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Abstract: [Objective] To compare the molecular response mechanisms of Eucalyptus urophylla under single
and dual factor stresses of water and nutrient, and provide insight and molecular basis for resistance breeding of
Eucalyptus. [Method] The experiment selected E. urophylla clone ZQUA44 as matetial, and set three stress

treatments and one control (CK). Water and nutrient deficiency stress: 20%—40% field moisture capacity,

rFs HER:2020-02-05  MI4EE & FTiE):2020-07-10 11:40:16

4R & % il https:/kns.cnki.net/kems/detail/44.1110.8.20200709.1711.014.html

TEZER/MN: % A (1992—), &, #i+, E-mail 1004858416@qq.com; BAZ4EH: #Hued (1982—), %, SRR, H4, E-mail
xiaohuiyang@sinogaf.cn

HEEWH: B R & &4 4% (2016YFD0600501); = A& 4 Akl A H 414757 B (2016KICX002, 2019KICX003)


mailto:1004858416@qq.com
mailto:&lt;linebreak/&gt;xiaohuiyang@sinogaf.cn
http://dx.doi.org/10.7671/j.issn.1001-411X.202002002

74

g A LR 22243 (http://xuebao.scau.edu.cn/zr)

applying 250 g calcium magnesium phosphate fertilizer (CMPF) as base fertilizer; Water deficiency stress:
20%—40% field moisture capacity, applying 250 g CMPF and 150 g compound fertilizer as base fertilizer;
Nutrient deficiency stress: 60%—80% field moisture capacity, applying 250 g CMPF as base fertilizer; CK:
60%—80% field moisture capacity, applying 250 g CMPF and 150 g compound fertilizer as base fertilizer. The
urea of 100 g was applied at two months after planting, 150 g compound fertilizer in August, and 100 g
compound fertilizer in the next spring in water deficiency stress and control treatments. High-throughput
transcriptome sequencing was performed to E. urophylla leaves in different stress treatments, and the growth
indexes of plant were determined. After assembling, differentially expressed genes were obtained using
bioinformatics methods, and GO functional annotations and KEGG pathway analyses were performed. Finally,
four differentially expressed genes with different expression patterns were randomly selected for gqRT-PCR to
validate the reliability of transcripcome sequencing data. [Result] All three stress treatments partly suppressed
the growth and development of E. urophylla. Most of the growth indexes of E. urophylla in three stress
treatments were significantly lower than those in control. A total of 5 547 differentially expressed genes were
obtained in water and nutrient deficiency treatment, water deficiency treatment and nutrient deficiency treatment.
The 2 585, 1 472 and 1 490 differentially expressed genes were obtained, including 1 195, 222 and 665 up-
regulated genes and 1 390, 1 250 and 825 down-regulated genes, respectively. The 155, 75, 108 gene encoding
transcription factors were respectively obtained in three stress treatments. The differentially expressed genes in
three stress treatments were all significantly enriched in phenylpropane biosynthetic pathway. The qRT-PCR
results were basically consistent with transcriptome sequencing results, indicating that the sequencing results
were credible. [ Conclusion] The transcriptional changes of E. urophylla in three stress treatments have obvious
universality and specificity, and the effects of dual factor stress on plant growth are more than that of single

factor stress. Plant may have different responce modes in different stress conditions.
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(qRT-PCR) ¥G1lF . K FastKing RT Kit [(RARZEAL
BHE (b 50 AR~ #))] &5 cDNA. K NCBI
Primer-BLAST (https://www.ncbi.nlm.nih.gov/
tools/primer/blast/index.cgi?LINK_LOC) #1145 714
1% (32 1), LA 18s IRNA NN Z:, K] FastKing RT
Kit 7 7500 Real-time PCR X %%+ i 17 qRT-PCR,
FANFREE 3 K. i R(WCA 3.1.3, http:/cran.1-
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# 1 qRT-PCR BIEHIS|HMER
Table 1 Primers for qRT-PCR validation

9| 5P 5(5'—3")
Gene Primer sequence
Eucgr.F02337.1 F: 5'-CTGTTCGGTGAATTGCCACG-3'
R: 5-AGGGATCTGCTGCGAGAATG-3'
Eucgr.F00180.1 F: 5'-CTCGTCGCTCGAATGGAAGA-3'
R: 5'-CTTCTTGGAGTGAGGCTCCG-3'
Eucgr.K02129.1 F: 5'-GGGAACGACTGACAGCTGAA-3’
R: 5'-CCGGATGTATGCTCGGAGAC-3'
Eucgr.B03214.1 F: 5'-CCAACACCACTTCGACCTCTC-3'
R: 5-TGACCTTGAAGGAGAGGGACT-3'

1.2.4 ##iEH GO » KEGG 5% DLEM#
(https://phytozome.jgi.doe.gov/pz/portal. html#!bulk?0
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index.php) XF &EAS AR 1) b R ZE R A AL A i3
17 GO 433, Rl KOBAS 3.0(http:/kobas.cbi.pku.
edu.cn/index.php, P < 0.01) X Z 7 KA FE R #H4T
KEGG i@ #% 73 #7 .
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Fig. 1 Growth index changes of Eucalyptus urophylla clones in four different water and fertilizer treatments
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Table 2 Transcriptome sequencing quality of Eucalyptus urophylla leaves in three stress treatments

S EHE JRUE 515 BRI RAEE(x10°)  BHRE% T GCE /%
Treatment  Replicate ~ No.ofrawreads  No.of cleanreads No. of clean bases  Error rate GC content
CK 1 102 875 922 98 982 508 14.85 0.01 97.84 94.29 4741
2 91 836 470 88460 334 13.07 0.02 96.61 91.37 47.30
3 88 160 956 85873298 12.82 0.02 95.22 88.34 45.19
T1 1 118 961 564 112278 350 16.84 0.02 95.26 88.29 4778
2 99 694 016 96 296 560 14.44 0.01 98.23 95.22 47.15
3 96 089 830 93 089 066 13.96 0.02 97.23 92.76 50.93
T2 1 93 283 460 90 948 242 13.64 0.01 98.39 95.68 4545
2 91 547 658 88 602 608 13.27 0.02 95.06 87.93 4532
3 92 936 506 90 084 620 13.51 0.01 98.15 95.05 46.51
T3 1 94 953 336 91 803 584 13.55 0.02 96.68 91.55 47.04
2 90 612 280 87 845 130 13.11 0.02 95.14 88.20 48.26
3 97341022 94914 876 14.24 0.01 97.47 93.33 44.54

1) T1: ASERE Z Whia, T2: K435 B & Wi, T3: 75 B £ bt ; Q20: Phred 4018 X T2049 sk & ¥4 45 5 %1k, Q30: Phred 4k /8 X T30%

22 X9 SRR

M GCAE: £ 4 B A PCECE4FmAT BB

1) T1: Water and nutrient deficiency stress, T2: Water deficiency stress, T3: Nutrient deficiency stress; Q20: Percentage of bases with phred greater

than 20 in total bases; Q30: Percentage of bases with phred greater than 30 in total bases; GC content: Percentage of G and C in four bases in clean reads
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T1: water and nutrient deficiency stress, T2: water deficiency stress, T3: Nutrient deficiency stress; The percentage in parenthesis indicates the proportion of

the gene in all up-regulated or down-regulated genes
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Fig.3 Venn diagram of differentially expressed genes of Eucalyptus urophylla in three stress treatments
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Fig. 4 GO categories of differentially expressed genes of Eucalyptus urophylla in three stress treatments
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