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Transcriptome differential expression analysis of the tangerine pathotype of
Alternaria alternata after infecting citrus resistant/susceptible varieties

Zhong Yinshan Zhang Yidan Tang Kezhi® Zhou Changyong’
(Citrus Research Institute, Southwest University, Chongqing 400712, China)

Abstract: To explore the differences in gene expression of the tangerine pathotype of Alternaria alter-
nata during the infection of citrus resistant/susceptible varieties, the susceptible variety Hongju and the
resistant variety Newhall navel orange were inoculated with mycelial pellets of the tangerine pathotype
of A. alternata, respectively. The high-throughput sequencing technology was used to sequence and
assemble the transcriptomes of samples at the mycelial stage of the pathogen (0 h) and during three
infection time points (12, 24, and 48 hours post-inoculation). Additionally, functional annotation and
classification were performed, along with differential gene screening and analysis. The results showed
that the functions of the specifically differentially expressed genes (DEGs) of the tangerine pathotype of
A. alternata after infecting Hongju were mainly enriched in cellular energy metabolism, the synthesis
and decomposition of amino acids and coenzymes, and the pectin degradation process. The functions of
the DEGs of this pathogen after infecting Newhall navel orange were mainly enriched in cell structure

construction, cell communication, and environmental stress response. These results indicated the differ-
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ences in the biological responses and metabolic pathways activated by the tangerine pathotype of A.
alternata when infecting Hongju and Newhall navel orange. When the tangerine pathotype of 4. alter-
nata was inoculated onto detached leaves of Hongju tangerine, it actively infects the host by coordi-
nating the regulation of virulence, metabolism, growth and development processes, thereby suppress-
ing the defense response and achieving efficient parasitism adaptation within the host. When the tan-
gerine pathotype of 4. alternata was inoculated onto detached leaves of Newhall navel orange, the
pathogen and the host’ s defense systems remained in a state of constant interaction. Due to the con-
tinuous defense interference from the host, the pathogen was unable to completely break down the
host’ s resistance, this results in the inability of the mycelium to successfully infect and colonize. The
real-time quantitatire PCR verification results were consistent with the transcriptional sequencing
results, indicating that the transcriptome sequencing data was reliable.

Key words: the tangerine pathotype of Alternaria alternata; resistant/susceptible varieties; transcrip-

tome; differentially expressed gene

Bl A% 1t AT A7 20 7 (the tangerine pathotype of
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2019) o ke 10 P RS 350 AU T SR YA 2 S H A AC
Foft R348 43 5 iz A% (Vicent et al., 2000) , 5| 2 B |
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Table 1 Real-time fluorescence quantitative PCR primer in this study

FE[H Gene 19551 (5'-3") Primer sequence (5'-3")
actin F: GCCTTCCGTCTTGGGTCT R: AGGGCGGTGATTTCCTT
AALT gi25 F: CACATCGGCGGTCTTTACG R: GCAGGAGGTCTGTATTAGGGT
AALT g2462 F: TCTCCGCTCTTCTTATCTCCG R: CTTGATGGGCACTATGACAGC
AALT g8240 F: AGGTGGCGGAGTCTTGGT R: AAGCCCTCGTTTGGTTCG
AALT g9301 F: GACACCTCAATCACCCACCA R: GCGAGCCAGTGCTTCCTAG
AALT g9488 F: AACCTCCATTTCCATCACCA R: CATCGCAGTCTCATCAGTCG
AALT g9548 F: CCACCAACAACGGTTACTCAG R: TGGATGGAAGGCTGGTTGA

12h

A

1111

I R e AKX B s p A5 B 228K . Left side of leaf: Water control; right side of leaf: hyphal pellet.

Bl 1 Befh ST W% EUR B S R B B 18] | R m AR A 15 AR B A8 (A~C) FBUR m AR 4145 (D~F ) Bkt i _ERYEIR
Fig. 1 Symptoms of detached leaves of resistant variety Newhall navel orange (A—C) and susceptible variety Hongju (D-F)

at different time post inoculation with the tangerine pathotype of Alternaria alternata
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23 HERAEBERAELATEERREERNH
DL S 6 TR 35005 TR PR 22 R Ok o R, AR
(RYLLIAF B 12 b A ER R E A 2 121422
SEFRIRFER, Ho 1 5294 AR, 5924 PR
ik R YL 24 hS KN E] 2 654 25 Fe TR HLP, Horp
1 7364~ FiHFIR, 918 1~ T IHFRIE 1R 4% 48 h 5 kil
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Table 2 Transcriptome sequencing quality statistics of citrus leaves infected by the tangerine pathotype of Alternaria alternata

B Jrlfread 80 3 U8JS read £ ﬁi{)ﬁiﬁ read EP BT %@k? 300 X ESHRERAR X SR M

Sample Total raw Total clean TR R IEE T E 5] clean read 'I:ISW El.ﬁq clean reaq L)
reads/M reads/M Clean read Q30/% Total mapping/% Uniquely mapping/%

AOh 48.35 42.77 91.72 98.17 97.38

AGI2h 50.68 43.24 92.46 48.06 47.87

AG24h 49.51 42.77 92.46 45.98 45.82

AG48h 47.19 43.20 91.81 45.63 45.47

AKI12h 48.93 42.74 92.25 43.94 43.75

AK24h 48.35 42.38 92.57 26.38 26.28

AK48h 47.77 42.51 91.98 29.26 29.16

AOh : HEHS A REEOW B 1R 22 s AG12h , AG24h  AG48h - 15 12,24 F1 48 h (LT AZ I 115 AK12h , AK24h AK48h : H7f1 5
12,24 F148 h 2l wf R B #E - . AOh: The hyphae of the tangerine pathotype of Alternaria alternata; AG12h, AG24h, AG48h:
Hongju leaves at12, 24, 48 h post inoculation (hpi); AK12h, AK24h, AK48h: Newhall navel orange leaves at 12, 24 ,48 hpi.

50254 12 h (RE S A LA, B 22 BRI YL 2T A
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AR A LEE , PR 22 BRIZ SR 20 A v e 48 h s i 5]
S S TR A 279 25 IR N, Hirh 2024~ iR ER

3500 r 23 Total
3000
2500
2 000
1500
1 000

500

0

ERREERHKE
Number of differentially expressed genes

Oh Oh 0h 12h
41#% Hongju

24h Oh Oh

K, 77T T RS s R Al oy R I RS F 48 h S #r
2| 143422 R RIBE P, Hh 74 4 LR K, 691>
TFRE(E2) o LA IR, T 2R Y%
FUIG ot A 2 A2 G S it ol , AR T A A TR 2K
o TR RE SIS 4R YL B AR i | T AR (40 I 1 22 7 38 5R
FEPFCE TS H DR AR 2 T R
SR H

B i Up-regulated O T Down-regulated

12hvs 24hvs 48hvs 24hvs 48hvs|12hvs 24hvs 48hvs 24hvs48hvs

0Oh 12h  24h
475 /R 7 & Newhall navel orange

B2 #EAEREREAREENPHENRERMEREERREERSR

Fig. 2 Analysis of differentially expressed genes of the tangerine pathotype of Alternaria alternata between samples of resistant

and susceptible varieties at different infection stages
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A 12hvsOh 24hvs12h

48hvs24h

B 12hvsOh 24hvs12h

48hvs24h

3 BRAEREREERAME (A AR /REHE(B) MR ERRENE R ZERRIEEE Venn E

Fig. 3 Venn diagram of differentially expressed genes of the tangerine pathotype of Alternaria alternata after infecting the leaves

of Hongju (A) and Newhall navel orange (B)
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373 L TR 2 G B S i U 39 63K A 109 MU AE (R
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8 T R AR B0 T A AR Y M AR DB S RS R S AN TR
M 1 5 PR S G B AL ), ] RS [
2.4 ERAEBERAGSRIEERRIEEEIIGES T

ek 2 R RA NI GO ke B 445 R
7N, EEEAR UL 0 hF 12 b R RE A, B 6 R A 20 7R
(RYLTAG RSB 1 FE e 22 S FR S I ) D g 2 22
A TR AT =R A AR S WA A i
A ATP AW A G RE A K S TR s i i A i g
A AT TR (] 4-A) ;4 A 16 B8 A7 B80S AL 12 e 4 1o
IRIGFHE JE AR B e et 22 S R SR I D RE 2 28
BT 1,3-p-D 1 R G B AT 108 RS BT R
JRZR A AR 0 M SR s A % 1 - g -5 -
A T Mot S it T 2 3 1 (51 4-B) o

FLAS AR YL 12 h Al 24 h B9RE &, SRS TR ARG B0
RUSYLLT AT 5 15 B A RS 25 R A RN A Dy e
BLE LTI E R 2 A E R A U TGP s T
Tk TR Bt T35 LA R A T 2 it 1 47 3 1 (11 -

A) 5 SRS TR TR B0 B AR Y e fer R RS )5 75 21
S 2 S AR AR LR 1Y D RE W AR AR B BIK, 7E O fH
e/ NI 20 4% B ok B0 E S HL R T 0.4 19 4%
H(E5-B).

A= G 24 h F148 h AR, A 18 B G B0k
UYL LA 545 B A Re S 2 S Rk B R i D g 3=
LR T I M o T e % ([ 6-A) s HAR e al
Taf SR G AR JE A 2 (9 R S P 22 S R S R 1 T g 2 2
BET GEAMIRZ ARG (5B RZ M K
SZARTEE | 1-E 3L H Yl -3- B R O-WEILHE B i M
P& LA SRR ER I S RS P % (161 6-B) o
2.5 HIRAEBEREMSRIEERRIEER LS

RS TR A AR BOR TR ARG IS L LA R G4 0 h Al
12 hFE A, JEARA 11 > Feak i W38 B A L, 4y
T2 iz 5 F B Z % (major facilitator superfamily,
MFS) 3 [H AALT g2605 . % % ¥ -6- 0 12 i 3 [
AALT g10422 ., CenpB-DNA %% 4 % 1 3 [N AALT
g3278 \AAA F % ATP il H: K| AALT g9980 W12 EL
BB R HEIN AALT 2566 \U4/U6 /NI B H
LK AALT g5460 Al FEAT T 45 1 G 5E [H 44LT
2320 Cupin FEZE (13 R AALT g8201 LI K 3 M BE
EHREN AALT g7983 AALT g5681 F1AALT g6825;
AAF TAFR i B R FE , BVRT I ) R 1
WYL AALT g7771, A=Y 12 hFl24 hB9RE
RAAFFR AR B DRI (AR 3 Rib =
2 N A SR, 43 00 & MO25 R R AALT
210918 17 Z IR FEA 7K fift il 14 (ubiquitin carboxyl-
terminal hydrolase 14,USP14)[RJJFIER AALT g10968
1 AAR2 (AAR2-like protein) & A [] 5 3 Kl A4LT
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FIRE W FIRAYIED, 23 e WE T K Sk i R T
AALT g6081 ,AALT g10661 AALT gl1736.CO6RERE
H LK AALT g5016 . RNA12 JL[H AALT 4483 . 4
RAPRILEEREN AALT 8617 Na™/H' 3% [ 5% 12 5 11 5
AALT g2592 il AFFSRRIGHIN AALT g5350.,
Rxt3 8 FH 5L AALT g3906 WL 5hE& F ATP fiff 3 A

A

AALT g1815 FAR e B AALT g173 ABC %
B AL AALT g1073 R U Sl T FE
AALT g6269 Fl 1 e 8 H B AALT g3804; 3k
BIAFIRE WE TR, HE R RAET
IR AALT g7035,

WAL AR Carbohydrate metabolic process ] PY R
Hydrolase activity, hyﬁ?%%ﬁ%zg yﬁ&%ﬁ&ﬁnﬂ _ ® No. of genes
KRBT, VB THiZ4 Hydrolase activity, acting on glycosyl bonds ® e 4
YRR KAL A& AR BHE AR Cellular carbohydrate metabolic process | ° ® 44
BRARAL B W5 RAREHE R Carbohydrate catabolic process | ° @ 83
BSIEIEE A TS Transmembrane transporter activity | @ @ 123
LW RAHE R Polysaccharide catabolic process ] ® . 162
185 Transporter activity | @
IS E = BERR AR BHT 8 Purine nucleoside triphosphate metabolic process | ° 0
TEL A B = BERRAR S 2 Purine ribonucleoside triphosphate metabolic process | ° 0.00
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Fig. 4 GO functional enrichment analysis of specific differentially expressed genes between Hongju (A) and Newhall navel orange

(B) samples infected by different races of the tangerine pathotype of Alternaria alternata at 0 h and 12 h of infection
LI O fli /N 201~ GO 43 Z54E K], The bubble map was plotted with the top 20 GO terms with the smallest O value.

AR YA R RIS, FER S 0 h R 12 hFE
A, AR S AR W EIAYIEIN S e ATP 4%
4G A FE N AALT g5095 . WD40 & & & (1 3k A
AALT g6762. £ Bt %l Wl A 28 & B g & [ A4ALT

25927 JWEHE FAFEIN AALT g4769 Fl YjeF £5 M I A
AALT g5452; 343 2 Fih i B 3 NI IER, 5
) 2 FEL Bl B 22 T [ AALT g2654 F11 AhpC/TSA i
FALBE LN AALT g11199. FCEAZ YL 12 h F124 hif)



1386

N7/ T T S

52%

FEfh R4S SRk W 3 DIRBY L, 2 i R
K fift W N AALT g6081 ., 7% ZF Wi 3% Ik B 25 [H
AALT g4425 | — Z i Tt S W 5L R AALT g9011 .
T ) It il G DKL AALT 3130 F1 1 ANBCE & 1 3t A
AALT g7078;{HARHAF RIS & T IRAEER .
B2 YL 24 h F148 h AL Sh , 3R 5 DRI B T

A 1-fede-2- 2B H i BEER IHBRER BEVE 4 1-alkyl-2-acetylglycerophosphocholine esterase activity

VAR IED 73 iR S R R RS N AALT 10619,
NAD(P)Z5AHE HIE R AALT g6002 MFS il FHJEY)
BEis T LN AALT 3010, Rho GAP #2511 A
AALT g7463 BRI 5K 44ALT gl615;
[FIREAR IR AR 23k B 3 IR FE A

S M B % BAE B A FREEE I Tetrahydrofolylpolyglutamate synthase activity

HEH

B LB Z.B: Z.BREHE M Fumarylacetoacetase activity

o No. of genes

ToHUBEER & 5 5432 B 9 3% 4 Inorganic phosphate transmembrane transporter activity

BEBRGREIE M Glutamate decarboxylase activity
4 % Z B EEE #: Histone deacetylase activity |
EIBE A Transporter activity @
AEBRARBITRE Glutamate metabolic process |
HEBRARBILRE Glycine metabolic process ]
HEREWE RIEFE Glycine biosynthetic process |
L-ZR R UHT R L-phenylalanine metabolic process |
L-EHRER R BHTRE L-phenylalanine catabolic process |
EEE R BHT R Tyrosine metabolic process :
ERE R AR YT & Tyrosine catabolic process
BRRAREHT R One-carbon metabolic process |
S 4% B F-RaAs Cellular calcium ion homeostasis |
St 4E AL B3R [ BL Response to oxidative stress
JUT R4 Chitin binding
W4k&5 4 Ferrous iron binding
REBE R EEEBRA BT Glutamine family amino acid metabolic process
TE % BRI AR )& BRI R Purine nucleobase biosynthetic process

REFIE R#B4 Integral component of membrane

& Membrane

BRIKA B fRAR BT AR Carbohydrate catabolic process
PSS B A& Transmembrane transporter activity

HEAI B A R4 Intrinsic component of membrane ;

B A &M Transporter activity : [ ]
TKAREEE 1, KARO-BEFAL &) Hydrolase activity, hydrolyzing O-glycosyl compounds

JE PR 4 %2 R4 Anchored component of membrane

LR AR TR Polysaccharide catabolic process |

BRKAL &R EHE R Carbohydrate metabolic process |

[F] %532 5 F & Symporter activity 7

JKAREEE M, VB TR Hydrolase activity, acting on glycosyl bonds |
PR A YR BHEHE Cellular carbohydrate metabolic process 7
LR YT R Polysaccharide metabolic process |

BEERIR B 7412 Phosphate ion transport 7

20 $ERBHE AR Cellular polysaccharide metabolic process |

B FIZH Ton transport |

ZREF 454 Tron ion binding b
ZHHAEE Cell wall |

0.21

0.42

H %
No. of genes
® 3
® )7
® ;5
® 1,
@ v

Q

0.00

0.02

0.04

EHHH Rich ratio

T T
0.1 02 0.3 0.4

Bl 5 $ERMEERRAIE LI (A FAR/RERE(B)12 hfl24 hiFREHEERHERRIEZEE GO EEEE N

Fig. 5 GO functional enrichment analysis of specific differentially expressed genes between Hongju (A) and Newhall navel orange

(B) samples infected by different races of the tangerine pathotype of Alternaria alternata at 12 h and 24 h of infection
L O fiifme/ NIRRT 200 GO 43 Z-4E K], The bubble map was plotted with the top 20 GO terms with the smallest O value.
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Fig. 6 GO functional enrichment analysis of specific differentially expressed genes between Hongju (A) and Newhall navel orange
(B) samples infected by different races of the tangerine pathotype of Alternaria alternata at 24 h and 48 h of infection
PL Q8 HF/INTT 201~ GO 43 254EE] . The bubble map was plotted with the top 20 GO terms with the smallest Q value.
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Fig. 7 Transcriptome sequencing results of differentially expressed genes in Hongju (A-F) and Newhall navel orange

(G-L) leaves were compared with RT-qPCR results
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