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Full-length Transcriptome Analysis of Fruit Cracking of
Chinese Jujube under Water Stress

WEI Wei,JIA Yanli, WU Shuo,ZHI Fujun
(Shijiazhuang Institute of Fruit Trees, Hebei Academy of Agriculture and
Forestry Sciences,Shijiazhuang 050064 , China)

Abstract ; In order to illuminate the mechanisms of fruit cracking of Chinese jujube under water stress,5 a Jin-
si novel No.4 Chinese jujube was chosen. The trees were spayed for 50 hours to simulate water stress. Fruits before
and after treatment were sequenced on the ONT third-generation sequencing platform. There were totally 13 368
transcripts obtained from 6 samples. 9 178 PolyA sites were identified in the APA event. 78 significantly enriched
PolyA signals( PAS) motif were found. 7 321 SSRs and 114 IncRNAs were predicted. 239,189 alternative splicing e-
vents were identified in the control and treatment group,respectively. There were 248 differentially expressed tran-
scripts( DETs ) between the two groups. DETs mainly encoded calnexin, calreticulin, heatshock proteins, microtube
proteins fructokinase and so on. GO enrichment showed that DETs were mainly involved in the biological processes
such as translation, positive regulation of mitotic centrosome separation and cold acclimation. Cellular components
participating those processes included cytosol and cytosolic large ribosomal subunit etc. Enriched molecular func-
tions included structural constituent of ribosome and xyloglucosyl transferase activity , etc. KEGG enrichment analysis
showed that up-regulated DETs were involved in protein processing in endoplasmic reticulum, phagosome, amino
sugar and nucleotide sugar metoboism , starch and sucrose metabolism, etc. Down-regulated DETs took part in protein
processing in endoplasmic reticulum , nitrogen metabolism, photosynthesis-antenna proteins and so on. The mecha-

nisms of fruit cracking of Chinese jujube under water stress might include decrease of alternative splicing events,
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regulation of Ca’* by calnexin and calreticulin, up-regulation of heat shock proteins resulting from cold stress by

continuous spaying ,and up-regulation of cell wall biosynthesis related transcripts.

Key words: Chinese jujube;Fruit cracking; Water stress ; Full-length transcriptome ; Calnexin ; Heatshock protein
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Tab.1 Statistics of sequence output of peel transcriptome and alignment with the reference genome

e R Clean reads %1  421J741 reads %% Ex Szl FEXT RN 1Y) reads LA H/ %
Sample 1D Clean reads Full-length reads ~ Full-length percentage (FL) %I Mapped reads Mapped rates
J-0-1 3 106 050 2 193 253 70.61 1 840 972 83.94
J-0-2 3 244 921 2 296 334 70.77 1 929 004 84.00
J-0-3 3 268 934 2 286 648 69.95 1 907 938 83.44
J-50-1 3 308 041 2 318 904 70. 10 1 943 736 83.82
J-50-2 3147 181 2 208 198 70. 16 1 846 011 83.60
J-50-3 2 334 947 1 689 697 72.37 1417 412 83.89
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Fig.1 Statistics of alternative splicing in groups with and without spraying
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Tab.2 Statistics of SSR

2T Searching items

%5 Numbers

FE41) B ES Total number of sequences examined 11 100
f1E SSR 5140 Number of SSR containing sequences 4 799
€15 1 LA E SSR JF41%L Number of sequences containing more than 1 SSR 1713
BARHIE Mono nucleotide 3 433
WL Di nucleotide 2317
= H8JE Tri nucleotide 1 449
PUBSIE Tetra nucleotide 67
F 3 Penta nucleotide 23
7583 Hexa nucleotide 32
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Fig.3 Venn diagram of predicted IncRNA
by four kinds of methods
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Fig.4 Boxplot of the transcript CPM of different samples
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Fig.5 Volcano plot of differentially exoressed transcripts
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Tab.3 Statistics of differentially expressed transcripts with annotation

— o
Kigere B COG GO KEGG KOG NR Pfam Swiss-Prot  eggNOG
Database Total
2 EE LR DETs 234 105 172 102 102 233 190 202 228
*4 LRARZERZRAEGOEE
Tab.4 GO enrichment of up-regulated transcripts
25 GO 1% iR KS i
Domain GO_ID Term KS
ERYESuN G0 ;0006412 B 4.90E-10
Biological G0:0010411 AR R 72 4.00E-07
process G0 ;0046604 A 225 4 AR 53 S I ) YT 1. 00E-06
Y f 20 53 G0:0005829 2t 5 3. 10E-07
Cellular G0:0071011 FEAR T Y A 4.50E-07
component G0.0022625 BT R A A T 3 3.00E-06
s FUIfie G0:0003735 R B AR SEH B 43 4.30E-13
Molecular G0:0016762 AT R AR B R W TG 4.30E-07
function 600004315 3-SR - [ BEIL R O ) & a1 2.30E-06
*5 TRARZEHRARGO ERE
Tab.5 GO enrichment of down-regulated transcripts
25 GO b5 ik KS {8
Domain GO_ID Term KS
e R G0 :0006412 BHPE 1.20E-09
Biological G0 ;0046604 A 225y B MRSy B IE T 9.20E-07
process G0.0009631 V1 3. 10E-06
Y ffI2H 53 G0:0071011 A ETE2EN 3.90E-07
Cellular component G0:0005829 21 ffu 5t 5.90E-07
G0:0022625 JHL I KA A AA MY 2. 40E-06
S FUI6e G0:0003735 AN A 2.40E-13
Molecular G0.0004315 3-FUREESE-[ BERL kIR 1 ) A BTG P 2.20E-06
function G0.0042973 HIBHEN YT 1,3-B-D-7 A B P 6.70E-06
A RNA B##% RNA degradation< -
HRIECH Pyruvate metabolism
IEmE LM Pyrimidine metabolism{ -
WL Purine metabolismd -
WA Protein export 4
EREFH B HHRi8 Fructose and mannose metabolism - . K
Gene_number
bk B A B E L Cysteine and methionine metabolism - e
kARl Carbon metabolism- - . 10
K& EWBKEE Carbon fixation in photosynthetic organisms - . * 15
#EEFE C M aldarate /88 Ascorbate and aldarate metabolism A qu{;ilue
Hih#fE{Ci# Glycerophospholipid metabolism 4 . . 1.00
H it ARt Glycerolipid metabolism+ 0.75
EHRHE LY S Phenylpropanoid biosynthesis A 0.50
B4k Spliceosome 4 o
0.00
MEFIER Endocytosis
B SR REROR A TL{L Pentose and glucuronate interconversions A
TE¥ FIAER{iS Starch and sucrose metabolism .
IR ARS8 Amino sugar and nucleotide sugar metabolism - .
FHE4% Phagosome - .
WEMEE T Protein processing in endoplasmic reticulum - °
25 50 15
WRET

Rich factor
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TERAYERELAR Nicotinate and nicotinamide metabolism- 1
Z BRI 5 E{C Glyoxylate and dicarboxylate metabolism- z
BRI Glycolsis/Gluconeogenesis< - .4
H4iH B Circadian rhythm-plantd - e B
B4Lift Carbon metabolism— - e 6
&4 BKESE Carbon fixation in photosynthetic organismso - .q:ﬁ
H AW SR Biosynthesis of amino acids. q value
IR ROBfL Amino sugar and nucleotide sugar metabolism- - ! =
A2/ Pentose phosphate pathway E;z
R BB Fructose and mannose metabolism- . el .
HEE WS Arginine biosynthesis4 ; . o
HEE. REAEMMAERY Alanine, aspartate and glutamate metabolism—
FE1ER] - REEHRE Photosynthesis-antenna proteins-
HALH Nitrogen metabolism-
PBR EEJiINT Protein processing in endoplasmic reticulum4 o

0 10 20 30
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Rich factor
Ay, BRI W R AR R g (. B,

Y-axis. The enriched pathways; Rich factor. The degree of transcripts enrichment ;¢ value. The significance of enrichment.
Ee6 _Lifl(A)fTiE(B)¥ERA KEGG BE&# A E
Fig. 6 Scatter plot of KEGG enrichment of up-( A)and down-regulated ( B) transcripts
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2.4 qRT-PCR HiE
PRI 10 A 18 2 SR AR HEAT S8 I 5 16 5 2 % He
FIREIATIAE, 51T INER 6 iR, 255 ikl 8

B, 10 DNE AR R KB T As (ka3 5 3 0%
SEALANEE A —, AEI T 3 AR 45 R i v
A EERE

R6 IHWEAEESY
Tab.6 qRT-PCR primers

56D o ERBI(s—3) RIBI9(s'—3")
Transcript 1D Transcript description Forward primer Reverse primer
rna5911 CALR GTGAAGACAGCAAGACTA CCTAACGATGAACCAGAA
ONT. 5890.1 BIP CCGAGAAGAGGACTACGA TCTGCTGATTCACCACTG
ONT. 4220. 4 CANX CGATAATGAGTTGCGAAT GAATTGTCTTGGAAGGAAT
ONT. 1837.2 HSP70 CACCATTACCAACGATAAG CCTCATCTTCTGACTTGT
rna8845 HSP22 CGTGTTCCTACTGTTGATGT CTCCGACTCCTCTCTTGATA
ONT.7131.2 TUBA GAAGGATTACGAAGAAGT TGGAAATAGCAAGTCATT
rna9061 TUBB CTCTTACATCTCGTGGTT CATCATATTCTTGGCATCC
ONT. 728.2 GAUT TTAGGACTCATCGTGGTAG GAAGGTGGTTCAGGATAGA
ONT.1142.3 HSPI8. 5 GAGGAAATTCAGGCTACC AACAGTAACGGTGAGAAC
rnal1228 SCRK CAGCCATGAAGAGGTAGGTGAA TCTAAGTAATGACAGCAGCGAGTT
15+ —— B J-50 LA SR AN RIAT A2 B R0 H #5 J-0 s,
e 2 AR A CE AL MR 125 0 FL6

104

log2 ( fi5¥ae{k. )
log2FC
T

=
1

=8

CALR
BIP -
CANX -

HSP70

Transcripts
B8 {Ri#EHRA qRT-PCR WiE
Fig.8 ¢RT-PCR validation of candidate transcripts
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%3 R ONT I e 7 2 2 14 ] st 8 R A% 3o SR A 1
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APA SSR #47 T 4eit, IFX) IncRNA #EA7T50 , % A
ZHFIAL TR 43 591 % 58 3] 239,189 AN 1] A8 B {4
APA F R % EF] 9 178 4> PolyA i 5., H:3L 5] 78
AR E W AR PAS {55, WU 2] 7 321 4~ SSR Al
114 4~ IncRNA , 5635 T JER 4735

AR By 7 B A W e PR 3k ) A ik R T AL
il , mRNA 3 i 7] 78 37 32 %} mRNA 19 Fa & v @ r
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HAR  NRTAR BT £ R B PIT o5 LUIR F , AS
ST G T AR AN 2R A g B, NS TR B
B R R, 5 2Z ATHRAE 1) FOR TR AR E e TN
188 He ) BT oR—2) AT RE R T 0 22 1)
RS A AT

45 ) 2 1 ( Calnexin , CNX) F145 85 2% H ( Calreti-
culin, CRT) 2 [ 5 8 (1, B A fH LU 454 Fi T ag,
TAHEENTE M RS S E A, A 0 RN
R TIRE, RERS T Ca® TOTAZS 40 6 B
P51 Kim 252V HGE T CRT SR XK
S W3 A R A S 5 I I O T e A SC H A B4 A
FETHGE T CNX B AN ER RIS MR
K22 KBRS CNX R CRT 3952 i, 5
RSB, S E N, 2R R A5 K5
B R S R ALK BANE 3 220, RSk
AR A SR i 7R A2 RE 1t e AR SR AR KA
BTN K , AR R Ca® " ¥R BSR4, CRT A1 CNX
VAT Ca® MR E K Ca®t S5 AYM G M, Rl
HER] A5 5 F 118 BIP (HSPAS ) ¥ s A48
W% FHFEIA, CRT 5 BIP )i CRT-BIP & &4,
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