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Analysis of genes related to glycolysis in the leaves and roots of Malus

sieversii under NaCl stress based on transcriptome sequencing
HE Chenchen, LIU Lijun, LU Xiaoyan"

(College of Agriculure/Xinjiang Production and Construction Corps Key Laboratory of Special Fruit Sand Vegetables Cultivation Physi-
ology and Germplasm Resources Utilization, Shihezi University, Shihezi 832000, Xinjiang, China)

Abstract:[ObjectivelMalus sieversii belongs to the genus Malus of Rosaceae, which has played an im-
portant role in the history of apple cultivation in the world. It is widely used as a good rootstock for ap-
ple production in Northwest China because of its excellent characters of cold resistance, drought resis-
tance, pest resistance and barren resistance. Therefore, in-depth study on these precious germplasm re-
sources can not only promote rational development and utilization of M. sieversii resources, but also
provide abundant gene resources for genetic improvement of Malus genus. Salt tolerance is a complex
trait controlled by multi-genes, which involves many physiological and biochemical processes, such as
growth, photosynthesis and energy metabolism, osmoregulation and cell signaling. At present, studies
on Malus sieversii are mainly seen in the distribution, origin, evolution, and characteristics of physiolo-
gy and biochemistry. The research on M. sieversii under NaCl stress is mainly seen in the determination
of leaf anatomical structure, proline, malondialdehyde, chlorophyll and soluble sugar content, and the
research on molecular mechanism is rarely reported. This study analyzed the genes related to glycolysis
pathway of M. sieversii under NaCl stress by transcriptome sequencing technology, in order to provide

reference for the mining of salt tolerance genes of apple. [Methods]M. sieversii seeds were purchased
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from Yili, Xinjiang. The seedlings were obtained by tissue culture. After rooting, the uniform seedlings
with fine roots were transferred into the water culture boxes with continuous supplyof the Japanese Gar-
den Nutrient Solution. When the 6th to 8th leaves of hydroponic seedlings were fully expanded, the fol-
lowing treatments were carried out: (1) CK, the Japanese Garden Nutrient Solution; (2) NaCl treatment,
adding 150 mmol-L"' NaCl to the Japanese Garden Nutrient Solution. In order to avoid salt shock reac-
tion, the concentration of NaCl gradually increased with a gradient of 50 mmol- L' per day, and all the
treatments reached the target concentration on the same day, which was set as 0 h for NaCl treatment.
The leaves and roots of the seedlings were taken 48 hours after the treatment, weighed 0.1 g, and put in-
to 1.5-2.0 mL cryopreservation tube. The leaves and roots of the control were recorded as LCK48h and
RCK48h; the leaves and roots treated with NaCl were recorded as LNa48h and RNa48h. They were
quickly frozen in liquid nitrogen and stored in the refrigerator at —80 ‘C for standby. Each treatment was
repeated three times. Total RNA was extracted from the leaves and roots of the seedlings 48 hours after
NaCl treatment. RNA sequencing was completed by Nanjing paisennuo Gene Technology Co., Ltd. af-
ter qualified quality inspection, the libraries were constructed and sequenced based on Illumina Hiseq
Sequencing Platform. HISAT2 was used to match the filtered high-quality sequence (clean data) to ap-
ple’s reference genome. Deseq was used to analyze the difference of gene expression. The condition of
differential gene expression was: the multiple of expression difference was |log,FoldChange| > 1, cor-
rected P-value < 0.05. On this basis, the expression difference analysis, GO and KEGG enrichment anal-
ysis were further carried out of the samples, and the differential genes were classified according to the
annotation results, and the differential genes were screened out and verified by qRT-PCR. [Results]
Among the 39 million to 48 million filtered clean reads, 82% of the total sequence of the comparative
reference genome was clean reads. After 48 hours of NaCl treatment, there were 3 364 differentially ex-
pressed genes in the leaves of the seedlings, 1 745 of which were up-regulated in response to salt stress
and 1 619 were down regulated in response to salt stress. And among the 3808 differentially expressed
genes in the roots of the seedlings, 1 057 were up-regulated in response to salt stress, and 2 751 were
down regulated. According to GO enrichment analysis of the differentially expressed genes, molecular
functions mainly included catalytic activity, oxidoreductase activity, etc.; cell components mainly in-
cluded membrane, thylakoid, photosystem II, etc.; biological processes mainly included oxidation-re-
duction process, photosynthesis, etc.According to KEGG analysis, 2 095 differential genes in the leaves
and roots of M. sieversii had been annotated. These 2 095 differential genes involved 44 pathways. The
most significant pathways were glycolysis/gluconeogenesis, pentose phosphate pathway, fructose and
mannose metabolism, pyruvate metabolism, etc. Therefore, further analysis of the differential genes re-
lated to glycolysis and pyruvate metabolism showed that after NaCl treatment, Enolase (ENO), Pyru-
vate dehydrogenase E1 component (aceE), 2,3-bisphosphoglycerate- dependent phosphoglycerate mu-
tase (gpmA), NADP- dependent malic (NADP- ME) and Phosphoenolpyruvate carboxylase (PEPC)
genes were up-regulated in the leaves. Alcohol dehydrogenase (ADH), Phosphoenolpyruvate carboxyki-
nase (pckA), Triosephosphate isomerase (TPI), Fructose 1,6-bisphosphatase (FBPase), Malate synthase,
glyoxysomal (MS), Pyruvate, phosphate dikinase (PPDK) genes were down-regulated expression in the
leaves. Phosphoenolpyruvate carboxykinase (ATP) (pckA), Triosephosphate isomerase (TPI), Malate
synthase, glyoxysomal (MS) genes were up-regulated in the roots, while the rest were down-regulated.
These differentially expressed genes in the leaves and roots showed that the metabolism of sugar and en-
ergy in M. sieversii was very active and complex during salt stress. [Conclusion] Through transcrip-

tome sequencing and qRT-PCR, TPI, FBPase, pckA, PPDK and other related genes in M. sieversii were
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significantly changed during glycolysis, Indicating that the glycolysis pathway plays a certain role in

the response to NaCl stress in M. sieversii.

Key words: Malus sieversii; NaCl stress; Transcriptome sequencing; Glycolysis
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Table 1 The sequences of the primers for qRT-PCR of Malus sieversii leaf and root

HEF ID i) ER5IGT -3 KRG =37

Gene ID Name Forward primer sequence Reverse primer sequence

HF34273 TPI GGAGACACTTGAGCAGAG GACTTCAGCACCAACATTG
HF31953 FBPase GACTTCACTATCTTGCTCAATC GACTTCACTATCTTGCTCAATC
HF17404 FBPase GACTTCACTATCTTGCTCAATC GCATAGCAACCACCTTCA
HF06466 pckA CCAAGGAGAGGACCAGAA CCAAGGAGAGGACCAGAA
HF34876 pckA CCAAGGAGAGGACCAGAA GCATAGCAACCACCTTCA
HF26697 ppdK ACATCAAGCGAAGGTCATT CCGAAGGAGAAGAAGTCAG
MDU74358 UBQ CTCCGTGGTGGTTTTTAAGT GGAGGCAGAAACAGTACCAT

2 HR50
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Table 2 Malus sieversii assessment of sequencing quality

DAL A R AE Bl TR S HE B R TE

e i BRI K3 R PRBIREITSEL oonqt Ly wia i 99.9% bl I i 3
Sample Reads No. Bases/bp Clean reads No. NI% HE FriE e
Q20/% Q30/%

LCK48h_1 43495614 6524 342 100 40378 852 0.001 597 97.37 92.98
LCK48h_2 45 040 504 6756 075 600 41 691 754 0.001 604 97.39 93.07
LCK48h_3 42 947 124 6442 068 600 39945 744 0.001 598 97.05 92.29
LNa48h 1 49 556 676 7433 501 400 45 695 570 0.001 602 97.30 92.91
LNa48h 2 47200 986 7 080 147 900 43 659 292 0.001 582 97.45 93.20
LNa48h 3 51422972 7 713 445 800 47513 372 0.001 601 97.17 92.51
RCK48h_1 43 756 742 6563 511 300 40 593 544 0.001 569 97.32 92.94
RCK48h 2 45267 444 6790 116 600 42 068 434 0.001 613 97.16 92.58
RCK48h 3 45170410 6 775 561 500 41 841 306 0.001 600 97.48 93.37
RNa48h_1 44 642 496 6 696 374 400 41415 788 0.001 604 97.31 92.96
RNa48h_2 44 579 640 6 686 946 000 41 428 840 0.001 615 96.96 92.16
RNa48h 3 44 670 494 6700 574 100 41 444 084 0.001 608 97.33 93.03
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Table 3 Malus sieversii sequence alignment

il B Lot B o (ol LD EEXS B Z A 5B H L ED EEXT E BAS R 51 B ED
Sample Clean reads Total mapped (Proportion/%) Multiple mapped (Proportion/%) Uniquely mapped (Proportion/%)
LCK48h 1 40378 852 37 836 688(93.70%) 1 104 894(2.92%) 36 731 794(97.08%)
LCK48h 2 41 691 754 39071 533(93.72%) 1 143 690(2.93%) 37927 843(97.07%)
LCK48h_3 39 945 744 37 427 037(93.69%) 1277 496(3.41%) 36 149 541(96.59%)
LNa48h 1 45695 570 42792 496(93.65%) 1304 431(3.05%) 41 488 065(96.95%)
LNa48h 2 43 659 292 40 994 885(93.90%) 1209 579(2.95%) 39 785 306(97.05%)
LNa48h 3 47513372 44 614 751(93.90%) 1302 985(2.92%) 43 311 766(97.08%)
RCK48h_1 40 593 544 36 157 167(89.07%) 1004 658(2.78%) 35152 509(97.22%)
RCK48h 2 42 068 434 36 186 581(86.02%) 989 200(2.73%) 35197 381(97.27%)
RCK48h_3 41 841 306 36 371 304(86.93%) 1021 618(2.81%) 35349 686(97.19%)
RNa48h 1 41415788 36244 110(87.51%) 1017 320(2.81%) 35226 790(97.19%)
RNa48h 2 41 428 840 34 484 360(83.24%) 930 216(2.70%) 33 554 144(97.30%)
RNa48h_3 41 444 084 33997 110(82.03%) 926 844(2.73%) 33070 266(97.27%)
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&4 NaClpE THBHFERMHIIREREFKE
Table 4 Number of differential genes in Malus

sieversii leaf and root under NaCl stress

%11 b5 A

Control Treatment p-reguia- own-reguiat- Total
ted ed

LCK48h LNa48h 1745 1619 3364

RCK48h RNa48h 1057 2751 3808

LNa48h RNa48h 5046 5914 10 960
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Fig. 1 Classification of GO functional annotation of differential genes in Malus sieversii leaf and root under NaCl stress
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Fig.2 KEGG Pathway enrichment of Malus sieversii leaf and root under NaCl stress
S5 NaCliiE THEH E R FRERE R L AR HBEE PR EEEFREER
Table 5 Partially significant differentially expressed genes in the glycolysis and pyruvate metabolism pathway
of Malus sieversii leaf and root under NaCl stress

HEID log,FC P-value SRR
Gene_ID LCK48h vs RCK48h vs LCK48h vs RCK48h vs Gene describtion
LNa48h RNa48h LNa48h RNa48h
HF09883  -2.674 73 1.561 94 2.92E-06 4.54E-01 Alcohol dehydrogenase (ADH)
HF14559  -1.35497 -1.586 34 2.27E-01 4.16E-02 Alcohol dehydrogenase 3 (ADH3)
HF36517 1.28170 -1.661 88 4.74E-02 4.80E-29 Enolase (ENO)
HF25344 1.505 76 -3.727 15 3.57E-01 2.33E-17 Pyruvate dehydrogenase E1 component (aceE)
HF15189  -1.933 86 2.602 28 3.36E-02 8.08E-15 Phosphoenolpyruvate carboxykinase (ATP) (pckA)
HF34876  -1.448 31 1.495 47 1.30E-02 3.06E-24 Phosphoenolpyruvate carboxykinase (ATP) (pckA)
HF17404 1.377 95 1.146 86 1.17E-01 1.66E-12 Phosphoenolpyruvate carboxykinase (ATP) (pckA)
HF34273  -1.126 69 1.137 54 1.56E-03 2.79E-12 Triosephosphate isomerase, cytosolic (TPI)
HF31953  -1.498 91 2.504 37 1.23E-02 3.11E-03 Fructose-1,6-bisphosphatase,cytosolic (FBPase)
HF06466  -1.112 35 -1.647 21 5.53E-02 5.74E-03 Fructose-1,6-bisphosphatase, chloroplastic (FBPase)
HF44314 1.994 45 -1.239 06 9.73E-02 3.14E-02 2,3-bisphosphoglycerate-dependent phosphoglycerate mutase (gpmA)
HF21754 3.408 25 -1.992 87 2.23E-01 3.38E-02 NADP-dependent malic enzyme (NADP-ME)
HF08939  -2.790 10 1.519 96 3.13E-02 9.31E-02 Malate synthase, glyoxysomal (MS)
HF03170 1.163 53 -2.879 70 1.69E-02 1.22E-03 Phosphoenolpyruvate carboxylase (PEPC)
HF26697  -1.181 09 223214 5.56E-03 3.60E-32 Pyruvate, phosphate dikinase, chloroplastic (PPDK)
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Fig.3 Malus sieversii qRT-PCR validation of RNA-Seq data
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