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UNCINULA NECATOR INOCULATION INDUCED GENE EXPRESSION
PROFILE OF DISEASE RESISTANCE RELATED GENES IN GRAPEVINE
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Abstract

Powdery mildew of grapevine caused by Uncinula necator is one of the most important fungi diseases all
over the world. Isolate powdery mildew resistance gene is of great value for resistance machineries and resistant
germplasm usage. With the material of Chinese wild grapevine specie Vitis pseudoreticulata cv Baihe 35-1, V.
vinifera cv Carignane, and their resistant and susceptible F1 induvidual 6-12-4 and 6-12-2, the invasion procedure
and inoculation induced gene expression profile at different invansion stage were analized to isolate and certificate
the pathgensis related genes, therefore lay a valuable basis for resistant germplasm development and application.
The results were as follows:

The result of invansion procedure of Uncinula necator after inoculation were (1)The hyphae of Uncinula
necator were found on the surface of resistant and susceptible grapevine after two weeks bagging and under field
conditions, the positive rate was lower in resistant plant than in susceptible one;(2)3 days after inoculation, the
pathogen on the susceptible plant grow much quicker than that of resistant one, 3 day is the critical point for
pathgensis; (3) The anatomic structure of infected leaves showed that the procedure of invasion was as follows:
spore germinated and formed germ tube after 1~3 days after inoculation, then an appressorium cell was formed at
the end of germ tube, at last the new mycelium was formed from appressorium and penetrated through the
epidermis and completed infection procedure.

The gene expression analysis using Vitis vinifera microarray showed that:

(1) More than 11000 probe sets on the microarray were positive in detecting the Chinese wild grapevine gene
expression, more than 70 % of the total, implied the Vitis vinifera microarray can be used for Chinese wild
grapevine gene expression detection.

(2) Before inoculation, there is a significant difference between resistant and susceptible plant, genes present
in R plant was much more than that of S plant, the up-regulated genes and the down-regulated genes were 871 and
954, respectively. In the down-regulated genes most of them had high fold of expression, encoding unknown and
cell component genes, while in the down-regulated genes, most of them had low fold expression, encoding
molelare function.

(3) 24 h after inoculation, genes present in R plant was much more than that of S plant, the up-regulated
genes and the down-regulated genes were 526 and 796, respectively. In the down-regulated genes most of them
had high fold of expression, encoding unknown genes, while in the up-regulated genes, most of them had low fold
expression, encoding cell component genes.

(4) 48 h after inoculation, number of genes present in R plant (11839) was less than that of S plant (11906),
J— 3 J—
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the number of up-regulated genes and the down-regulated genes were 467 and 346, respectively. In the
up-regulated genes most of them had high fold of expression, encoding molecular function genes, while in the
down-regulated genes, most of them had low fold expression, encoding biology process, cell component and
unknown genes.

(5) the number of differential expressed gene after 48 h was much more than that after 24 h in both resistant
and susceptible plant; resistant plant had more up-regulated gene ratio than that of sensitive plant; but resistant
plant had less down regulated gene ratio than that of susceptible plant.

(6) by the microarray analysis, the most up-regulated and down-regulated genes of before inoculation, 24 h

after inoculation and 48 h after inoculation were listed out.

Key words Grapevine Uncinula necator Disease resistance gene Gene expression  Artificial

inoculation
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Abstract

Development of seedless grapes is one of principle objectives of grape breeders worldwide. Since the major
commercial seedless grape cultivars are derived from Vitis vinifera, a species susceptible to diseases, it is
necessary to develop new resistant, big berries and high quality seedless cultivars for meeting the demand of
consumers and grapevine growers. In conventional seedless grape breeding program, seeded grape varieties were
used as female parents, while seedless cultivars were used only as male parents to transmit seedless trait due to the
zygotic embryo abortion. But the proportions of seedless offspring were quite low and the breeding programs
were inefficient. The development of embryo rescue techniques had ensured more seedless progenies using
seedless cultivars as female and male parents, and utilized to obtain triploid hybrid seedlings from crosses
between diploid and tetraploid cultivars. To introgression disease resistance of China wild Vitis species as pollen
parent into seedless Vitis vinifera as female parent through controlled crosses, and to produce more efficiently
triploid hybrids from crosses between diploid and tetraploid grapes, it should be reliable to breed new seedless and
disease resistance, large-sized berries cultivars through using embryo rescue technique.

Thirteen seedless cultivars/line (including ‘Thompson Seedless’, ‘Flame Seedless’, ‘Deligh’t, ‘Dawn
Seedless’, ‘Ruby Seedless’, ‘Cenennial Seedless’, ‘Black Monukka’, ‘Autumn Royal’, ‘Orlando Seedless’,
‘Superior Seedless’, ‘Fantasy Seedless’, ‘Otilia Seedless’, ‘00-3-1") and twelve seeded cultivars (including
‘Tangwei’, ‘Xuefen’g, ‘Shuangyou’, ‘Beichun’, ‘Kyoho’, ‘Takatsuma’, ‘Zizhenxiang’, ‘Fujiminori’, ‘Xinyu’,

‘Red Globe’, ‘Zixia’, ‘Rizamat’, ‘Xinpu-1’) were used in this study. ‘Tangwei’ and ‘Xuefeng’ are V. davidii
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cultivars. ‘Shuangyou’ is V. amurensis cultivar. ‘Beichun’ is European-Amur hybrid with V. vinifera and V.
amurensis. Line ‘00-3-1" is European-Wild hybrid with V. vinifera and V. thunbergii, ‘Kyoho’, ‘Takatsuma’,
‘Zizhenxiang’, ‘Fujiminori’ are tetraploid cultivars and European-American hybrids with V. vinifera and North
American species (V. spp.), while the other cultivars are diploid and V. vinifera cultivars. Thirty-two crosses,
including seedlessxChina wild Vitis species (and hybrid ‘Beichun’), seedlessxseedless, seedlessxseeded,
interploid crosses between diploid and tetraploid cultivars, were carried out in order to obtain the novel seedless
germplasm through embryo rescue. Meanwhile the cultivars and hybrid ovules above were used to improve the
technique of embryo rescue on the basis of previous study, involved in demonstrating the effect of influence
factors during different embryo rescue stages and the effect of exogenous application of plant growth regulators
on development of ovule and subsequent embryo rescue of stenospermic grape. The main results were in the
following:

1. We had obtained 1337 hybrid seedlings from 32 crosses through embryo rescue technique, including 153
hybrid seedlings from 6 crosses of seedlessxChina wild Vitis species (or Beichun), 401 hybrid seedlings from 6
crosses of seedlessxseedless, 353 hybrid seedlings from 9 crosses of seedlessxseeded, 430 hybrid seedlings from
8 crosses of diploidxtetraploid and 4 crosses of tetraploidxdiploid. The hybrid seedlings had acclimatized and
transplanted into seedling nursery in batches, 509 survival lines were obtained.

2. The detection of the seedlessness in 191 hybrid lines was performed using seedless specific probe GSLP1,
77 lines (40.3%) amplified the 569 bp specific band. Assistant selection of RAPD marker S183-1354 of resistance
to anthracnose was carried out for the cross of ‘Flame Seedless’x‘Tangwei’. 41 lines (48.8%) amplified the 1354
bp specific band from 84 lines. After comprehensive detection using the two molecular markers, 24 lines of
seedlessness and resistance to anthracnose as well were selected.

3. Eight triploid hybrid progenies were obtained from 409 lines of the 12 crosses between diploid and
tetraploid grapes by flow cytometry identification. The results showed that regeneration rate of hybrid seedlings
obtained by embryo rescue were obviously higher than that of obtained by sowing mature seeds. It could be
confirmed that larger amount of hybrid seedlings were obtained from the cross form of 2xx4x than the cross form
4x%2x, while more triploid hybrid progenies were obtained from the cross form of 4xx2x than the cross form of
2xx4X.

4. The investigation was conducted to evaluate the feasibilities and optimal sampling periods of 10 seedless
grape cultivars. By measuring in terms of most number of developed embryos or germinated embryos per berries,
the result showed that the order from ease to difficulty of embryo rescue was ‘Otilia Seedless’, ‘Fantasy Seedless’,
‘Flame Seedless’, ‘Superior Seedless’, ‘Black Monukka’, ‘Autumn Royal’, ‘Delight’, ‘Dawn Seedless’,
‘Thompson Seedless’, and ‘Centennial Seedless’. The optimal sampling dates of above cultivars for embryo
rescue were 40 DAB, 60 DAB, 70 DAB, 40 DAB, 50 DAB, 70 DAB, 70 DAB, 60 DAB, 55 DAB, 35 DAB, 40
DAB, respectively.

5. The effects of various correlative factors on embryo rescue in vitro were investigated at every culture stage
on the basis of previous experiment. At the stage of ovule culture, the results indicated that MM3 and Nitsch +
GA30.5mg * L '+IAA 1.5 mg * L ' medium were most suitable for embryo development, and the next was ER
medium. Solid-liquid double phase medium and room temperature had positive effect on embryos development in
vitro. At the stage of embryo germination, WPM + BA 0.2 mg * L' medium, and supplemented with 2~5 mM Put
had positive effect on embryos germination. It showed that embryo germination correlated with size of embryo. At

the stage of plantlet regeneration, the results indicated that rates of normal plantlets was relative to zogyic embryo
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development degree of grape cultivars, and the emergence of albino seedlings connected with maternal genotypes.
The optimal medium of converting abnormal plantlets was MS + BA 2.0 mg L' +IBAO.5 mg L, the plantlets
with normal shape stems and leaves produced roots on MS medium supplemented with 0.2 mg + L' IBA,
therefore normal plantlets were regenerated from abnormal plantlets. At the stage of plantlet acclimatization and
transplantation, the suitable seedling age was 30 days. It was beneficial to survival of embryo rescue seedlings
that mixture substrate was autoclave sterilized and the solution of 1/4 B5 macro element irrigated seedlings every
week.

6. The effects of exogenous application of plant growth regulators on embryo rescue of high abortion
cultivars ‘Centennial Seedless’, ‘Thompson Seedless’ and ‘Flame Seedless’ were discussed. The optimum
concentration and period of application of plant growth regulators was determined: 100~500 mg *L ' chlormequat
application in ‘Centennial Seedless’ 14 days before bloom, 500 mg * L' chlormequat application in ‘Thompson

Seedless’ 10 days before bloom, 30 mg <L ' benzyl adenine application in ‘Flame Seedless’ 20 days before bloom.

Key words Grapevine Seedlessness Embryo rescue Hybrid breeding Seedlings Breeding for stress

resistance
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RESEARCH ON NUTRIENTS UPTAKE AND ACCUMULATION IN
DIFFERENT CASH CROPS

2010

A BE FIERKEEFRCE AP E KT L HIEFRYR, CHEAR. R ER. FERSEY)
FHIG, KRB Fh AL B RE ) OGP B P o AT AZT BRI . SRR A R0, WEAY
THIEPR R AL F BRI S8 E MR TR 2R 7o &R 770 BRI
TRUH T P 1 A6 S BRI S % =i T S R BRI o BT I AR BRI 4 SR

1. BEMERKISERRSHHAR

AR I X e G 2 R A EL BT 7 AR 11 8 28 el bR SR el AEAS R A A B B e A i A T AR
JRfR, LA GE % dem B JRr A N BRI A . SRR R, O 2 el AR A A BN 12369 kg/hm?,
Hoh R4 (RERAMUBES) 5 TR 2481 kg/hm® F1 1939kg/hm?, b7 2B SR 19%F0
15%. HrAgem BIme, sz, SRS EY R Ik 2357, 4866. 6118 kg/hm?, HIRYIE K2 5, Bl
Y SHURE . AR EA T EAKPABLAKR, 7 2302 kg/hm*~4132kg/hm’ {5 A, (HEEK
SIS, AR 1830kg/hm®, [ EERKIY 14.8%. 2 AR B AN [ IHYIAE 4 P R A s AR A A
K, FEAAGLE 0~40 cm 1L, AR 86.7%. KA TR B (0 b, %5 WA &b . 40~60 cm
KRR & T T 7.4%, 60~80 cm M E A 3.6%, 80~100 cm + )2+ {0k 23%. S HI0HE 6 H30HN
0~20 cm R R I— kA K m g

2. AEMMRENREFIRS ZRNE

7 B A R 18hm?, RIS A R MR R 97.13 kg/hm?, 5 BELE RS K A SR Sz, 43 )
AT RIS TR 39% A1 30.5%. RETERK 1000 kg %5, 52 F 5.4kge RS (R4 MR A M 448 B R i
AN SRS ERSIRASH A>T ESAFR. Hh B2 R 2R 94.49 kg/hm®, HAEEW
KR 97%; WRARZZPE 2.64 kg/hm®s HREEWCR R 3%; A FRSZHHE MR Z RS 5N
35.09kg/hm” 1 32.27 kg/hm®, A& IR 1) 36%H1 33%. HitER 4 BRE ZE N 23kg/hm?, (HA R
W) 23.7%, RHEEIIRAHEMAZEN 5.11kg/hm®, HREWET 5%, A RS 55 s 400
FEMAE TN T LM . Ha e E 3% % bl 5 B Sk N 129.5 kg/hm? G hE 18vhm?) , Horfitjil
39.4 kg/hm®,  HRS HE-KPIAT S S K301 23 51l i 50.7 kg/hm® A1 39.4 kg/hm?,

3. BEMNBENRKFIRS RRNE

LA SR 2% By i R R AR A 2, AR IERE A K h L R IR, R AR By
B2 SR RIS BT WARSH A>T T WA ARER IR 33.1 kg/hm®, M B3 EM 293
kg/hm?, (7 BRI (1 88.5%. M5B8 E 3.1 ke/hm® A 11.9 kg/hm?, RRAEASBI R 4 2 11 25 i
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1 kghm?s FrRS. Bige (BRBRAMUbEZ) « ETHEZBBEE N 9.1 kg/hm®. 3.5 kg/hm®. 1.6 kg/hm?,
AR B 3.8kg/hm’. JESIZ R RO 5 EBK, 4 15.4 kg/hm®, [ BORCR 1 47%, RRERE T
B o ARIAFIE K 1000 kg 285577 BE i 5 PoOs ok 1.84 kg, HMEFEHIATIAE a4l 55.1 kg/hm® (7~
F 18 thm?) , SR G I 29.2 kg/hm?,  HESZIE K2 AiE iR 25.9 kg/hm?s

4. BEMIHERNREFHAS RIMNE

AT P R P T e ST R S PR, BT S SR SR A A W RS TR, AH ]
YHEIAAFE 2 B G B LBR P AR T O, MR RS & TR as s (B, £+, 15 . &
K0 YT B AR SISO 25 140.52 kg/hm?, L Pt 5 S Se B I 2208 17.24 kg/hm® 64.29 kg/hm®, HE4EAE
SRS AT R BN 3.47kg/hm’s FTAY B4k 1005 BB 31.63 kg/hm’, 8.43 kg/hm’, 7.06 kg/hm®,
R 2R 2B 11.87 kg/hm?® o SRS FFE K SR B SI2 K B0 T A K, 40 il e B 25 38.59 kg/hm® F1 64.29 kg/hm?,
o AR RIS I 27.5%F0 45.8%. ASIREGHRFZ K 1000 kg £33 B 5 K0 B4 7.8 kg, #E#ii K,0 &
7 175.6 kg/hm® G718 thm®) , Kol 46.9 kg/hm?, BRI A0 S92 30143 SIAE it 48.3 kg/hm® Al
80.4 kg/hm’.

5. TR &EHTE. RREFD BRIRMOHAR

FH [AJ3AE6 T 2007—2008 471 Bk 74 XU B M 4= X B2 R 4T, {30 NPK. PK. NK. NP, CK 5 {4k
P, SRR P AT AL R A ik 22001 kg/hm?, 4iilzs 18830 Jt/hm?. NPK. PK. NK. NP Lt
CK AbFEA3 B8 77 38.9% 22%- 28.4%F1 17.2%. HEiEAN 1 kg N 1 kg PoOs+ 1 kg K,O £ B K kb
hn 11kg. 10kg. 17 kgo BB 100 kg £5F - WM FR 7 &0 N 1.87 kg P,050.42 kg, K,01.42 kg.
NPK 4bFiFE4y BRE B, 2890 410 kg/hm?®. 93 kg/hm®. 311 kg/hm®e PK ACBRAG MU S AR S
Y3 C oo IFEIK 2.3 mg/kg A1 223 mg/kg, 7257835 NK ARF4EE 3 C &S FK 51 mg/kg; NP AbHE
BB SE SR S mPt i 1 9.6 mg/kg, 4E42% C &5 T 279 mg/kg. AR ENEFH*K 38.4%,
AR 2 17.6%, WIEFIH %R 37.4%. &EAEENE= (ORISR — B HEARALIRED /IERLFI H %
(%) AR, NPK T 23 54 262 kg/hm®. 155 kg/hm®. 213.6 kg/hm®. J&ELHI N © P,0s : K,0
11059 00.820 FBERIALF- it FH A REORUE S B0 ™ B imr . S BTAF . AUGEE A

6. DEAE X RS AYPLAS [ B 8K I8 B L B 5 K A5 B R BT

PIRE R NPK. PK. NK. NP. FP. CK6 AMAb#f, SAbMthtE AR, 52 3 SR,
U LT P b e 2 % S R W AN ], AR BRI . N>K>P, 1kg N, 1kgP,Os. 1kgK,0 7373
PRI 30 6 kg 4.3 kg 24.7 kg, PHTHEAN S 7 B AT 47916kg/hm’s KARRBL A : KSN>P, 1kg N,
1kg P>Os. 1kg K,O 43 M7= T4 % 16.8 kg 4.7kg. 21.6kg, P I a7 il ik 26527kg/hm?. X D44
EAFEEE A B TR W, BEiE FHACIEBERETT L AR, NRESR M DR AT . KIE Dk
B RC A KA DG 2818, L EAN . S EARI . B, BRI 20 232.7 kg/hm®. 46.4 kg/hm®, 210.8
kg/hm?®, TKJEE. B BIcE A 170.4 kg/hm®. 32.4 kg/hm?. 162.8 kg/hm?. AIRKIHER M0 &, B HL
N 363 kg/hm®. P,Os 86 kg/hm*. K,0 301kg/hm®, *KfI§ N 258 kg/hm*. P,Os 82 kg/hm*. K,0 58 kg/hm® (Ji::
Hetr & R iesh 20%55 A BYE D

7. BESLEMEIRIUA I

I SC U2 R BRI T RS, R4 THERERMENE &, 8 T 45 A AR RS R BT A FE )
JE, T 2008 4 11 H 28 HA 11 A 30 HAEHA 2 A RN ST . Ze Ui 5 it e s
SLAT . S5HERI: (D AR S, FUER R SIS S WA 500 86.9% 8.3%F1 4.8%:;
BN R 2@ S AR S 40 5 R 72.6% 16.7%H1 10.7%; FAEFH - fhi i 40 5 R A IR AR 1 43 )
H203%. 6%F1 74.7%; VA S FRARABEIL &, BOmAIE - . (2) B EUIE A B s



