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Table 1- Composition of diets (%).

VAT O, Kes 5 (g

.(MJA ‘7""“")‘.’) Uheﬁ ‘;b? :‘y g_ﬁ.;SJS—\ dju\?'

Diet o Ingredients S|, 45> 5/ 4
6 5 4 3 2 1
61 61 61 61 61 61 (Corn) &3
23.3 23.3 23.3 23.3 23.3 23.3 (Soybean meal) L 4o S
1 1 1 1 1 1 (Fish meal) bl ;34
2.5 2.5 2.5 2.5 2.5 2.5 (Plant 0il) LS -85,
0.0334 0.0334 0.0867 0.0867 0.14 0.14 (DL- methionine ) s sate —dI (53
Anhydrous ) . Sl ool
0.0533  0.0533  0.0266 0.0266 0 0 .
(betaine
0.0309 0.0177 0.0309 0.0177 0.0309  0.0177 (ZnSo4) g5, W s
(kcal/kg)Mﬁt:A S5
2821 2821 2821 2821 2821 2821
(Metabolism energy)
16 16 16 16 16 16 (Crude protein %) (1) pl= 155 5
0.3034 03034 03567 0.3567  0.41 0.41 (Methionine %) (/) ;1 sue
Ja.i» Q}J\.’ oy )‘ oL U,:AU X3
2011 2011 2011 2011 2011  20.11 (mg/kg)
Dietary Zinc without supplement
(mg/kg)
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Real time qPCR ¢lxl 515 b oyl Slasein 5 Iy =Y o

Table 2- Sequences for real time qPCR primers.
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temperature size (bp) Number
00)
el
5 3 F: 5- TGTGCTGTCCAACTGGTGAA-3 | Jete o o
R:5'- GCAGCTTGCAAACCCTCTTT-3’ e
Sl
(BHMT)
S o 51
F: AGTGCCTACCTGTGATGTTG-3'
59 101 AF408407 Malic )
R: GGCTTGACCTCTGATTCTCT-3'
(Enzyme
Sl oo
F:5'- AAGCAATTCGTCACGGACAG -3’ ,
Fatty Acid
59 116 R:5'- GGCACCATCAGGACTAAGCA -3 103860 atty Acid )
(Synthase
F: 5-GTGATGGACTCTGGTGATGG-3' oStk
>9 150 S-TGGTGAAGCTGTAGCCTCTC-3:R ~ NM205318 0 o
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Table 3- Real- time qPCR protocol.
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Figure 1- A sample of electrophoresis of PCR products for (A) B-actin (B) malic enzyme (C)
fatty acid synthase (D) betaine-homocysteine methyltransferase on the 1% Agarose gel.
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Table 4- The effects of treatment on blood glucose, cholesterol and triglyceride.
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Table 5- The effect of betaine substitution to methionine on liver betaine homocysteine
methyltransferase, malic enzyme and fatty acid synthase genes expression in lying hens.
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Table 6- The effect of temperature on liver betaine homocysteine methyltransferase, malic
enzyme and fatty acid synthase genes expression in lying hens.
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Abstract

To investigate the effects of dietary zinc and betaine (Bet) substitution to methionine
(Met) on hepatic betaine - homocysteine methyltransferase (BHMT) and lipogenic (malic enzyme
and fatty acid synthase) genes expression in laying hens under heat stress by using real-time
gPCR, an experiment was performed with 288 Hy-line W-36 leghorn (at 50 to 62 weeks of age)
in complete randomized design (CRD) with a 3x2x2 factorial arrangement of treatments
including twelve treatments, 3 replicates and 8 hens in each replicate. There were 6 dietary
treatments: three doses of Bet (0, 13 and 26%) substitute to Met combined with three levels of
zinc (90 and 100 mg/kg) supplemented to the basal diets that were combined with two
environmental conditions (thermoneutral and heat stress conditions). Results showed that dietary
supplemental zinc had no effect on BHMT, malic enzyme and fatty acid synthase (FAS) genes
expression. The results confirmed that Bet substitution to methionine due to a 2.11-fold increase
(P <0.01) compared to the control in BHMT gene expression whereas; it due to a 2.47 and 1.98-
fold decrease (P < 0.01) compared to the control in malic enzyme and FAS genes expression.
Moreover, BHMT, malic enzyme and FAS genes expression was significantly reduced 1.58, 1.96
and 2.15 fold by heat stress when compared with control group, respectively (P < 0.01).
Therefore, betaine can reduce the harmful effects of heat stress by increasing the expression of
BHMT gene and reducing the expression of malic enzyme and FAS genes in laying hens under
heat stress.
Keywords: Heat stress, Zn, BHMT, Metionine, lipogenic genes
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