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JE(NEW GIFT tilapia, O. niloticus Q% O. niloticus &)
A B 4E A (NEW GIFT tilapia 9xO. aureus &)
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Hh, o BURWE B AR e B S (6 5 O A X
FR) 19834 M3 [ 5] 13 11 BRI %5 5 £ 3 R S it
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KT FURREUGE, MR8 B IE & R A MK
BT R B AR A BEALEU SO R TR B,
R URS e fi T AL R, SR E Ny ik
3% 8%, TEHEH 4 5 ¥ B A f i [m] 5256 5
TEE K FRHE R 4532 °C B 77 14d, HLEF AX BRI S
e R E (145+40) g, AEBEF]E D JE A AR 8 (130
35) go 5 5L TC AL EEBR B GX 110178 H [ #7443k
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P e R B3N TATA, A TAT A0, /R
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S$tE, /£ FLEEEK R MG IS i E ST /5 7hy 24h. 48h.
72h. 120hFH168hfgF BLA . %7 9 fa fE HLHL 6 )2
HEAT IR AR (PR AR o R B B LML Y2, g 4
By SR 1.5 mLES 04, EiRFFE2—4h)5,
L4000 r/min, 4°C ) 2644 2500 10min, L2 1175
FHI1.5 mLE O F, 20 CIRAERH. H 4N
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HEM(ALT). RHEHEZEAST). SEA(TP).
BRE H(GLO). & FH(GLU). FLERM A E#(LDH)-.
H o =15 (TG)AIH [E EE(TC), 7 &N H A A4l
24 Tl k2 4 SR B P T R i (AP 1 771 2 A
VU 135 5 A k4 5 A IR A 0 SR ; R SR A 35
1L BE(SOD) IR & A 7 52 R AE M RHE B IR A 7R
W o V5 T BE(LZM) TG 77 4% 8 R @ i AE ) TAZ AT
ST I TR B R & IR 5 v e o L R TR
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dropHB iR A Y6 6 BE1H(Thermo A 7)) & $2HX
(R RNA TR BE I A6 RE, 3 F 1 %35 IR R e e L vk
KrMRNA 52 %4 . 8 3d PrimeScript  RTR#35%
R & (TaKaRaA &) A licDNA, —20°C #4745

IR EEPCRAT  ERMEMMEF T
TNF-o IL-1~ IL-6F1AZ 3K B-actin 15 K Fr 4
L3 1, #£7900HT Fast Real Time PCRAX(ABIA
A]) AT qRT-PCRIN & JE R ()R I8 & . 20 pLR M.
& % 4: SYBR Green Realtime PCR Master Mix (Toyo-
boA]) 10 pL, cDNARAR 1 uL, £ FE514(10 umol/L)
%0.8 uL, TRNAJK7.4 pL; PCRY HFLF: 95°C
Smin; 95°C 15s, 60°C 1min, 40 MEF . FI2 4t
BRI ] 5 TNF-av IL-1BAL-6 (AR 25 & .
1.3 Sitoth

H|H GraphPad Prism 9.0%#F3E 1T SR HI4E, 1
FISPSS 25.0 AMicrosoft Excel 2016 447 %5
MGt 43 Mo Al Log-rank b 56 7 Fb B 3727 | £
N TR J5 AR A7 M 26 10 22 5, F PAE o 3 3
FIWE A F iR E R BEE. HEFEE
it Levene’s K5 J&, K F One-way ANOV A 1T
K2 7 22 50T, Duncan’s% 5t 2 7 B & 1, B
KT N0.05.  MLIE A TR bR DLP I E bR UE 22
(x£SD)FIR, & BEHE LTI bR IR (T ESE) RN -

2 R

2.1 FFHERFITDIE S BRI SRR S E TR
P LT %N, 78N TR L RERR B Ja, B
T AR R L AR EYL S5 Td N AR R A
30%, AX 5 RIE GG TdN A7 F N10%. AE
i R IR S S ) S A A I — ELm TAX &,
Log-rank A 56 J5 {7k P=0.0477, A &M Z 7.
2.2 FEMEBEFT T EE R A K E Mg E
Eteiate
P BRI 2 A R SR AL T 1 48 2 90
#1 KHARFASIET

Tab. 1 Primer sequence used in the study

S E
£ 51751 i
Gene Primer sequence (5'—3') Annealing

q temperature (C)

TNF-ao GGAAGCAGCTCCACTCTGATGA 61

CACAGCGTGTCTCCTTCGTTCA
IL-1f CAAGGATGACGACAAGCCAACC 59
AGCGGACAGACATGAGAGTGC
IL-6 TTGAAGACGGAAGTGTGGCA 60
TGGTGCTCAAACGCTTTCTC
p-actin CCACACAGTGCCCATCTACGA 59

CCACGCTCTGTCAGGATCTTCA

Thin#ash, £ 5 168hik B i KAE . AERF|IL
B AE 1 AR G J5 ThiE 2 T 51 (P<0.05), AX BRI 2
A £ 70 IR YL 5 240 55 2 T 55 (P<0.05) o SIS T Fh
BRI % E 1 AL TS PR35 A 35 M 22 7:(P>0.05),
TEIR L J57—168h, ABBLF 27 JE 1) 1L 75 AL TV
PR 25 T AXEER) I 2 4E 1(P<0.05; 8] 2a). FiF
BRI B A £ 7E KL 5 L TE AS T 1 48 5 2 1 Tt
=(P<0.05), 25 FFHE T _EFA-rEass, HETE
T 5 48hIA B f K AE . fERSULRT . S YL )5 7ThAl
72h, ABBF| W 2 E 1 1 G AS TG 1 . & & T
AXBEF|W Z 4 (P<0.05; K 2b).

P BRI B A R S ILE R D S Rk ER
H LB (A/G) 35 230 T Bk 3s, ABSLR) T 2 f E
YL 5 ThilE A/G AR B35 BE (R (P<0.05), TITAXER
P % 4 0 78 R e J5 24h L5 A /G HU AR 5 35 R 1%
(P<0.05). AEZLHINY 2 9 f (i 375 75 Jik G miy gk 4L
Ja7h A/G A AT AX BRI 2P R 3% A 3 1t 2%
S, 1R 5 240 F148h i E K T AX A W 2 HE £,
(P<0.05). AEZFINEZ HE A 1 M35 A/G A 4R 411K
TAXBEFWE JE# (K 3a).

P BRI 2 A A 7R R B LIS GLO TG 2 3%
PEZE R (P>0.05), fE/E G J548h i E T+
(P<0.05). 7EI&HJ57hF1168h, AE AV 2 ki)
MBEGLOE & % 2% = T AX )V 2 R (8] 3b).

P b BRI E B A JE G T L BE K B I
AKPIEVESC T = 5 B, 7RG J5 72hik g . ABER
IV B At 1) I 375 AK P 1 7E 8 e 1 F R e J5
ThiE & & T AXBEF I F 4 £8(P<0.05; € 4a).

P A BRI I B 9 8 G T L BE K B I3
SODE 1 Je Tt i Ja PR A, 72 JE 48hik g, AX
FIE B fo 78 B L J5 720 3 5 31 K 4L 1T K,
AE B W% 3 1 75 [ Y2 J5 168hik B 318 4L fi /K
o P b BRI % 3 £ 1 L5 SOD /K A 78 B Ge 7l
YL J5 Thi% A B 2% 1 2 5(P>0.05), AERLF| 2

100

80

60 r
40 Iu
01 g e ax,
0 1 2 3 4 5 6 7
G [A] Survival time (d)

17153 Survival rate (%)

BT PR BRI 2 e A S G TE L B R I PR A A7 2
Fig. 1 Kaplan—Meier survival curve for two blue tilapia species in
the S. agalactiae challenge test
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B 175 SOD/K 1R B 4 J5 24h.  120hA1168h.E:
=T AX BRI | £1(P<0.05; K 4b).
AE BRI 2 HE f 78 Y J5 7Thill i GLU &
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Fig. 2 Changes of serum alanine aminotransferase (a) and aspartate aminotransferase (b) in two blue tilapia species infected with S.
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Changes of serum albumin/globulin (a) and globulin (b) contents in two blue tilapia species infected with S. agalactiae
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Fig. 4 Changes of serum alkaline phosphatase (a) and superoxide dismutase (b) contents in two blue tilapia species infected with S.
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(P>0.05, K 5a).

P BRI 2 A £ K L 5 I3 LDHE P 5 T
15 I BRARG, TR IR 5 ThiE 25 T 51 (P<0.05), FFARTE I
YL f548hiA VW, AEBF]IY % 9E i 75 s UL 5 120h Pk
FIBRGL AT KT, AXBEF) I F A 0 75 B4 J5 168h Kk
H BRI HIK T . AEBFNE D A 7R IR G 57—
72h LDHE P 2 = T AX BRI % 9E #1.(P<0.05),
FEIRYERT . Y5 1200 A1 168h i fh B A W7 2 £,
[LDHF %1% A &% % 5 (P>0.05; & 5b).

AEBFE S A B G 5 IS TC A ARG 5
ThiZ Z FEK(P<0.05); AXBEA B 1 L'J%ﬂf%)ﬁ
BEAR T T, 76 B 5 48h K & B B L AT /K T
B B HE 0 4 e 5 24h TCH iﬂ%‘ﬂf&ﬂ:AXSﬂ
FI B HE41(P<0.05; 1 6a).

P BRI % 9 B G S A TG & S BRI
J& Tt R, ABBRFINE S A 0 7 B 5 24h i fIK, AX
FIAY B JE 40 E SR e S5 48h K, UL J5 168hi AX R
R B HE f Pk S B IR G AT K. ABBLR)E 2 R 1
FE YL JF 240 TG & 8 5 2 K T AX R & E 11
(P<0.05; ¥ 6b).
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Changes of serum glucose (a) and lactate dehydrogenase (b) contents in two blue tilapia species infected with S. agalactiae

P A BRI B £ R L S s LZMAES T & R
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0.05), 7E /%% J5 120hk & 2 YL T /K P AX BRI IE
B R 7E R R LZMUG 24 35 3 3 T IR i K (P<
0.05). AEZRHY %' E 0 7 JE L fif AU G J5 Thi)
LZM 2 5 T AX BRI 2 £ (P<0.05), T 7E /24 4%
J572—120h 5 T AX BRI 2 E#(P<0.05; K 7a).

PR P 5 £ ) R I R A R AE R f5 Th iR 25
PER FE(P<0.05). G 5 P A BRI 2 S £ P g
R 2 PRAR(P<0.05); AEBANY 2 F 1 78 R G il
ARG J5 240 W 28 5 BE i 35 e T AXELRI I 2
I £1.(P<0.05), 7EHABK [A] % B2 F

(P>0.05; & 7b).
2.3 PR LT IEE BRI EIRE G AEIR
KMEMBREFRIET

P A B ) I B A £ JEK %%;L%LIRIFH?;HF

TNF-a3% 15 535 T+ (P<0.05), 1E/KGL 5 Thik i,

J& 2 N BE(P<0.05), @E@%EM%%KE%H
TR /K ARSI 2 A 10 1) R TNF-a 333k
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THE TOLERANCE OF TWO BLUE TILAPIA (OREOCHROMIS AUREAUS)
SPECIES TO STREPTOCOCCUS AGALACTIAE

LI Ke-Xin', ZHU Jing-Lin"’, LI Da-Yu’, ZOU Zhi-Ying’, XIAO Wei’, YU Jie’, CHEN Bing-Lin’ and YANG Hong’

(1. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi 214128, China; 2. Key Laboratory of Freshwater Fisheries and
Germplasm Resources Utilization, Ministry of Agriculture and Rural Affairs, Freshwater Fisheries Research Center, Chinese
Academy of Fishery Sciences, Wuxi 214081, China)

Abstract: China is the leading producer of tilapia in the world, with a production volume of 1.65 million tons in 2020.
However, the tilapia industry in China is facing limitations due to streptococcosis caused by Streptococcus agalactiae,
which has become one of the major factors with the increased culture density and the deterioration of culture environ-
ment. Breeding new varieties of tilapia resistant to streptococcosis is an important way to mitigate the disease. Diffe-
rent tilapia strains exhibit varying levels of disease resistance. Therefore, this study aimed to explore the tolerance of
two blue tilapia species to S. agalactiae, Oreochromis aureus “Xia’ao No. 17 (AX strain) and Egypt strain (AE strain).
The survival rate was recorded at different time points. Blood and spleen samples were collected at 0, 7h, 24h, 48h,
72h, 120h and 168h after infection, respectively. The serum biochemical indexes and expression of pro-inflammatory
cytokines in spleen of two blue tilapia species were measured. The survival rate of AE strain (30%) was significantly
higher than that of the AX strain (10%) at 7d post infection. The alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), globulin (GLO), alkaline phosphatase (AKP), superoxide dismutase (SOD), lactate dehydrogenase (LDH)
and lysozyme (LZM) in the serum of two blue tilapia species increased significantly after infection, whereas trigly-
ceride (TG), albumin/globulin (A/G) decreased significantly. The infection resulted in a strong inhibition of the respira-
tory burst. The AE strain demonstrated significantly higher serum globulin and SOD levels compared to the AX strain
at later stages of infection. The mRNA levels of pro-inflammatory cytokines in the spleen of two blue tilapia species
were significantly up-regulated at 7h post infection. Moreover, the gene expression of TNF-a, IL-1§ and IL-6 in spleen
of AE strain was significantly lower than that observed in AX strain during the later stage of observed period. The study
shows that the AE strain exhibits stronger resistance to S. agalactiae compared to the AX strain. The higher antioxidant
capacity and less severe inflammation observed at later stages of infection contribute to the increased tolerance of AE
strain to S. agalactiae. The results provide valuable parental resistance germplasm resources for breeding streptococ-
cosis resistant hybrid tilapia.

Key words: Streptococcus agalactiae; Serum biochemical indexes; Pro-inflammatory cytokine; Disease resistance;
Disease tolerance; Blue tilapia (Oreochromis aureus)
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