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Abstract: The study was aimed to explore the physiological response and gene expression differences of cassava seed-
lings under waterlogging stress and to provide theoretical basis for disaster prevention and reduction of cassava north-
ward migration cultivation in Hunan Province. Seedlings of cassava NZ199 were used, and two waterlogging levels of
moderate (W1) and severe (W2) were set. The normal water supply (CK) was used as the control. The photosynthetic
characteristics and antioxidant enzyme activities of the seedlings were measured after 14 days of stress and after rewa-
tering, and transcriptome sequencing analysis was performed on the leaves after 14 days of stress. The results showed
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that with the aggravation of stress, the net photosynthetic rate decreased, and the stomatal conductance, intercellular
CO, concentration and transpiration rate showed an overall upward trend. The activities of superoxide dismutase, cata-
lase and peroxidase were significantly higher than those of CK under waterlogging stress, the content of
mal ondialdehyde increased, and the degree of accumulation was positively correlated with the degree of stress, indicat-
ing that the plant initiated the antioxidant mechanism when suffering from waterlogging, but still suffered a certain de-
gree of oxidative damage. After rewatering treatment, the photosynthetic index decreased significantly compared with
that before stress. Antioxidant enzyme activity and malondialdehyde content also decreased, indicating that although the
plant had a certain recovery ability, it did not fully recover to the normal level before stress. The results of transcriptome
sequencing showed that 900, 1542 and 575 differentially expressed genes were identified in the three comparison groups
of W1 vs CK, W2 vs CK and W2 vs W1, respectively, of which 1594 were up-regulated and 1423 were down-regul ated.
The pathways significantly enriched by KEGG included flavonoid biosynthesis, starch and sucrose metabolism, plant
hormone signal transduction, etc. In summary, cassava seedlings have certain waterlogging resistance, but the waterlog-
ging resistance has athreshold value. Timely drainage after waterlogging helps to reduce plant damage. In this study, the
physiological and gene expression changes of cassava under different degrees of waterlogging stress in Hunan were
systematically analyzed, and several differentially expressed genes and pathways related to waterlogging resistance
were identified, which would lay a theoretical foundation for screening candidate genes of cassava in response to wa-
terlogging stress, and also provide a new direction for further research on the molecular mechanism of cassava water-
logging resistance and the cultivation of waterlogging resistant varieties.
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Tab. 1 Formulaof nutrient solution for japanese im-
provement garden trial

Ak} Fertilizer pl(mg-L™Y)
KEILE Ca(NQ;),-4H,0 950.00
KNOs; 810.00
NH4H,PO, 155.00
MgSO,-7H,0 500.00
e E Fe-EDTA 15.00~25.00
MnSO,-4H,0 2.00
HsBO; 3.00
ZnS0,-4H,0 0.22
CuS0,4-5H,0 0.05
Na,M00,-2H,0 0.02
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Tab. 2 Effects of waterlogging stress and normal water supply on photosynthetic performance of cassava leaves

bogL] ot a H A fifLiE] CO, e B F i SALTE
Treatment Py(umol-m 2.5 Ci(umol-m 2.5 Gy(mmol-m2.s7%) Ty(mol-m2.s?)
CK 6.24+0.30° 260.59+21.11° 0.69+0.09° 0.04%0.01°
w1 6.91+0.46° 473.28+3.63° 3.8620.17° 0.43+0.03"
w2 3.51+0.23" 452.82+2.40° 4.49+0.12° 0.54+0.02%
FCK 6.28+0.72 358.50+15.52° 0.87+0.07° 0.09+0.01°
Fw1 6.58+0.59° 338.85+26.76° 1.03+0.18" 0.13%0.03"
FW2 5.83+0.90° 433.14+6.13% 1.70£0.09° 0.29+0.03*

TE: FFIAR/NG RS A B H] 22 5 B 2 (P<0.05)

Note: Different lower case letters in the same column indicate significant difference between treatments (P<0.05).
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Fig. 1 Effects of waterlogging stress and normal water supply on antioxidant enzyme activity and
mal ondialdehyde content of cassava leaves
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Tab. 3 Quality statistics of transcriptome sequencing data
R JE 36 Kt USRI 3 108 I K Q20/% Q30/% GC & &
Sample Raw reads Clean reads Clean base/Gb GC content/%
CK-1 45965904 44435746 6.67 97.67 93.29 43.58
CK-2 44476624 42917534 6.44 97.92 93.94 43.68
CK-3 44271348 42774470 6.42 97.99 94.06 43.75
W1-1 44607442 43599184 6.54 97.72 93.43 43.66
W1-2 46851100 45286240 6.79 97.37 92.65 43.55
W1-3 46106898 44469226 6.67 97.88 93.81 43.56
w2-1 45233454 42729126 6.41 97.85 93.76 43.37
W2-2 44662410 42597176 6.39 97.89 93.84 43.29
W2-3 46190556 44327538 6.65 97.84 93.73 43.33
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x4 WlvsCK ZRRIZEFREEREREH 10 MERK
Tab. 4 Top 10 pathways with the highest enrichment of differentially expressed genesin W1 vs CK

No Pathway 1D Pathway name DEGs in pathway FDR
1 ko04141  Protein processing in endoplasmic reticulum 34 320 <0.01
2 ko00941  Flavonoid biosynthesis 17 320 0.00019
3 ko00904  Diterpenoid biosynthesis 12 320 <0.01
4 ko01110  Biosynthesis of secondary metabolites 109 320 0.0027
5 ko00073  Cutin, suberine and wax biosynthesis 8 320 0.0063
6 ko00909  Sesquiterpenoid and triterpenoid Biosynthesis 6 320 0.0076
7 ko00290  Valine, leucine, and isoleucine biosynthesis 4 320 0.013
8 ko00603  Glycosphingolipid biosynthesis-globo and isoglobo series 3 320 0.013
9 ko00999  Biosynthesis of various plant secondary metabolites, starch 11 320 0.037
and sucrose metabolism
10 ko00500  Starch and sucrose metabolism 18 320 0.042
&5 W2vsCK £RRIZEFEERERSH 10 MEHK
Tab. 5 Top 10 pathways with the highest enrichment of differentially expressed genesin W2 vs CK
P T B I K 24 P 2 i KL A4 T 5 A R
No. Pathway |D Pathway name Number of DEGs Total genes in pathway FDR
1 ko02010 ABC transporters 18 512 <0.01
2 ko04016 MAPK signaling pathway-plant 55 512 0.00039
3 ko01110 Biosynthesis of secondary metabolites 155 512 0.00059
4 ko00904 Diterpenoid biosynthesis 11 512 0.0013
5 k000052 Galactose metabolism 13 512 0.0018
6 ko00910 Nitrogen metabolism 8 512 0.0021
7 ko04075 Plant hormone signal transduction 65 512 0.0028
8 ko00290 Valine, leucine, and isoleucine biosynthesis 6 512 0.0031
9 ko00073 Cutin, suberine and wax biosynthesis 11 512 0.0044
10 ko00941 Flavonoid biosynthesis 15 512 0.0046
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