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Differential expressed genes: 5477

AR K 2990 Up regulated: 2990
TR K :2487 Down regulated: 2487

Z R RILEEK 13898

Differential expressed genes: 13898
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Blue dots indicate no significant difference sense, the red dots indicate significant difference up-regulated genes,the green dots indi-

cate significant difference down-regulated genes
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Volcano plot of DEGs between different groups
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2.3 ERRIEEE GO &

AR I 8 T R RS ) GO B e L 3
A 24 946 UL EC B {5 B 7E ZJINFvsZ]-
CON 1, F 10 805 AN 2 7KK, LA
56874, FIA 5 1184, BH&EM GO 4 HFZE
H9 T 85 AW Ea A 37 NI 4 31 Ao
TR, & EBREESWET 20 L 0F 1 iR,
Hop e B p LI N 2 78 Ceellular ho-
meostasis) . 41 L & b 8 JF N Fa 25 (cell redox ho-
meostasis) 72 2 Bt i W 22 Jk IR A i i B2 (gluta-

mine family amino acid metabolic process) . & T

5 i 32 $i (ion transmembrane transport) , 43 J& B
FNFaZS (metal ionhomeostasis) | 2l il £5 &5 F =
75 (cellular calcium ion homeostasis) A F (& 1),
TE 20 M 20 20 LA 4 I CeelD) A R 43 (cell part) |
20 it 4H 43 Ccellular component) . 40 g B ( mem-
brane) &, 7 5 F U fig b LUz 2 & A& 2L B
P Cubiquitin protein ligase activity) .2RZ ZHEH
% B B 75 P Cubiquitin-like protein ligase activi-
ty) B F 45 4 (zince ion binding) . 85 4K i #% 15
254 (calcium-dependent phospholipid binding) .
4585 1254 (calcium ion binding) N E(FE D,

1 ZJINFvs ZJCONEZERERF GO BELER
Table 1 GO enrichment of DEGs in ZJINF vs ZJCON

GO %5 i ig x5 BIEJG ) P-value
GO accession Description Term type Corrected P-value
GO:0005575 M3 2H 43 Cellular component cC 0. 000 000 000 000 008 765 7
G0:0005623 4y Cell cC 0. 000 000 000 170 4
GO:0044464 4 FB 43 Cell part CcC 0. 000 000 000 170 4
G0:0019725 4 g Y F2 25 Cellular homeostasis BP 0.000 001 447 4
GO:0045454 A S AR N Fa S Cell redox homeostasis BP 0. 000 036 384
GO:0004842  {Z FE A FEiNG P Ubiquitin-protein transferase activity MF 0. 000 041 956
GO:0061630 12 Z 1 E AR E Ubiquitin protein ligase activity MF 0.000 605 58
GO:0061659 Rz FE A EE R Ubiquitin-like protein ligase activity MF 0. 000 605 58
GO:0016020 4 L Membrane cC 0.001 944 4
GO:0009607 AR Response to biotic stimulus BP 0.002 786 4

G0O:0008270 BEE 454 Zinc ion binding

A I M T P AR e AR

MF 0.003 364 6

G0:0009064 Glutamine family amino acid metabolic process BP 0.003 585 5
GO:0006952 B #8 52 ¥ Defense response BP 0.009 515 4
G0O:0042592 Fa S /EH Homeostatic process BP 0.016 563
G0O:0034220 B T 5 52 5 Ton transmembrane transport BP 0.036 34
GO:0009084 2//}:1ﬁfﬁﬂ%zﬁi%ﬁ%ﬁﬁfﬁ%iiymhetlc process BP 0.041 329
GO:0055065 4R E T NFAZ Metal ion homeostasis BP 0.049 194
GO:0005544 5 H5 B is 45 4 Calcium-dependent phospholipid binding BP 0. 085 099
GO:0005509 45 55 F 45 4 Calcium ion binding MF 0.097 34

GO:0006874

M A5 B 7 E2 2 Cellular calcium ion homeostasis

MF 0.170 87

i BP.AEW 5 8 CC. 4l i 4H 43 s MF. 4> T I fig

Note: BP. Biological process;CC. Cellular component; MF. Molecular function.

TE ZJPRE vs ZJCON H1,H 4 362 N2ERH &
R, Hod 2 400 A3 LR EIKRL 1 962 43
WREEE, BEMN GO XHEELT 52 M4
Vg 22 MM o 11 Ao T IRE. B AR
FEEERC A 20 AN LRI 2 Fis ., Hd w4y
2F 00 A2 A DL B 18 [ B (defense response) | 21 H 1N

a7 (cellular homeostasis) \ 4= ¥ 3l i [ i Cre-
sponse to biotic stimulus) . 4 # & 75 (biological
regulation) i 3 , 78 40 Jfd 28 53+ DL 4 B CeelD) L 41
M 2% Corganelle) \EZBEIR (ribosome) g 3, 7E 5 F
Uitig I DL AL I8 JF i 15 M Coxidoreductase activi-
ty) | B B AR 25 # 41 Y (structural constituent of
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ribosome) H F (F£ 2),

F2 ZJPREvs ZJCON =#REFH GO EELER
Table 2 GO function of DEGs in ZJPRE vs ZJCON

GO %i*5 g S BIEJG ) P-value
GO accession Description Term type Corrected P-value
G0:0005623 4 it Cell cC 0.000 000 000 000 851 85
GO:0043226 445 Organelle cC 0. 000 000 000 081 949
GO:0005575 4143 Cellular component CcC 0. 000 000 002 171 6
GO:0005737 41 F Cytoplasm CcC 0. 000 000 208 54
GO:0005840 iR Ribosome ccC 0.000 052 162
G0O:0003735 HBER 45+ 24H B Structural constituent of ribosome MF 0.000 077 403
GO:0010467 K F 3k Gene expression BP 0.000 420 78

G0:0003723 RNA 454 RNA binding

& A Y0 fi I

GO:0043244 Regulation of protein complex disassembly

GO:0006952 [ 7 )2 i Defense response

GO:0016491 F AL SR TG M Oxidoreductase activity
GO:0019725  #AHMIMARES Cellular homeostasis
G0O:0009607 A=Wkl ) B Response to biotic stimulus
GO:0009620 *F H B 1) )2 i Response to fungus
GO:0050832

290 W Pt M A e i I 9 A

Xt L %) Bl 8 S i Defense response to fungus

MF 0.000 671 85

BP 0.005 223 7

BP 0.006 687 5
MF 0.007 115
BP 0.015 064
BP 0.024 302
BP 0.024 302

BP 0.024 302

GO:0034250 Positive regulation of cellular amide metabolic process BP 0.024 302
g f T 4z

GO:0043243 I%Et}iﬂée riﬁlﬁ(ﬁ? ﬂ%:ifn complex disassembly BP 0.024 302

GO:0050789 433 #2877 Regulation of biological process BP 0.029 633

GO:0006412  BiF Translation BP 0.029 633

G0O:0065007 H BT Biological regulation BP 0.043 767

e BP. AW 8 CCL 4B 4H 43 s MF. 2 T 9 fiE L

Note: BP. biological process;CC. cellular component; MF. molecular function.

2.4 ERRIEEE KEGG REHEENH

T8 ZJINF vs ZJCON v, 22 S 3235 A K 3t 3
K7 127 S AR s R R WA
(biosynthesis of amino acids) . #% 18 i (carbon
metabolism) | 7F W {& (phagosome) | 18 4 — 5 Jit
1K 5 AE (plant-pathogen interaction)4 554X 3@ §§
FEENENBEEZ,. £ ZIPRE vs ZJCON
i, 2 S GRS I K 126 SRt i, Hh
A R 1Y A W) & L R A (ribosome) X
SAMUER R EWERBEHEZGR3D.,
Yy — 5 A ELAE AR AR BT I Y A RO T
X3 AN B R AR R .
2.4.1 RRAMY— A RAKZAERAER Y-
o i A B A A I v o R BIAR 2 5 R AH G Y
wEAE . RBhE s — Lo g R R T
ZJINF vs ZJCON v, iz Qi i 3 & 101 4~

DEGs, H:H# 74 4~ DEGs 8,27 4~ DEGs F i,
Hr CNGCs(H TR & FiEE 4 f 71
DEGs ik ,2 4> DEGs F ik ; CDPK (4%
WA 1 B A0 % & 9 4> DEGs B ik, 2 4
DEGs Fi#3£i5., 78 ZJPRE vs ZJCON 1, %A%
WHE B M2 T 41 4 DEGs, Hth 28 4 DEGs |
¥.13 A~ DEGs F 4, Ht CNGCs &b F 4 1
DEGs [ ik; CDPK 4 # K& 4 4~ DEGs i
ik,

2.4.2 RRSEARMEE S 7E A GEE LR
W B, P B 2 B 5 AR OC B B A AE 25
ik, AU B KB — 2 s R R T
ZJINF vs ZJCON 1, 54647 67 4~ DEGs, Hrf |
P48 1, T 19 4>, fF CALR (calreticulin, 45
MEFDAA 2 4 DEGs 8% ik.1 4 DEG F
VFRIE; £ N M 4 F 15 calnexin 246 A 1 4~
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DEG L i#ik. 78 ZJPRE vs ZJCON i, ji it
28 /> DEGs, Hivh 38 16 4~, F 8 12 4, CALR
FIRIEH  1F calnexin &7 1 4~ DEGs F Rk,

x3 BEWLEHEREEXHREERRER
Table 3  Pathway information related to

disease in each group

23] PRI % 44 B
Group Pathway

S4B IR 1 W

Biosynthesis of amino acids

ZJINF vs ZJCON

AR

Carbon metabolism

A

Phagosome

LY — 9 LA ELAE

Plant-pathogen interaction

IR LA IR

Biosynthesis of amino acids

ZJPRE vs ZJCON

WA

Carbon metabolism

ZFAELS

Ribosome

2.4.3 RRARMEEG fim TRMEH B
REPEZ 5 CNX 5B 1) CCRT 85 W 28 FHD iX 2
MEABTIES RE, BIAEF R RN & AN
TARSHE K ., 78 ZJINF vs ZJCON i, iZ A i il
B 154 4~ DEGs, Ho Bl 124 4>, i
£ 304, H CNX &A1 4 DEG Fi# ik,
CRT 44 2 4~ DEGs A .1 4 DEG T
ik, fE ZJPRE vs ZJCON v, Z A0} 8 i% v & F)
86 1~ DEGs,47 /4~ £ IK .39 AT KL, H
' CNX 44 1 4 DEG F 8%k, CRT £ ik
EH,
3 it i

AL TR " H AR T R & T,
297 VG LD A XA A ) R AR K AL 3T
AN . HIAAE S R PR, AE A PR T K e ™
F18) 24 el M it S, ST B A VAR AT R T ) A o 3 A
R PETE A P %%, KW F W 71% F N
40. 6% JRIETE Bl 4. 1 & 2. 670, Ca®' fEAE
YR P 3z i L AR M i 26 3 S S A 5 R L 0 Y
Ca’ WAL & B WY A K &R LR
STER RS, BF ST R, CaCl, Ab BE X E 8 MR )E
TR €8 S RN G S TR R (VN E SR S
—ERROR . BRI S AR E N R A
— 2 F A A L R R DR T R R AR
JE s A LAGE R R PP JTR Y S5 48 5 85 SR LAE S

20 00 %) 55 A R A 2 e o 0 A LR Ak B
BB VL, 4E R A0 M OE R AR PR O AR, FE B
JRUZ AR & BN Ca® ' A] DL i BT R
T P 04 I 9 2 Ak B v 200 L v B 6 T B 1 R
WCRE 1 5 B2 T R O ik R Rk s
YR B F BT, Al ZIINF 5 Z)-
CON Xt b & B, 22 R R IR I DI RE R LR 12 R IR
P 3% 42 T 0 M ST 3R O S P L A R
FRE B AR R R B T RS VB AR IR 45 A LA
B4 by ZJIPRE 5 ZJCON Xt kb & Bt
S 2235 5k K T e A 0T By 48 s R L 2 A R 3 R
b SO DI RE R B E 4. R REZ AN U it
ARG Z 5, R R A5 BT R B T . A
T B2 1o 1 2 SR B TG A TR TR e R AR A
WLIE H R 2 BLR IRA

) — 93 S B A TR AE AL 0 5 R AR R R
A=Yy AR AR Wy I 0 R N T R R E AR . R
Wt 56 A R O S R e R B AL — e R AR B
VERX A i TR R T 5 ZMMCmE N .. A
LK% B, ZJINF vs ZJCON 2& 5 % 35 3 N 1
KEGG & SEAEAE Y- B K 9 5T L /9 285 1 5T
T A WA 3 Z AR e b, HR SR R A Mt
it SR AR AG AR B 2 5 L X 3 A AR i I vE KR 22
SRBEN B H MR TR, X 3 00 g
I, CNGCs,CDPK,CNX, CRT,CALR., calnexin
XEE A SHY PR ES . CNGCs %45 & +
A ARSRAY A B M L B S 5 R R S
G 38 SN » I A5 B A8 S g K W) B R B 7 A
S W2 D) CDPK J2 — 25 0 W0 45 85 1%
SRR 1, A SR AR B i R O A g R R A
BRSO Ll i (U (ST
CALR % calnexin P Fh45 45 & 43 F 1R [F) BE 48 A
WYX AN B R 1 e 3y T HL A 58 AR 7R S
ORI SR o CNX FIL CRT 2 N 5T R 14 114
HEN 5> TR P R A A R
PR PE RS DA E B AR R HEMUE. S5
YA NE S TREYHE. 025 THEY A
KEE R R, CNX.CRT ®# & 5&H
FEim T &, R AR S e AR AR W e R R
JEt AR Wit S AR AL AL P S AR
CALR.CRT WF 45 8 11 3% 35 7K 7 1 5 fdt e A R
JG t 5 2 5 AN T T OE R i — 2
WS 45 2 2 1 AR U R X e B — 2 By
BRI .
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A Preliminary Study on Pathogenesis of Jujube
Black Tip Disease Based on RNA-seq

CHEN Xin' ,DENG Caiping' . NIU Yagqi' s WANG Shengji' and JTA Juqing®
(1. College of Forestry,Shanxi Agricultural University, Taigu Shanxi 030801,Chinaj;
2. College of Agriculture, Shanxi Agricultural University, Taigu Shanxi 030801 ,China)

Abstract Jujube black tip disease seriously reduces the economic value of jujube fruit and restricts the
development of jujube industry, but its pathogenesis is still unclear. In order to explore the molecular
mechanism of jujube black tip disease, Illumina high-throughput sequencing was used to analyze the
transcriptome of jujube fruits which were infected naturally black tip disease(ZJINF)and treated with
calcium hydroxide(ZJPRE) as well as healthy jujube fruits(ZJCON). GO analysis showed that the
deferentially expressed genes between ZJINF and ZJCON were mainly enriched in the biological func-
tions of calcium ion binding, calcium-dependent phospholipid binding, metal ion homeostasis and de-
fense response, suggesting reduced resistance of jujube fruit to adverse environment. KEGG analysis
showed that plant-pathogen interaction, end oplasmic reticulum protein processing, phagocytes and
other metabolic pathways were specifically enriched. The expression of CALR and CRT was inhibited
in ZJINF vs ZJCON. However, there was no significant difference between healthy jujube fruits and
fruits sprayed with calcium hydroxide. The results showed that CALR and CRT may play an impor-
tant role in the resistance to black tip disease, and this study will provide theoretical basic for further
interpretation of the pathogenesis of jujube black tip disease.

Key words Huping jujube; RNA-seq; Black tip disease; Pathogenesis; Diferentially expressed gene.
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