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Common Pattern in Response to Pathogenic Fungal Stress of Tea Plants
Based on Meta-analysis

. . . . . . . o)k
LIAN Lingli'?, CHEN Qiang'®, ZHOU Ying'?, FU Jing'?, LI Wanying'?, WEI Rifeng'®, LIU Wei?
(la. College of Life Sciences; 1b. College of Horticulture, Fujian Agriculture and Forestry University, Fuzhou 350002, China; 2. Ningde Normal University,

Ningde 352100, Fujian, China)

Abstract: To explore the common response mode and disease resistance mechanism of tea plants (Camellia
sinensis) to pathogenic stress, bioinformatics methods were used to extract, integrate and function enrich of
multiple sets of RNA-seq data, and the main regulatory molecules and protein interaction modules were analyzed
by combining various tools and database resources. This results showed that the expression of cytochrome P450
family members in tea plant was significantly up-regulated under the fungal pathogen stress. The metabolic
processes of steroid and hormone, and phenylpropanoid synthesis pathway were activated, and the biological
processes, such as mitotic cell cycle regulation, DNA methylation and photosynthesis pathway were inhibited. The
major regulatory molecules, such as WRKY and NAC transcription factors, the RLK-Pelle and CAMK family of
kinases were mainly up-regulated. The differentially expressed protein interaction modules showed that the

modules involved in mitotic cycle regulation, microtubule motion-based, starch and sucrose metabolism, cell wall
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polysaccharide synthesis, photosynthesis, flavonoid metabolism were down-regulated, while lignin synthesis and

terpenoid biosynthesis were up-regulated. There may be interactions between modules. The key genes in lignin

and terpenoid synthesis pathways activated by pathogen stress included ferulic acid-5-hydroxylase gene (F5H),

peroxidase gene (POD) and terpenoid synthase gene HMGR. Cytochrome P450 gene might play a key role in

fungus stress of tea plants. Enhancing the synthesis of lignin and terpenoids, and weakening photosynthesis might

be the core modes of tea plants responding to fungus stress.

Key words: Tea plant; Fungal pathogen; Pathogenic fungi stress; Meta-analysis
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Table 1 Transcriptome data sets for meta-analysis

ErRe SgE| MFr& FEAR e I o3 J5 B4
No. Project Platform Sample Number Disease Pathogen

study1 PRINA396805 [llumina HiSeq 2000 CK/TR 6/6 JRIEIF Anthracnose Colletotrichum fructicola

study?2 PRINA528172 [llumina HiSeq 4000 CK/TR 3/3 B Leaf spot Didymella segeticola

study3 PRINA637492 Illumina HiSeq 4000 CK/TR 3/3 IH-BE Leaf spot Lasiodiplodia theobromae
CK: XFH&; TR: 595 I .
CK: Control; TR: Inoculation of pathogen.

N AY H

1.2 ¥uEabE PR AR R BRI o

KH FastQC v 0.11.8 X REAMEARBEAT T sk,
P} Trimmomatic 0.39 2 FR¥ESL AT & XI5, 3k
REFE LB 4RI R A HISAT2 K% B 5 132
BXUUHC 22 &7 7 B JE K 20, SR A feature Counts
XTULELES RBEAT T8 &5 H DESeq2 (v 1.32.0)
X & WU 7T AT 22 3415 73 i, M Logz Fold Change
(Log2FO)4EMHE>1 #ZIE S5 P {EH<0.05 BN B A
grit RO 2 57 RIE 7 N (DEGs).

1.3 BESTEEZERER

RT PAEA %, @i metaRNASeq!'*!f] Fisher
g G REZR TR M 7 1 22 S 3Rk 2 A (individual -
DEGs)i#t 47 %4, Hp % H Benjamini-Hochberg 4
AR ILEN IR 4G PAEEAT R, BUR IEJ& P {H<0.05
B — BRI NS E R R
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meta-DEGs )55 BUE, FHHERmin 7t 55504
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Fig. 1 Venn diagram of differentially expressed genes between individual

studies and meta-analysis
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Table 2 Top 30 differential expressed genes identified by meta-analysis

=1 =) e ST
ri:— %iﬁig Log,FC FDR NRN;HS):tﬁion ;;fi
1 TEA010837" 5.95 0 PREDICTED: cytochrome P450 8743-like Up
2 TEA029334" 5.77 0 PREDICTED: cytochrome P450 8743-like Up
3 TEA000262 -5.72 0 Hypothetical protein Down
4 TEA009585" -5.37 6.95E-14 Dehydroascorbate reductase Down
5 TEA006527" 5.35 0 PREDICTED: cytochrome P450 87A43-like Up
6 TEA020843 -5.29 2.75E-14 UDP-glycosyltransferase 9/44 Down
7 TEA029013" -5.12 1.73E-15 Hypothetical protein Down
8 TEA006672 5.06 0 Cytochrome P450 isoform 1 Up
9 TEA010186 5.00 0 Alpha carbonic anhydrase 7 Up
10 TEA017523 4.93 0 PREDICTED: pathogenesis-related protein Up
11 TEA020596" 4.89 0 PREDICTED: laccase-7 Up
12 TEA010173 4.74 0 Cytochrome P450 CYP749420 Up
13 TEA010466 4.73 0 Cytochrome P450, family 71, subfamily A Up
14 TEA017518" 4.73 0 Probable serine|threonine-protein kinase Up
15 TEA004802 4.70 0 Cytochrome P450 CYP749A448 Up
16 TEA002991 4.69 0 PREDICTED: probable F-box protein Up
17 TEA027358 4.57 0 PREDICTED: probable F-box protein Up
18 TEA026205" -4.50 0 Hypothetical protein Down
19 TEA029386 4.41 0 Serine protease inhibitor Up
20 TEA025967 4.38 0 PREDICTED: cytochrome P450 71426-like Up
21 TEA002397 4.36 0 Kiwellin Up
22 TEA015292 4.36 0 PREDICTED: monocopper oxidase-like protein Up
23 TEA028019 -4.36 5.86E-14 PREDICTED: protein PHLOEM PROTEIN 2-LIKE Down
24 TEA008082 433 0 PREDICTED: F-box/kelch-repeat protein Up
25 TEA013240" 4.29 0 PREDICTED: pathogenesis-related protein PR-4-like Up
26 TEA003425" -4.25 0 PREDICTED: probable pectate lyase Down
27 TEA018302 4.22 0 PREDICTED: inositol oxygenase 2-like Up
28 TEA017625 4.19 0 - Up
29 TEA029482 4.18 0 U-box domain-containing family protein Up
30 TEA033474" 4.17 0 Chitinase Up

*: 345 DEGs. T

*: Common-DEGs. The same below

22 BEERKTIREREDT

X HE o M SRR R AN R I 2 S R A R K]
ST GO LI BRI KEGG AR i 42 1) & 4 4%
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BT o e 10 1 e T 2 b g S [ A . R A
NI ER £ 7/0D ) VAN SV PSR AN IR e S //buR e
KEGG 73#7 [ B & SR B S 2 R B 5 . 4
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Table 3 Functional enrichment data of differential expressed genes by meta-analysis

B PR 4 P Sl i ik FDR B R
Gene set Source ID Description Number
NmUE 1 GO m 4 G0:0008202* F[H BEAEHLFE Steroid metabolic process 1.39E-11 29
Up-DEGs CEVIER)  G0:0016131%  i3e = EE /8t Brassinosteroid metabolic process 1.82E-10 21
GO:0016128*  AEY{§ACHHTFE Phytosteroid metabolic process 3.45E-10 21
GO:0042445* W HEMUHIFE Hormone metabolic process 4.58E-09 40
GO:1901615*  H{HFZFEAGPRH L FE Organic hydroxy compound metabolic process 2.61E-08 38
GO0:0009636 A FEYIT IS, Response to toxic substance 4.26E-04 31
G0:0009698 KA KAREHLFE Phenylpropanoid metabolic process 1.16E-03 16
GO:0042542 F L AL EIM . Response to hydrogen peroxide 1.12E-02 14
G0:0052542 IR TR S| & P48 . Defense response by callose deposition 4.96E-02 6
KEGG 4 map00940* KN FEAYI4 8 Phenylpropanoid biosynthesis 1.42E-13 49
map00908 FAREAEME R Zeatin biosynthesis 2.13E-09 21
map00905 S ZE WA Y6 ) Brassinosteroid biosynthesis 1.75E-07 17
map00902 il 2E 44 B Monoterpenoid biosynthesis 2.11E-06 23
map00590 A VGRS Arachidonic acid metabolism 2.96E-05 14
map00591 WA Linoleic acid metabolism 6.61E-05 13
map04016 HE%) MAPK {5*5 812 MAPK signaling pathway-plant 6.07E-03 24
map00073 . ARTURIE YA A Cutin, suberine and wax biosynthesis 6.73E-03 8
map00430 B H KR Glutathione metabolism 8.65E-03 16
map00380 BRI Tryptophan metabolism 1.18E-02 16
TF ®4E WRKY WRKY #3%[K-F WRKY transcriptional factor 2.84E-06 13
NAC NAC ¥ 3[R F NAC transcriptional factor 1.46E-02 9
TR GO F% GO:0007017* K THER)IFE Microtubule-based process 2.45E-11 52
Down-DEGs  (E#ILHE)  G0:0071554 21 i BE 4 B4 50 A4 B Cell wall organization or biogenesis 7.82E-08 64
GO:1903340 4wk 425 5 A e T i 45 3.96E-07 9
Positive regulation of cell wall organization or biogenesis
GO:1903047* B 2 1 2 Mitotic cell cycle process 1.16E-06 46
G0:0010087 ) 2 R BA A 41 4E K Phloem or xylem histogenesis 5.38E-06 29
G0:0006270 DNA & #ili{tih DNA replication initiation 5.38E-06 9
GO:0007346* 25y R4 JE 11815 Regulation of mitotic cell cycle 9.93E-03 22
GO:0007019*  F4’& fi# 2R Microtubule depolymerization 6.18E-03 5
GO0:0032776*  Jfgmzng I ZE{k, DNA methylation on cytosine 1.37E-02 5
KEGG % map00941 AL YA K Flavonoid biosynthesis 5.78E-06 24
map00945 B IR PSRRI I AR K 4.89E-04 17
Stilbenoid, diarylheptanoid and gingerol biosynthesis
map00909 il 21 A = RE R A E K 8.82E-04 14
Sesquiterpenoid and triterpenoid biosynthesis
map00500 JENT FIBEMEAC I Starch and sucrose metabolism 1.15E-02 26
map00195* H&1EH Photosynthesis 2.01E-02 13
map00940 KINKEA P14 B Phenylpropanoid biosynthesis 2.41E-02 31
TF ®% GRF AR IFFHE T Growth regulating factor 8.75E-03 6

1M PR LR () & AR g R SR B, o i i R 5%
R (1) 200 B B 2H SR AR B A 22 43 L A B R B R T
DNA S il T i SR S RS, 28 2R
FEED R R VER SIEREARU . A 1EH S
KA IRAT 32 24 o

DL E R O = IR 2R A B A s A% AT I 2T TR
HEAEHIEE M 38 common-DEGs [1)_F i1 i
THITESE, iR ERPRNGEE RIS I R

A YREB BLIR-5- 7 S B 1Y) F5H 55K (TEA032005 1
TEA000057). i %54k Pi LK POD (TEA001789.
TEA028696). HEEF /KBS K GH (TEA004253)FH
- FELF R FE K (TEA001710); &4 FDEA1E
BRI FE R A AL R 1 I psad F psaB FE K
(TEA017139.TEA001351. TEA002548 1 TEA033829),
FHX 2 AR AR LE FOR ] 5 BT 3 H ki B
YEH .
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Fig. 2 Distribution of transcription factor families identified in meta-DEGs
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miRNA 2 5 R R @id miRNA-E
PR IR SC R W FI0, AT %095 B b8 R 78 AN R ISR
A B AR LR AT BE A2 31 53 4> miRNA (H)E T 23 4

miRNA KR K 4 070, miR414 4%
MR E R 2 (34 1), KR S 56 225 H 4
FELJE I AR . R A S A P B 2 2 AR SR AR A
HIR miR397 A miR396 43 1 H0 il R AN AE K 1 15 [
TIFRIE, FHWIXEE miRNA ] A2 5 5 1 i H
FKIER T AL, miR156 A1 miR166 A% 5F K ik
.2 5 250 5 iy A i 57, 4% 00 3 DR 6 5 4w Y SPL
B R KA 1) 2 1 R [R] IR 4 e 2 R o i
A

50 m L Up B T Down
840
£
Z 30
..‘I
%
| ““I I
. 1a LN
= T V8 XL T IEE~T
ST D I B R S U~
35Sg53ss3sg83
rs X Oy “\§~4m S 82 s
R 23
e T R R B s B B T I LN
< = 2 O =5 X
5 3 < JSEEF g
x X N @“ =
é

ZARTE AR RLK family
K3 ZRARIEEEE T E OB RLK AR 7346
Fig. 3 Distribution of sub-families in protein kinase geneRLK identified in

meta-DEGs
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Table 4 Potenial miRNA family and targeted down-regulated DEGs

G B A HFRFE K] Target gene
Number of
ID member $& Number %afi0 3 [ (3K ID) Coded protein name (gene ID)
miR414 1 34 Uncharacterized protein (TEA015310* and others**); Transferase (TEA028075/TEA009743/TEA006572); Cell

division control protein 45 (TEA022182/TEA025130); Protein kinase (TEA032972/TEA006075); Growth-
regulating factor (TEA001894*)

miR397 2 8 Laccase
(TEA000123/TEA000126/TEA004843/TEA009203/TEA016939/TEA021420/TEA030739/TEA004737)

miR396 2 6 Growth-regulating factor (TEA000953/TEA001894*/TEA014228/ TEA018911/TEA026508/TEA027740)

miR845 1 6 Protein kinase (TEA004539/TEA008006/TEA020015); G2/mitotic-specific cyclin (TEA002331); Myb-related

protein (TEA015433); uncharacterized protein (TEA000590)

miR156 12 3 SPL transcription factor (TEA008702); K(+) efflux antiporter (TEA028010); Hypothetical protein (TEA018351)
miR166 9 2 Homeobox-leucine zipper protein (TEA004692/TEA023406)
miR172 5 1 Hypothetical protein (TEA025666)

miR160 3 2 Auxin response factor (TEA005980); Hypothetical protein (TEA015310%)
*: %2 24 miRNA ZBREE; **: DhagRm, it 214

: Regulated by two miRNA families; **: Unknown function, 21 in total.

*
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Fig. 4 Distribution of the modules in core network of tea plant response to fungal stresses. Triangle: up-regulated expression; Round: Down-regulated
expression; Square: Both of up- and down-regulated expression. M1: Regulation of mitotic cell cycle; M2: Microtubule-based movement; M3: Starch and
sucrose metabolism; M4: Cell wall polysaccharide biosynthesis; M5: Photosynthesis; M6: Flavonoid and steroid biosynthesis; M7: Lignin biosynthesis;

MS8: Terpenoid biosynthesis.
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Fig. 5 Lignin synthesis module (A) and terpene mevalonate synthesis module (B) and protein interaction. Red: Differential expressed enzyme gene; Orange: Up-

expressed gene ID; Grey: Down-expressed gene ID; *: Common DEGs. Dotted line: Interaction.
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JUFE A BiR#IA, He FSH (TEA000057 f1 TEA
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