a'b +ab;+ab +ah +ab +ab +ab +ab

1|6 [15]20] 5] 61
1721 35] s][2] 7] 1
1| 8 | 28|56 |70 [s6[28]8 |1
1 | 9 [36 |84 [126[126] 84 [36] 9 | 1
1 |10 [ 45 [120 [ 210 [ 252 [210 [120 [ 45 [ 10 [ 1
1 | 11| 55 [ 165/330 462 462 [330 [165 | 55 [ 11 [ 1
1 | 12 [ 66 [ 220495 [792 924 [792 [495 [220 [ 66 [ 12 [ 1
1 | 13 | 78 | 286 | 715 1287] 1716] 1716] 1287[ 715 [286 [ 78 | 13 [ 1
1 | 14 | 91 | 364 | 1001] 2002] 3003 | 34323003 | 2002 | 1001] 364 [ 91 [ 14 [ 1
1 | 15 | 105 | 455 | 1365 | 3003 | 5005 | 6435 | 6435 5005 [ 3003 [ 1365 [ 455 [ 105 [ 15 | 1
1 | 16 | 120 | 560 | 1820 | 4368 | 8008 | 11440[12870 11440 8008 [ 4368 [ 1820 [ 560 | 120 | 16 | 1
1 | 17 | 136 | 680 | 2380 | 6188 [12376 19448 2431024310 1944812376 | 6183 2380[ 680 | 136 [ 17 | 1
1 | 18 153 | 816 | 3060 | 2568 18564 31824l 43758l 48620l 43758] 31824] 18564] 8568 [ 3060 [ 816 [ 153 | 18 [ 1
Image World-Mysteries.com
Gametic chromosome # 7 8 9 10 11 12 13 14
(n) (2n)
Expected b’ 7ab® 21a’b® 35a’b* 35a*b® 21a’bh?’ 7a’b a’
Expected freq. 0 0.1 0.164 0273 0273 0164 0.06 0
Expected (%) 0.8 55 164 273 27.3 16.4 5.5 0.8

Observed (%) 0.7 7:9 211 26.3 27.0 13.2 3.3 0.7
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Datura case study

Satina and Blakeslee, 1937

Gametic chromosome #12 13 14 15 16 17 18 19 20 21 22 23 24

Expected (%) 025 3 16 54 121 193 226 193 121 54 16 3 025
Observed () 26 40 72 110 164 160 112 108 92 50 3.8 26 1.2

Observed (%) 70 90 50 130 170 140 130 110 40 30 20 10 10

Other cases of binomial disjunction



