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BT E A B s T, U
55 i PR AR G 19 £E W b 5 0 0 B e A W A A= )
AR A T kM, AR H I T3 AR 2 R (Tan-
dem mass tags, TMT) 1E k8 H 4= % M0 &
T O S AR, 5 iR 23 B AR (0 % — S K
FeARML G T SR I X 6~16 A ASFIFE AR
EEARREES T, HEr, SR B ARRE T
PR E I S N B N TR S X T R
1) 2 S 2 T e R R A3 b, HAE R K43
B ki A v B IR 210 5 6 B A AR DG 1Y 22 5 4R
F 2B ML B AT . AF5EEE T TMT
Wﬁl\ﬁlﬁﬁ*ﬁﬁlﬂf%ﬂ“?ﬁ 15 b Al 2R 52
PR VA 2 0 A, JE A AR L 4 AN [ 7=
frd b E BRI AE, ik S RS YA
I ACEIA G 22 S R IR, WIRFEA ] 77 i
e hc B I A= 1 5 22 S B E Ak il

1 MBERZ®
1.1 iRgE

REFES 3T 6 H TR .7 Ho A .8 Hwl
KAk AT E T (NX,N:37°41" ,E.105°57") . H
M (GS,N:40°50" ,E:95°83") I 7 iff it A it
(QH,N:37°30" ,E:97°40" ) [l “ T AL 1 57 i 2] #
F RS2, e AN [ 7™ b g AC A el v RS SR 5 %
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HEEAERKN 3 FRCTAL 1S MACHR I TR AR
VG B b 4 AR TR ) BEHILR 4 T R | TE i d
[T A AT SR S IR R IR S B R — 4, B
WA INEYFER, A7 IR LRk
HEATRAFE . K SR A 5 19 B 5 7 B W B2 R 24
h, A7 F-80 CIKFTF .
1.2 FERF

BB RR 1 (SDS) \ i p M B, b B
PLT AACRHE B AT BR A 7l 5 — 0 F S SE R e
(Tris) Bl 2, Bk e Bk PR 0 4 , 5 [E] Sigma—Aldrich
N R R s AR AE W E AR A R A A
12, Fluka 2\ 7] ; &, Merck 23 7] ; BCA 7 &, I
MR A RAEYBEARARAA
1.3 FEMNH\IBMEH

WA | BT, 25 EPEE G RBHE A
Al AL, T A R R A BR
A TERRE SR A, R 2 L A A R 5 Vo-
tex PR o , LI BURR A BT ALER AT FRAFD
1.4 ik
141 EVECTR A BN E R A R 65 - i R 4
b £, 72 0 5 o A R ) R T o PR U B A A
2.00 g, FEAWFEE, JIA 30 mL 95% Z EEH#E 75 30
min (50 °C), i B fE AR B . ¥ B IR ERAEE A 2
W HIEZ M E /T O 10 min, B ETE W, LAY
TR bR BRI BEJS INA 0.3 mL 4%
) NaNO,.,0.3 mL 10%f# AI(NO;); fil 4.0 mL 5%
B9 NaOH ¥, e . FEUE K 510 nm A 22 45 W%
JCAH , P T ARt 2 o AR BT 2 1 00 A v th 2
TR R AR AT R U 1) B R
142 &I SR MR I 1 0 A A
W B, PREUAS 1.0 g, BFESJS A 25
mL 2 HA 30 min J5 38 250 (12 000 r/min)
W EREAEE R 2 W, G 0F DIFWEES 50 mL.
DAL B 11 M A o it T o S [ B 1) s o V8 TR
B, A 1 mL f& AR R AT 2 mL 12% A9 5k R
WA, E AR RO E 2 h(FiR) ., THK 765
nm A E WG, HIVE B TR br e th T 545
7 A AC A
1.4.3  TMT & [ 5t 40 2 )
1.4.3.1 HEFHEE F-80 C¥& ¥k iy & 4 Al 2R
SR PR A AR R B TR R T, ol e

ST BIFES Ry R o BT RE S A i H R LE 124 A
Py 101 412 22 PR, Wi 38 Ao R 7S R AT 2L IO A S
A G AR TR Tris F- 5 B ,5 500 v/min 2 0> 10
min(4 C) . J&m FEWAH 5 A5 0.1 mol/L
PR TP BES W, -20 CULIE S, TS 8 LT
JH PR S 4300 R A 2 WU TR TR SR
JREZHEEETIVEY . R BCA {77 & F1 SDS—
PAGE HIL UK #4785 Mk JE Tl 58 BEPEAG 56

1432 REfEbe S AL Mbric MERRER 100 wg 45
AR RS, W IN 2R O B R BLR 90 wL, B
5, S A 10 mmol/L = (2-38 2 3% ) J§k i 5L 7 T+
37 CF AL 1 h, FA 40 mmol/L il 2, Bk i 75 2
M 52N 40 min (R ) o 430 1) B i R A SRS
AP, DOVE 4 h J5 850, BUOLTE , i A 50 mmol/L
VU 2, L IR B TS WS AR UL VERE i B m gm0 =
1:50 A RS (I, T 37 CF i % milg e, B —20
CLRAF ) TMT ), B HAK & == IR 5 A S %
W, FoOriRBEAIE L, FE IR T4 TMT X550 100
ng 2 IKFE S HEAT IR BE bR IE . S5 IRBIR & O RE S 7E
BT RN 2 h, A TR . B, o IR 45 i A il
FENR A ER T BB UR TR,

1433 UPLC —#4E53% k] C18 #1417 UPLC
A AX S . WshAE A A1 B 2 & 2% 80% 2 Jis
W VR 66 min, B 5 AMG IR 10 Kl
214 nm, JEE K 200 wL/min, FPCH 20 A~2H 5, &
Lo IR A 10 N4 & B Wi e it T e 2k
B,

1434 WAHBBEETRE W50 7 5 Wang
SOV B 5 7 AR A o R D AN T SRR £
(Easy-nLC 1200) £ B i i (Q Exactive J5 i %)
HEAT AT o WAH 5 R C18 ik it (75 pmx25
em) 7B B E L A 300 wl/min, 3 30 A0 43 00
A 2% CNE (& 0.1% W R ) ,B # 80% &N (&
0.1%F BR) . — % Jo i A1 2% JT0 % A9 40 9 3R 0 ol J
70 000 F1 35 000, Ve £ 5 A ik A HT 20 S BE 25+
HEAT L A HEBR BT E] R 30 s,

144 HEWUEEFSH XSRS HLAY JE LG SO
HEAT IO 1 A S 0 R S T, R IR B S M
AP (FDR) N FDR<0.01, PIZFEH > 1.2
H P <0.05 R % 1 1 0 25 5 3% ik 2 11 (Differen-
tially expressed protein, DEPs), R t K:3% 53 #r
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2R 3 D010 JBE 00 7 AN [ ™ il g AT R 552 8
R R AR 1 R, SRR T A
T S IR 14 5 e T R H R B A M
S AR IS S L BRI
3 RS XA A S [F] — A Al AR 157 A
BRI SRR,
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Table 1 Determination of total flavonoids and total phenolic content of goji berry

# & 4 A TH M/ (pglg) R AT (nglg) F A AL (uglg)
EHmeSE 57.87 £ 1.95° 47.86 + 1.42% 50.77 + 1.01°
BB AT 183.41 + 4.24* 111.17 £ 6.37¢ 156.81 + 9.05"

AN TR /IN SR R AN TR 77 M AT 22 5 8 3 (P<0.05) .

2.2 REBRM KDL B (SDS-PAGE)
T

K Tris— 160 RT3 25 B2 BUAN [R] 7™ b A A S 52
() R 1, 8 3T SDS-PAGE LA W2 38 B 11 19 o
f WAL PR A LR S R B SR R R,
BRI A, SR T M, HA R E R R, R
()43 F Ji 2 E B PR 15~25 ku YU [, 45 %
B, ML AR B R AR A TMT BRI 2K,
ATHEAT R —2 iR
23 EHREEMBESH

BT TMT AR 5087 1 AS [R] 7™ 1l g e S 52 1)
EE AR, L5 5] 311 202 > 4GE R A
RO IR 54 582 38 KA I3 17.54% , 238
K A I, 3 %52 3] 28 809 2% JIKBEAT 10 655 4~
M, A E A E R 5654(K 2), XA
7 b AR A SR S B A R 0 — R s AT R 2 A
B, Wl 3 B & BRIR] — 7= M A A 2R FEY 3 Ul
FE R AE S R 23 A L3 AR R AR R iR
SR ENC=R N N DRSS L (1ol s Bl (21 WL 12 R
Ry U AT R R S SR A R AN [R] 7 bl A A SR
SR AR P 2 A a0 O T A R
24 EREASITHW

MR35 22 A HOR P AE X MOAC 3 AN Fe B4l i 2R
FIEAT IR, QN &l 4 FR , JL%E ) 716 4~ DEPs,
Hrr 410 4~ DEPs FiERIA, o5 2 78 1 A 50W
57.26%;316 1~ DEPs T3k, H2EFHEM L
(1) 42.74% . 1€ 3 A T, QH v.s. NX 41 DEPs
B2, H DEPs 20 H & 380 />, Horp LR & 1

T :Marker fCF bR IERE 105, 1~3 R F T H ML, 4~6 F1 7~9 43
SR AT g A R A AL

B 1 SDS-PAGE E#%

Fig.1 SDS-PAGE image
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Fig.2 Mass spectrometry identification results
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Fig.3 Cluster analysis results

574, FIAEHEBHER 40 1 ;6S vs. QH 4
DEPs £t H 2}y 239 />, Hh B & A% H o 85 1,
TR R 154 4,
25 E£REHKEGG BB

X QH v.s. NX 41 .GS v.s. QH 4l GS v.s.
NX 409 DEPs #17 KEGG il i & 4 007 , 85 & 48

25 H H KEGG i i
Differential protein KEGG pathway

(a)QH v.s. NX

GS vs. QH

GS v.s. NX
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Fig4 Up and down regulation of DEPs

F10 30 5 i A 2 P 22 S (B e R B/NHER , HEAA T
10 A ACHHE # A 5 s, QH ves. NX 2P 22
SEHFEZHIDCEEN, CBERM _RRA
W, H 2R | 22 2R AR AR A, B AR Y5 L
AR AR R AR AEY A R RN
G E RAEWE R GERE, Hh CEEM,
CWERR AN R A, H 2R | 22 SR A IR = AR
DL R BT A 6 GE R 3 SR (P < 0.01),
AR L E R R AR AEY A R, RN B A
B, AR ORI I R P S A s R
BEFE(P<0.05), HEAEYER(P<0.01) K
PRE WA (P < 0.05) 46T 2 A1 A B # T
B A Y & R R A 2 R E A ER, Hal
5 7 B A AL B R A AR A R

25 # H KEGG i
Differential protein KEGG pathway

(b)QH v.s. GS
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Differential protein KEGG pathway
(¢)NX v.s. GS
kP <0.001,%% P<0.01,* P<0.05,

E5 =2REZA8KEGGEKEL

Fig.5 KEGG enrichment pathway of DEPs

Ko QH vs. CSATMEREN RES 5T il
FKAYA W, BRI IT & E i) AGE-RAGE 5%
W AR e AW A, R R e 'R SR
W2 =4, e A A R Rk e, H AR 2
1% FH 5 2 W AT LA K B A Tk LR A5 5 R 490 45 Al
wwAE , Ho HE 6 AR Y B E A (P<0.05).,
fE GS v.s. QH 4, 2R E A RS — 4 i
F A AW A B O RIS s, RIS T e
WA s, HH B EE 48 (P<0.05),NX v.s. GS
HrhmESFEATESS5RRNREAEY &R, o
AALY G, YR KA IR Ay & R AR, AR
W, 2 SR = 2 A W A R, O SRR A,
BRI , R G IE | O HE B R 2
R AW A UL SRR R W i o b i 4 R A A
BB EEEP<0.05), £ GS v.s. NX 41,5
PR R B W A BT S A W AE W B R D AR
W B BV N e AR W) B iR AR (P < 0.05) T2 R
Y&
26 S5EM4EYEREXEREAMSE

T KEGG il i & 45, EM 5w EJ{b
BRI R E A . RKEEAEY A NG
1 RHEI A YRR AL R AW A BUR AR BT
FIVET R B A )5 OB A o PRI O S TR T X 4 5%
W DEPs, 45 53 2 s, L sE ) 24 A4~
S5RGBT,

RS 13 T, 045 A 7K B 53 44 B (CHI) | Ar 2K R
B HE(CHS) A H MR 4210 (C4H) 3 40 4
& P450 [} (Cytochrome P450, CYP450) KN 4
1% f 24 1§ (PAL) 4 A~ B-Hi % B 1T i (beta—Glu-
cosidase, belX) 4 > i %A 1k 9 i (Peroxidase,
POD) | Wil Ml B8 ¥ % R g B (Caffeoylshikimate es-
terase, CSE), & B0 R 3 - % 4 B Bk #% 7% B
(Flavonoid 3-glucosyl transferase, UFGT). {7
R 3-0-HiM 5% F i (Anthocyanidin 3-0O-gluco-
syltransferase, UAGT) UDP %t . ) %5 #l 5L 5%
i (UDP—glucose ; glucosyltransferase, UGT) I 3
A H K S—5% %2 1 (Glutathione S—transferase,
GST). ot PAL(TRINITY_DN3671_c0_gl_id_orf1)
Fil bgIX (TRINITY_DN20382_c0_gl_il_orfl)7E QH
v.s. NX.GS v.s. QH A1 GS v.s. NX 3 4~ diy
BFERIK(P<0.05), W ENRERTHE 5
FIH R MIAC 8 8 210 & 90 4= 9 & U B %8 DEPs,
27 EBAREENZ (PPI)RHE

HY T i = A AT B LG 30 % ) R i 2R T E
VR, 0T 3 S i Rk ) ) PP 2 1 R A 1 B LA
K& (6). FIH 24 A5 B 2R AL 5 Y0 AH /Y
DEPs il /F 25 1 50 B AF B2 ] 5 W b i) — 28 i
18 1~ DEPs £H 18, £ 4% - 1 S 10 Wy il 5K e | 4% K T
B A SR S A 6 3R PASO AR
RO B 2 TR T A AR TN R M A L I R
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Table 2 Screening of goji flavonoid related proteins from different habitats
£¢ 1D . QH v.s. NX GS v.s. QH GS v.s. NX
logFC ~ P1E  log,FC P15 log,FC PA&
TRINITY_DN24343_c0_gl_il_orfl & /R BR T M By 0.44 0.04 -027 0.16 0.17  0.190
TRINITY_DN26890_c0_g2_il_orfl & R A B 1.37 0.01 -0.70  0.06 0.39  0.030
TRINITY_DN4016_c1_g2_i2_orfl W AR 4-F2 AL B 0.36 0.01 0.03 0.82 0.39  0.030
TRINITY_DN9770_c0_gl_il_orfl e & % P450 98A2 -0.28  0.02 0.17 0.16 -0.11 0.230
TRINITY_DN3671_c0_gl_i4_orfl KA AR R R B 0.55 0.01 -036 0.01 020  0.040
TRINITY_DN1185_c0_gl1_i10_orfl ~ B-# %) #2354 0.38 0.04 -0.18 0.20 0.21  0.030
TRINITY_DN13647_c0_gl_il_orfl — B-#) % 4% ¥ B -0.68 0.049 0.12 061 -0.56 0.030
TRINITY_DN21395_c0_g2_il_orfl  B-# %) ¥ 3F 54 -0.31  0.00 0.16 0.04 -0.15 0.030
TRINITY_DN20382_c0_gl_il_orfl  B-# & #& 3 i 0.08 0.61 -039 0.08 -0.32 0.046
TRINITY_DN22148_c0_g2_il_orfl T A A B 0.16 025 -032 003 -0.16 0.390
TRINITY_DN4322_¢0_g2_il_orfl i F A A Bl -0.40  0.02 0.47 0.02 0.06  0.560
TRINITY_DN19868_c0_g3_il_orfl T A A B -0.55 0.03 0.18 027 -0.38 0.053
TRINITY_DN7788_c0_g4_il_orfl i A A A Bl -0.59  0.12 1.69 0.00 1.10  0.020
TRINITY_DN15241_c0_gl_i3_orfl v SH R A B 0.17 0.39 0.19 0.36 036  0.047
TRINITY_DN50967_c0_gl_il_orfl oo ik B 3R F B2 B B -0.18 0.14 031 0.049 0.14 0.330
TRINITY_DN7400_c0_gl_il_orfl KK 3-F] & AR A A 0.70 0.02 -042 0.07 0.28  0.130
TRINITY_DN50860_c0_gl_il_orfl T H & 3-0-F) M AR 4545 B 0.45 0.04 -027 0.14 0.18  0.300
TRINITY_DN10324_c0_gl_i3_orfl UDP-# &4 . M A4 L4485 030 0.01 -0.09 0.09 0.21  0.020
TRINITY_DN9989_c0_gl_il_orfl UDP #% ik # 45 8 -0.08  0.51 0.28 0.01 0.21  0.060
TRINITY_DN697_c1_gl_i4_orfl B WEH AR S-S B -0.10  0.17 0.37 0.01 0.27  0.030
TRINITY_DN6177_c0_g3_il_orfl PR RR S—#E A4S By 0.26 0.01 -029 0.04 -0.03 0.730
TRINITY_DN697_c1_gl_i3_orfl A WEH AR S-S B -0.18  0.09 0.43 0.01 0.25  0.030
TRINITY_DN554_c0_gl_i3_orfl @ e & & P450 0.26 0.19 0.26 0.27 0.52  0.040
TRINITY_DN25253_c0_gl_i2_orfl a fe & % P450 -022 026 -025 0.13 -047 0.045

i :Solyc09g059170.1.1.

Solyc10g083440.1.1. 767 % 3-0—-Hi B 5L 5 B 15 , Solyc055047530.2.1 Solyc03g115220.2.1 ,Solyc015096670.2.1. 41 Il (i % P450 #

UDP - ## % % %% B ,CCR1.

A
Solycow
olyct

KR T OB A IR

odsezo 11

b

PAL.
Solyc05¢052240.2.1. % /K T 5 ¥4 i , TAP1 Solyc07¢017880.2.1 ,Solyc03g025380.2.1 ,Solyc052052280.2.1 ,Solyc02¢069690.1.1. ik % 1k ¥ i |

KN A TR 2 M, CHSL.

1, Solyc12g055820.1.1. REERR 4-J2 AL, Solyc03g119980.2.1. Ml MEEZE WL BE , 4CL. RBEIIEME M,

E 6

FEEEFRREZENBEERAMS

Fig.6 Interaction network of differentially expressed proteins after screening

/K W 4 B, CHIL,

Rk
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TR G A 0 5 B 3-F2 Akl UDP-HE 3L 4%
o Tl R i By — 26 i ARG I TE (1 2 1T
2.8 MICEMENSYHEXEREESH

B AL 0B RS2 PR 5 A R DR R AR
AL, AR B R 2% 5T KEGG & iR

SRR SR A W E Y B R AR .

7 BRI AR AL AR AR N L AR AR S
AW R FIAR A AE T R G R R . 1 %6 PAL
A A A A6 Tl A 6 2K 75 20 R (Phenylalanine ) 7% 16
A AERR (Cinnamic acid) , VR 7 C4H WAL T 5%
A6 M % 5 R (Coumaric acid) , B8 5 i1 P9 — Bt #i
i A FlA-FF GRS A VR MK, 4 TT4 fiEfk
TR A& W — 4, BIfIRY £ TT4
WAL JS 2377 A pilt ¢ 3 — 4 JK i (Naringenin chal-
cone) ,iX 2 F WP I 4 2 > S B AR )6 i
o SR B AR W) G BGE A v 0 R P 2R

C4H

TEJa 3 20 vl R0 B A ) G s, M R A
it F3H b A — &1L %5 B (Dihydrokaempfer-
o), 7E FLS #Efb T ¥ kb = Wy, BEJ5 1E
UAGT .DFR ,ANR f 1t T ¥ 4t 4£55 & (Antho-
cyanins); 73 — 4B TE FLS 1L T % AL M #iit iz R
(Quercetin), FF7E UFGT 1#1L F # 1k b S e 2
(Quercitrin) , HH PAL CHS .CHI 1 UAGT [if 22
SEAYA TR, AT R HilEAMHIR R R
FAR R, B E AT AT B AR AT B R A5 i iE
e R R AR . CHI BRAE & mifih Je 2 00 5C
SRR, R TIXEE) DEP 78 7 i f Al s Rk,
ATREIL A B T HE R A R R R, H
PR, Ho A AC i = & BN R s, H
HON AT T S S B (B 2Bk S
B RN B ) Z0 R, AT e SR MR AL R UFGT 22
FEFEUW

" COMT

| xmEm R mER . mum CEL I
CYP73A l Ack
| P-REBMEA | AEBWSA |
| cus
: | kHEEK-353-= EER3-0H
[ mexanm | s anE
CHI ——
—mmwx —  mmx | | EEE |
UAGT i l —— _FLS UA7GT
—muEm | — | WES |
REREH- WA | FLS | CYP84A
—EWEE [ WEE  |gror| SMEE |
| aomr
AR
L TEEE

T PAL. AN &R it 2, C4H. AR 4-F2 1L ,4CL. 4-7F 5. AR—CoA ¥ 4%/, COMT. WiMERR 3-0-H L4 #2F ,CHS. /R
fi & B, CHL. 25 /R S5 MO g, FLS. #EERBE G A, F3H. # ke 3- 3210, UAGT. 167 K 3-0-#ibi 5L 5 B il , UFGT. 253

3-O-H F ML FEME , AOMT. J5i8 ] O-H L5455 W, DFR. & B #% 438 J7 i , ANR.

H R,

E7 MIEEMELEUENESHER
Fig.7 The flavonoid biosynthetic pathway of Lycium barbarum

3 itig

BEE > FHYF R RS, B AR T
BT R AR BEITh E Tz N BT, &
J3 201 2% 7 M AT R 0 0 3 B AR R e S AR e
21 i B 22 B 5 R S AR I R R 2 2 S A
FEAET T, Kou 25 FH iTRAQ # AR [E 5 4~
A TR ST MR E A AT T 2R

B, KRBT EAAC S N SRR SR M AL R 22
SN H R AT TR 22 S AROR BT 2R S
B HAE A RE AR b T E T AN [ 7 A AC UK
AR Y- B 1) 22 53 2R A PP SE A o AR SCR A
TMT £ H 4 #BOR PRI [ ok ic B B 2 Al 5
PR SCZE R aE IR i 716 22 R RIAEH
it KEGG i # & 4 73 M & B3 B 22 ) 5 0l R
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IEA A L 4675 R ARG i B 8 T A0 4 ] e
A6 BGR R M AL BT Ak B AR B U )
AHSE Wb — 2 0 ik 24 A~ 55 8 i B B 56 1 25 5
B,

IR BE AL W B a8 A8 2 Bl R BE B 9L 1) T AR
7, e AR R GAR I ) T B R AR AT 5 1
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The Difference of Biosynthesis of Flavonoids in Goji Berry from Different Regions
Based on Proteomic Analysis

Sun Xiazhi, Ma Ruixue, Yang Chao, Fan Yanli’
(College of Food Science and Engineering, Ningxia University, Yinchuan 750021)

Abstract Objective: To analyze the differences of goji flavonoids from different origins from the perspective of pro-
teomics. Methods: The protein differences of goji berries from different origins were explored by tandem mass tag (TMT)
combined with liquid chromatography—tandem mass spectrometry (LC-MS/MS) technology in Ningxia, Qinghai and Gansu.
Results: A total of 716 differential expressed proteins (DEPs), and a total of four metabolic pathways associated with
flavonoids were found in the KEGG pathway, and the phenylpropane biosynthesis pathway was significantly enriched in
all three comparison groups (P < 0.05), indicating that the phenylpropane biosynthesis pathway might make a greater
contribution to the synthesis of goji flavonoids. Further screening of 24 key differentially expressed proteins related to
flavonoid synthesis, it was found that phenylalanine ammonia—lyase (PAL), cinnamic acid 4-hydroxylase (C4H), chal-
cone isomerase (CHI), chalcone synthase (CHS), etc. might be important DEPs for the biosynthesis of flavonoids in
Ningxia, Qinghai and Gansu. Conclusion: The differential proteins related to the biosynthesis of goji flavonoids were i-
dentified from the protein level, and the anabolic pathway of goji flavonoids was preliminarily speculated, which laid a
foundation for exploring the differences in the biosynthesis of goji flavonoids in different origins.

Keywords goji berry; proteomics; flavonoids; key differentially expressed proteins



