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Transcriptome Analysis of Leaf Abscission Zones Post
Ethephon Treatment in Two Lemon Varieties

DONG Meichao', YIN Tuo’,ZHOU Dongguo',ZHANG Hanyao’, YANG Fan', WANG Shaohua',
LONG Chunrui', FU Xiaomeng', LIU Hongming', GUO Lina', LI Danping', GAO Junyan'
(‘Institute of Tropical Subtropical Economic Crops, Yunnan Academy of Agricultural Sciences, Baoshan 678000

*College of Forestry, Southwest Forestry University, Kunming 650224)

Abstract: 'Allen Eureka' is a progeny variety of the variety ‘Eureka lemon’ due to bud mutation. This
variety showed excellent performance at fruiting traits, while it was susceptible to winter defoliation, eventually
resulting in severe leaf shedding and decreasing the yield production in the coming year. The mechanism of leaf
shedding remains unknown. Two lemon cultivars ( ‘Allen Eureka’ and ‘ Yunning No. 1’ ) with degrees of winter
defoliation were used to investigate the molecular regulatory mechanisms of leaf abscission. The petiole
abscission zones were collected at three stages, namely, the pre-defoliation stage (E24), mid-defoliation stage
(E48) , and post-defoliation stage (E72) , and subjected for transcriptome sequencing. The differentially
expressed genes (DEGs) between two lemon varieties were identified, revealing a total of 14002466, and 935
DEGs in pre-defoliation stage, mid-defoliation stage, and post-defoliation stage, respectively. The largest
number of DEGs was found in mid-defoliation stage. GO enrichment analysis revealed that these DEGs were
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mainly enriched in the processes of heme binding, tetrapyrrole binding, oxidoreductase activity, iron ion
binding, transcription regulator activity and response to oxidative stress, cellular glucan metabolic process,
glucan metabolic process, cell periphery, cell wall in the defoliation stages. KEGG analysis showed that the
DEGs were concentrated in mid-defoliation stage and involved in plant hormone signal transduction,
phenylpropanoid biosynthesis, plant-pathogen interaction, and MAPK signaling pathway. By analyzing the
genes with significant differential expression of the four pathways, 13 genes including xyloglucan
endotransglucosylase/hydrolase protein, indoleacetic acid-induced protein, indole-3-acetic acid-amido synthetase,
peroxidase, [ -glucosidase, pathogenesis-related genes transcriptional activator 4P2 and pathogenesis-related
protein were selected. They might be associated with the regulation of lemon leaf abscission. qRT-PCR verified
that the expression of these genes was consistent with the transcriptomic data. This study raised new insights in
deciphering the lemon leaf abscission, as well as provided reliable data to identify lemon defoliation candidate

genes and uncover the analysis of leaf shedding pathways.

Key words: lemon;defoliation ; transcriptome ; differentially expressed genes
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Table 1 Differential gene primer sequences

LA Gene ID IE[815 %) Forward primer(5'-3") JZ 1015 |%) Reverse primer(5'-3")
CL2G044587012 alt(AL) ATTGGTACGAGGCAGAACGG CGTCACGCTCAGAATGTTAGGA
CL4G049264012 alt(AL) CCGTCCATTACAATCCCTCTG AGCGCCGTAACAATCATCATC
CL7G060523012_alt(AL) CTCTTGGTCAGCTTCACCGTC GATTGGACCATTCACCTGTCG
CL8G065380012 alt(AL) CCAGAGCGATAGGCGACAAC AGCAACACTTGTCCGTCGTCT
CL9G066930012 alt(YN) ACGGCAGCATTTGTGAAGGT ATCACCCACGAGCATCCAGT
CL2G044126012 alt(YN) TGTGAGGAATGACCGTGGC ACTTGTCGTGGAGCTTGTTGG
CL3G046634012_alt(YN) CAACTCCGCCTAGCAAGACAC CTCCCACAAGCATCCAATCTC
CL7G062118012 alt(YN) TGCTCTGAACGATACGGTGC CCTCTCACGTCAACACCTCCA
Actin ACTCATCGTACTCAGCCTTTG TGCACCCTGTTCTTCTTACTG

AL: ST, YN =47 155 T [H
AL: Allen Eureka; YN: Yunning No. 1; The same as below
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Fig.1 Average leaf fall per plant at different periods in AL(A) and YN(B)
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Table 2 Sample sequencing and data comparison statistics

FEXSBIIERIZH (¥ reads $0 LU SIS SR 2 M — {37

N ok R P
Total-map Unique-map
AE24 1 45527386 96.09 89.87 42.66 38755427(85.13%) 36215469(79.55%)
AE24 2 43342828 97.53 92.99 42.69 37400306(86.29%) 34930875(80.59%)
AE24 3 38042304 97.26 92.71 42.73 32383027(85.12%) 30240516(79.49%)
AE48 1 45474990 96.36 90.38 43.04 38795674(85.31%) 36126586(79.44%)
AE48 2 42603926 97.55 93.07 42.97 36630565(85.98% ) 34078369(79.99%)
AE48 3 42591272 96.83 91.51 43.35 36651284(86.05%) 33889022(79.57%)
AE72 1 45056882 96.00 89.62 43.68 38741202(85.98% ) 36067637(80.05%)
AET72 2 43128740 97.67 93.29 43.29 37387633(86.69% ) 34745453(80.56%)
AE72 3 42392946 97.56 93.04 43.25 36665272(86.49% ) 34090164(80.41%)
YE24 1 43798896 96.05 89.80 42.86 37457248(85.52%) 35019048(79.95%)
YE24 2 42468276 97.32 92.50 42.35 36437766(85.80% ) 34014359(80.09%)
YE24 3 43396902 97.64 93.19 42.48 37588101(86.61%) 35090424(80.86%)
YE48_1 44535892 96.11 89.96 43.35 38131548(85.62%) 35480613(79.67%)
YE48 2 43075852 97.58 93.15 42.75 37226624(86.42%) 34563814(80.24%)
YE48 3 42127656 96.98 91.90 43.61 36481255(86.60% ) 33668529(79.92%)
YE72_1 46809228 96.24 90.11 43.78 40535248(86.60%) 37779149(80.71%)
YE72 2 43153904 97.40 92.63 42.84 37273671(86.37%) 34679392(80.36%)
YE72_3 40986418 97.59 93.15 42.98 35477481(86.56%) 32992398(80.50%)

24,48, 72 FpRE STl LR FIALFE 24 1,48 h, 72 hi-1,-2, -3 SRR Y 3 NS AR AR L I ST LR FIARBE YE : 47 15 LA Ab B

24, 48, 72 are the sample sprayed with ethylene glycol treatment for 24 h, 48 h, 72 h; -1, -2, -3 are 3 repetitions of the sample; AE: Allen Eureka

ethephon treatment; YE: Yunning No. 1 ethephon treatment

A T Down
= L Up
3000
st 5 2500
FE 2000 7
E 1
4% 1500
=3 g
R 1000 831
] 3
0 ‘

AE24vsYE24 AE48vsYE48 AE72vsYE72
A BRI AR D) sE M B AT 15 Z [ 422 57 R B R B0 s B SR TE T st FI A FT 1525V I BT 22 S Tk [R5 TR &
A': Number of DEGs between AL and YN in each defoliation period; B: Venn diagram of AL and YN in each defoliation period
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Fig.2 Number of DEGs and differental gene expression Venn diagram between AL and YN in each defoliation period
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-
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Enzyme inhibitor activity 12
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Oxidoreductase activity, acting on peroxide as acceptor 12
Antioxidant activity 4 12

Peroxidase activity 12

DNA binding transcription factor activity 53
Enzyme regulator activity

Transcription regulator activity 56
Glucosyltransferase activity 3

Molecular function regulator

Hydrolase activity, hydrolyzing O-glycosyl compounds 3 S FIIRE
Oxidoreductase activity, acting on single donors s MF

with incorporation of molecular oxygen 4
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Oxidoreductase activity, acting on paired donors 60
Iron ion binding 57
Terpene synthase activity

Carbon-oxygen lyase activity, acting on phosphates

Sequence-specific DNA binding - 18 30
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Carbon-oxygen lyase activity “1214
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Methyltransferase activity o 2

O-methyltransferase activity 4= 3
Calcium ion binding 25

Lyase activity 21

SERHOR
Gene counts
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Fig.3 GO functional enrichment of differentially expressed genes in AL and YN lemons at each defoliation period
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Plant hormone signal transduction | 12 5 Environmental Information Processing
19
Protein processing in endoplasmic reticulum | e el BALE :
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Circadian rhythm - plant-v - = IR RS ET‘I',H\E
Plant-pathogen interaction { s = 29 Organismal Systems E24
alpha-Linolenic acid metabolism{ =1 2 E:z
Phenylpropanoid biosynt.hesis; = 2
Linoleic acid metabolism {2 , :
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o 3 3
Glycerophospholipid metabollsm-r = 18 TR
Cyanoamino acid metabolism {== = 13 Metabolism
Glycerolipid metabolism { 4 : 15
Ascorbate and aldarate metabolism | j 10
Zeatin biosynthesis = i 8
Pentose and glucuronate interconversions { gq
Cutin, suberine and wax biosynthesis | zs
S R
H R R

Gene counts

4 XRANEMZIT1SITRESEHTNPERRIEZEFKEGG REHEBESR
Fig. 4 Enrichment of KEGG metabolic pathway of differentially expressed genes in

AL and YN lemons at each defoliation period
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Table 3 Annotation of differentially expressed genes associated with defoliation
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Fig. 5 Expression characteristics of differentially expressed genes of metabolic pathways in each defoliation period of
AL and YN lemons
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Fig. 6 Validation of expression levels of eight differentially expressed genes
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