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W OE. KRB AR E - RIEIR A (LC-MS) 3 R 5 47 U485 £ F 1] do A AR 6 AL
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FUAE dn FHE AP A B 11 538 MFAER M, E R B TR T EE T d 694 R4, &
% (B EAE Metlin HMDB 5 3 &) T M5 47, L b 71 f+ 2 R M4, £+ A 49 #F £
FRMYFEERE LA(P<0.05),22 4 £ F R4+ B 2 F TH(P<0.05), KEGG i@ % 5 &£
HFRIF 20 FRMEH L 14 FRPFBER ZF B E (P<0.05), £ -F 4 H b B K5t B A AR
HE IR NS BENLES (GPL) -4 € A M & R F . FLAEiF S—RR & RBR | L—A7 AR BE A a5 A i BE A
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S 33 &

SR YK, FiH MBE TR IR B, B K616 h,
& NTREEERITE (2226) T,
1.2 HEE&E

LA ) 3 w5 kIR AT TG B R L, SR 5 7E 4 C
LA 3 000 r/min Z.0> 10 min J5 BT, T-80 C
PRAF LA R
1.3 KFE5EE

F . B RS (Fisher A 1w, X H) 2
(Fisher A F], & H ) W & (Fisher 24w, 3£ ) L4l
JK (Fisher 24 w], &) ([N EE ( Fisher A w], 3K ),
DL 53 oy e ik 4l

F AL %5 . Triple TOF5600 = i PO 4% ¥T it 1%
( AB Sciex 2 ], % [ ) ExionLC AD & A 815 &
4t ( AB Sciex 7~ A, 32 [E ), HSS T3 & i
(1.8 um,2.1 mmx100 mm, Waters 2 f), & [# ) |
JIXDC—-20 VR AWML (il 5 520l & R A IR
v H)) (LNG-T88 7 &5 A bt 8500 v 4 T 1 2% (K
Gt AL )  Wonbio—96¢ Y 5 3 1 21
LU REA (g A AE Y R A R A R ) SBL-
10TD AL 75 I T8 BEL (77 B8 2 A MR IR A
FRZ> ] ) | Centrifuge 5430R i & 8 & Ik 55 .0 HL
( Eppendorf 7 #), f# [ )., NewClassic MF
MS105DU BUHL R (MR A Al B+ ) o
1.4 #HEFE

U100 pL MEREAT 2 mL B.08H, A1
WEH 2 6 mm BWFEEER, FH 400 wL $EHU&K (H
K =4:1 KR & 0.02 mg/mL BN R (L-2-
FANAR ) 2N Y . FEARR W TR Ed
LA 6 min(—10 C,50 Hz) , 2R J5 (R i
FEHEHL 30 min(5 C,40 kHz) ., ¥FEAR T-20 T#
& 30 min, #5015 min(4 °C,13 000xg) , &5
B il L AL T
1.5 RIE(QC)#HA&

ISR B T A FE A S B TR A 1) 45 R QC
FEA TEAER i B B 6 MHEATHA LA
QC HEA LB A il PR B M,

1.6 #HiEBIEBEERIEL (LC-MS/MS) 51

{UER- 6 AB SCIEX 2 ) (18 i S50 A £
T H3 1B K AT I A] T 3% ( UPLC-Triple TOF) &4t .
1.6.1 (gt

10 pL FEA 2 HSS T3 A% 4% (1.8 pm,
2.1 mmx100 mm) 3 B J& 3 A B AR I, 3 s A
A NI5%IK+5% LNE(F 01% R ) , Hishtl B K

47.5% ZNE+AT.5% S NEE+5% K (& 0.1% H IR ) .
STEMEE.0~0.1 min, Ji i A B Nk o F+ =
5% ;0.1~2.0 min, i 8AH B MNZt: 5% F+ % 25%;
2~9 min, i 3 A B LM 25% F+ 2 100% ;9 ~
13 min, 7 30AH B e 4E+F 100% ;13.0~13.1 min,
WA B N 100% F& = 0;13.1~16.0 min, ¥
A B Lt 4ERF 0, WY 0.40 mL/min, # i K
40 T,
1.6.2  JliEs&MF

FEAR A 5 R AR L IE B8 H B X,
Jo R AT B R A7 EE (m/z) : 50 ~ 1 000, B 1M
ZH R, IE B T E 5 000 V, B T OHJE
—4.000 V, =/ H T 80 V, W55 < 50 psi, 4 B fin i
S50 psi, AR 30 psi, B FIEINHGRE 550 C,
(40+20) V EAREIEGE
1.7 HUETALEFNEE

EHLSE R Z 5, LC-MS J5 iR B s 5 AR i 4l
“FALFRER 4 Progenesis QI ( Waters 2\ 7], 3¢ [# ) ik
AL vk U By R B B AR OIE | 0 X
3, B AAR BN — LR B B ] 5T Aar L e 8 R 1 4L
I 4 5 P 80 %0 10 U] ke 2 B Bl S AL, Pk
17728 SRR IECRD (5L R 5 v e /N (B SERD 25 B ) |
SRR INIE A i) B S A A N B i ok B 15 22, R
A — A 125 0 9 A J5 335 U %) miep o iR 88 F A7 05 —
16, 153 — A5 B A . [RIA I ER QC HEA
AHXF BRI 22 (RSD) >30% 14 728 2 |, 3 74T logl0
XTEACAL 3 A5 31 B 2 T I 22 43 A ) e A B
[ A MS A1 MS/MS 5t 3545 B 5 A0 2L 55040
J&£ HMDB ( http;//www.hmdb. ca/) Fl Metlin %§ $i
J% ( https ; //metlin. scripps. edu/ ) # 17 VEfic , 75 24
WOE R,
1.8 #Hit5HH

ToAb B 5 0 Bl AL AW = F & (ht-
tps://cloud.majorbio.com ) #47 8 HE 43 B, Al FH R
B AF AL ropls ( Versionl. 6. 2) #f 17 F W 43 7 #r
(PCA) FIIEAZ Fe/ M — 3 1 51 43 (OPLS-DA ) |
FEA 7 UG PR 5E LK I SR TEAG AR AR A R e
WAL 1T student” s ¢ K S0 o0 A, 25 SARIE A AL
3L T OPLS-DA 5 78 15 | (1) 4 & 5% & 2 ¥
( VIP) Al student’ s ¢ ¥ % P {H K #i &, VIP>1 P<
0.05 WA o 22 AR, I3 i KEGG %4
J% (https ;//www.kegg.jp/kegg/pathway.html) JE1T
A B R SRR 22 R Y 2 50 i, F
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2.2 PCA

Wit PCA nJ 420 T fiff 20 1] 32 AR AR 1 22 S 4l
PR E S RS E M, PCA 45 SR ml L 7 FE AR Ta] A i
L) oy BT SO T REAR [ AL 22 55 K/,
H & 1 A] 1, PCA B QC HEA B R ELE —
e, RIAAR IR e A A, 2 dFEAZ
B B A oy B R 34 BB 2 L REAS AR =
fETE2E 5 HREAR AL T 95% B A5 XA N, RPX
P E PCA R 1Y 2 2228, PCA 1E & T4
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A IE B AR PCA 543K PCA score graph of the positive ion model; B 1 B F#2% PCA 543Kl PCA score graph of

the negative ion model,

DO0_14:14 H#FL#Y 14-day-old pigeon;D0_21:21 H#FFLAY 21-day-old pigeon; QC: Fi#E#: 74 quality control sample, F

[€[5] the same as below

1 14521 BRIBMBFHREARE B FEE PCA BHE,

Fig.1 PCA score graphs of positive and negative ion models of serum samples from 14- and 21-day-old squabs

2.3 OPLS-DA

OPLS-DA SR 21 2% H 4k o0 At v H FH O 2%
Ffc/ Mg I F )43 B (PLS-DA) Y9 & . OPLS-
DA BEfEHS PCA AN I 22 15 B Lk, R 5
ik 22 S0 . OPLS-DA HiEIFE A& (K 2) 1B
N, 2 HFEARBITE 95% 1B A X T, 14 H iy 4L Al
21 HIBH WA AR 1 F W05 (PCL) il 22 i 0
A, Ui 2 AAREA Z B AETE 2 5%, X T OPLS-
DA IE & FHi 8 R*X=0.699 R’Y=0.996, Q" =
0.370; % F OPLS-DA ffi & T Bi % R*X = 0.480 .
R*Y=0.996 .0*=0.507, Hrf' R*X F1 R*Y /3 B3
JIr LIS X RN Y K B I R R R, 0° RORBERLEY
WAE Ty, it b R O BUEBHET 1, B A
R, 5 AV ) 56 B RS AR ) 0L ME R M 22 R
R ,R*.Q* BT 0.5 %4, 5T 0.3 Bin] 52,
MNIEL 2 AT 32 5 7 EL A A v 1 i R g R T

BT B UE OPLS-DA AR 5 77 78 5 $0L A, XA 7l
PEATIAIE | AR A I 2225 3 vl 5 I B 56 200
W IR AL 2 R (8] 3) s 0 #E/N T R?, H.
O? M F 4k 2 B4R AT = ke %, 3R] OPLS-DA
BRI g ] 5 R & AR LG, Tt — 20 AR S VIP
Gy Mk 25 AR .
2.4 ERRiGHFIE

ik OPLS-DA #i%1 PC1 [ VIP Sl ~7 #EA ¢
g e P AE, T4k 2 A H s 2LAG I i 22 5 1
TR, wERE SN VIP>1 FC>1 8§
FC<1 H P<0.05, i % i () 2= S5 an 2% 1
TNo TE 14 5 21 H LRG0 IH FEAS b 20 2k 71
il 22 AU (38 B IE B4k 22 AR A 33 Fi
B S Y ), b A 490 R E
P (P<0.05) ,22 FP=E 53 TN (P<0.05) , I
HMDB 4l FE A5 W 43 2 AR 22 S AR 5 S dn
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Fig.2 OPLS-DA score graphs of positive and negative ion models of serum samples from 14- and 21-day-old squabs
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Fig.3 OPLS-DA model replacement test chart of serum samples from 14- and 21-day-old squabs

R1 14721 HRFLBMFEHEFKBY
Table 1 Differential metabolites in serum of 14 and 21 day-old squabs

Fe 2 50 TR EHEEYE 25055 P1iA
No. Differential metabolites VIP FC P-value
1 7 M BENE BB [ 20 :4(52,8Z,11Z,14Z) ] Lot Lot 0.021
LysoPC[ 20 :4(5Z,8Z,11Z,14Z) |
2 PR IML# PR BEAEBE (P-18 :0) LysoPC(P-18:0) 1.18 1.05 0.016
3 WM H [ 18 :1(92)/0:0] PG[18:1(9Z)/0:0] 1.41 1.10 0.025
4 + \B MR Vaccenic acid 1.92 1.18 0.003
5 11Z-+ 75K 2 11Z-hexadecenoic acid 1.52 1.15 0.035
6 LI /MG FE R F (C16) Lyso-PAF (C16) 1.37 1.05 0.007
. 1—t-E R LR —sn—H il — 3 — B 2 J1E 6 112 0.95 0.028

1-heptadecanoyl-sn-glycero-3-phosphocholine
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2R 1
75 2 5 TR R 22 R P{H
No. Differential metabolites VIP FC P-value
3 WENEBEALAE [ 18 :2(9Z,12Z) /20 :14(8Z,11Z,14Z,17Z) ] 112 Lo4 0.024
PC[18:2(9Z,12Z)/20 :4(8Z,11Z,14Z,17Z) |
9 Je 2, A BMEIR Trans-trans-muconic acid 1.48 1.10 0.005
10 Janthitrem C 1.03 1.04 0.039
1 MRS BENE AR 22 :4(7Z,10Z,13Z,16Z) ] |27 Lo 0.012
LysoPC[ 22 :4(7Z,10Z,13Z,16Z) ]
12 TR IMBEAS BEAERS (0-18 :0) LysoPC(0-18:0) 1.15 1.05 0.038
13 Hih @52 ILH& Glycerophosphocholine 1.22 1.08 0.029
14 4/ - H—R-FHKNER 4’ -hydroxy-R-phenprocoumon 1.37 1.12 0.031
15 #2711k Norgestimate 1.01 0.95 0.015
16 16— —9E—T 75k R 16-bromo-9E-hexadecenoic acid 2.16 1.45 0.027
17 Riesling acetal 1.16 0.86 0.037
18 FEHE B 22 05E A B, Palmitoyl-L-carnitine 1.26 1.07 0.033
19 HOKFER Melilotin 2.75 1.79 0.008
2 TR IMWBENE C WERE] 20 :4(82,11Z,14Z,17Z) /0 :0] 16 105 0.013
LysoPE[ 20 :4(8Z,11Z,14Z,17Z) /0 :0]
21 I BN BEAERR [ 18 :2(9Z,12Z) ] LysoPC[ 18 :2(9Z,127) | 2.56 1.47 0.008
22 N-Ji B H & B2 N-oleoyl glycine 3.23 2.38 0.007
23 D-HEME—Sam 1.69 1.19 0.033
D-glucosyldihydrosphingosine
24 Bakkenolide B 2.27 1.61 0.048
25 12-OAHSA 3.51 4.24 0.002
26 MR (d18 :1/22 :0) Ceramide(d18 :1/22 :0) 1.00 1.05 0.048
. WENSTE 2 Ml [ 22 :5(4Z,72,10Z,13Z,16Z) /22 :6(4Z,7Z,10Z,13Z,16Z,19Z) | 54 17 0.036
PE[ 22 :5(4Z,7Z,10Z,13Z,16Z) /22 :6(4Z,7Z,10Z,13Z,16Z,19Z) |
28 HWENE (d18 :1/14 :0) SM(d18:1/14:0) 1.29 1.12 0.048
29 BN mE 22 Z R [ 16 :0/24 :1(15Z) ] PS[16:0/24 :1(15Z) ] 1.58 1.20 0.025
30 AR L A B Stearoylcarnitine 1.22 1.07 0.036
31 DWERE a-13 :(_)/1-24 :0/18 :2(92,112)/1-20 :0][ rac] 139 0.0 0.026
CL[ a-13 :0/i-24 :0/18 :2(9Z,11Z) /i-20 :0] [ rac]
32 T Bt %L A B Oleoylcarnitine 1.44 1.07 0.012
33 (%) -Myristoylcarnitine 1.81 1.16 0.003
34 2k L 72 € P, Decanoyl-L-carnitine 2.92 2.39 0.014
35 Pl E N 52 E MR Hydroxyprolyl-isoleucine 1.06 0.94 0.010
36 S THBEAN B Isobutyryl carnitine 1.82 1.29 0.019
37 EZH Dhurrin 2.06 0.68 0.028
38 3-ethyl-2-( 1-pyrrolidinyl) -2-cyclopenten-1-one 1.82 0.78 0.026
39 17—+ /\B# S EZ 17-octadecynoic acid 1.24 1.04 0.018
40 RAMRAAM Histidinyl-glutamate 2.17 0.67 0.029
41 15t B Camelliagenin B 2.14 0.68 0.024
i WENSME 22 E R [ 20 :5(5Z,82,11Z,14Z,17Z) /24 :1(15Z) ] 110 1.05 0.022

PS[ 20 :5(52,8Z,11Z,14Z,172Z) /24 :1(15Z) ]
43 IR E R Epoxycampholenic aldehyde 1.48 1.22 0.017
44 N—P[ 20 Bt 5 (4 . Nb-feruloyltryptamine 2.30 0.67 0.044




6208 B oWoE R Rk 33 &
i1
Jrs 2& A R RO T 22 R P
No. Differential metabolites VIP FC P-value
45 (B)-8—Melh-2-/—4,6-— i 1.72 1.13 0.012
( E) -8-hydroxy-2-octene-4, 6-diynoic acid
46 ALIE# 1 1-3 Kinetensin 1-3 1.58 1.17 0.003
47 S—JRH HE %R S-adenosylmethionine 1.60 1.12 0.015
48 2- (LR RIE) -3~ (R RRE) Pkl 1.75 1.10 0.000
2-( arabinosylamino ) -3-( glucosylamino) propanenitrile
19 WelE I Z B2z [ 15 :0/20 :2(11Z,142) | 110 0.04 0.030
PE[15:0/20:2(11Z,14Z) ]
50 N5 & PR Deoxyuridine 2.03 1.44 0.022
51 WEARIE 2. ke [ P-16 :0/14 :1(9Z) ] PE[P-16:0/14:1(9Z) ] 2.11 1.30 0.024
52 TR B NEBEAESH (16 :0) LysoPC(16 :0) 1.93 0.79 0.009
53 5,77:%%—2” ,6—;?%%%2&@@—7— Eﬂé#@%‘ﬁ 177 118 0.027
5,7-dihydroxy-2’ ,6-dimethoxyisoflavone-7-rhamnoside
54 2L 3 Furcelleran 1.53 1.20 0.048
55 L-FARE R N 8 L-palmitoylcarnitine 2.70 1.97 0.023
56 20— % —PGF2a 20-hydroxy-PGF2a 2.54 1.90 0.019
57 3-dehydrosphinganinium (1+) 1.64 1.31 0.034
58 1-AE M EE H il B R2 LB 1-palmitoylglycerophosphoinositol 1.07 1.08 0.018
59 Taraxacolide 1-O-b-D-glucopyranoside 1.25 0.88 0.035
60 + —BE 3L A B Dodecanoylcarnitine 2.62 2.00 0.010
NEE22 Z MR [ 18 :1(112) /20 :2(11Z,14Z
ol . ﬁiﬁ’s[iﬁi[( IIZ)(/20 :)2( 112,(14Z) ] " 2.00 0.74 0.041
62 AR Ae %R 3—Jp JH B Petunidin 3-gentiobioside 2.39 1.59 0.039
63 9,12—+7Nkbi BRI BH 9, 12-hexadecadienoylcarnitine 1.72 0.78 0.016
64 Hebevinoside X 2.13 0.72 0.037
65 4—F2FRH S 4-hydroxybenzaldehyde 1.41 0.90 0.019
66 AW R Glutamyltryptophan 1.54 1.10 0.016
67 T It BB H &BR Sulfolithocholylglycine 1.65 0.87 0.048
68 Z.TA% Ethopropazine 1.87 0.85 0.027
69 33— 3 — &M% 3-methyldioxyindole 1.76 0.78 0.046
70 3—H % 8 3-methylglutaric acid 1.68 0.82 0.002
71 Z i Dopaquinone 1.52 0.89 0.033

ZESFA > AR 21 B FLAS TS Pz U & T 14 HigFLes, P M 8RN,

FC greater than 1 mean that this metabolite content in serum of 21-day-old squabs was more than that of 14-day-old squabs.

P-value was obtained by #-test.

2.5 KEGG BEE&ENH

FIH KEGG # i F Xt 22 S AR dE A7 1
K14 521 HBFLAY M E A T 71 Fh A B
2% SRR S T B F 20 AR RS, k2 Tl
W EEERRIEY B L LR EWEEFEEAH
AR AT Bk A8 AL B AR BEWLEE ( GPT) -4 2
VAL

3 3 i

AR 2 27 S % 2 AR P 3R A 7 e 1 e
B, 3 T4 A0 W 5 A= BE A AR B A X R R 1
WFFE  HeWFoE B9 H A, AR 2% SORT 23 48 ) A
A ), A S I ) AR 9T 2 27 e N AR e i A i
R R A 1T LR ok 04 N e AW LK/ B S U s -
B ACISE F T A B AP AR e AR i
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AR XE 14 F1 21 H R FLAS LIS FEA AT 04T
G ILIRRE 71 A 22 AR, AR R IR R
T(358) AHLZRIMEE Y (6Fh) A HLIR K H

*2 14521 BB MFERREY KEGG &

A (5 T ) ZRIEN IR FIRE (5 F) A PLA
EY (4 Fh) BHBRZERY (2 F)

BESH

Table 2 Enrichment analysis of KEGG pathway in serum of 14- and 21-day-old squabs

{15138 % Metabolic pathways Total” Raw P FDR®
H BB Glycerophospholipid metabolism 9 <0.000 1 0.000 2
[k RE A8 Ether lipid metabolism 2 0.002 7 0.017 5
LR S b gk A

WHHET R I AL~ A2 0 B 9 0.009 5 0.041 3

Glycosylphosphatidylinositol-anchor biosynthesis

1) %38 #9140, The number of metabolites in the metabolic pathway.
2) ARG % & 0TS P {5, The P-value of metabolic pathway enrichment analysis.
3) B RE MBI R RAITZ HM BT IEG K P {H, The P-value was obtained by multiple hypothesis testing using

false discovery rate method.

S—H# 1 & % ik ( S-adenosyl methionine , SAM )
SR AR E MY 2, LR N BB A A
25 DNA RNA g it Fl#f 2833 Jit 46 4k & 9 1) W
FALR M, SAM FE AL A B T i AR AR S R
Hik BN AT AR AR S E T
Hb,SAM H IS 5 Z Byt i, £ 20 i 0 A= A
BAMA K EARRERE T REARNE
Tz — Al gd, 5 14 HIgFLagA L ,21 H
WL AS ME H SAM 5 i 3 1 3 A RE SR W Bl
F H SR AUARZE (R A e, e 4
AR I, SAM W] LU A F i 2ok g i 2 5
B BTG A% AR AR DO, AT 42 & &
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Changes of Serum Metabolites and Pathways during Development of Squabs

AN Yong'® JI Feng’® WANG Xuemin'®~ WANG Zheng® ZHANG Shuai'”
(1.College of Life Sciences and Food Engineering, Hebei University of Engineering, Handan 056000, China; 2. Institute of
Animal Husbandry and Veterinary Medicine, Beijing Academy of Agriculture and
Forestry Sciences, Beijing 100089, China)

Abstract; The changes of serum metabolites during the development of squabs were analyzed with the tech-
nique of liquid chromatography-mass spectrometry. Six 14-day-old healthy squabs with the body weight of
(398.33+43.28) g and six 21-day-old healthy squabs with the body weight of (449.17+49.44) g were select-
ed for wing venous blood sampling, and serum was prepared and analyzed with non-target metabolomics based
on the technique of LC-MS. The differential metabolites were screened out according to the variable importance
in projection ( VIP) and independent sample ¢-test, and their pathway enrichments were analyzed. The results
showed that a total of 11 538 characteristic metabolic peaks were detected in the serum of 14- and 21-day-old
squabs, and 694 metabolites identified in the positive and negative ion models. After the qualitative analysis of
database ( self-built database, Metlin, HMDB etc.) , a total of 71 differential metabolites were screened, of
which 49 differential metabolites were significantly up-regulated ( P<0.05), and 22 differential metabolites
were significantly down-regulated ( P<0.05). The KEGG pathway enrichment resulted in 29 metabolic path-
ways, 14 of which were significantly different ( P<0.05) , mainly glycerophospholipid metabolism, ether lipid
metabolism, glycosylphosphatidylinositol ( GPI) -anchor biosynthesis etc. The contents of serum S-adenosylme-
thionine, L-palmitoylcarnitine, stearoylcarnitine and some metabolites of phospholipids were significantly rosed
with the increase of age of squabs ( P<0.05). The above data are helpful to understand the changes of the
physiological state of the squabs during the development and provide references for better satisfying their nutri-
tional needs in production.[ Chinese Journal of Animal Nutrition, 2021, 33(11) :6203-6212 ]

Key words: squabs; serum; differential metabolites; metabolic pathway
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