( ) 2014 6 40 3
Journal of Hunan Agricultural University (Natural Sciences), Jun. 2014, 40(3):281-287

DOI:10.13331/j.cnki.jhau.2014.03.012
http://www.hunau.net/qks

7K 53 BpiB 3@ I 2 HE 2R 3k fh R R AT AR ER X
HXERRIEIFZM

1,2 12 1,2 12 12 1,2%
(1. 410128 2. 410128)
wE 5 < i 2012 7 5 1115
40% 3
59.0% 61.7% 252% 21.7%
C
333% 723% 65.0% 48.9%
42.1% 25.1% 283% 37.8%
66.3%  60.4% 113%  50.6%
CitCSs CitIDH CitACO
CitCS CitACO
X B A
FESES  $666.01 XAERFRERD: A XERS: 1007-1032(2014)03-0281-07

Effects of water stress on the fruit quality of citrate and the expression
of genes related to metabolism of citric acid
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Abstract: The influence of water stress on fruit quality and gene expression related to citrate metabolism of citrus were
conducted from July 5 to November 15 in 2012 using five-year-old satsuma mandarin trees with 40% soil water
conditions by taken regular watering as control. The results showed that water stress significantly decreased single fruit
weight, peel weight, fruit transverse and longitudinal diameter of citrus by 59.0%, 61.7%, 25.2% and 21.7% compared to
the control, respectively. Water stress brought about the decrease of ascorbic acid and juice content in fruit, however,
soluble solids was promoted. Furthermore, it was found that the content of sucrose, glucose, fructose and total sugar per
gram sarcocarp in water stress were raised obviously by 33.3%, 72.3%, 65.0% and 48.9% respectively, the content of
them in single fruit, while, were obviously declined by 42.1%, 25.1%, 28.3% and 37.8% respectively. The content of total
organic acids and citric acid per gram sarcocarp were extremely increased by 66.3% and 60.4% respectively compared to
those in the control. So did the content of citric acid and total organic acids per gram sarcocarp which were very
significantly increased by 11.3% and 50.6% respectively. Related gene expression results indicated that the expression
level of CitCS was increased while CitIDH degreased in water stress. CitACO was increased at the late stage of fruit

growth. In general, water stress could obviously suppress the growth of satsuma mandarin and significantly caused the
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accumulation of citric acid as well as lead to the decrease of sugar content in fruit, which resulted in the decline of the
ratio of sugar to acid and fruit quality. The up-regulation of CitCS and down-regulation of CitIDH might be one of the

reasons that promoted to the accumulation of citric acid.

Key words: citrus; water stress; fruit; quality; citric acid; gene expression

1 40%
2d 250

mL 5d 250 mL

3 5d 1
(=41 10 3 10 40

70 100 130d 10
[5-81 —40 C 4
80 C

1.3 FEMHFREFSHAT

TDR 300 Soil Moisture Meter

Cs
[10] ATAGO
(1-12] pH LC-20AT CFX96
Real-Time PCR Detection System PCR
TransZol Plant TransGen Biotech
DNase | TAKARA
Bio—Rad
1 MRERE
1.1 # #
5 < - DEPC

1.4 NEEHRSEFZE

L4 1 R%E®mMAEHN T

1)
1.2 Rt
2012 3—12
2)  ATAGO
20% 60%
[13]
40% ( c
60%) 3 3) HPLC
3 5
7 5
3g 15 mL 50 mL
40% 2 70 C 30 min

1 15 min 25 mL



40 3 283
4°C 95 C 30s 95°C 5s
60 C 10s 72°C 15s 40 50 C
® I min 95°C 1 min
(1O mmSomm Sum - 5 gt 4R
) 35°C (
_ Excel 2003  SPSS 19.0
0.75 0.25) 1 mL/min
) SPSS 19.0 Pearson
20 min 20 L @ ) ) )
CitCs, CitACO  CitIDH
210 nm Ci;g (4.6
mmx250 mm 5 pm ) 17°C
( 0.06 mol/L
0.024 0.576 pH 25 ) 2 HER5459H
0.6 mL/min 20 min 8 uL . . ’
2.1 K EMBXTR KGR RAT
1.4.2 RRERESH : ‘
211 MREXDN RABE. TRELHYMZ
1) RNA RNA b 4 2ot
TransZol Plant )
RNA  DNase I iScript cDNA
100 d 70 130 d
Synthesis Kit
100d
2) PCR
) 130d 40
PCR CitIDH
) 70 100d 130d
(isocitrate dehydrogenase 1) CitCS(citrate synthase 2)
CitACO(3 Imalate dehyd 3 70d 100130
it —isopropylmalate dehydratase protein
(3—isopropy y p ) 0d 130d
[14) )
Actin
70d 10d
Primer Express
130d  ( )
3.0
PCR 1
59.0% 61.7% 252% 21.7%
%1 tHMEE PCR3|4¥F7!
Table 1 Primer sequences and length of real-time quantitative PCR
(5—3") /bp 40%
CitCS-F  AGGGACAAACAAATAGCACGTATTC 25
CitCS-R  CCCTGCCATCCTCAGATAAGC 21
CitACO-F CCGTTATTGATGCTGGTGGTATC 23
CitACO-R TGCGG CTGGCAATCATT 17
CitIDH-F AACACTCACCGATTCCCTCTCTT 23 2.1.2 ARERA. THERMEHMYE%HELEE C 4
CitIDH-R GCGTTACTTTGGGCGATCAA 20 Sy
_ EAEA)
Actin-F  ATCTGCTGGAAGGTGCTGAG 20
Actin-R  CCAAGCAGCATGAAGATCAA 20 2
10 uL ddH,0 3.6 pL C 100d
0.4 uL 0.4 uL 25 ng/uL 0.6 uL 130 d 70 d
2xSuperMix 5 pL( Bio-Rad ) 70 100

130d 130d 83.0%



284 ( ) http://www.hunau.net/qks 2014 6
70 100 130d C
130 d 4.5%
40%
F2 ATEAMEMEMBRIBA N, BE, REEE. AIRE. JMEEIL. RiHEAR, atERYREERCER
Table 2 Fruit weight, size, peel thickness, flesh recovery, ratio of longitudinal diameter to transverse diameter (LD/TD), juice recovery,
soluble solids and ascorbic acid content of citrus fruit in different treatment times
/g /g
10d 40d 70d 100d 130d 10d 40d 70d 100 d 130d
27.6+52 56.5+10.8 (83.6£6.6)B  (148.8+47.2)b (164.8433.6)B 10.0£3.1 12.9+2.3 17.143.1 (25.449.2)b (38.4+8.8)B
21.0+£3.8 33.6£11.7 (51.4+12.8)A (59.5£12.8)a  (67.5+14.0)A 6.8€1.3  9.4439 124+£19 (12.842.5)a (14.7+0.4)A
/mm /mm
10d 40d 70d 100 d 130d 10d 40d 70d 100 d 130d
36.6£2.2 (47.6£3.1)b  (54.5£1.6)b (68.7£9.0)b  (71.4+4.6)B 34.7£1.9  43.5+1.1 (47.8£0.5)b (61.4+5.2)B (57.5+0.9)B
337423 (39.044.3)a (47.3+43)a  (49.0+2.5)a (53.4+3.5)A 32.130.8  36.8+54 (38.742.9)a (40.6+3.6)A (45.1+4.3)A
/%
10d 40d 70d 100 d 130d 10d 40 d 70d 100d 130d
65.1£11.4 78.9+13.7 79.9+6.6 88.1+24.4 78.8+154  0.95+0.01 0.92+0.04  (0.88+0.02)b  0.90+0.05 0.81+0.05
69.5£13.8  78.1£26.3 78.7x17.1 80.8+18.9 80.8+15.7  0.95+0.04 0.94+0.04 (0.82+0.01)a  0.83+0.04 0.84+0.04
/mm 100 g /mL
10d 40d 70d 100d 130d 10d 40d 70d 100d 130d
(2.68+0.22)b  1.83+0.08 1.79+0.51 2.01+0.64 1.91+0.16 67.9 82.6 86.1
(2.03£0.15)a  1.86+0.57 1.75+0.09 1.83+0.12 1.52+0.21 65.2 70.0 71.4
% C /(mg:mL™)
10d 40d 70d 100 d 130d 10d 40d 70d 100 d 130d
8.5 7.2 10.3 1.14+0.02 (1.36+0.02)A  (1.74+0.02)B
11.0 12.6 14.8 1.20£0.04  (1.48+0.00)B  (1.56+0.02)A
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Table 3 Sugar content of citrus fruit in different treatment times
(mg-g™) /(mg-g™)
10d 40d 70d 100d 130d 10d 40d 70d 100 d 130d
(8.5£0.2)A (144+0.6)A 12.0£0.2  (9.7+0.2)A (13.0£0.4)A (7.6£0.1)A (13.8+0.3)A  10.4+03  (7.8+0.6)A (10.5+0.2)A
(10.8£0.1)B (19.8+02)B  11.8+04 (22.8+0.5B (21.5+1.1)B (9.1+0.5)B (17.103)B  102+0.5 (21.8+0.4)B (18.20.1)B
(mgg") (mgg")
10d 40 d 70d 100d 130d 10d 40 d 70d 100d 130d
13.120.8  (144£02)A 22111 (25.120.9)A (293+0.4)A (29.2+1.0)A (42.5+0.5)A 44.4:1.6 (42.6£0.5A (52.9£0.5)A
126404 (19.0+0.6)B  22.140.3  (33.0+0.9)B (39.1+2.2)B (32.540.5)B (55.9+1.0)B 44.140.9 (77.5+1.6)B (78.7+1.1)B
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/mg /mg
10d 40d 70d 100 d 130d 10d 40d 70d 100d 130d
150.0+£2.7(626.5+24.9)B  (795.6+16.3)B (1 198.8+21.0)B (1581.1£50.5B 133.0£1.2 (599.9+11.7)B (689.1£20.4)B  959.0+68.0 (1281.9+31.4)B
153.9+0.9(481.3+4.8)A  (462.3+142)A (1063.2£21.8)A (11333+£559)A 130.4+7.3 (415.146.5)A  (396.9+182)A 1018.4£17.6  (960.3+£6.5)A

/mg /mg
10d 40d 70d 100d 130d 10d 40d 70d 100d 130d
(230.1£14.2)B (626.6+6.9)B  (1468.6+73.3)B (3092.5£109.3)B (3562.24494)B (513.1x17.1)B (1852.9£21.6)B (2953.4£108.0)B (5250.3+64.3)B (6 682.2+62.6)B
(179.5£54)A  (461.0+135)A  (862.7+11.1)A (15394443.8)A (2064.0£117.5)A (463.8+7.2)A (13574424 A (1722.0+359)A (3 621.0+73.8)A (4 157.6+59.6)A
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Table 4 Organic acids content of citrus fruit in different treatment times
/(mg-g™) (mg-g™)
10d 40d 70d 100 d 130d 10d 40d 70d 100d 130d

(23.5£0.6)A (11.3£0.1)A (5.6£0.DA (5.8£0.1)A (5.6£0.0)A (18.4£0.5)A (10.5:0.1)A (4.8+0.1)A (3.7+0.1)A (3.6£0.0)A
(26.0+0.1)B (18.5+0.2)B (18.3+0.4)B (17.3£0.2)B (15.040.4)B (22.2+0.1)B (16.7+0.2)B (16.6+0.3)B (15.8+0.2)B (13.130.2)B

[(mg-g) /(mg-g ")
10d 404 70d 100d 130d 10d 404 70d 100 d 130d
26£0.1  (0.6£0.DA (0.6:0.0)A  12+0.1 11200 (24+0.10)B  (0.3:0.0)A (0.2+0.0)A (0.9+0.0)B  0.9:0.1
27401 (12#0.DB (12+0.)B  1.3£0.0  1.0402 (1.1+0.05A (0.5+0.0)B (0.4£0.0)B (0.2+0.0)A  0.9+0.2

/mg /mg
10d 40d 70d 100d 130d 10d 40d 70d 100d 130d
(4134£102)B (493.0£33)B  (371.6£8.6)A (7142+148)A (712.8+0.5A 3244494 (456.3+4.7)B (321.7£75)A (4522£13.3)A (458.8+5.3)A
(370.6+1.9)A  (448.9+55)A  (712.7+14.0)B (810.319.9)B  (793.4+20.9)B 316.5+£1.8 (406.2+3.9)A (648.6+13.0)B (738.2+10.0)B (691.0+10.9)B

/mg /mg
10d 40d 70d 100 d 130d 10d 40d 70d 100d 130d
(46.1409)B 243439 (384+02)A (1457+174)B (136.6£2.0)B  (42.8109)B 124+13 (114£t1.7A  (1164+1.7)B (117.5+7.6)B
(B79+14HA 302829 (46.7£24)B  (61.7£19A  (553+92)A (162+0.7)A 12,6807 (17.5+1.0)B  (103+0.1H)A (47.1+10.0)A
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