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Transcriptional analysis of grape in response to weak light
stress

CHEN Tianchi”, XU Tao®, LI Xuefu, SHEN Leyi, HU Lingling, GUO Yanfei, JIA Yonghong,
WU Yueyan

College of Biological and Environmental Sciences, Zhejiang Wanli University, Ningbo 315100, Zhejiang, China

Abstract: Grape (Vitis vinifera L.) in production is frequently exposed to inadequate light, which
significantly affects its agronomic traits via inhibiting their physiological, metabolic and developmental
processes. To explore the mechanism how the grape plants respond to the weak light stress, we used
‘Yinhong’ grape and examined their physiology-biochemistry characteristics and transcriptional
profile under different levels of weak light stress. The results showed that grape seedlings upon low
intensity shading treatments were not significantly affected. As the shading stress intensity was
strengthened, the epidermis cells, palisade tissue, and spongy tissue in the leaves were thinner, the
intercellular space between the palisade tissue and spongy tissue was larger compared with that of the
control, and the activities of superoxide dismutase, catalase and peroxidase were decreased gradually.
Additionally, the soluble protein content increased and the free proline content decreased gradually.
Compared with the control, significant changes in plant photosynthetic characteristics and
physiology-biochemistry characteristics were observed under high intensity of shading (80%).
RNA-seq data showed that the differentially expressed genes between CK and T2, CK and T4, T2 and
T4 were 13 913, 13 293 and 14 943, respectively. Most of the enrichment pathways were closely related
with the plant’s response to stress. Several signaling pathways in response to stress-resistance, e.g.
JA/MYC2 pathway and MAPK signal pathway, were activated under weak light stress. The expression
level of a variety of genes related to antioxidation (such as polyphenol oxidase and thioredoxin),
photosynthesis (such as phytochrome) was altered under weak light stress, indicating that ‘Yinhong’
grape may activate the antioxidation related pathways to cope with reactive oxygen species (ROS). In
addition, it may activate the expression of photosynthetic pigment and light reaction structural protein to

maintain the photosynthesis activity. This research may help better understand the relevant physiological
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response mechanism and facilitate cultivation of grape seedlings under weak light.

Keywords: grape; weak light stress; transcriptome; MYC2

H# % (Vitis vinifera L.) N 25 Rk
AAEY) . w1 T SE A R I Y LR
WKz ERZ, BaTCERER T2
M R R O A A K ) £ O B
KA, WA IS 0T W40 4 K 2 4 TR
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(48 29.5 cm, F 4% 27.2 cm, & 17.0 cm),
FERAANT RT3 (R - BiR=3 1, &
H)o BEAELTCN 1450 g, &AL 49.3 mg/kg,
BfE R 41.1 mg/kg, HALWE 8.2 mg/kg, A
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J5ba MG B R 2 il 361 1 (base calling) %1k
Ja 152 R iR B (raw reads), MFZERZ )G,
i DEGseq /4 xh Bds #4722 57 3R ik BE A
(differentially expressed genes, DEGs) 4347, SKH]
Gene Ontology $t#ig/% (http://www. geneontology.
org/) M HARILH K FEFH HF 24 (Kyoto
Encyclopedia of Genes and Genome, KEGG) %X
i FEXT DEGs %317 GO Hil KEGG & &40 17 .
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&1 XHETASIMFT
Table 1  Primers used in this study

Primer names Primer sequences (5'—3") Size (bp)
GSVIVT01038746001-q-F GGTTAGGGAGGAGTTTTGGCT 21
GSVIVT01038746001-g-R CGAGCCAACATGGAAGACCT 20
GSVIVT01007123001-g-F GAGGGGTGGATTTTTGGGAT 20
GSVIVT01007123001-q-R AAGCATTTTCCCAGCATCTCG 21
GSVIVT01021381001-g-F TGCTGAATGGCTCCTTACCG 20
GSVIVTO01021381001-g-R AGCAGTGTGTGACCTGAACC 20
GSVIVT01014587001-q-F CTGCTTGGTGCATTCCCTCT 20
GSVIVT01014587001-q-R TCCTGATCTCGTCCGGGTTA 20
Actin-F CAAGAGAAACCATCCCTAGCTG 22
Actin-R TCAATCTGTCTAGGAAAGGAAG 22

1.3.8 HIEHIT JEHERF AR IR o IR A, MR Ay

FHIWPIVEAT 3 WAEYFESL, M xR AT 8. 7% 9.7%, SR IRAH LY,
SPSS statistics 25 PP KUHRIATWHIEFRIT  BRWRRE,; AP T3 R T4 HERE 5 EE
M, {8 GraphPad Prism 8 2R & 2 A TR SE K T R, b2 oy, 5 60 Rk

Fb 359 R % 28.5%F1 40.6%, SXFHRAHLEL, 25
2 %%’%ﬁﬁ ¥ (& 1B).
21 EED I SERORE IS ARE- ARk Y ISl s
= R F2

MR g =T, AT 55 A 5 L
IR AR 0 — RIVAE KB HETIE (8 1A
M 2), XFRRZ CK FIALFRZL T1 AR ERAR Z At
AR KO BL A 5 AL PEZH T2 FERRAR R A

A CK T1

KRBl IR AR 5 3, e
ERAK, Ffﬁﬂfﬁfﬂij%f%, %}%ﬁﬁ?%ﬁﬁ g ggi : : i - g
A TE 22 5, B 55 et P I, : s I
R ERL AR 07 A, A HRA T3 oA 5% i::i::i -
AT ELH IR B, DR R L B = 10

ERUS XTI, 225 0%, HARKIehi g2

BEACTR AL, AMFIAL T4 REBRRE A B E S
Wk, AT, A hR G TR AL

R A i E 1 SR TRERARE ISR
TrIZE . SRR, ARHRAL T1 A T2 ARPRA T Figure 1 Growth phenotype and chlorophyll
SREARX AR LA S X AR, 5% L content of the grape under weak light.
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Fz2 5BAMHIE 45 d RN EEEKFERNFIT

Table 2  Effect of weak light on the growth of grape stressed for 45 d

Treatments Root system

Leaves

Length (cm) Average Surface area (cm®)  Volume Leaf area (cm?)  Morphological
diameter (mm) (cm®) characteristics
CK 1 860.4+4.3a 1.01+0.03a 621.24+4.4a 14.2+0.5a  490.2+3.2b Normal, deep green
T1 1 843.2+4.3a 0.99+0.02a 632.3+5.2a 14.3+£0.5a  485.0+3.6b Normal, deep green
T2 1 803.6+4.4ab 0.93+0.05ab 557.3+4.8ab 12.5+0.6ab 565.6+3.3a General, a small amount
of yellow spot, thin
T3 1462.1£3.6b 0.76+0.05b 428.2+3.7b 8.4+0.4b 523.842.9ab A small amount of drop,
more yellow spots, thin
T4 953.243.7¢  0.61+0.04c 315.2+3.1¢ 6.4+0.4c 365.243.2¢ A large amount of drops

and yellow spots, thin

Different lowercase letters mean significant difference (P<0.05).

22 BAPHEBWNHLEEFHRAUAESR
Sk A

L RE SR SRR ISR KR Sl
Y SRS FR AT R A I R Y R T R
P R i R AT T N UL [ Ah
HA M FEEE AR R LRI (B 24),
REPRZH T1 FIACFRLE T2 i 1 & = ok
Th i G de R e R R A, IR 25 AT, AbBEAH
T1 Al PR 1 o & i 5 0 IO LE TR 3.4%,
AFRZH T2 AL PR AR 10T 56 B LR B
6.2%, PHJ5XFHRAH IO 2 5 ARl T3
FAL R EZH T4 W]k 2 1 5T 3 5t Bl 5 3 B i)
FEA T [, I ZE AT, 5 B2 A LA
BIF B 24.7%F0 35.3%, BEMLTXR, §E
il R A Ak A N | 2B s, ALFRZH T1 0
Ab B 2H T2 Uit B 24 R B i 9 AR Akt 5 X R
FHAL, I ZE AT, i S Il R a5 X
M ETF 12.2%F1 11.7%, H 53 EE 2R E
o RbERA] T3 RIACHRA T4 U AR S B
B 2 Jolp 360 BsF ) B 4 S TR, G 2 R
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PRI BTG PR RIS RS S e o, AT AT
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PRI F % SOD ., POD #il CAT 1% M 2 e T )a
HepprEfee kA, R R, 5XTEMLLL, o
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Figure 2 Effect of weak light stress on the soluble protein content and free proline content of grape leaves.
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Figure 3  Effect of weak light stress on the protective enzyme activities and MDA content of grape leaves.
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SRS, AL T3 I T4 AR B
HAV ML TR R R R, T ARARAS AL,
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B4 FABETAFMAEVEE

MW EH, o iR 2w PR, B0RE B 7E 40
ff i %, WSR2 R SRR B 2 S
PR AT ROPATHES, SRS, SRR 2
Z, REARHIIE® BT, NTEMRS
I & S 7 AF X /N HLD U0 Ah B4l T1 5% R
4 CKAFBUARMRL, MRk K FL N 3 TE A A
A URL A R IE A HA T2 IR
MG, MSRARTF IR I . PN R UE R R RN R
WOk 2 HAF K, 5 RAML, 28R
BE; BEESCRERFS K, ABA T3
T4 2 (A B S ik i AR K, 2 S A PA L
BE TR WL P U8 AR N o Uk B R £
H2R (K 5).

100 pm

Figure 4 The cross-section of grape leaves under weak light. EP: epidermal cell; PT: palisade tissue; ST:

spongy tissue.

*3 FAMETAREMABEINEHEL

Table 3 Changes of anatomical structure of grape leaves under weak light stress

Treatments Leaf skin thickness (um) Palisade tissue thickness (um) Spongy tissue thickness (um)
CK 15.5+1.0a 33.2+1.3a 45.242.2a

T1 15.6+0.8a 33.741.2a 44.0+1.6a

T2 14.9+0.9ab 32.5+1.5ab 40.6+2.5ab

T3 14.1£1.1b 28.6+1.2b 30.8+1.8b

T4 12.2+1.3¢ 24.2+1.2¢ 24.7+2 3¢

Different lowercase letters mean significant difference (P<0.05).
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Figure 5 Effects of weak light on ultrastructure in palisade tissue chloroplast of grape leaves. Chl is
chloroplast; V is vacuole; S is starch grain; P is plastoglobules.
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Figure 6 Differentially expressed genes among CK, T2 and T4 treatments.
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Figure 7 GO function enrichment analysis of DEGs.

x4 EREFANKEGGC BEIBMESE
Table 4 KEGG pathway annotation and enrichment of DEGs

Pair-comparison KEGG pathway Gene No. Contained O-value
CK-VS-T2 Plant-pathogen interaction 588 Up & down 1.29x107"°
CK-VS-T4 Plant-pathogen interaction 691 Up & down 4.82x10°°
Photosynthesis-antenna proteins 18 Down 3.42x107*
Photosynthesis 60 Up & down 2.22x107°
Porphyrin and chlorophyll metabolism 52 Up & down 2.21x107
Glycine, serine and threonine metabolism 62 Up & down 1.29x1072
Isoflavonoid biosynthesis 36 Up & down 2.92x1072
Carbon fixation in photosynthetic organisms 53 Up & down 2.92x1072
T2-VS-T4 Plant-pathogen interaction 558 Up & down 3.53x107°
Photosynthesis-antenna proteins 17 Down 1.02x10°*
Porphyrin and chlorophyll metabolism 45 Up & down 1.96x1073
Glyoxylate and dicarboxylate metabolism 50 Up & down 2.58x107°
Carbon fixation in photosynthetic organisms 48 Up & down 2.58x107
Photosynthesis 49 Up & down 5.91x107°
Glycine, serine and threonine metabolism 51 Up & down 1.99x1072
Glutathione metabolism 68 Up & down 4.71x102

x5 WAMECKET2. T4 IEEMNHEFER
Table 5 Differentially expressed genes shared by CK, T2 and T4 treatments

Gene ID log, ratio (T2/CK) log, ratio (T4/CK)  log, ratio (T4/T2) Annotation
GSVIVT01038746001 1.2915 1.207 6 —0.083 9 Myc2 bHLH protein
GSVIVT01007123001 1.2389 2.3897 1.150 9 Polyphenol oxidase
GSVIVT01021381001 -1.592 6 -7.9251 —6.3325 Phytochrome E
GSVIVT01014587001 —0.346 2 -3.8316 —3.485 4 Thioredoxin h-type
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Figure 8 RT-qPCR validation of differentially expressed genes.
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Figure 9 The jasmonic acid signaling pathway in plants.
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% 6 CK-VS-T2. CK-VS-T4 FHEMHREXERNRIEER
Table 6 The expression levels of plant hormone-related genes in CK-VS-T2 and CK-VS-T4

Gene ID log, ratio (T2/CK) log, ratio (T4/CK) Annotation
GSVIVT01032747001 3.1359 2.697 6 PYL (ABA)
GSVIVT01030286001 2.000 5 2.366 5 PYL (ABA)
GSVIVT01024933001 3.3294 43114 DELLA (GA)
GSVIVT01014570001 3.0398 39171 DELLA (GA)
GSVIVT01010007001 2.0159 2.258 4 DELLA (GA)
GSVIVT01016520001 1.590 7 1.967 7 DELLA (GA)
GSVIVT01018270001 3.5019 4.8739 ERF (ET)

i 0 25 1 (thioredoxin, Trx) J&— 7
HYRN Z AR Z e E R, MY
M AL B H R G/EN ROS RGN EH 24 7,
A G BAYLSE A EE ST, W BEaE
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FIREH AR I CAT SEHT A ALEE I 1=
AT 18 5 O 33 855 i 30 A T 52 8 ) o FE AR5
o, BEE SSOCIMEREEE AT NGR, Trx h Rik
5 CAT iGPERIEMK, #E—2 ik T Laloi [
MREER .
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