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Abstract: [Objective] The aim of this experiment was to study the effects of high starch and oil diet on milk
performance and mammary gland transcriptome of dairy cows, and explore the molecular mechanism of milk fat
depression (MFD). [Method] Eight lactation Holstein cows were randomly divided into two groups of the
control group and treatment group, four cows in each group with a 2x2 crossover experiment. The test was
divided into two periods, each period was 23 days, and two groups were switched in the second period. In the
first 16 days of each period, the cows in the control group were fed low starch and oil diet, the net lactation
energy of the control diet was 6.78 MJ/kg. For the cows in the treatment group, 266 g/kg fine ground corn and
46 g/kg soybean oil (dry matter basis) were added to the control diet. In the last seven days of each trial period,
the cows of two groups were both fed with low starch and oil diet, the net lactation energy of the diet in the
treatment group was 7.66 MJ/kg. Milk yield and milk composition were measured on the Ist, 4th, 7th, 10th,
13th, 16th, 19th and 22nd days of each period respectively, and mammary tissues were collected on the 16th day
to detect changes in transcripts. [Result] Compared with the cows fed with low starch and oil diet, the dry
matter intake and milk yield of cows fed high starch and oil diet decreased on the 13th and 16th days (P<0.05).
After feeding high starch and oil diet for seven days, the milk fat percentage began to decrease, and the milk fat
rate and milk fat yield decreased significantly on the 10th, 13th, 16th and 19th days (P<0.05). The contents of
milk protein, lactose and non-fat solids increased significantly on the 13th, 16th and 19th days (P<0.05). A total
of 235 differentially expressed genes (DEGs) were detected in the control and treatment groups, 64 of which
were up-regulated and 171 were down regulated. GO analysis showed that the DEGs were mainly related to
inflammatory reaction, a-amino acid metabolism, organic nitrogen compound metabolism, cell development,
lipid biosynthesis and adipocyte differentiation. KEGG analysis showed that the DEGs were mainly related to
axon guidance, NF-kB signaling pathway, calcium signaling pathway and so on. Combined with the correlation
analysis between the DEGs and milk performance, this study screened some genes related to lipid regulation as
candidate genes for studying lipid metabolism in dairy cows under MFD, including FGFR4, VDR, HTR2B,
CCL2I and TYRPI which were down regulated in mammary glands. [ Conclusion)] Feeding cows with high
starch and oil diet can reduce dry matter intake, milk yield and milk fat rate, increase the contents of protein,
lactose and non-fat solids, and down-regulate the expression of fatty acid synthesis related genes in mammary
glands of dairy cows. The study can provide data references for scientific formulation of diets and investigation

of the molecular mechanism of MFD in dairy cows.
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Table1 Composition and nutrient levels of experimental

diets (DM basis)
wi%
BiH A XA A HeH
Item Component Control Treatment
group group
JFE e EREL 10.65 8.12
Ingredient  Whole corn silage
M5 Oats hay 7.02 5.35
E7TE T Alfalfa hay 16.71 12.72
[T 4.65 3.55
High moisture corn
ERERER 9.31 7.11
Steam flaked corn
Fr#E K Ground corn 9.86 27.79
KEH Soybean oil 3.51
A ST 2.76 211
Distillers dried grains with
solubles
K4 Soybean meal 5.02 3.83
RURAFFH 538 410
Double low rapeseed meal
Al S URLAf 6.54 498
Dried beet pellet
PR 6.85 522
Wet brewer’s grains
KRR B 237 1.80
Fermented pineapple
residue
£HF Whole cottonseed 6.90 526
HEEHES Cane molasses 245 1.87
iR Ml 0.78 0.59
Rumen bypass fat
TR Premix 0.46 0.35
RREES CaHPO, 0.36 0.27
Fi¥ CaCo, 0.72 0.55
/NI4T NaHCO;, 0.72 0.55
A MgO 0.13 0.10
# NaCl 0.36 0.27
IRl AHLY Organic matter 92.94 94.31
Nutrient 41 % (4 5% Crude protein 16.10 1412
ERRERTRY S 3143 26.42
Neutral detergent fiber
gy sy 19.45 15.78
Acid detergent fiber
ekt Starch 23.77 31.43
FHIENT Crude protein 4.55 7.80
WFLIFHE/(MI kg ™) 6.78 7.66

Net energy of lactation

1) b3 ak At SR, 4 SlE; 2) &1 £ T RAHDMAR) A
47 2 525 mg, %k 4 150 mg, % 10 025 mg, 4& 4 200 mg, 4 60 mg, #& 100
mg, A 200 mg, 44 %A 1100 000 IU, 44 %D; 360 000 IU, 4 4 %E
10 000 mg, % #% 200 mg, f~#1% b % 300 mg, % % % 3 000 mg

1) Net energy of lactation is a calculated value, while the others are
measured values; 2) Each kilogram of premix (DM base) contains: Copper
2 525 mg, iron 4 150 mg, zinc 10 025 mg, manganese 4 200 mg, cobalt 60
mg, selenium 100 mg, iodine 200 mg, vitamin A 1100 000 IU, vitamin D,
360 000 IU, vitamin E 10 000 mg, biotin 200 mg, f-carotene 300 mg,
rumenin 3 000 mg
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Fig. 1 Effects of high starch and oil diet on dry mater intake (DMI), milk yield and milk composition of dairy cows
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Fig.3 Heat map of differentially expressed genes in
mammary gland tissue
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Fig. 5 The first 30 GO terms with significant enrichment of differential mRNAs in mammary glands
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T8 G 58 Y 24 46

ik i 2 R B E I FH, FCGRIA. SAA3.
NLRC4 Ml CATHLS 25 %% i Jx N A G 358 I i 5
CD40LG 1 CCL21 25 NF-kB 15 5 E £ $L f ;
FASN. SREBFI. MLXIPL. HTR2B. ETNK2.
FGFR4 M VDR Z 5 g EV)& id 72 CCL21,

CYP1A2\ LRAT 1 TYRP1 Z 5 5 i ARG FE R 155
SREBF 1. VDR Ml FGFR4 2 5515 25 [& B AC 1t ik
f2: AGAP2. NEURLI. IGFBPS5. FASN ¥l VDR 2 5
HAIRKR G LR HTR2B. ETNK2 F1 SREBF1 Z 5
HEA UL FE
2.2.6 sk 2 7K R R K 69 AR X AT
AWICEEL T 2 5 W TOP 10 fy2E K, R
I Re s it 1752 AW e B AR,
RNE A5 I R AH O 1 22 e SRR R I, o FL IR v
1% H ) 22 S R ) 5 9 A 1) 1 5 7L e A
7 A ME M, & 2 AT, FLIR A, RNASEL,

®2 AR MESBALRERERFTIANEXSHR

Table 2 Correlation analysis of lactation performance and expression of selected differential genes in mammary glands of

dairy cows

K TORREE  WE AEE AR AEATR AEA R

Gene Dry mattter intake ~ Milk yield  Milk fatrate ~ Milk fat yield ~ Milk protein content ~ Milk protein yield
GSTA2 —0.925%* —0.259 —0.562 —0.508 0.717* 0.007
FCGRIA —0.945%* —0.198 —0.463 —0.360 0.687 0.064
SAA3 —0.929%* —0.210 —0.522 —0.433 0.717* 0.064
RNASE! —0.933%* —0.584 —0.757* —0.774* 0.829* —0.343
Novel02780 —0.533** —0.658 —0.976%* —0.862%* 0.655 -0.512
TECTB —0.636 —0.567 -0.771%* —0.869%* 0.851%** —0.304
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P TRt & P ENEES FUIRF & AEATE AEATE
Gene Dry mattter intake ~ Milk yield  Milk fatrate ~ Milk fat yield =~ Milk protein content ~ Milk protein yield
NLRC4 —0.889** —0.624 —0.584 —0.754* 0.893** —0.356
VTN 0.507 0.389 0.807* 0.508 —0.627 0.203
GPA33 0.691 0.767* 0.597 0.904** —0.798* 0.567
LRRC754 0.612 0.732* 0.856** 0.790* —0.770* 0.550
EPOP 0.595 0.683 0.872%* 0.788* —0.694 0.522
GPR37L1 0.711%* 0.786* 0.749%* 0.813* —0.871** 0.566
COL26A41 0.462 0.876%* 0.533 0.788* —0.562 0.806*
APLN 0.606 0.848** 0.775% 0.851** —0.737* 0.700
FBX010 0.595 0.669 0.825% 0.861** —0.687 0.506
FASN 0.556 0.353 0.622 0.660 —0.826* 0.061
SREBF1 0.648 0.820 * 0.782%* 0.817* —0.772%* 0.653
MLXIPL 0.369 0.476 0.608 0.614 —0.748* 0.248
HTR2B 0.406 0.537 0.472 0.777* —0.739* 0314
VDR 0.532 0.948** 0.598 0.845%* —0.750%* 0.813*
FGFR4 0.516 0.847** 0.655 0.874%* —0.836%* 0.651
CCL21 0.426 0.821* 0.350 0.830* —0.712* 0.667
TYRPI 0.449 0.534 0.406 0.749** —0.789* 0.285
CD40LG 0.549 0.653 0.600 0.857** —0.739* 0.455
AGAP2 0.598 0.561 0.593 0.759* —0.804* 0.321
NEURLI 0.242 0.905%** 0.599 0.808* —0.647 0.807*
IGFBPS5 0.395 0.693 0.438 0.833* —0.660 0.538

1) £ P HALA K RiEABE Rk “*7 RFP<0.05, “**” K AP<0.01

1) Values in the form are Pearson’s correlation coefficients; “*” indicates P<0.05, “**” indicates P<0.01

Novel02780 F1 TECTB FiL 5 FL G R A AL~ & 2
B F U 9% (P<0.05 BY P<0.01); GSTA2. FCGRIA.
SAA3. RNASEI. Novel02780 1 NLRC4 # it 5
DMI £ % &5 2% 7 A 2% (P<0.01), H ¥ FCGRIA,
SAA3 M NLRC4 Z 5 RIE 5 R R Bi; GPA33,
LRRC75A4. GPR37L1. COL26A41. APLN. SREBF1 .
VDR. FGFR4. CCL21 F1 NEURLI ik 57§y &M
ANErF=& 2 8F IEMHX (P<0.05); FBXO10.
HTR2B. TYRPI. CD40LG. AGAP2 R IGFBP5 %3k
A 2 53 IEAHR (P<0.05).

3 Wi
3.1 SRS BRI Y4 DMI F03LEL 1% RERY
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FE i, DMI BAK, & WA RN (H
Boerman &5 0] ME AR 0 K &2 3 BYOK T8 7 R 1R HY

VIR R B, Wh A=) DMI R B, PE o E it .
B4t Oba &M B 50 R I, 7R 2988 B e N IR
KB FHY A DMI R AR50 AL #H 4
FURR A TR 0K, s TR & = AR08 B
e AR 2 AR, 25 BT A, H
YN, #1324 DMI R F%.
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A 50 b 3 2H Y A AR S IR B R OK AR
WA 7 d 5, AR 26 T HE R
B WTAR R, ek RS 394 MFD B L AR
REEEILT 25%, JLIE- BB EHRIKT 27%"
TR A NN 4%(w) S ER 4%(w) BRI 5, 215
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