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Abstract: [Objective] The purpose of this research was to evaluate differences in seed germination

characteristics, morphological indexes, and root cell structure in ‘Huaduol’ under different concentrations of
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[ Method ]

Using ‘Huaduol’ as the research material, the differences in seed germination time, germination potential,

NaCl and to evaluate the gene expression differences of salt stress related genes in ‘Huaduol’.

germination rate, and germination index under various concentrations of NaCl (0, 50, 100, 150, 200, and 250
mmol/L) were analyzed. The differences in total root number, seedling length, root length, seedling fresh weight,
water content, and root-to-head ratio of ‘Huaduol’ at seedling forming stage under various concentrations of
NaCl were summarized and compared. Root tip cell morphology of ‘Huaduol’ was observed by the WE-CLSM
and semi-thin section analysis. Genomic resequencing, bioinformatics analysis, and qRT-PCR analysis were
conducted to analyze and quantify the expression of the salt stress genes in ‘Huaduol’ related to its parents.

[Result] The seed germination rate and germination index of ‘Huaduol’ decreased with increased NaCl
concentration, while the relative salt damage rate and average germination time increased. ‘Huaduol’ showed a
strong salt tolerance with the relative salt damage rate reached 35% under 250 mmol/L NaCl treatment. After 8
to 20 days of NaCl treatment, the total root number of ‘Huaduol’ seedlings decreased with increased NaCl
concentration. Meanwhile, the seedling length, root length, fresh weight and water content of seedlings under
NaCl stress showed a decreasing trend, and the root-to-head ratio showed an increasing trend. NaCl stress
inhibited the growth of the ‘Huaduol’ seedlings, resulting in smaller cell volume, cell shrinkage, and loose cell
arrangement in the root tip elongation zone. Moreover, the cells of the epidermis and outer cortex layer in the
root tip elongation zone were thickened, the number of cell layers in the mesocortex increased, the diameter of
the middle column decreased, and the number of xylem ductal differentiation increased under salt stress. Totally
85 salt stress-related genes of ‘Huaduol’ showed variance in the CDS region compared with its two parents,
including 53 salt sensitivity related genes and 32 salt stress tolerance related genes. The qRT-PCR results
showed that the expressions of four salt sensitivity genes (LOC 0s03g16900, LOC Os06g48510, LOC
0s02¢34810, and LOC _0s04g32920) and two salt tolerance genes (LOC 0s03g20090 and LOC Osl11g26790)
were significantly increased compared with the control. [ Conclusion] The study can be used to evaluate the
salt tolerance of tetraploid rice germplasm, reveal the regulation mechanism of salt tolerance in tetraploid rice,

and provide a theoretical basis of the salt-tolerant germplasm selection in polyploidy rice.

Key words: Neo-tetraploid rice; NaCl stress; Seed germination; Gene expression
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Table1 Primer sequence for qRT-PCR of salt stress
related genes

FEIN 44

Gene name

LOC 0s03g16900

51975 (5'—3"
Primer sequence

F: ATAATGAAGCATCCGATT

R: ATATGAGCAACAGAACAC
LOC _0s03g20090 F: ACAACGAGATCAAGAACTACTG
R: TTGAACTGCTGGCTGTTG
LOC 0Os11g26790 F: TCCAGCTCAAGCTCGTCT
R: AGCTTCTCCTTGATCTTCTCCTT
LOC 0504232920 F: TCCTCTCCCTCATCCTCT
R: CATTGTCGTTGGCGTAGA
LOC _0s02g34810 F: GCTTATCCAACCAATCAA
R: ACATCAACTCGTCCATAT
LOC _0s06g48510 F: ACACCTCGTTGCCTCATA
R: ATAGCCACCATCCAGATAGTT
Ubiquition F: ACCACTTCGACCGCCACTACT

R: ACGCCTAAGCCTGCTGGTT

2 ERG0H
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HEC LG (8] 506 B — 5, S a2 4 d J5TF 46, 1H
HApr R FA IR RIZER S 7 d 5. T4 NaCl K
FEFHZE 250 mmol/L B, ‘£ 15" FyFRkHE

R 2 AEIRE NaCl i3t ‘4% 15" MFLIFRERR M

Table 2 Effects of salt stress with different NaCl concentration on seed germination time of ‘Huaduol’

K BIRI TR)/d

c¢(NaCl)/(mmol-L™) R
Germination initiation time

Germination termination time

KAL)/ SRR R IN T /d

Average germination time

0 4
50 4
100 4
150 4
200 4
250 5

5 4.25+0.030a
5 4.36+0.009a
6 4.77+0.113b
7 4.97+0.154b
7 5.19+0.182¢
8 6.81+0.409d

D)) 7 &4 J5 R B /N B 5 R GT £ 5 2.4 (P<0.05, LSDi#)

1)Different lowercase letters in the same column indicate significant differences (P<0.05, LSD method )
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Fig.2 Germination characteristics of ‘Huaduol’ under different NaCl concentrations
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In each figure, different lowercase letters on bars indicate significant differences (P<0.05, LSD method)

B3 ‘&xz15’
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Fig. 3 Root growth statistics of ‘Huaduol’ seedlings under different NaCl concentrations
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Fig. 4 Changes of ‘Huaduol’ seedling length and total fresh weight under different NaCl concentrations
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Fig. 5 Changes of water content and root/shoot ratio in ‘Hua-

duol’ seedlings under different NaCl concentrations
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B -
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A-D: Root tip cells under NaCl concentration of 0, 50, 100, and 150 mmol/L, respectively, bar = 20 um; E—H: Root tip meristematic zone cells
corresponding to A—D respectively, bar = 40 pm; I-L: Root tip elongation zone cells corresponding to A—D respectively, bar =40 um; M—P: Root tip

elongation zone cells corresponding to A—D respectively, bar =100 um
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Fig. 6 Morphological differences of root tip cells under different NaCl concentrations
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A, B: Transection of root tip elongation zone under the 0 mmol/L NaCl treatment after the 8th day and 20th day; C, D: Transection of root tip elongation
zone under the 50 mmol/L NaCl treatment afterthe 8th day and 20th day; E, F Transection of root tip elongation zone under the 100 mmol/L NaCl treatment
after the 8th day and 20th day; G, H: Transection of root tip elongation zone under the 150 mmol/L NaCl treatment after the 8th day and 20th day; A1-H1:
Detailed diagram of the column structure in the root tip elongation zone corresponding to figure A—H; The green arrow indicates the xylem of the root tip
elongation zone under salt stress treatment after the 8th day, and the red arrow indicates the xylem of the root tip elongation zone under salt stress treatment
after the 20th day; Bar = 100 um in figure A—H, bar = 20 pm in figure A1-H1
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Fig. 7 Transection of root tip elongation zone under different NaCl concentrations
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In figure C, the difference of SNPs (pink) and InDels (light green) in ‘Huaduo1” is listed on the vertical axis, compared with T44-4x and T45-4x, respectively, the
positive numbers represent the change between ‘Huaduol’ and T44-4x, and the negative numbers represent the differences between ‘Huaduol” and T45-4x
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Fig. 8 Genomic variation of ‘Huaduol’ and its parents on each chromosome
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Fig. 9 GO enrichment analysis of genomic variant genes in ‘Huaduol’
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Fig. 10 Expression comparison of salt stress related genes in ‘Huaduol’
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