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Preliminary analysis on the mechanism leading to difference in internode
length between Venus Seedless grapevine and its shorter internode mu-

tant Zijinzaosheng

WANG Bo, WANG Zhuangwei, WANG Xicheng, QIAN Yaming, WU Weimin"

(Institute of Pomology, Jiangsu Academy of Agricultural Sciences/ Jiangsu Key Laboratory for Horticultural Crop Genetic Improvement,
Nanjing 210014, Jiangsu, China)

Abstract:[Objective]Grape industry is labor-intensive, especially in the management of new shoots. In
practice, grape with shorter internode length has such unique advantages as labor saving and simplifica-
tion in canopy management. Although the dwarfing mechanisms in many fruit trees have been studied,
little has been studied in grapevine. The mechanism of short internode in grapevine remains unclear.
Mutant is ideal materials for study the genetic mechanism of traits. However, short internode mutants of
grapevine are scarce. A grape mutant named Zijinzaosheng with short internode was discovered from
the progeny of Venus Seedless grapevines after treatment with colchicine. A previous study showed that
the chromosome ploidy of Zijinzaosheng was the same as that of Venus Seedless. The DNA sequences
had little difference between Zijinzaosheng and Venus Seedless, and the genetic background of the two
materials is highly consistent. The short internode trait of Zijinzaosheng was stable in multi-plot trials
for several years. The fruit of Zijinzaosheng was not sensitive to exogenous GA;. We speculated that the
mutation mechanism of Zijinzaosheng was different from that of Point Meunier. In order to elucidate
the mechanism and regulation of grapevine internode, comparative analyses on internode length, cell
morphology of stem, endogenous hormone contents and small RNA sequencing were conducted in the

study. Meanwhile, the influence of exogenous hormones on the internode length in Zijinzaosheng was
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also evaluated. [Methods]7-year-old trees of Venus Seedless and Zijinzaosheng were used as the experi-
mental materials. They were planted in Lishui plant science station of Jiangsu Academy of Agricultural
Sciences, a core demonstration vineyard of Nanjing Experimental Station of China Agriculture Re-
search System for Grape Industry. All the plant materials were maintained under rain-shelter. The study
was conducted in 2019, and shoot tips were collected for high throughput sequencing; the young leaves
at the shoot tip were sampled to determine the endogenous hormones. Cell morphology were observed
under a scanning electron microscopy, and endogenous hormone contents analyzed with an LC-MS/
MS. High throughput sequencing was used to analyze the different miRNA. The study of exogenous
hormone treatments was conducted in 2020. Shoot tips and shoot internodes were treated with 0.25
mmol-L" GA;, 0.25 mmol-L" Jasmonic acid or 0.5 mmol- L' DIECA (biosynthesis inhibitor of Jasmon-
ic acid), respectively. The treatment with ddH,O was used as control. The internode length was mea-
sured after exogenous hormone treatments. [Results] The results showed that the internode length of
one-year hard shoots of Zijinzaosheng was lower (47%) than that of Venus Seedless. The cell number in
the stem of Zijinzaosheng was smaller than that of Venus Seedless. There was no significant difference
in cell size between the two cultivars. Jasmonic acid (JA), jasmonoyl-L-Isoleucine (JA-ILE) and salicyl-
ic acid (SA) in Zijinzaoheng were significantly higher, while indole-3-carboxylic acid (ICA) and indole-
3-carboxaldehyde (ICAld) were significantly lower. The contents of gibberellins (GAs, GAy» and GA;),
cytokinins (IP, cZ and tZ), auxin (IAA, ME-TAA) and ABA were not significant different between the
two cultivars. Some gibberellins (GA,, GA., GA+,, GAy, GAxn, GA» and GAs;), auxin (IBA), jasmonates
(H2JA, MEJA) and cytokinin (DZ) were not detected in either of the two cultivars. Small RNA sequenc-
ing results showed that 21 differentially expressed miRNA genes were detected, including 7 known
miRNAs (miR156f, miR535a, miR535b, miR535¢c, miR3635-5p, miR319b and miR319f) and 14 novel
miRNAs (miR48, miR28, miR33, miR68, miR55, miR81, miR70, miR78, miR165, miR162, miR152,
miR58, miR108 and miR45). 556 target genes were predicted. GO annotation analysis revealed that
these genes were involved in cell division, protein metabolism, environmental responses and organ de-
velopment, etc. Two internode growth regulation miRNAs, miR319b and miR319f, were selected. The
candidate target gene included TCP, which is involved in jasmonic acid metabolism and mitotic G2
phase. Compared with the control, the internode length of Zijinzaosheng was decreased by exogenous
jasmonic acid while increased by DIECA. The difference in the internode length between the control
and GA; treatment was not significant. [Conclusion] The internode length of Zijinzaosheng was sensi-
tive to exogenous jasmonic acid, and can be increased by exogenous DIECA treatment. The study sug-
gests that jasmonic acid signaling pathway participates in the formation of short internode length in Zi-
jinzaosheng. MiR319b/f may play a role in the grapevine internode length development. The study pro-
vides a new direction for further elucidation of the regulatory mechanism in grapevine internode growth
and supplies material resource for breeding varieties with short internodes.

Key words: Grapevine; Mutant; Internode length; miRNA; Jasmonic acid
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Fig.1 Growth characteristic of Zijinzaosheng and Venus Seedless
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Fig. 3 Comparisons of endogenus hormones content between Zijinzaosheng and Venus Seedless
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Table 2 GO annotation of the predicted target genes of differentially expressed Group | miRNA
between Zijinzaosheng and Venus Seedless
o e
. 4 " ff@%fﬁ HRAERME o,
] Function iR Term expressed gene Background gene Povalue
number number
T IEE Long-chain-alcohol O-fatty-acyltransferase activity 3 4 0.000 169 362
Molecular function DNA binding 18 212 0.000 292 881
Diacylglycerol O-acyltransferase activity 3 0.000 803 918
UDP-glucuronate 4-epimerase activity 2 0.001 251 696
PR Translation initiation factor activity 4 15 0.001 505 401
Biologyical process Regulation of vegetative phase change 4 0.000 000 854
Regulation of timing of transition from vegetative to reproductive phase 5 17 0.000 115910
Glycerolipid biosynthetic process 3 5 0.000 274 034
Regulation of transcription, DNA-templated 17 234 0.000 550 709
Single-organism developmental process 9 80 0.000 638 386
Translational initiation 4 15 0.000 898 307
Protein secretion 3 0.000 916 859
Monosaccharide metabolic process 2 0.000 949 283
Wybutosine biosynthetic process 2 0.000 949 283
Response to gamma radiation 4 19 0.002 321 192
Regulation of response to salt stress 2 3 0.002 790 510
Nucleotide-sugar metabolic process 2 3 0.002 790 510
Cellular response to calcium ion 2 3 0.002 790 510
Male meiosis 2 3 0.002 790 510
Microgametogenesis 3 10 0.002 938 677
£3 EERE(ZIZOFMEETAZIXWHERRIA [ 2 miRNA B GO 5§
Table 3 GO annotation of the predicted target genes of differentially expressed Group II miRNA
between Zijinzaosheng and Venus Seedless
75 B KRR ISR
£ H Function iR Term Differentially expressed Background P
gene number gene number P-value
I3 Y IIRE Amine transmembrane transporter activity 3 4 0.004 11093
Molecular function  Agidic amino acid transmembrane transporter activity 3 4 0.004 110 93
Chlorophyll catabolite transmembrane transporter activity 4 8 0.005 704 88
Glutathione S-conjugate-exporting ATPase activity 4 8 0.005 704 88
A1 2 55 Integral component of membrane 47 245 1.156 6E-05
Cellular component  Trans Golgi network 12 40 0.000 529 52
Endosome 11 42 0.003 060 39
Chloroplast envelope 25 137 0.003 364 25
Mitochondrial inner membrane 4 8 0.005 940 38
Wi R Histone acetylation 5 8 0.000 464 68
Biologyical process  Response to high light intensity 12 45 0.001 318 14
Response to hydrogen peroxide 11 40 0.001 591 58
Transmembrane transport 14 63 0.003 545 36
Regulation of vegetative phase change 3 0.003 909 75
Protein maturation 3 0.003 909 75
Protein modification by small protein removal 3 0.003 909 75
Protein folding 11 45 0.004 395 15
Organic substance catabolic process 5 13 0.006 937 49
Divalent metal ion transport 4 9 0.008 879 93
Regulation of seed growth 4 9 0.008 879 93
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Table 4 GO annotation of the predicted target genes of differentially expressed Group Il omiRNA
between Zijinzaosheng and Venus Seedless
75 S R R HUR S R R
{£H Function & Term Differentially expressed ~ Background gene gi%lue
gene number number

7T IIRe NADPH-hemoprotein reductase activity 2 3 0.000 130 777

Molecular function i qoreductase activity, acting on NAD(P)H 2 3 0.000 130 777
Protein binding 10 465 0.000 180 826
Intracellular ligand-gated ion channel activity 2 4 0.000 260 519
Glutamate receptor activity 2 4 0.000 260 519
Ionotropic glutamate receptor activity 2 4 0.000 260 519
Extracellular-glutamate-gated ion channel activity 2 4 0.000 260 519
Sequence-specific DNA binding transcription factor activity 6 168 0.000 519 597

A Nucleus 13 713 0.000 002 383

Cellular component

Wl A Jasmonic acid metabolic process 4 16 0.000 001 299

Biologyical process 16 development 5 68 0.000 026 614
Positive regulation of development, heterochronic 2 3 0.000 095 626
Tonotropic glutamate receptor signaling pathway 2 0.000 190 609
Petal morphogenesis 2 6 0.000 473 332
Positive regulation of transcription, DNA-templated 5 138 0.000 788 890
Embryo development ending in seed dormancy 5 140 0.000 843 104
Root hair cell development 2 8 0.000 877 635
Cellular calcium ion homeostasis 2 9 0.001 124 604
Response to ionizing radiation 2 10 0.001 401 041
Mitotic G2 phase 2 10 0.001 401 041

55 41 i & #A 18 #% miRNA A miR319b Al miR319f, H
B R 4> W N VIT 145000603070 1 VIT
19s0014g03110, ¥ 4 FAD 45 &1

3 W ®

3.1 EYEEMHEKENEIG

WEWARIEEHYBES S TNAKEE T
L, REREHRERNAmES . FER
(GAEN—FEE YT E R K
T Rh &A% T EEAE A, GA (S 5B, DELLA &
H R &S GA LI RIEIEEIER, 51 &ZEY
T[] P AR R 0 LR R, AR, A 7T R 4
TRAE S AR BEREFT A GASE
B, R ANE GA A FR R & A s, 1 T K
JE U AL, AR G A X GA AU

B RFECIE FTUE S TAA REGS (R AR AL AL T 1A]
A, 9F HAE K R R Sk e i KAy 8 (g e 2
5 GAFIBR G Tl B A G 2EH TEAM T R L
SREEEFPICAMICAd S EEZES TLE&H4,
MIAA S EZRAEE. ICAHEEYENFKE
M EBERRZ —. $7K SRS =S
ICA Re B H I V8 SR 73 A= ke, SR H 7R WLICA 5

TR I B B B ARG R . KR 2t
Wy N 38 455 3 ) B A 5 4. A FER B, NaCl
3BT, AM it K A7 R R e A ERE A (1 AR K (H 2 K
1 T8 R4 A K 11 B ) A7 0 I A2 o 410 1 7 2
JRE A AL 2 AR R OK A R & AR B
S, AE G 7 SR R X A 4 Y R] K BE I S T i R AT
Hlo 25 miRNA B GOERE T KL, fE21 4 2 R
miRNA 1, H 30k 2 58 FTRR 5 5 18 26 AH OC ) miR-
NA. Bt EKEFKBR TS 5 T 285
A T AT TR O B (EAE A SO R RGN B 2 5 4
KZFK MRS 518 B 11 miRNA .

S F 22 Al M A K f i R 7, A RIER 2 5
YAy FR P, MelJA UK # COI ()75 RRIEIR
AT 2253 2L 8 B 1 oA A% S o) AL BRI i A, 5 B0 g
AbT SHHZ R G, 40 M 2 FRAC™ . 2B
TEA ST R I, 8R4 AR 2R B 4 i Hi i W AR
T4 B To R, T A0 M A B R B B I T R (B 2D
EH NIRRT (R R B 2R B R A
Ha gk 5 S Y, A i AR IR D T R S A YR R
IR BT A K

KA F A — R HEENIRRER
NN A R 0P B RO R A 4 5
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JA-Tle (JA BGRB8 40 5 H)3
J& » JA B & B BN R F 40 R JA-Tle , (2 A AE S
FEE— RYIBT R S 540 &4 A 52 e 25 e B
B TF AR T RN gk P YR JA KSR AR AR A7
SEFRFTR W, PR AR AR KT JTH DARKOK
iz b ¥ 4 B ToAZ RS T H A T RABR K S R
Az 2 PR PE — 20, SR R LN AE , HED T B A2 AL
BRATAS FAK KA 2R U 8 R 1 JA G 58,
N T A A 22 2L BRAR T 4R R, SR E
KR

AR FTRE JA X IR B 142 E H . Hong
LD TR IR FTRRAS 5 18 6 4% 1 i LN
(LITTLE NINJA) i i JA 15 5 38 % R 35 75 9 1 bk
B o TA KA AR 0 VR FH 43 S T 4 R0 ] 422 7 P A
o JAREW EEAEH TR /> 2 5K 3G 30, 52
e =5 8] PR K o B 2, ZKRE JA B2 M Bk B B T A K3
oy o= AR b KRG A 1) K B A K N RE PR v RE 1Y)
Jneest, JA A RE T 45 oAt AR KR 1 AKCF [ R
WA AR, NS AR RE . dRIE
AP2 K5 GA R BABUR, JA (5 5 RIS 35,
T 7 5 1] AR, B AR 4 A X AN GAS
ANHURR, JA G 4 FUAE T K B I 2 5 5 GA
BHAN A KR A RMER i — PR R
3.2 miRNAFZEY T ERERNH

BE & B AR 1 R, i K IYF 2 miRNA
fE R EJZ RN 7, R 7 RS R K B R bR
B B KRG 7 AC &R L1710 H 6 A miRNAs (osa-
miR164c.o0sa-miR164d-.o0sa-miR164e.0sa-miR169k .
osa-miR1863a fll osa-miR1861b) & [1] OsNAC2 = 5
TR AT R SRR A VF 2 miRNA
W 0E] K JE R iE . miRNA167. miRNA396 Al
miR 159 I i 4% GA ¥ 32 1A # il 41 B 43 R4 B AR T
SRR R, miR171-SCL6/SCL22 Fi i it
XF TAA Py B2 15 BUH A R B SR (Malus
domestica) [A)J5 VU 5 4K P miR390-MdTAS3-MdARF3
REERL 42 5] RS R R AR AL

A FEAE 4 B TO A% RN 4 A p 2R ik 31 21
22 5 miRNA, GO VR 73 B~ A miR319 2 5
T CGEFIOACH . miR319 &5 — /Nl F
T 3824 AR i 328 7 V0 R LA ) miRN A, 245 B
FLA B miR319 X 7K FE 1Y H 1 7 ey Sl /N 22 05
PEVIIRE m BT TR E L, 6T miR319 75 M AR Y

AR TR AR WARAE - miR319 35 T E] 47 iR 2 11
I TCP % 5 R BL P50, X JA (S Sl % B A
P 1EH - Schommer 22K Bl miR319 # [3] TCP4
W5 LIPOXYGENASE2 (LOX2) W) 33k , I T B35
Wi JA A& . FEZR AT, I R IK miR319b f8i%%:
B RAE IR 0 JA & 2T &, 11 It Rk miR319a
B L R AR R ) JA S R BR AR, IR AR W
miR319 25 7Y AR B 4% , AR R ML B e T
UL R AR A BARAE B RIS R AR R . WA
miR319 & % # [71] TCP ZX % (VWTCPs 2.4.8. 10 fll
13>, {5 H §i oK W% 4 miR319-TCP ik 2 5 i
R & AR RS . 22 b B HENE SR ES 4
BT IA &2 7R 52 miR319 [ i,
A % miR319 1% TA 15 53 % 10 /E R WL G 75
H—S.

4 4w

B4 LA T TR B2 AN 25 Boh B 4 I 0 6 2%
RTEEXK WEIASENES T2, [
I 28 <5 LA 1A TR B0 AR A S AW AT
) 750 Adk A A MR i D 5 < A D R T ) R AR
WEIAGESEBPRNTGXR. #d DRy
miR319 /I REN R IAG Sl S S T X R AR
ERERINIpA R
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