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K1 BMBFTFTIEE GSTs PCREIYFIR K EE PCR 3|4
Table 1 PCR primers and RT-PCR primers sequences of mud carp and Nile tilapia GSTs gene

5|9 4 F Name of primer 54 % Sequence of primer (GenBank ID. )
GSTRO1F 5'- TGGAGGGTGATGATCGCGCTGGA(A/G)GA(A/G)AA(A/G)-3'
GSTRO2R 5'- CGTGTCTGGACCCTCAGG(T/G)TT(T/C)TCCA(A/G)CCA-3’
GSTMO1F 5'-GAATACACTGGTACTAAGTA(T/C)GACA/G)GA(A/G)AA-3’
GSTMO2R 5'-CAACAACTCATACATGATGAA(A/G)TC(T/C/A/G)AC(A/G)AA-3’'
GSTTO1F 5'-CGCTCTGTTTACATTTTTGC(T/C/A/G)AACA/G)AACA/G) AA-3'
GSTTO2R 5'-CCACGCCTTGAGCTTGGGTCTGTT(T/C)TC(A/G)AA(T/C/A/G)AC-3’
GSTPO1F 5 -TGTCTCTTTGGACAGTTGCC(T/C/A/G)AACA/G)TT-3'
GSTP0O2R 5"-CAGAAGGTCGAACAGGTTGTA(A/G)TC(T/C/A/G)GC(A/G)AA-3'
GSTKO1F 5'-CGCACCGTGGAGCTCTT(T/OTA(T/COGA(T/COGT-3’
GSTKO02R 5'-GGAGGTACAGGGCCCATCCA(T/C)TT(T/C)TC-3'
mGST301F 5'-GTGATGT/CTA/G/C/TATGTATCTC/TGG-3'
mGST302R 5'-CCAGTGTAGTATCCCCA(T/C/A/G)GC(A/G)TA-3'
FQCM-GSTA01F 5'-AAGACCTTAAAGAACGGGC-3' (EF100906)
FQCM-GSTAO02R 5'-GCTCAACTGGTTTCCCAC-3'
FQCM-GSTRO1F 5'-CTGAACAAGCGCTCATCT-3' (FJ436068)
FQCM-GSTRO2R 5'-CCATCTTCTCCAAGTATCC-3'
FQCM-GSTMO1F 5'-GGTACTAAGTACGAGGAG-3' (FJ436073)
FQCM-GSTMO2R 5-CTCTCGTCTGCTCTTCTT-3'
FQCM-GSTTO1F 5'-GGCTGAGAAGTTCCACAC-3' (FJ436070)
FQCM-GSTTO2R 5'- CTCTACTGCATTGTCCAT-3'
FQCM-GSTPO1F 5'-GTCTGTGAGGCTTCTCGT-3' (FJ436072)
FQCM-GSTP02R 5'-“TCACCAACTAGGAATCCA-3'
FQCM-GSTKO1F 5-TGCTGTGTCGCTATAGAA-3' (FJ436074)
FQCM-GSTKO02R 5-TCGCATTCAATGAGCCTT-3’
FQCM-mGST301F 5-TAGGTGGTGCACGGAAGA-3' (FJ436075)
FQCM-mGST302R 5'-CCACGCGTAAGAGAACCT-3’
FQCM-ACTOLF 5'-CGTGACATCAAGGAGAAG-3' (DQ365852)
FQCM-ACTO2R 5-GAGTTGAAGGTGGTCTCAT-3'
FQON-GSTAO01F 5'-GCAATCCTGAATTACATCG-3" (EU234530)
FQON-GSTA02R 5'-ACACAGGAAGGTAGCGCTC-3'
FQON-GSTRI01F 5'-CTTCACTCTCAGTTGTAAG-3' (EU107284)
FQON-GSTRO02R 5 - TTGAATGTTGGAAGCTGTC-3’
FQON-GSTR201F 5'-GGTTGTCTCCAGAGCGTT-3" (FJ436092)
FQON-GSTRO2R 5'-GCTGCTCTGTCATTATGC-3'
FQON-GSTMO1F 5-GGTACTAAGTATGAGGAG-3" (FJ231879)
FQON-GSTMO2R 5-AGTCTCTCCACACATGTT-3
FQON-GSTTO1F 5'-GATGCACGGCTCCAAGAT-3" (FJ177522)
FQON-GSTTO02R 5'-CCACAATGGCGACCAGAT-3'
FQON-ACTO1F 5-AGAAGCTGTGCTACGTCG-3' (AB037865)
FQON-ACTO02R 5-ATGATGCTGTTGTAGGTG-3'

x2 BMEFFEEHEB BARKEKRSH

Table 2 Number, total length of mud carp and Nile tilapia, and water quality parameters

' % Mud carp Je % B ki Nile tilapia FLRE/C DO/
i i) Date o~ pH
¥ & Number KK /em TL ¥ & Number KK /em TL Femp. (mg/L)
Oct. 4 23.37540.473 6 18.5840.93 25.4 8. 77 7.54
Apr. 5 32.7504+1. 289 5 18.754+0. 75 25.9 8.77 8. 66
July 6 21.783+1.395 4 15.63+1. 38 30. 4 11. 80 8. 33

Jan. 6 24.833%0. 691 6 21.9240.55 13.8 10. 99 8. 64
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Fig.1 Numerical composition of species and quantity
of each food item of mud carp(a) and Nile tilapia (b)
in different seasons
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Fig.2 A phylogenetic tree showing the relationship of mud carp glutathione S-transferase (mud carp GST) with other classes of GSTs
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Relationship between GST gene expression of mud carp
(Cirrhina molitorella) and Nile tilapia (Oreochromis niloticus)
and composition of algae in Xiangang Reservoir

LI Xi-yang LIANG Xu-fang CHENG Wei-xuan QU Chun-mei ZHANG Jin

College of Fisheries , Huazhong Agricultural University sWuhan 430070,China

Abstract To study the relationship and the intrinsic link between the expression of liver GST (glu-
tathione S-transferases) gene in mud carp(Cirrhinus molitorella) and Nile tilapia(Oreochromis nilotic-
us) and the amount of cyanobacteriad, the expression of liver GST gene from the two fishes were ana-
lyzed using real-time RT-PCR and the amount of cyanobacteria intake of fish were determined in Xianga-
ng Reservoir in different seasons. The results showed that April was the time that cyanobacteria
bloomed.,and simultaneously, mud carp and Nile tilapia intake the largest amount of toxic cyanobacteria.
The GST genes in mud carp were expressed significantly lower in April than the rest time of the year,
which suggested that mud carp may be resistant or tolerant totoxic cyanophyta. Both GSTA and GSTR?2
genes in Nile tilapia had the highest expression in April. However,in the other months,the expression of
GSTT was significantly high but GSTK was low in mud carp. While GSTA and GSTR2 expressed rela-
tively low in Nile tilapia. It was obvious that GSTT of mud carp played an important role in detoxication
process,but as biomarkers for the identification of toxic,it could be used only in low concentration of mi-
crocystin. The expression of GSTA and GSTR2 were positively related to the quantity of toxic algae in-
take in Nile tilapia. Therefore,the expression of GSTA and GSTR2 in Nile tilapia can be used as biomar-
kers to detect toxic algae. As Nile tilapia can consume large amounts of toxic algae,and its GST gene can
detoxifytoxic algae, Nile tilapia was able to be used to biologically control of alga and finally improve wa-
ter quality.

Key words mud carp; Nile tilapia; produce toxic algae; glutathione S-transferase; biomarker
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