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For protection of variety’s right in main crops, genetic homozygous lines are essential

for DUS test.

Yang et al. 2021
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Breeding of hybrid vatiety in maize needs male and female homozygous parent inbred lines



Non-hybrid crops
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For non-hybrid crops, it needs to be self-pollinated generations to
obtain homozygous lines for conventional variety



How to develop homozygous lines in breeding

Conventional method DH technology
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1.Tradition way needs continious selfing about 8 or more generations
2. DH way can achieve the homzygous lines in only 2 generations via haploid and chromosome doubling.

----- Accelerating breeding cycle



The haploid generation pathways in plants

Haploid
Induction

Anther
- In vitro{ pollen

Ovule

]
_ Partheno-genesis

-~ Invivo . W

hybridization

_ Intraspecies

hybridization

-y

A
=

In vitro culture

A
=

Embryo rescue

CENH3

g

Stock 6

/!

YRy

Chromosome
doubling
A

'

Haploid
identification




Part Il DH technology system in maize (/n vivo)

Advantages
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Key progressl: High induction rate haploid inducers

Regular inducer High-oil inducer

Induction rate~8-10%

kernel oil content ~8-10%
Inducers as male parent can trigger maternal haploid in large scale in different breeding

germplasms

Induction rate~>10%



Key progress2: High efficency identification systems
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Haploid Diploid R-nj color system, Sarkar and Coe, 1966




Kernel oil marker and automatic screening system

Common kernel and High-oil inducer (KOC >8%) The automatic haploid

High-oil kernel screening system
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Haploid Diploid accuracy >90%
(KOC~3-4%)  (KOC~5-6%)

With high oil haploid inducers, haploids can be screened by
automatic system based on the oil content in the crossed seeds.



Key progress 3: Large-scale DH line production

(Emb April
ryo (Plant
‘ Isolatio ing) ’
Mar n) June
(Polli (Polli
nation) nation)
jal_' “Iy

(Emb

(Tran ryo
splant D H isolatio

to field) )
Au!

production

(rsg'b (trans
Isolatio ' pl::td)
i " 4
Dec Sep
(Polli (Polli
nation) Oct Oct nation) s >
(Tran (Emb ' ®) HUAWEI P20 Pro a5
splanti “ ryo Q -LEICA TRIPLE.CAMERA | A}
ng to Isolatio
field) n)



DH technology in commercial maize breeding

1. Seed companies using DH technology
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DH technology has been successfully used in large scale and hybrids from DH lines have
replaced the traditional ones rapidly in maize breeding over the past decades.



Key progress 4: Cloning of induction genes
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The finding above confirmed that the system is actually “Induction gene-based DH
cvstem”



Part lll Induction gene-based DH technology
in multicrops



MTL/PLAT1/NLD -based DH system in cereal crops

Crops Amino acid sequence
identity (%)
Sorghum 90.39
Millet \/ 8439
Indica rice —\/ 77.05
Wheat '\/ 76.78
Maize Sorghum Japonica —\/ 76.16

The induction gene has homologous gene in different monocot cereal crops like wheat etc.



MTL/PLA/NLD-based DH system in wheat

’ Target

TaPLA1-A -
TaPLA1-B
TaPLA1-D

TaPLA1-A WT
ND52-2 tapla-A
ND52-6 tapla-A
TaPLA1-D WT
ND52-2 tapla-D
ND52-6 tapla-D

CCAGGGACGTCAACCGCTTC
CCAE IR IGTCAACCGCTTC
CCA | GGACGTCAACCGCTTC
CCAGGGACGTCAACCGCTTC

CCA Bl GACGTCAACCGCTTC
CCAIIGACGTCAACCGCTTC

Wheat haploid induction
HIR ~ 10-20%

Doubled anthers

Haploid anthers

Haploid

Hexaploid

Haploid identification
Accuracy ~ 97.7%

Chromosome doubling

Doubling rate > 90% . etal. 2019

Qietal., 2023



MTL/PLAT/NLD-based haploid induction in rice and millet

Rice Foxtail millet
HIR ~ 2-6% HIR ~ 2.8%

Yao et al., 2018 Cheng et al., 2021



DMP-based DH system in dicot crops

Rosids

Malvaceae j§ Fabaceae [ Cucurbitaceae | Brassicaceae | Solanaceae @l Asteraceae Apiaceae

Asterids

Vitaceae

_— Carrot
68.00% 69.3%
Rapeseed
Cotton Sunflower
61.3%
66.3% 0 64.7%
\’
Tomato
Potato
Soybean Cucumber Tobacco
. . . 67.2%
59.5% 66.7% 67.8% 67 0%

Species with DMP gene amino acid sequence identity higher than 60%.



DMP-based DH system in tomato

WT 5 ATGTATCCTACTAATTTACCACAAGGTGAAATAATCC(132 bp)AAATGTTACTTCCCTCAGTATTTGGTAAAGGAGATTG 3’
AC12-T1-39 ATGTATCCTACTAATTTACCCACAAGGTGAAATAATC(133 bp)AAATGTTACTTCCCTCAGT---TGGTAAAGGAGATTG +1, -3

AC34-T1-2 ATGTATCCTACTAATTTACC-——— === === === oo GTATTTGGTAAAGGAGATTG -157
MT9-T1-3 ~ ATGTATCCTACTAATTTACCACAAGGTGA(48 bp)AATGG-------—--- (+54 bp)-=--=--=----- ACTTTGTCATGTTT -161, +54
TGTATCCTACTAATTTACCACAAGGTGA(48 bp)AATGG-—-—--—-—-— (+54 bp)---=-=---- ACTTTGTCATGTTT -161, +54
MT9-T1-7 ~ETGTATCCTACTAATTTACCCAC_AAGGTG(49 bp)AATGG----------- (+54 bp)---------- ACTTTGTCATGTTT +1, -161, +54
MB6-T1-5 TGTATCCTACTAATTTACCCACAAGGTGAAATAATC(133 bp)AAATGTTACTTCCCTC-—-—-— TGGTAAAGGAGATTG +1, -6
MB9-T1-1  ATGTATCCTACTAATTTACCCACAAGGTGAAATAATC(133bp)A —---------—-oommmo TTTTAACGTTACTTG +1, -59

Haploid Diploid

H=-

W)

Diploid

Petal Sepal

|

Female parent Male parent Seed setting rate (%) Total seeds Haploids HIR (%)

39 different genotypes AC-dm 24.70 29,397 509 l 1.94 + 0.74 l
Sl P Zhong et al., 2021




DMP-based haploid induction in rapeseed and tobacco

Diploid Haploid

Arabidopsis Rapeseed Tobacco

HIR ~ 2.6% HIR ~ 1.1%
HIR ~ 2.2% ’ Zhong et al. 2020, 2022



Part IV Summary

1. The induction gene-based DH breeding system has obvious
advantages and has been successfully used in maize.

2. The DH system has confirmed effective in multicrops and pave the

way to accelerate practical breeding.

3. The high homozygosity of DH lines is beneficial for the protection

of variety right.








