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Ningxia and Shaanxi province, as well as the mechanism on taste of mature fresh fruits ( i.e., bitter and sweet ),
the substances of wild bitter Lycium, several methods including systematic investigation, SLAF sequencing
technology, ultra-high performance liquid chromatography quadrupole time-of-flight high-resolution mass
spectrometry ( uplc-q / TOF-MS ) and ultraviolet wavelength identification were used in this study. The results
showed that from Qishan county and Fufeng county in Shaanxi province to the mountainous area in Southern
Ningxia, the Yellow River Ningxia Basin and the eastern foot of Helan, the mature fresh fruits showed a general
trend from bitter to half bitter, bitter after sweet ( or hemp bitter after sweet ), sweet, slightly bitter after sweet and
whole bitter then. The phylogenetic tree analysis revealed five groups, consisting of group I, group II, group III
and group IV that were different types of wild bitter wolfberry. Group V was a large number of wild germplasm
with a mixture of germplasm showing bitter to sweet taste. There is a genetic diversity in the wild bitter wolfberry
ceollection. By analyzing the liquid total ion flow diagram from the four samples ( Ningxia sweet wolfberry
cultivar Ningqi 7, Haiyuan wild bitter wolfberry, Xiji wild bitter wolfberry and Shaanxi Qishan wild bitter
wolfberry ), we observed an absent signal in the 30-50 min region in Ningqi 7 if compared to other samples. These
chemical components mainly were steroidal alkaloids, namely Solanine, and 5, 6-dihydrosolanine, which might
be causal agents resulting in bitter taste in wild bitter woltberry. Collectively, these results of this study provided
a theoretical basis for in-depth study and utilization of wild bitter wolfberry germplasm and new cultivar breeding
for medicine.

Key words: bitter taste wild wolfberry ; chemical compounds; UPLC-Q/TOF-MS; genetic evolutionary tree;
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®1 TEREKEA 40 BEEMCHRFES FHURER

Table1 Molecular evolutionary clustering table of 40 wild wolfberry germplasm samples from Ningxia and Shaanxi

K W | B REEHW L g WE(m) B ;fiffjﬂ
Group  No. Origin / name Collection date ~ Latitude Longitude Altitude Sweet/ Bitter evel
I 6 VU S SR T 41 20140826 36.010033  105.6806 2004.0 g 7

10 S BB R N BA 20190923 106.706450 352162371  1671.4 W 10
11 ISR LA 20190726 106.400013 35.87551 1722.0 T 10
I 36 [ M DX R SR 2 1 HH B A 20200607 35.803978  106.108002  2085.0 T 10
39 [ NS IR L SEART | 20200607 35.659096  106.105139  2049.0 §ic 10
I 2 VU BRI AR AT 2 20190922 35.845728  105.464094 1834.3 i 10
4 PG LA B R AR R LR R T 20100922 35.828154  105.857413  1868.8 W 10
7 (5358t T T RO N SEAN| 20141027 36.592083 105453017  1752.0 iy 10
9 EAR=FARTIER o RE Y DL I EAN 20190923 106.687455 35.751615 1601.2 W 10
31 vt L1 EL AR SR AT SR A T AT 20191107 34465278  107.813333 701.2 his 10
32 WY Ji] S A A R HF LA AT 20191107 34482222 107.866111 674.2 W 10
34 B P st 11 L XU SRS SR AR P LT AR AL 20191107 34.483611  107.599167 730.0 i 10
35 BRPGU LA BRI P CIeil ) BF2E 20191107 34512681  107.740034 891.3 §is 10
37 A MR 20180911 35.93371 106.71843 1600.0 r 10
\% 27 AT L A X SR IE SR LT 20191016 39.144700  106.547883 1253.4 TR 8
38 B2 L A A AL 20170817 38.73285 106.01454 1414.0 s 10
\ 1 PO BRI AR AL 20190922 35.845685  105.464094  1834.6 g 7
3 I RS AR R 1 20190922 35.845675  105.464094  1834.6 W 10
5 PR S S B AR B2 AT 20130916 35.996723  105.369873  18628.0 il 0
8 TR 2 20190922 35.845675  105.464094  1834.6 T 10
12 S T e e /K I AEST 6 BA 20191010 37.92913 106.2796 1098.0  HH/EFETT 3
13 b ELICE S 1 20191010 37.784788  107.412507 1335.0  HEFEE 3
15 M ELIEE 3 20191010 37.784409  107.413655 1340.0  HfEFHH 3
16 Ehit 2o B4 20191102 37.70792 107.04986 1455.7 i 10
17 R IR I 20191102 37.72408 107.07330 1481.0 W 10
18 by S C i SRR v [ SEA N 20191012 37.465169  105.540553 1200.0 il 0
19 KR T L R AL AT 2 20191012 37.468733 105540596  1201.0 it 0
20 EAKI R T ILARALEFAL 3 (R 20191012 37.468813 105540140  1198.0 it 0
21 KT U T LU R AT 2 3-1 20191012 37468813  105.540140  1198.0  FEREF 1
22 KT R T LT AR T AT 4 20191012 37466297  105.542147  1205.0 il 0
23 AW T IR R A LM ETZL S 20191012 37.458787  105.566555  1213.0  flHJEJRRE 2
24 T /KT [l O T A R & AT 20191012 36.83136 106.009417  1355.0  #EFRET: 3
25 PG VLT ITA AT 1 20191017 37568175  105.878643  1147.5  FERSRITE 1
26 PR YT IR AL 2 20191017 37.572389  105.874826  1167.4 HUGRIREHE 1
28 AW RIS R A RKEFLL 1T 20191016 39.081416  106.619654  1091.7 GRS 3
29 ARV EFEP AR (T AR B ) 20160427 38.5147 106.235779  1056.0 2y 7
30 AMELL B O AR A BEEFLT 3 20191016 39.076610  106.623173 1092.5  HEREHT 3
15 b HLIWAE 3 20191010 37.784409  107.413655 1340.0  HEFREE 3
33 PP s; 11 EL 3 LN G 2 5 20191107 34432011  107.535617 637.5 i 10

40 A PR BIC 2 S S/ b s B 21 7 2 20200607 35.659066  106.105803 2036.0 b 10
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Table 2 Identification of spermidines in Lycium from different habitats by UPLC-Q/TOF-MS
&y PR . SFEF HE . E ST
. o TR e g WHAEBT WA AR -
95 (min ) (m/z) (m/z) (nm) . 7% ik
) Molecular . (& ppm) (m/z) . Identified
Compound Retention Molecularion Theoretical . Ultraviolet References
. ormula N Accuracy Fragment ions . compounds
number time [ M+H | value absorption
1 125 C,H;,O,N, 1017.4809 1017.4762  4.64 428.2093, 290 3Glu-[ kukoamine | [18]
509.2323, 855.4108 ismoer
2 129 C,H,O N, 8554264  855.4234 3.56 369.1984, 280 2Glu-[ kukoamine | [18]
428.2115, 693.3645 isomer
3 134 C,HuON, 8554170  855.4234 7.43 367.1473, 220,280 2Glu- [ kukoamine ] [18]
428.2112, 693.3659 isomer
4 13.7  CyH;,0,N, 6933741  693.3705 5.14 367.1470, 230,280 Glu-[ kukoamine ] [18]
428.2130, 531.3145 isomer
5 141 C,HuO N, 8554183 855.4234 591 369.1984, 230,280 2Glu- [ kukoamine ] [18]
428.2115, 693.3645 isomer
6 145  CuH,ON, 5313130  531.3177 8.87 266.1602, 290 kukoamine A/B [18]
293.1830, 367.2663
7 149  C,;HgOyN;  958.3901  958.4027  13.13 163.0387, 285 Glu-[ lycibarbarspermi- [ 18]
220.0550, 796.3388 dine F |isomer
8 15.1  CyHi 06Ny 796.3396 7963499  12.88 347.1841, 285 Lycibarbarspemidine E [20]
472.2378, 634.2868
9 157  CyHiO N 7963417 796.3499  10.25 367.2658, 230,285, Lycibarbarspemidine F [20]
472.2378, 634.2868 320
10 159  C;HiO\ Ny 7983591  798.3655 4.5 367.2661, 280,330 Lycibarbarspemidine K [20]
474.2569, 636.2868
11 163 CiHgOynN; 9604111 960.4183 7.53 4722409, 634.2926, 280,330 Glu-[ lycibarbarspermi- [ 20 ]

796.3452, dine M ]ismoer
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&y AR . SAFET OBl - YT
. ‘ Sy i e WeH BT YEAL A YA R e
Y5 ( min ) (m/z) (m/z) (nm) ) E PN
) Molecular . ~(d ppm) (m/z) i Identified
Compound Retention Molecularion Theoretical . Ultraviolet References
. ormula . ceuracy Fragment ions . compounds
number time [ M+H ] value absorption
12 164  CizHgO, Ny 958.3965  958.4027 6.45 474.2585, 280,330 Glu-[ lycibarbarspermi- [ 20 ]
634.2928, 798.3611 dine F Jisomer
13 16.7  CyHs;;O 6Ny 796.3530  796.3499 3.94 355.0985, 230,285, Lycibarbarspemidine F [ 20 ]
472.2408, 330 isomer
529.2979, 634.2930
14 170 CyH4;0,N; 6342975  634.2970 0.73 355.0995, 235,280, Lycibarbarspermidine B [20]
472.2415, 565.2090 320
15 172 CyH;O Ny  796.3406  796.3499 11.63 353.1831, 230,280, Lycibarbarspemidine F [20 ]
472.2406, 320 isomer
634.2913, 705.3614
16 173 C3H:O N5 6363121 636.3127 0.92 303.1313, 280 Lycibarbarspermidine H [20]
474.2555, 543.3118
17 17.8  CyHs;O 6Ny 796.3530  796.3499 3.94  4742535,5453227, 280 Lycibarbarspemidine F [ 20 ]
636.3052, 703.1998 isomer
18 18.1  C3Hi;O0,N; 6342923 634.2970 0.73 303.1292, 240,280, Lycibarbarspermidine D [20]
472.2380, 571.2278 320
19 184  C,H,;O,N; 11204361 11204555  17.32 472.2378, 280 2Glu-[ lycibarbarspermi- [ 20 ]
634.2899, dine F |ismoer
798.3573, 958.3902
20 18.6  CyuH,;O,N;  1120.4428  472.2442 11.34 163.0382, 280,320 2Glu-[ lycibarbarspermi- [ 18]
472.2403, dine F ]ismoer
634.2902, 796.3419
21 18.7  CyH,0 Ny 634.2923  634.2970 7.47 310.2097, 240,290, Lycibarbarspermidine A [ 20 ]
474.2571, 543.3150 320 isomer
22 189  C;Hi;0O\N; 7963450  796.3499 3.94 222.1104, 230,280, N, N,-dihydrocaffeoyl [ 18]
474.2569, 634.2941 320 spermidine
23 19.2  CyH;O 6Ny 796.3463  796.3499 447  4722423,5433149, 285,320 Lycibarbarspemidine F [ 20 ]
634.2938, 750.3061 isomer
24 19.7  C4HgOyN;  956.3792 956.3870 8.19  472.2414,634.2929 320 Lycibarbarspermidine A [ 20 |
isomer
25 19.9 CysHy;ON; 4722408  472.2442 7.23 163.0386,310.2103, 230,290, N,-caffeoyl, N;-dihydr- [ 18]
320 ocaffeoyl spermidine
26 20.7  C;H,O,N; 6322742  632.2814 11.36 409.1776, 320 Lycibarbarspermidine N~ [ 18 ]
470.2224, 559.1247 isomer
27 21.0  C;H5 00Ny 7943266  794.3342 9.58 180.1003,472.2396, 290,320 [ lycibarbarspermidine O | [ 18 ]
648.3076, isomer
28 22.0 C,sHy ON, 4702266  470.2286 4.17 163.0397, 330 N, N’-dicaeoylspermidine [ 18 ]
180.1011, 308.1949
29 24.7 CyHs N, O, 6953589  695.3651 8.85 348.1830, 230,290 N,, N,, N,-tris ( dihydro- [ 19 ]
531.3105, 649.1279 caffeoyl ) spermine
30 353 CyHiOgN, 6252464  625.2544 12.86 121.0493, 290,330 Lyciumamide A isomer [18]
462.1830, 601.2753
31 37.6 CyHiOgN, 6252468  625.2544 12.86 121.0499, 290,330 Lyciumamide A isomer [18]

462.1834, 585.2843
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(UV) W Wi, 25 & X B84 & 9 55 A5 828 2 ¥
K6 (E 10, £3), B % & ¥ S W5
RS RER: TRISHER S ES THEHE
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(F12),

243 BHERE WRIEH T2 BHE T ML
(UV) W, 256 6] BE Ak 27 24 0 45 A5 8 45 e 15 )
SAEHRESY (F 10,3 4), %E Y 6 F
A MR B R U R, 3 R A M AT i AT HLER
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75 (E 13 ),

3x108
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Peak area

IETAIAY (mAU/min )
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****means significant difference at P<0.0001 level
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Fig.11 Comparison of the total content of spermidines in

L-4

Lycium fruits from different habitats

%3 UPLC-Q/TOF-MS SR E =iz s & mE AL 5
Table 3 Identification of flavonoids in Lycium from different habitats by UPLC-Q/TOF-MS

e SR e
I L T e
. N x —
G5 : (m/z) - (nm)  HElAWHFT B30k
(min) Molecular Molecular- i (& ppm) (m/z) . i
Compound . . Theoretical . Ultraviolet Identified compounds ~ References
Retention  formula ion Accuracy Fragment ions .
number . . value absorption
time [M+H ]
32 2422  C,H;0,, 627.1509 627.1555 -7.33  411,1965,303.0446 255,355  Quercetin-3, 7-O-diGlu [ 18]
33 2448  C,H,0,, 627.1498  627.1555 -9.09  465.0977,303.0446 255,355  Quercetin-3, 7-O-diGlu [ 18]
isomer
34 2927  C,H; 0, 611.1554  611.1606 -8.51 465.0974,303.0456 255,355  Rutin [18]
35 31.88  CpyHyO5  595.1573  595.1657 —14.11  344.1442,262.1024 255,355  Kaempferol-3-O-Glu-7- [ 18 ]
O-Rha
36 2783  CyH,0,  773.2089  773.2135 5.93  516.1447,406.0805, 255,290, Quercetin-3-Oquercetin- [2]
303.0457 330 3-Orutinoside hexose
37 3248  CyuHy,0,6  625.1705  625.1763 9.3 395.1637,311.1504 255,290, Isorhamnetin-3-O-ru- [2]
330 tinoside
43108
= 6
¢ ) 3x10
z g
E % 20
=~ sk
& T
E x0e
|
0
L-1 L-2 L-3 L-4

n.s. fUFRAE P<0.05 /KF ETCRE 2 **, 3 HIERTE P<0.01, P<0.001 /K- E225 B35 T W)
n.s. means no significant difference at P<0.05 level; **, *** mean significant difference at P<0.01,
P<0.001 level, respectively; the same as below
B 12 AEFMACHERERSENTSELER

Fig.12 Comparison of relative content of flavonoids in Lycium fruits from different habitats
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Table 4 Identification of organic acids in Lycium from different habitats by UPLC-Q/TOF-MS

R

ey N . SFET B X . LTk
o il TR y Mg WHET R .
His ) (m/z) (m/z) (nm) e GWaTr  S% 0k
('min ) Molecular o (3 ppm) (m/z) i )
Compound . Molecular  Theoretical . Ultraviolet ~ Identified compounds References
Retention formula . . Accuracy Fragment ions .
number . ion[ M+H | value absorption
time
38 14.12 C,,H,NO, 188.0690  188.0706  -8.51 118.0643; 220, 280 3-amino-2-naphthoic 18
p [18]
146.0585; acid
170.0579
39 16.86 C,H,50, 355.0999  355.1023 6.76 285.0585; 235,285,320 Chlorogenic acid (18]
163.0378
40 24.81 C,0H,,0, 195.0640  195.0652  -0.08 363.1065; 250,290, 330 Ferulic acid [2]
579.2856
41 23.72 CyH;0;4 165.0531 165.0546 9.21 119.0483, 285 p-coumarinic acid [2]
147.0425
42 11.20 Cp,Hy0y4 517.1508  517.1552 8.47 / 290 1, 3-Dicaffeoylquinic [2]
acid
410 = 244 EEEWWEE BRI R B TR
~ 7 HhCUV) B, 256 %) B A7 24 5 A5 B4 e 15 3
g 3x10 N . NUSEN S g
£ 2 A SR B B o SR A e (43 ) RS, 6- A
=4 SN | N 5
MRS, BT (44) (B 10,2 5). BEs TRk (K 9)
& T AL BRI SHBRAN 5, 6- — RPN s AL /e T AL
= i SN
a0 7GR R 3 i A e R M AC AR BLAT 3 ] B
T DXL, B AR M A5 R R ARG 75 25 S Ry
| N St S . S Y
o i e — HAr. Hoe 4 RO 5, 6- — SN

* RETE P<0.05 /KT 125 W3, R I
*means significant difference at P<0.05 level, the same as below
E 13 ARSI PENBRERSEXNSELER
Fig.13 Comparison of relative contents of organic acids
Lycium fruits from different habitats

Bl A B, 3 B M AT A i R o
BT TS (K 14), M. 5, 6- M
FRBRAS) B TR DRIk, 00 B A AR A S AR A=

BRI fi ey S A R DA G

n ey
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Table 5 Identification of steroidal alkaloids in Lycium from different habitats by UPLC-Q/TOF-MS

1R

oy X . SFET HHRE X . E LTS
o IC IS N W BRAET YA -
= ) (m/z) (m/z) (nm) . EZPUN
(min)  Molecular . . (6 ppm) (m/z) i Identification
Compound . Molecular ion Theoretical . Ultraviolet References
Retention  formula . Accuracy Fragment ions . compounds
number ) [ M+H | value absorption
time
43 3820  C,H,ON 884.4904 884.5002  -11.08 576.3820, / Solasonine [18]
414.3320
44 39.06  C4H,0N 886.5090 886.5159 -7.78 578.4005, / 5, 6-dihydrosolasonine [18]
454.7493,

416.3477
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Fig.14 Comparison of the relative contents of steroidal
alkaloids in Lycium fruits from different habitats
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