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Transcriptome Analysis and Key Gene Mining of Sweetpotato
under Low Temperature Stress during Storage
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(Xuzhou Institute of Agricultural Sciences in Jiangsu Xuhuai District/ Key Laboratory of Biology and
Genetic Breeding of Sweetpotato, Ministry of Agriculture and Rural Affairs , Xuzhou 221131)

Abstract: Low temperature stress during storage will greatly reduce the commodity value of sweetpotato. It is
of great significance to study the molecular mechanism of cryopreservation tolerance and reduce the influence of
low temperature in the storage process of sweetpotato. In this study, ‘Shangshu 19’ (S19), ‘Yanshu 25’ (Y25)
and ‘Sushu 16’ (S16), three sweetpotato varieties that showed tolerance, intolerance, and moderately tolerant to
low temperature storage, were stored at 9 “C and 6 °C for 35 days, respectively. The total RNA of above tuberous
roots were exacted for transcriptome sequencing and comparative analyis, and the results showed that S19 had
fewer differentially expressed genes after low temperature storage, while the opposite was observed for Y25, and
S16 was intermediate. KEGG and GO analysis of differentially expressed genes showed that the expression level of
proteasome related genes was higher in tuberous roots under low temperature stress. Finally, by comparing the
transcriptome data of tuberous root of different varieties under different storage temperatures, a candidate gene
Ibat.Brg.02F G010830 that responds to low temperature stress during storage was obtained and it was annotated as

cold-responsive protein kinase 1-like. qRT-PCR verified that the expression of this gene was consistent with the
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transcriptome data. The phylogenetic analysis of this gene and its alleles and orthologs was conducted, as well as

the variation of this gene in different varieties. This study will provide support for the resolution of response

mechanism under low temperature storage and the selection of varieties with low temperature storage tolerance.
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Forward primer sequence(5’-3")

g1 9ps(s’-3")

Reverse primer sequence(5'-3")

Actin CCAGACTCCTCATACTCCCCT

Ibat.Brg.02F_G010830

ACTGTGTTCTGCGACTGGAG

TGGTGGCTCTACAATGTTCCC
ACTCCTTCACCCCCTGTCTT
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Table 2 The statistics of RNA-seq data

AN 92.11% A RUT A T 222 FE R 411
L5 4 93.239%~94.43% , LT B LR 2 | ()~ 25 L
B4 93.77%. i 2L X} X X 1 g kB,
86.04%~89.28% [ ¥4l L X} 2 A0 2 F X 35k, 6.27%~
8.37% [ ¥ 5 Fb X 2 N 1% 1 X 3k , 4.419%~5.83% 11
JF 4 Hx 2 A PR ] X8 (6 2) o

FEAh AR J B (Gb) AR (Gb) . ERIESCT) P 5 L (%)
Sample name Raw data Clean data .Ratlo Of. Mapping rate of ﬁtt (%) IJ_jH:(%) Ratio of reads on
high-quality Ratio of reads  Ratio of reads . .
(>Q30) data clean data on exon on intron ntergenic
S16-CK-1 8.0816562 8.005650870 92.37 93.33 86.90 7.42 5.69
S16-CK-2 8.4178035 8.341887030 92.59 93.46 86.99 7.39 5.62
S16-CK-3 7.3566081 7.293900650 92.54 93.48 87.06 7.34 5.60
S16-6-1 7.9799151 7.912614000 92.45 93.71 89.10 6.29 4.61
S16-6-2 7.7710350 7.703952757 92.59 93.62 89.00 6.32 4.68
S16-6-3 8.8648614 8.786821388 93.17 93.99 89.10 6.27 4.62
S16-9-1 7.3616382 7.278328632 93.30 9431 88.56 6.56 4.88
S16-9-2 7.2715296 7.187873533 93.10 93.90 88.19 6.81 5.00
S16-9-3 7.9199019 7.830058385 92.11 93.23 88.73 6.44 4.84
S19-CK-1 7.9176966 7.844781889 93.54 93.37 85.80 8.37 5.83
S19-CK-2 7.2216567 7.145712651 93.60 93.30 86.04 8.16 5.80
S19-CK-3 7.5867468 7.522070461 93.47 93.57 86.49 7.87 5.64
S19-6-1 7.6128828 7.549274699 93.54 94.14 89.22 6.33 4.45
S19-6-2 8.2413606 8.170225299 94.04 94.22 89.12 6.40 4.48
S19-6-3 6.9817263 6.905972235 93.08 93.29 89.28 6.32 441
S19-9-1 7.1775672 7.100079816 93.75 93.77 88.63 6.71 4.66
S19-9-2 8.0454645 7.959873431 92.86 93.46 88.57 6.76 4.67
S19-9-3 6.8735613 6.803186045 92.59 93.58 88.68 6.70 4.62
Y25-CK-1 7.7430738 7.652786670 92.52 93.52 86.76 7.54 5.70
Y25-CK-2 7.3654053 7.287397894 93.75 94.16 86.89 7.48 5.63
Y25-CK-3 7.8008352 7.710995114 93.50 93.87 86.84 7.52 5.63
Y25-6-1 6.9148086 6.848221023 93.56 94.23 88.71 6.43 4.86
Y25-6-2 7.2133281 7.137973979 94.17 94.43 88.65 6.43 491
Y25-6-3 7.6484625 7.581351090 93.05 93.96 88.56 6.52 4.93
Y25-9-1 7.2547428 7.197959963 93.17 93.96 89.02 6.27 4.71
Y25-9-2 7.2039702 7.139341628 94.27 94.18 88.81 6.41 4.78
Y25-9-3 7.4085021 7.334954029 93.37 93.88 88.99 6.29 4.72

S16-CK Y HR 7 RAEM ) S16FES, , S16-9 IR ST 9 CHEM 35 KAY S16 KL , S16-6 HILFRG 6 CHERL35 KA SI6 KL, . S19HIY25 LU

o -1.-2F1-3 9 3K E A ; R

S16-CK means the S16 that was not stored after harvest, S16-9 means the S16 stored at 9 “C for 35 days after harvest, and S16-6 means the S16
stored at 6 °C for 35 days after harvest. And so on for S19 and Y25. -1, -2, and -3 mean three replicates; The same as below
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0.37]0.38]0.37|0.38|0.39| 0.38| 0.37| 0.36 | 0.37 043[0.42]043 S16-CK-2
0.37[0.38]0.37[0.38]0.38[0.38]0.36 [0.36 ]| 0.36 043042043 S16-CK-3
0.42|0.42(0.41]|0.42(0.42]|0.42(0.45]|0.44[0.44 060]0.59 059|073 [0.73|0.73 [0.77 S16-9-1
0.42(0.42 (042 (042042042045 [0.45|0.44 060 (059 [0.60 [0.72|0.72 | 0. S16-9-2
0.42|0.42(0.41]|0.42(0.42]|0.42(0.44]| 0.44 [ 0.44 0.60 (058 [ 0.59 [0.74 [ 0.73 | 0. S16-9-3
0.42]0.43|0.42|0.44|0.43| 0.43 | 0.60 | 0.60 | 0.60 0.34]0.33]0. .47 | 0. 56 (0551 S16-6-1
042043042 043|042 042|059 0.59| 058 0.33[033]0.33| 0.46 | 0.46 [0.46 | 0.56 [ 0.55| 055 | S16-6-2
042]043]042|043|043]043| 059060059 0.33]0.330.33| 0.47| 0.46 | 0.46 | 0.56 | 0.55 | 0.54| S16-6-3
0.73]0.72{0.74{0.34{0.33 [ 0.33 Y25-CL-1
073|0.72]073]0.33[033]0.33 Y25-CK-2
0.73]0.73[0.74{0.34{0.33 [ 0.33 Y25-CK-3
037|0.37|037] 034 035|035 0.39 0:39 0:39| 0.70| 0.70 | 0.70 77 046046046 Y25-9-1
0.37]0.37]0.37]0.35]0.35]0.36 | 0.39] 0.39| 0.39| 0.71| 0.71 | 0.71 | 0.78 [ 7| 0.47 0.6 | 0. 0.44|044|044 Y25-9-2
.39[0.39(0.39f0.71|0.70| 0.70 ‘“gﬁng.\ﬂ @r 0.47|0.46 | 0.46 045(045]045 Y25-9-3
32| 0.33 @H 0.56[0.56[0.56 046|044 0.45 Y25-6-1
032]033 :ﬁﬁ” 0.560.55[0.55 0.460.44 | 0.45 Y25-6-2
33[0.33]0.32 055]0.55[0.54 046 | 0.4 0.45 Y25-6-3
— ——
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Fig.1 Heat map of samples correlation
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Fig.2 The number of differentially expressed genes
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FH DRI HE A% = 04 TR S 3k =300 B 5 T XL I i
AN i Bl S19 HE 4 1 — 19 22 57 6 iR 5L R 2
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Fig.3 GO(A) and KEGG(B) enrichment diagrams of differentially expressed genes
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represents the pathway ID, different colors represent different pathways; Circle II represents the number of genes enriched in the background gene

set; Circle III represents the number of DEGs enriched in the pathway, and different colors represent up-regulated and down-regulated expression;
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Fig.4 Venn diagrams of DEGs
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L Ibat.Brg.03C_G003360
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B:Ibat.Brg.02F GO010830FE R ity 2 11 TR RS LS 50 5 C - hat. Brg. 02F_GO10830 Fe L [A) P KL R BIHEALI 43H7 ; 21 (8 T A Mg feide 3 (X
A': Expression analysis of the /bat.Brg.02F G010830 gene; The solid line is the transcript abundance obtained by transcriptome sequencing, the
dashed line represents the relative expression obtained by qRT-PCR, and the data are shown as the mean £SD;B: /bat.Brg.02F G010830 gene
encoding protein transmembrane structure prediction; C: /bat.Brg.02F _G010830 and phylogenetic tree analysis of its orthologs;

Candidate genes are shown in red font

5 Ibat.Brg.02F _G010830 EE 51
Fig.5 Analysis of Ibat. Brg.02F _G010830 gene

%3 Ibat.Brg.02F_G010830 F 5 & #YIF 48 i E fir Tl
Table 3 Prediction of subcellular localization of Ibat.Brg.02F_G010830

(AT

TENLE S

TN AU

[ ERY LA HERASHE

BUMA

Location weights LocDB PotLocDB NeuralNets Pentamers Integral
A% Nucleus 0 0 0 0 0.03
JEUfI Plasma membrane 10 1.2 1 1.08 8.07
Ylijfa sk Extracellular 0 0 1 0 0
41T Cytoplasmic 0 0.9 0 0.79 0.60
2 ki {A Mitochondrial 0 0 0 2.41 0.09
5T Endoplasmic reticulum 0 0 0 1.11 0.51
AL YIEHA Peroxisomal 0 0 1 0 0
FRFEAK Golgi 0 0 0 0.13 0
4 Chloroplast 0 0.9 0 0.41 0.61
Wi Vacuolar 0 0 0 0 0.10
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Table 4 The statistics of variations on Ibat.Brg.02F _G010830

URTE 18 X A 5" bl . 3R . "
A S , SETF ERER AET A
. Corresponding gene in 5" up- 3" down-
Candidate gene Exon Non-synonymous Intron Total
'Xushul8' stream stream

Ibat.Brg.02F_G010830 Iba_chr03aCG14160 29/4 36/0 5/0 24/5 42/5 131/14

‘) RIS 43 AR J2 SNP Fl InDel (9%

The number before and after the symbol ‘/ * represent the SNPs and InDels, respectively
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