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Comparative transcriptome analysis of multiple organs reveals cold

stress responsiveness in two contrasting loquat cultivars

Wang Yin, Ni Haizhi, Wang Ping, Cheng Yufang, Yan Bangguo
(Citrus Research Institute of Zhejiang Province, Huangyan 318026, Zhejiang, China)

Abstract: [Objective] Loquat (Eriobotrya japonica Lindl.) is an important evergreen fruit crop native
to subtropical regions of China. It flowers in the autumn and winter, during which its flowers and young
fruits are particularly susceptible to freezing stress. Most research on the mechanisms underlying freez-
ing stress in loquat has concentrated on individual organs; however, the synergistic effects of various or-
gans, such as flowers, leaves, and young fruits, on cold resistance remain largely unexplored. Notably,
the cold sensitivity of loquat flowers and young fruits is considerably greater than that of leaves, sug-
gesting that the mechanisms of cold resistance may involve the differential regulation of inter-organ sub-
stance transport, signal transduction, and metabolic pathways. To gain a deeper understanding of the mo-
lecular mechanisms associated with cold resistance in different organs, we conducted a transcriptome
analysis, comparing the cold-tolerant cultivar Yonglu with the cold-sensitive cultivar Ruantiaobaisha.
[Methods] Branches of Yonglu and Ruantiaobaisha with leaves, flowers and young fruits were collect-
ed and treated in a low-temperature illumination incubator and maintained at -4 °C with 16/8 h (day/
night) photoperiod. Control branches were grown in a separate chamber at 25 °C under the same photo-
period. After 24 h, leaves, flowers and young fruits were collected from both treated and control groups.

A portion of the samples was utilized to determine the relative electrical conductivity (REC), while the
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remaining samples were preserved for RNA sequencing. Additionally, a field investigation of frost dam-
age was conducted on the two cultivars following the low-temperature exposure, specifically from Feb-
ruary 15 to March 10, 2024, during which the freezing rate was calculated. [Results] Significant differ-
ences in cold resistance were observed between the two cultivars. The flowers and young fruits of Ruan-
tiaobaisha exhibited severe symptoms of freezing stress, with freezing rates of 72.1% and 92.1%, re-
spectively. In contrast, Yonglu displayed only slight freezing symptoms, with freezing rates of 31.4%
and 45.2%. The values of REC corroborated these observations. After exposure to freezing stress, the
REC of the flowers and fruits of the Ruantiaobaisha variety increased by 69.4% and 80.0%, respective-
ly, which were 30.7% and 35.4% higher than those of Yonglu, indicating significant differences. Tran-
scriptome analysis identified a total of 18 547 differentially expressed genes (DEGs) across 12 samples,
among which 116 genes were shared by the leaves, flowers, and young fruits of Yonglu after cold stress.
The 116 co-expressed genes were annotated to various signaling pathways, including abscisic acid-acti-
vated pathways, ethylene signaling pathways, salicylic acid response pathways, calcium ion- binding
proteins, phosphorelay signal transduction systems, protein serine/threonine phosphatase activities, pro-
line-rich receptor-like protein kinases, and disease resistance proteins. Notably, the abscisic acid-activat-
ed signaling, calcium-binding protein CML23, KRPI, and sorbitol dehydrogenase genes were signifi-
cantly induced by cold stress in the leaves, flowers, and fruits of Yonglu, exhibiting markedly up-regu-
lated expression levels. In contrast, in Ruantiaobaisha, these genes were only induced by cold stress in
the leaves, with expression levels either down-regulated or showing no significant change in the flowers
and young fruits. Furthermore, the expression levels of genes regulating stomatal movement decreased
significantly in the flowers, leaves, and fruits of Yonglu, whereas the opposite trend was observed in Ru-
antiaobaisha. The top enriched Gene Ontology (GO) terms (P<<0.05) of common DEGs exhibited a sim-
ilar ranking across the two cultivars; however, the shared GO terms varied among different organs. For
instance, in the Yonglu variety, the shared GO terms in leaves, flowers, and fruits included ‘response to
chitin’, ‘regulation of defense response’, and ‘response to wounding’ within the biological process cat-
egory. In contrast, the Ruantiaobaisha variety showed that only the ‘karrikin response’ was concurrent-
ly enriched in all three tissues. KEGG pathway analysis revealed that 17 and 24 significantly enriched
pathways (P<<0.05) were identified for all DEGs in Ruantiaobaisha and Yonglu, respectively. 11 com-
mon enriched pathways were shared between both cultivars, with ‘plant hormone signal transduction’
exhibiting the highest number of enriched DEGs, while ‘plant-pathogen interaction” and ‘phenylpro-
panoid biosynthesis’ also ranked highly. Further analysis of the DEGs indicated that 133 DEGs in-
volved in plant hormone signal transduction were identified in response to freezing treatments across
both cultivars. Among these, 38 DEGs were shared between the two loquat cultivars, while 52 and 48
DEGs were unique to Ruantiaobaisha and Yonglu, respectively. The DEGs were annotated to hormone
signal transduction pathways, including auxin, ethylene, gibberellin, jasmonic acid, abscisic acid, two-
component response regulator proteins, and brassinosteroid. Notable differences in expression patterns
of common DEGs were observed between the two cultivars in response to cold treatments. The expres-
sion levels of abscisic acid signaling genes PP2C.2 and PP2C.3, as well as genes regulating stomatal
movement, were significantly down-regulated in the leaves, flowers, and fruits of the cold-tolerant culti-
var. Genes involved in jasmonic acid, gibberellin, ethylene, and auxin signaling pathways exhibited
varying degrees of up-regulation or down- regulation. Transcription factors AP2/ERF, MYB, NAC,
bHLH and bZIP showed cold-responsive trait in Yonglu. The accuracy of the RNA-seq derived tran-
script expression data was validated by analyzing the expression patterns of 12 DEGs using qRT-PCR.
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[ Conclusion] Compared to Ruantiaobaisha, Yonglu exhibited significantly greater tolerance to freezing

stress, which was associated with modifications in general resistance/stress pathways across leaf, flow-

er, and fruit. Future studies should focus on specific genes involved in Ca’" signaling, hormone signal

transduction and their downstream transcription factors to enhance our understanding of the processes

underlying cold tolerance.
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Table 1 Differentially expressed genes and their primer sequences in qRT-PCR

FE A ID Gene ID 1E 17 5|#) Forward primer (5'-3") J% 7] 5] ¥ Reverse primer (5'-3")
Ej00080770 ACGGCAGACTTGCAATGGTA GAGGAATCACGGATGCGACT
Ejo0061635 GGTGACGACTGATAGCGAGG CGTAGAGTCGCCGAAAGTCA
Ej00064415 GCACCACTTCGACCTCTCTC CCCTTCTGTAGGACACAGGC
Ej00039939 TCATGACGTCAGATGCCGAG ACTCAGTGAAGGCCAAAGCA
Ej00021700 ATTGGGGACGAACGGTACAC CATCTCCGCAGCTCCATCAT
Ej00069613 TATGGCGGAGTTCGACAAGG GGTGGATCCGCCATTGATGA
Ej00032954 AGCAACGAGGAGGGGATAGT CTGGATTTACCCACACCGCT
Ej00076455 GGAAATTAAGGCGCCAACCC GTGCTACTGCTGTCACCCTT
Ej00002742 TCGAGGAAGAGACGATGGGT GAGAATCTCCCCACGGCAAA
Ej00022407 TGCCGCTCATGTTTCTGAGT ACAGCGCATCAAGACAGACA
Ej00022187 AAAACTGGCGGAACAAAGGC TAGCTATCCGTGTCGTTGCC
Ej00045652 CCGGATCCGAATCGTGTGAT AGCTGTTACCTCTTGCGCTT

#2 ATEMEBRREMEBRGHTIRIREZRE
Table 2 The freezing rate of leaves, flowers, and young

fruits of two varieties under natural low-temperature

frost damage conditions
A 2V Freezing rate/%
Cultivar M- F Leaf 1 Flower 215 Fruitlet
¥4 H7)'Ruantiaobaisha 0 T21£521 A 9214487 A
7K Yonglu 0 314+4.12B  45.2+3.56 B

AR KRG FRERIRTE 0.01 KV EZERREE.
Note: Different capital letters indicate extremely significant differ-

ence (P<<0.01).
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Fig. 1 The relative electrical conductivity (REC) of leave,
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Leaf  Flower  Fruit Leaf

flower, and fruit of two cultivars before and after low-

temperature stress treatment
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Table 3 Sequencing data quality statistics

el s R gﬁﬁffﬁg gg CE Q20/  Q30/
Sample  Clean reads Basesum (billion) content/% % %

COoY 24587868  73.76 46.71 97.67 93.42
CYy 23011 142 69.03 46.78 97.41 9292
COH 21959971 65.88 46.79 97.49 93.13
CH 24 404 623 66.74 47.40 97.61 93.33
COG 21487140  64.46 47.29 97.44 93.12
CG 24404623  73.21 47.49 97.78 93.76
TOY 22871014  68.61 46.79 97.71 93.57
TY 23011142 69.03 46.78 97.41 92.92
TOH 24174087  65.90 47.31 97.39 93.03
TH 23336008  70.01 47.39 97.85 93.84
TOG 24174087  72.52 47.33 97.34  92.89
TG 23915759 7175 47.57 97.79 93.74




57

E 91 A AN RIS BE AL i A i A IR 360 ) 22 25 B e S 2L B 1743

2.3 EFFTIEEREMTFE

H] H DESeq2 # {4 , 4% M Fold Change=2 H.
FDR<<0.05 (IFRAERT 7 S AR FE R AT i e . 45
KGR A, 78 12K P 2RI 21 18 547 M E R
RIBHEA, BLFE 9538 A L L KA1 9009 4~ 1 2
Bl Bk FVPAE -4 cCARIR M IE T i 2 SRSk
4399 %5 5 31 3954 N (1319 AN FE A i, 2527 AL A
D) 3456 A~ (1812 /N JEA i, 1644 /N JE AR
WD 4625 (2414 AL ], 2211 AN ER R IfD 2
5L [R5 7E 7K B (0 I L AE 2% RS 4 ) % E
2755 A~ (1253 AN FEH 3, 1502 AN FE R R ) L2697
A 1975 A B, 722 R <1060 4~ (705
ANFER L, 355 AN R R R D 2 RIS . @it
XA SRR AE S SRR AR e T 5 B S A

TOY vs TY

%o
. 188 &

o S

& 9 &

#4 REMETEMMIERFMAERENERRILER
Table 4 Differentially expressed genes in leaves, flowers,
and young fruits of two loquat cultivars under low

temperature stress

FE ELEL AR N AR

Sample vs Sample Up-regulated gene Down-regulated gene
CY vs COY 1379 2575

CH vs COH 1812 1644

CG vs COG 2414 2211

TY vs TOY 1253 1502

TH vs TOH 1975 722

TG vs TOG 705 355
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Fig.2 Venn diagram of DEGs in leaves, flowers, and fruits of two cultivars under low temperature stress
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KR fifi 1 Abscisic acid 8 & apos;-hydroxylase 1
R i 1 Abscisic acid-activated signaling pathway. 1
% ! 4 Abscisic acid-activated signaling pathway.4
k3 ! 2 Abscisic acid-activated signaling pathway.2
% ﬁ 3 Abscisic acid-activated signaling pathway.3
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? C2 LB C2 domain-containing protein
ﬁ%i Calcium ion binding
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4 DVH24~013007 Hypothetical protein DVH24~013007
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Fig. 3 Annotation of DEGs associated with cold stress in loquat
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Fig. 4 Comparison of top GO terms of DEGs in leaves, flowers, and young fruits in two cultivars under cold stress
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Fig. 5 Comparison of the top KEGG enrichment pathways of DEGs in leaves, flowers, and young fruits

in two cultivars under cold stress
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