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Abstract ; The bitter taste character of Ningxia wild bitter wolfberry was studied , using methods of botany clas-
sification , conventional hybridization, PCR-SSR molecular marker detection, Ultra performance liquid chromatogra-
phy high resolution mass spectrometry [ UPLC-MS( HRMS ) in this paper. The results showed that, comparing with
other Chinese wolfberry germplasm ,the length of filament and style,seed size and color etc. of Ningxia wild bitter
wolfberry had larger differences. Its stamen filaments and pistil style of flower buds were curly shape. Most berries
clustered. PCR-SSR molecular marker detection results showed that DNA of Ningxia wild bitter wolfberry was ampli-
fied a band,which had not found in cultivars that of Ningqi 1,2,3,4,5,7,etc. . Meanwhile , between 111 bp and
147 bp,Ningxia wild bitter wolfberry DNA amplified a band which was slightly higher than other Chinese wolfberry
germplasm resources. It meaned that the molecular weight of the site was higher than other germplasm resources of
Chinese Lycium barbarum L. It had a significant difference in genetic material. As a female parent,Ningqi 7, a major

cultivar in Ningxia, crossed by Ningxia wild bitter wolfberry , the mature berries of hybrid F, generation had a propor-
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tion of bitterness and sweetness separation, which closed to 1: 1. Meanwhile, the separation ratio of bitter to sweet

berries was 1:4 in F,,when Ningqi 7, as female parent, crossed by wild semi bitter wolfberry. However, all of F,

fruits were bitter from the reverse cross. Obviously, bitter genes might be heterozygous of wild bitter wolfberries in

rural environment. However, it indicated that bitter traits might be controlled by multiple dominant genes with addi-

tive genetic effects, and it might relate to the interaction between nuclear and plastid genetic material. The sweet

trait might be controlled by recessive genes. According to preliminary determination,the main source of bitter sub-

stance might be flavonoids with taxifolin structure.

Key words: cluster berry ;cross compatibility ; bitter taste substance ;taxifolin
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Table 1 The sources of tested accessions

S e SR S
1 #R575E

1.1 #F§l

TEH 4 5y B A 8 R A AL A AR ER R, DR G AR
FETAL 7 S5 X, eAh R 28 17 E R AL R T
LU PCR-SSR 43T A e K I X HERA AL, 431 2
A5 B A AR R R AL b AL AR AR R
Al = mMAL AR T A A B M AL = AR A 2L
KMl 7401 5 TR2 5 7R3 5. 74 5.
THS 5 TR 7 5 AL R T 2 R
FIAMIAL A3k R R M AT | M A (04-3-32 4-B
06-16 ,06-03 ,06-02 . [].L> B ZEHE A BT A AL

AR 2o TR (m) R L5

Name Latitude and longitude Altitude Sampling spot

T B R A AT 36.35525°N,105. 27181°E 1752 5 I Vg JFA L G 4t el A

T B IR A AR A D 36.35525°N,105. 27181°E 1752 T B I B P 22 T A

T EL PG R W R A AT 35.50747°N,105. 27882°F 1831 THEENBEN S (BAR)
TRV R WA R A AL 35.50747°N,105. 27882°F 1831 THEENBEH S ()
TS 38.47314°N,106. 21512°F 1109 T EAMBRF B B A TR L

1.2 HEYFHERNE

2013 4 9 H 43 il A bR BURE SRS B A
W3k, BAEF T AR T 4 JRUDXR B 15 12t A
(38.51405°N . 106. 23295°F, 4% 1106 m) Fiit, 17
M2 mx1.5 m,*ﬂ%f{%ﬂ%ﬁj\j 0.6 mx0.6 mx
0.6 m , BARSGHEAK 1 A A MRS 5 |, Bk TE B
FEAKRIGE 0.5 m 242 A PLIE 1 ke, 4 1,
PR, SRR AT I AR S5 . 2014 4EFRF= HE
AMRKZF ITAE 4R B, 2014 - 2015 48R
TR SR vk 1 B 7 B A s R AR AT A

A LAk e RS FORE I o R R SRR 21 T
g 0#
1.3 PCR-SSR 4 FHrigia& il

Z: M8 J. Sambrook 2553 J vk B ELT E W AR R A
el B Al v [ AT o 5 B U 28 03 B M AT I A
DNA SR SDS 5, BCHE R A B R 8 I 1 2 ot
200 g, AW B R , HLE P BGRF & #E U DNA
FHT SSR 40#t, Taq BEFN SN 28 MRk F T 4 45 ik
Y TR, 5190 Invitrogen (1) 28 B A A,
PCR WA Z #9720 wl,0. 8U Tag DNA B4, SN



51 R T BB A MR (Lycium barbarum L. ) FWRHEIRAFST 993
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Fig.1 Leaf shapes of Ningxia wild bitter wolfberry
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2 TEHEEKRMITCES
Fig.2 Flower of Ningxia wild bitter wolfberry

B3 TEHEERMIERREREEEMRKE

Fig.3 Ningxia wild bitter wolfberry was born in the axil of clusters
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7 SRR ARAH ], BT — s 3L B, 55— A — /D
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4 TEHLELFWRMIL(ZAL) EEWRAE () FHKREIETIET S(4) fiF
Fig.4 The seeds of Ningxia wild bitter wolfberry (left) ,half bitter wolfberry(mid. ) and sweet wolfberry Ningqi No. 7 ( right)
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R2 WHIHEDL R 20 XF SSR 5[4
Table 2 The preliminary selection of 20 pairs of SSR primers

GlL BN piv-Esi] P (bp) ARG TG

Primer name Repeat type Product length Forward primer Reverse primer

30353 TA 209 CTGCAAATATCAACGGCTCA TCATCAGGAAGAGAAGTTGGC
30002 GA 120 CCATTTCTCCACAAGTGCAA TGCGATGAATATCGAGGTGA
30005 TAA 230 GGTAGGAGGAGGACGACCTTT AAGACACAATCCCATGGCTA
30014 TA 205 TGCCGTGTAAATTTCATTTGG AGGATTCCTAACGTGTATTATGTTCT
30257 TA 143 TTGTCAAGAAGACCCAACGA GGCCTAGTGGAGCTAGGGTT
30021 TA 224 CATTTGAACATGGTTGGCTG CTCAACTCTCGTCGCTCTTG
30028 CA 171 AAACTTGAAGCAGAGACGGC GCACATGCGGATCTTGATTT
30057 CAT 101 GGATGTGGATGCGGGTAA CAAACGGTGCAGTGTTCTGT
30165 TAA 224 ACCTCTGTGGCCGTAAGCTA CCTCTACTTCAACAGGGTAAGAAA
30183 TA 227 CCAGCACAGTCAACTCTCCA TGTAGCCATGACATAGCCGA
30067 TA 204 AAGCCTGGTCAGTTATCCCA ATTCGCACCACTTAATCCCA
30412 TAGA 136 CATTTAGCCGGGAACATTCA CATGGGATACACACGCAAAG
30477 TA 163 TCCAGAACTTAGAAGCCTTGAA ATGCAATTTGATGTCTGCCA
30098 TA 230 TTGTTGCTCTCTCGAGTTCTTT GCAGTCGACTCATTGGCA
30304 GA 141 GCCTTCCGGTTTGTCCTTAT CCGTGGTGACAGAGAAAGAA
30164 CAG 153 GACGAGAGAGGGAGGGAAAG GAGAACTGTGGAAGTTGCCG
30186 GAA 230 GAGCCAGAAACAGAGCAAGAA GATGAATAGCTCTGAATGCTGC
30368 CAA 142 TCACCAATTATGCCGATTCA CACACACTTGTTTGGAATTGAGA
30197 TAA 209 TTGTTCTATTCTGCCATGTCTCTC AAGCAAATCAAGTTTCTACCAGA
30255 GAAA 228 CTGCTCCATCATTGCTCAAA GCAACATATCCGAACCTCCA

3002130067 ,30098 30164 30165 30477 J& i T2 A= WRAAT AL RLS HE (1 6 XJ SSR 514
The 30021 ,30067 ,30098 ,30164 30165 ,30477 of 6 pairs of primers for SSR amplification of wild bitter wolfberry

111b
i L -
110 bp

- - o © - » . |
b
67 bpia & . - « B '
M123 456 738 910 11 12 13 14 15 16 17 18 1920 212223 24 25 26 27 28 29 30 31
LR AEMOAC 2. TAL 7 553 MR RMIAT 4 VU A BRARAL o5 SRSEEAAC ;6. A EIMOAL ;7 . JETT AL 8 SRRUIAL
9 IIMIAL ; 10 FEFTAAC 11 MR 12 SR ML 13 L0BOMIAC ; 14 TAC 1 55515 TAL 2 5516 THL 3 5517 THL 4 5,
18 FALS 5319 TAL T 57520 SRATMIAL ;21 JORRMHAIAC ;22 . 7 REBCRHMIAL .23« FHAAIAL ;24 - SRSK B RAAC ;25 : S 3K B RAAL 5
26:04-3-32;27:4-B;28:06-16;29:06-03;30:06-02 ;31 : [0 ERIREFAE ML ; F 7]
M:Marker, 1 ; Yanchi wild wolfberry,2 :Ningqi 7,3 : Haiyuan bitter wolfberry,4 :Xiji bitter wolfberry,5 : Xinjiang wolfberry,6 ; Chinese wolf berry,
7 : Northern Chinese wolfberry,8 :Black fruit wolfberry,9: Yunnan wolfberry, 10 : Zhutong wolfberry,11: Jie-E wolfberry, 12 ; Trailing wolfberry,
13 :Red branch wolfberry,14 ; Ningqi 1,15 : Ningqi 2,16 : Ningqi 3,17 : Ningqi 4,18 : Ningqi 5,19 : Ningqi 7,20 : Vegetable wolfberry,
21 :Da- Ma- Ye wolfberry 22 : Ningxia yellow fruit wolfberry,23:White branch wolfberry 24 ;: Pointed- round- fruit wolfberry ,25 : Pointed- round- fruit wolfberry,
26:04-3-32,27:4-B,28:06-16,29:06-03 ,30:06-02,31 : Tongxin Wang Jia Yuan wild wolfberry,the same as below
5 FHRiC 30165 RRGEBLREREXER

Fig.5 Polyacrylamide gel electrophoresis results of molecular marker 30165
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519 30164 195 TARicIE T3 B HEARIE . A
6 & 71 30164 BUR AL, 41 &7 7E 111 ~ 147 bp
ZIE), TRV RIS DNA SR8 T

147 bp

111 bp

110 bp

M1 2 3 45 6 78

E 6

910 11 12 13 14 15 16

SFHRIC 30164 B RGBSR BEIKER

M s v ) A Gl A B TR A ST (N Sk T
IR IR R H A T M A H A A SR
TEAHN. B9 DNA 90 T, it B W) i 25 S R i,

17 18 1920 21 22 23 24

25 26 27 28 29 30 31

Fig.6 Polyacrylamide gel electrophoresis results of molecular marker 30164

2.3 TFEFAEERMICSTE 7 SEZFEMERT
2.3.1 ERXZFEZEMEER iR AEA
PRI AE SR AR R A R T ORI 1 R 1
AEvRAe, EAERRS/N AETER D TR, 5T 7
SACIIRIE R 2E . ARSI se 6 (IR e
W/ TR T ) R IEACH A (TAL T 5/ IR AR )
AIREASTEAEINAS T, BRI, B D IESe 4 At el
%3 ATLUER R 0 e, BT B A R S
FIEHIFCAAL , TOI R 1 AC R SRR IE H 455

TEZELATHE T SARREA S BRAACHESCA  F, 45
®3 WK ERMIERZE RS

SRR, Y A A B SR AR IR R 85.6% ~
95.0% , 1EAC F R B REGR, 0 51 1% ~T77. 1%,

A VAT E B A AR R REAS T AL 7 S AR
LA AT GE S HRATNE N 54.8% ~ 62.0% , W A%
FIEAZ, #12430. 7% ~33.0% , X3 F, f1HE R
AR, N 5.0% ~9.4% , L KHIEZL ) 9.8% ~
12.2% , VISR TAL 7 55 7 B B A v kA
FOAAE F R BRI IEAS | 38 T5 SO [R] i 22 57
K, IEZ F Tl GRS a8 F R0 & 1
B,

Table 3 Statistical analysis of the hybridization results of sweet and bitter wolfberry fruit

RenkiE BlOREiE
S A S A 57 T .4k 5 15
KA Combinati BRy & gk 21 Rt/ it w o
ombination 0
- A BB (%) Number of ki <B7 ) FA i -y = P
CT name ) FC F ] %;( %)
NPF/B NF/B  SSRP Seed/Fruit AS/F S B Y
YBA SGR
EXZ TR 5/ 2 2 100.0 11 41 2600 2 1 1 2
oc R 7 7 100.0 46 40 35 51 55 58 35 45.7 4o 2 5 2 2 3
( Ef ) 8 8 100.0 64 51 24 24 30 28 36 46 37.9 4 5 3 6 2
T
4 3 75.0 52 47 28 4.3 4 3 3
6 6 100.0 44 37 42 48 25 49 40.8 4 4 2 4 2
FHIE 95.0 38.6 At 15 11 17 4 5 -
TR 5/ 5 3 60.0 39 30 42 37.0 4L 3 2 1
R 7 7 100.0 43 18 42 15 44 34 28 3220 42 6 1 6 1
(jﬁ ﬁaz 6 6 100.0 49 45 37 39 43 38 41.8 2 6 1 5 1
xl%
5 5 100.0 38 24 34 45 36 35.4 2 5 0 5
11 8 72.7 20 37 10 40 14 38 22 29 263 4 7 1 1
FIE 86.5 34.5 /it 24 6 23 2 3 77.1
T T 5/ 8 8 100.0 39 51 56 39 45 32 44 40 433 2 7 1 8
T S 7 7 100.0 50 28 58 53 30 35 54 4.0 405 2 4 2 1
9 7 77.8 41 46 32 32 50 54 41 42.3 41 7 1 5
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R3(4)
- ESouyST- S LS Rh
P %% e B8 BRREE T g FF sce
2% Combination S E fiy i s/ Bt wm o F T
aE RLf (%) Number of pig - F i i I
CT name . FC FHT] (%)
NPF/B NF/B  SSRP Seed/Fruit AS/F S B Y
YBA  SGR
6 6 100.0 16 34 48 30 31 27 3.0 4L 2 4 2 4
3 50.0 25 40 36 33.7 4 2 1 2 1
F-HE 85.6 38.8 At 16 15 17 8 6 52.5
R WEGER, 14 6 42.9 20 2 13 4 6 17 10.3 4 6 2 4
RC Sy 2 2 100.0 14 16 15.0 2 2 2
5 3 60.0 17 17 18 17.3 41 3 3
8 6 75.0 17 20 15 18 21 17 18.0 4L 6 1 1 4
7 1 14.3 18 18.0 4L 1 1
5 4 80.0 8 14 16 12 12.5 4 4 2 2
FHME 62.0 152 & 0 22 10 8 4 9.4
WEER A S 3 60.0 9 8 15 10.7 4L 3 2
R e 13 8 61.5 9 17 12 16 13 13 14 17 13.9 4 8 8
S 60. 8 1223 & o0 11 0 10 1 9.1
Ea 3 3 100.0 24 16 14 18.0 4TI 3002 1
(%) 7 6 85.7 66 25 18 24 24 10 27.8 4T 6 4 2
ek 7 2 28.6 20 18 19.0 4L 2 2
S 7 B 5 3 60.0 8 20 20 16.0 £ 301 1 1
5 2 40.0 12 18 15.0 4 2 1 1
7 1 14.3 21 21.0 4 11
EHIE 54.8 195 & o0 17 8 7 2 5.0

CT': Cross type, OC ; Orthogonal cross, RC ; Reciprocal cross, NPF/B; Number of pollinated flowers/bag, NF/B: Number of fruit/bag,SSRP :Seed setting rate
of pollination, AS/F ; Average seed / fruit, FC;Fruit color,FF;Fruit flavor,S:Sweet, B : Bitter, SCC; Seed coat colour, Y ; Yellow, B: Brown, YBA : Yellow-

and brown alternate ,SGR ; Seed germination rate

23.2 ERZFREIL#H EERKSIERA E
2 LATHE 7 S AEREA 1 1E 38 X 5 rh r 45 2] 2R 50
(F) ek FHORA 38, Hh T4 7 5/
PR CTAL 7 S/ P R (BEAR) WKL S F RS
T BRI BB ) 15016 11:15; B0 1:1.06,
1:1.36, 35301 1:1, TA 7 S/ =M (%7E) 2k
R A I F, R0 IR A9 43 B B0k 6: 24, B
114, XU R MR AT BB 2 32 24~ L HA i 3
PRI il 1)

[ A LA BB A A AL AR B A 1 i g i
A B A SR S A U R IR R S A PR
ARV T APEB AL PEIR T 5 A% ST is ) i 6.
EA L,
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& 4 A, TR T SR TR R E A, TR A
TR B R 2R I R AR BE SRS BE, AT ST &
B, T T FAERARNIESS F AR G B A 1
SEBEA S, LA AR ACAE BEAS (1 )38 F, Fil
FER GEA, BlaUA 78, XULH IR 5
FyEtfc s s, KA R A s, F A

MBI AP EIR B R IR .

IEZE . LLTHE 7 S AEREAR YL A A Fh 7 2 60 30
o (BB AH B L i R Rl U AR @) (B )
BB R 9: 17 14: 17 5: 23 (R R MIACAE A
A) A 1:1.89 .1:1.21 1:4.6,3% 5 FiRFS0H 8
RIS 1.1 1: 4 AL,

JLAE A AR I v Y BRI O . LA R
BRAAD P9 v R A A VE BEAR AL & F, Fh R
Mo B B R 12010 .9:7 8 F 101,
F R 060 53 B8 2 I UE 52, Vg JRL | PG 5 05 DR g AT e
BB R 22 A 1, T T AT 7 5 R R B S
REEE W), BeA, DL R AR A R AR Y
T AR ML A A F Rl A o (0, Ui
Vg S BT AR P A R M R el B B 52 A A L A
JoT 5t A5 ) ot A A o 2500 B BUf R € A
K IE R
2.3.4 TEBFEERWAICERYRLZERS ST
SERFRM, TR E R S TR WAL T T
B SR N S PR 22 0 B S (181 7)o BRI — 2B
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FIAELR R E] 65. 493 min &b, —ZFIE[M +H] * .48 9), Kb, 4 —miE B ik 5 b =2 oy
FH 585.5370; "R EEE TR A TR BA SRS ETZMEEY, B IEL T,
304. 2626, 54> F 1 304.25 B9 A M R A (K BRI EERZS S YRGB IR R
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a: Ethyl acetate position of Ningxia Xiji Township earthquake Lake wild bitter wolfberry, b Ethyl acetate position of Ningqi 7,
¢:The difference spectrum between wild bitter wolfberry of Ningxia Xiji Township earthquake Lake and Ningi 7
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Fig.7 Total ion flow diagram
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Fig.9 The chemical structure of dihydroquercetin

a:—ZUTI% (304. 2626 m/z) ;b “HFIE (585 m/z)
a:The first stage mass spectrometry (304. 2626 m/z) ,b:The second stage mass spectrometry (585 m/z)
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Fig.8 Extraction of the first stage mass spectra and the second stage of mass spectra
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