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Research background




Salt-induced phenotypic changes in plants
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Regulatory mechanisms controlling
salt resistance in plants
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Soil pH effects on plant growth

The area of salt-alkali land in the world is as high as 950 million hectares

Denomination pH range
Ultra acidic <35
Extremely acidic 3.5-44
Very strongly acidic | 4.5-5.0
Strongly acidic 5.1-5.5
Moderately acidic 5.6-6.0
Slightly acidic 6.1-6.5
Neutral 6.6-7.3
e Slightly alkaline 74-78

Moderately alkaline | 7.9-8.4
Strongly alkaline 8.5-9.0
Very strongly alkaline | > 9.0

https://soil.geology.buffalo.edu/index.php/Soil pH



Salt-alkali land in China

> The area of salt-alkali
land is about 100 million
hectares

> It is the most widely
distributed in northeast,

T central north, northwest,

&t R S EREL/10 coastal, and north China

A SETIOCS > ~40% saline-alkali land
s COh A b/ | contains NaCl and Na,SO,

J 10%-20%

5%-10%

- > ~60% saline-alkali land
contains NaHCO; and
Na,CO;




Our focus

+ Screening salt/salt-alkali resistant germplasms
of Brassica napus

+ Mapping QTLs controlling salt/salt-alkali
resistance and mining genes impacting salt/salt-
alkali resistance in Brassica napus



Screening germplasms for salt/salt-alkali resistance
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Screening germplasms for salt resistance

at germination stage

Flow chart of salt treatment at
germination stage
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Traits and treatments types at germination stage
in 505 accessions

Treatment Treatment Traits Traits
(NacCl) type description abbreviation
0 mM CK . FYS CK
150 mM T1 Germination FYS_T1
215 mM T2 P FYS T2
0 mM CK FYL CK
150 mM T1 Germination rate FYL T1
215 mM T2 FYL T2
0 mM CK GSL_CK
150 mM T1 shoot length GSL T1
215 mM T2 GSL T2
0 mM CK GRL CK
150 mM T1 Root length GRL_T1
215 mM T2 GRL T2




Screening germplasms for salt resistance
at seedling stage

Flow chart of salt treatment at
seedling stage

Traits and treatments types at seedling stage
in 505 accessions

O 0 150 215 250 300 350 mu Treatment Treatment Traits describtion Traits
Deteminaten FETTI (NaCl) ___ type ™" abbreviation
; 0 mM CK . PH CK
°°"°9Trat'°" 215 mM T2 Plant height PH T2
0 mM CK Root lenath RL CK
Seed germination on 215 mM T2 9 RL T2
the gauze for 0 mM CK . ADW CK
hydroponic culture 215 mM T2 Above dry weight ADW T2
1 Z?SmM dx Root dry weight R (CIS
mM T2 RDW T2
Seedlings were 0 mM CK Total dr . TDW_CK
transferred to the 215 mM T2 y Welght TDW T2
hydroponic boxes and 0mM CK LA CK
grown for 14 days 215 mM T Leaf area LA T2
1 0 mM CK orofine Proline_CK
215 mM T2 Proline T2
Salt treatment for 0 mM CK Malondialdehvde MDA CK
14 days 215 mM T2 y MDA T2
0 mM SN Chlorophyll content SPAD_CK
215 mM T2 Phy SPAD T2
0mM CK Relative electrical REC_CK
Data collection 215 mM T2 conductivity REC T2




Screening germplasms for salt resistance using high-
throughput phenotypic platform
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Screening germplasms for salt resistance

Salt resistant |
materials

Salt sensitive
materials




Screening germplasms for salt-alkali resistance in field

A c

Slight salt-alkali condition Low salt-alkali condition High salt-alkali condition
(salt: 0.1-0.25%,PH:7.5<8.0) (Salt: 0.35-0.53%, PH:8.0<8.5) (Salt: 0.64-1.05%, PH: 8.3 <9.0) L - Xie

Resistant materials Sensitive materials

Germplasms identified in Inner Mongolia

Resistant materials Sensitive materials
B X252 X148

5_Resistant materials M_Resistant materials 5_Sensitive materials  M_Sensitive materials

Germplasms identified in Xinjiang Uygur
Autonomous Region



Genome-wide association studies of salt resistance
using hydroponic system




Genome-wide association studies of salt resistance
at germination and seedling stages

O Six main-effect QTLs were located in chromosomes A02, A03, A06, A07, A10 and CO1

O Co-located QTLs: LA R2, SPAD R2, REC R2, MDA R2, SPAD R2, RL R2, LA R2, REC R2,
FYL R2 and FYS R2




Identification of co-located QTLs and
candidate genes on ChrA02

Prediction of candidate genes LD heatmap Haplotype analysis
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BnaCKX5 (BnaA02g05340D) encodes a cytokinin dehydrogenase



Overexpression of BnaCKX5 enhances sensitivity
to salt stress at germination stage
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Genome-wide association studies of salt resistance using
high-throughput phenotypic platform




Flow chart of trait data collection using
high-throughput phenotypic platform
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Overexpression of BnaERF3 enhances resistance
to salt stress at seedling stage

W

A Control 385 mMm

Genes
expression (x10? TPM)

(=] - LM
I L h

0.6 25 1.0
Control 150 mM gmn?lml= fgo’".r':‘.?.!,. )

0Ommol B8 50 mmol
1

L 9{‘9{.‘
& NG
Control 385 mM ] me| 8
—— | o #3 “2
E ¢ b x6
= =
> 44 w|4
2 5
. 21 O 21
NCY _
5 \NT 3.1\ 3»5 0 0
At F RF
- gR £ +] +
of_,et‘ oe_s“ < ,;.!“ & &
< L. o8 &
& % & &
o o <P &

BnaERF3 (BnaA06g02670D ) encodes a member of the ERF (ethylene response
factor) subfamily of ERF/AP2 transcription factor family



Genome-wide association studies of

salt-alkali resistance in field



Evaluation of correlation coefficient and
heritability under salt-alkali stress
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Genome-wide association studies of salt-alkali
resistance at seedling and mature stages

O015 absolute values and 10
tolerance coefficients (TCs) of
growth and agronomic traits
were investigated

O 9 significant QTLs related to salt-
D alkali stress response were
mapped

020 candidate genes related to

salt-alkali resistance were
identified

Relative expression (TPM)
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Analysis of a candidate gene within
the QTL qSAT.A02.1
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BnaABA4 (BnaA02g12820D) encodes a protein involved in the
photoprotection of PSIl and ABA biosynthesis



Summary

O 8 resistant and 6 sensitive germplasms of Brassica
napus have been identified at germination and
seedling stages

O The genetic basis of salt resistance were dissected at
germination and seedling stages in Brassica napus

O 6 resistant and 5 sensitive germplasms ofBrassica

napus have been identified from salt-alkali land in
China

O The genetic basis of salt-alkali resistance were
dissected at seedling and mature stages in Brassica
napus
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