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Progress of collection, conservation and innovative utilization of hawthorn

resources in the National Hawthorn Germplasm Repository (Shenyang)
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Yuexue'

(Shenyang Agricultural University, Shenyang 110866, Liaoning, China)

Abstract: China is one of the origin center of Crataegus plants, and the hawthorn germplasm resources
in China are very rich. Crataegus pinnatifida Bge. var. major N. E. Br. is a kind of unique temperate
fruit tree with plenty of cultivars and has been cultivated for a long time (more than 700 years). It is es-
sential for China’s fruit tree industry, and can provide useful materials for hawthorn breeding and the
development of hawthorn industry. The current national cultivation area of hawthorn is approximately
95 000 hm’, with an output of about 1 million tons. Hawthorn fruits are primarily used as raw materials
for processing rather than fresh consumption. They can be used for production of fruit wine, juice, fruit
leather (e.g., hawthorn rolls), dried slices, and candied haws (Bingtanghulu) and other processed foods.
Moreover, hawthorn is also can be used for manufacture of medicine. The fruit is rich in vitamin C and
bioactive compounds such as flavonoids, organic acids, triterpenoids, and sterols which are beneficial
for human health. The national hawthorn germplasm repository (Shenyang) was firstly built in 1982 and
located on the campus of Shenyang Agricultural University. It serves as the primary unit for the preser-
vation of hawthorn germplasm resources in China. Till the end of December 2024, the national haw-
thorn germplasm repository (Shenyang) has collected, preserved and catalogued 420 accessions of haw-

thorn germplasm resources, including 19 species of Crataegus and 13 accessions of foreign hawthorn
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germplasm resources. Many researches have been carried out in the National Hawthorn Germplasm Re-
pository (Shenyang) including the analysis of the hawthorn genome, the evolution analysis of Cratae-
gus bretschneideri C. K. Schneid., and the molecular marker development. We associated with the re-
searchers of other unit, provided a de novo chromosome-level genome sequence of the hawthorn culti-
var Qiu Jinxing. The new high-quality reference genome provided a useful resource for the horticultural
improvement of hawthorn. The germplasm evaluation works included developing SSR-based molecular
IDs for hawthorn varieties, analyzing color-anthocyanin relationships in 51 accessions and decoding the
flavonoid profiles in black hawthorn fruits. Using soft-fleshed accession Ruanrou 3 and conventional
cultivar Qiujinxing as experimental materials, we demonstrated that fruit softening in hawthorn might
be associated with the activities of polygalacturonase (PG), pectin methylesterase (PME) and cellulase
(Cx). With the utilization about the hawthorn resources, the National Hawthorn Germplasm Repository
(Shenyang) has played an important role in the rural poverty alleviation and sustainable industrial devel-
opment. In recent years, we provided over 500 samples of germplasm resources and information servic-
es to research institutions, universities, and enterprises across China, with a high level of user satisfac-
tion. In the future, the collection and preservation of hawthorn germplasm resources will be further en-
hanced to facilitate their systematic, evaluation and utilization researches. The efforts will focus on opti-
mizing conservation techniques and establishing efficient sharing systerm. Additionally, biotechnologi-
cal approaches will be explored for germplasm innovation, alongside the training of specialized re-

search talents and development of technical teams. This review would offer useful information for the
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effective utilization of China’s hawthorn germplasm resources.
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Fig. 1 The National Hawthorn Germplasm Repository (Shenyang)
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Table 1 Overview of preserving hawthorn germplasm resources in the repository
ey i T A FUs R
Name Botanical name Origin Accessions
2411 HE Yulie Shanzha Crataegus pinnatifida 1 [H China 49
SPIZE LR AR Fh Yulie Shanzha Daguo Bianzhong C. pinnatifida Bge. var. major 1 [ China 315
1L 1L #% Hubei Shanzha C. hupehensis 1 [H China 8
2B 1114 Yunnan Shanzha C. scabrifolia 1 [H China 1
71114 Ye Shanzha C. cuneata 1 [E China 2
E1L#5 Mao Shanzha C. maximowiczii 1 [H China 2
F 1114 7 2 M Mao Shanzha Ningan Bianzhong C. maximowiczii var. ninganensis 1 [ China 2
I 7 LLi4# Liaoning Shanzha C. sanguinea 1 [ China 5
Y& 1L 4 Guangye Shanzha C. dahurica 1 [ China 1
fR111# Fu Shanzha C. bretschneideri 1 [H China 16
‘H 7 1L Gansu Shanzha C. kansuensis 1 [F China 1
HEWES /K 1L Zhungaer Shanzha C. songorica 71 [ China 2
Fif /R & 1L Aertai Shanzha C. altaika 1 [F China 4
Z-E1#5 Roumao Shanzha C. mollis $757 Czech Republic 3
ZE A 1L Liirou Shanzha C. chlorosarka 2 17 Russia 1
R L1 Xiayi Shanzha C. jozana H A% Japan 1
21 1€ 1L Honghua Shanzha C. laevigata JL[E UK 2
7 1114#% Danzi Shanzha C. monogyna LRI IF Bulgaria 2
A %01 [ 4% Huashengdun Shanzha C. phaenopyrum FEUSA 1
X6 1L Jiju Shanzha C. cruss-galli FEUSA 1
FXA% Ou Zha C. (Mespilus) germanica 7% Czech Republic 1
*2 BERRGFHRELZFABR
Table 2 Overview of sharing and utilization of resources preserved in the repository
gy PRI P B

The quantity and types of hawthorn

Year resources shared and utilized Requesting organization Achievements
2019 CPEKRLTHERERE GEEE B EARVREEBE R TG SR E K G R T R B AR SR TR S SRR
FEAF 6143 LA TR FRAOL R AT b8 M B Bl =k B ORIRIL T 48 RGP — 452 IR Ss M EL L =l
A total of 61 hawthorn resources, AN 7T i 5 B 2 RHRD .
including Pingyi Dahongzi, Meng- Institute of Plant Protection, Chinese Supported national and provincial-level scientific research
yin Dajinxing, and Qingyuan Mopan Academy of Agricultural Sciences; projects and related research papers; Supported scientific re-
Shenyang Agricultural University; search achievements and won the second prize for scientific
Xinglong County Hawthorn Industry and technological progress of Liaoning province; Served
Technology Research Institute of He- the hawthorn industry in Xinglong county and assist in rural
bei Province; etc. revitalization.
2020 Gl 1S, T BURZR L JERCIURMR S B AR RSB SO T SR [ K G R S RIS AR SR T8 5 5 MR 1l
1 1555 46 4 LA B VHAEAAR R R 224 AR 25 AR 0 LR el i e, B 0 2 IR Y%
A total of 46 hawthorn resources, Institute of Forestry and Pomology, Supported the national and provincial- level scientific re-
including Mao Shanzha No. 1, Beijing Academy of Agriculture and search projects and related research papers; Served the con-
Ning'an Shanzha, and Altay Shan- Forestry Sciences; Northwest A & F struction of the characteristic hawthorn orchard in Shan-
zha No. 1 University; etc. dong Lehua Rural Complex to boost rural revitalization.
2021 BRI RS AERESE 834 RS ERITTI AR SR EBAAR SR B R AR R AR B AT GBI TR S I g5
L R NN ARPERTTILLFET TR, B 71 £ 4R % .
A total of 83 hawthorn resources, Shandong Feixian Damenshan Haw- Supported the national and provincial- level scientific re-
including Huangguo Shanzha, Taip- thorn Research Institute; Shenyang search projects and related research papers; Served the
ing Shanzha, Jiatian Agricultural University; etc. Shandong Feixian Damenshan Hawthorn Research Institute
to advance rural revitalization.
2022 CPFERLTVRELRMAEROGER  IRBE RIS ST LR SCRRE R 2 B AR H KR S0 5818 3 iR g5

PAJAE 85 3 LU A BE YA

A total of 85 hawthorn resources,
including Pingyi Dahongzi, Feixian
Damiangqiu, and Xinglong Zirou

Wk

Shandong Feixian Damenshan Haw-
thorn Research Institute; Shenyang
Agricultural University; etc.

RBERTTINIAEBT T, B 1 2 M4R2% .

Supported the national and provincial- level scientific re-
search projects and related research papers; Served the
Shandong Feixian Damenshan Hawthorn Research Institute
to advance rural revitalization.
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%2 (%) Table2 (Continued)
LRI H B KA % sy o fr PR
R Thjjujaftijtyl)ifiz t@jpijs of hawthorn F AL B
Year Requesting organization Achievements

resources shared and utilized

2023 MRE LOLEH2 5 OL a5 1430 R EORFERE I TR LT
I B AR e i
A total of 143 hawthorn resources, Institute of Food Science and Technol-
including Linxian Shangkou, Gan- ogy Chinese Academy of Agricultural
yu No.2, and Liaohong Sciences; Shanxi Academy of Agricul-
tural Sciences; etc.
2024 ZED8321 ARG 9 S 156 il ST MV R A A B L Y B

A total of 156 hawthorn resources,
including Zhaikou, 8321, Yinyeling
No.9

BAO AR 74

College of Architecture, Inner Mongo-
lia University of Technology; Bureau
of Agriculture and Rural Affairs, Xin-
glong County, Hebei Province; etc.

SR SR A8 T R AR I H SR SSHIE 7818 3 s PrliL
T A 2 B ) 2 RHIR DY .

Supported the national and provincial- level scientific re-
search projects and related research papers; Assisted in the
construction of local hawthorn industrial orchards in Liaon-
ing to advance rural revitalization.

SCHF B KA AR H KA SRR LR S P Bl
T LR L R, BT 2R .

Supported the national and provincial- level scientific re-
search projects and related research papers; Assisted in the
construction of local hawthorn industrial orchards in Liaon-
ing to advance rural revitalization.
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A. Honghua Shanzha 1 Hao; B. Jinruyi; C. Shandong Dajinxing (Dajinxing, Linyi Dajinxing); D. Wulingzirou; E. Shennongfushanzha 1 Hao; F. Jing-

duan 1 Hao; G. Qiujinxing; H. Bairangmian.
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Fig. 2 Several specific hawthorn resources



o5 1139

HOCHT S S5+ [ 5% (AR A i % Y8 ] Gt B ) PR LU R Ao 5 B3 A ER A5 G R D 3 P 2527

3 PRAFBEIRI A H]

3.1 ZEEMMR

AR, LA B IR S TS I K H AR
4T H B EF IR, 43 0 2 : ©CpMYB62 - Cp-
SWEET]1 73 F A i 42 LA 5 Spi AR 82 L BT 72
(32202428,2023—2025 %) @ iE M AEM N T
At SR Jie S o5 T o AU VR WL 5 4 Rk &
(32072225,2021—2024 ) @ 1L # J& 4 H 3¢ R
B 2% - B 5 B R AR BT S B0 AL A A
(31470678 ,2015—2018 4= ) « @ 1l 4 B A% PR TE Bk
(K53 HLAIAE 78 (31170635,2012—2015 4£) FG 1L
B TR (9 DGR 2 A B Dh REAR 1Lt 72 (31101515,
2012—20144F) . CHET 1 Il B+ e Rl e 4
i _EIH :DA-6# T ABA {5 5/ 5 CpNAC25 i
Ll s SR SR B R A B 3L (2024—2026 ) o

IEAR, I SCHE T A RITE 9Tl A4 3 TR
CLADERITE - LR AP 5T 558 2 4 R A7 S A
W B BE YR S VAN 5 B g 5 ON [ T H (2019—
2022 &, T H 4w 5 19221885.19210133. 19200357
19190178 « LI A Foft it FE Y US4 25 5€ g H BB Al
{RA7F H (2010—2018 4 ) AT 1L 5 A Ji 9% I 46 5 1F
W AR 52 (2012 4 5 2 TURHE 3 W BB
TR EE B IR E RS A IUH B K d 2
Tl 50 2 L BH 1L A% 43 T (2020—2022 4F, T H 4
5 NHGRC2022- NH08. NHGRC2021- NH0O8. NH-
GRC2020-NHO8) I [E Z A A 4 i g 5% Y5 3L 2 e 5%
PG - iR BRI RS T S WE (2011—
2019 4F) s 1 UL 748 AR RS IUH - 5T 2b-
RAD H A (1) 1L A 1o 2% P55 488 A P 1 Ay 2 A 3 I R
() QTL ¥& 4H i€ £7. (20170540804, 2017—2019 ) ; 3
WL T4 208 T 9 H : miR828-CmMYB12 4% 111 #
FS TR A R ML T 78 (2023—2025 55) R 5
UV-C &b F 5@ i3 CpMYB15-CpAco3 FHe i 3k 11145 5
ST G R B A 10 43 T FILAI (2022—2025 4, T H 4
5 LIKMZ20221054) FIR i 5% A0 B 25 R (1) v b 5 %
JE (2017—2021 4%, T H %% 5 LSNQN201719) .
3.2 EFEREGHNEERAKRR

23t Z MR R MWL, (LA [ TAE A S
T VAN FZER R -

(D i ZEIRE TAEN REEE T AT A5 R,
HEM BRI G E B LA @) 20 NP7 A4

AR, IR Crataegus pinnatifida ) LA FRN N
PR AT T AR R

(2) LA % 5 (o] 2 AW S B 7 L A P BT B R AR
FHAMIEA . EHAN GRS T QL& R 5%
VA B A E R bR ) — 5, e T CRAEY R
BRI B VP BOR IS LA L QLA Fb ot 55 U A
FITE D &5 2 AN ARV AT MW A HE AL AR o 5 7% 9058 11°) S5
SRR, Z 5E T B X R (D & A
FHEARFNAR SNV AT MV AR CHE A8 it P o S L —
Btk RS e PRI Bl F R ) (LY/T 3208—
20200 FEBTIEHKISEE ORAFSE ST AR SEIL T AE
T AIFRHEAL, o

(3) LA B ] A N Dd i 5 sk ke A1 BA &
VB, B IR GE R 1 R LA Ji A A 2P 28 1 s R SR AR o
PR B AINT , HRER TR CE. s
I, K4 2 (LA ) JE R 2H K/ A 823.41 Mb, i
i3 40 571 /™2 [R5 1 b B[R 41 25 3] 17 2% e Ak
B,

(DOFFE TR RIS T BRI R
ARFRAN AR IAE AR AR B B — M LA A, B
A WL B2 AR A 1H R K g SR AL FT I I A
AR . AR K] 41 (Plastome) 1 A AL 40 48 o A il —
A H L R 43, He G A AN 41 A S0t B A AR A 1)
HUTTEMAG R ERRBREE, B ZIER A
(] SLAF I J7> 21 Bl 43¢ - S A4 B35 7R g 28 s A S [A]
IR ST M SR S, R RSk Ak g3 pr
AHfE T AR L RS YR A2 DA B LA BT 22 L A AR
BREAR ORI LS g A AR I R AR A8 T ) T L
FRALAE A — A 2 A5 R Fl, R ORI = A5 40 DU £5 44
TR A KL ARt thah AR ILAS I 20 A1 X
AR R T 78 MR, 72 B VL A
Ao

(S TE B4 e VPN J7 1, 25T SSR 73 FAnic 44
M SR T SRS, RE VT 15140
LA b ot SRR AR SEB L 516 B & BRI R, IF
NN T Rt Ll il SR S 2 B A A I R R
=,

(6) 7E % YA 2R 55 it o7 48 e WY 7 1D, Wl 5 1 233
Ay LR P ot B2 R A S (R BERR 253, I 94. 7% ) 1L A
NFTFERRAR A, HLOH 4y 58 IR ) 0 &
ASCRER 43 R SR S AR P B s LR A BE R 4K
PRI 3 5 R i KRG it R AR 4 22 9 Fe bkl R IR LA



2528 3 L)

S 4

42 3%

RSLIRATT fe 5 2 51 FLE RS IR I SR i HR ity g
LR YERBE A R,
(7O Fa 3 H 2 i LU v % 40 1 st A% R T K
T K= SNP 7> F-hric , 1% B 2 [ br b IR S 58
8~ 5t i B PEE T LA 43 1 3 A% B D405 7E K 4 Bkx
K4 BB BRI T 104127 AN 5 2K
B R AH DG QTL s 2L R MR T K 4R ER> B 22 HOFF 10
A5 S A 2 B AR G QTL s 75 K 4R BR < K 4
ERRFIRTG T 35 1L A - B 20 R 4 22 bk
SRR E QTL M3 M EHR £ A MR
m2172.m516 A1 £258. IR A 75 45 5y 114 S 5238
BRI AR Bh B AR T EE R SE .
33 ZHEMAIREFA
TEHES AT BRI A FE A0 = AR AR BT
SATTTH LR TR B P Bh L T I ARl B B LA
ol 03 TR DR, B B T AR 2 L LA A A PR A F
R L LT (R S R O R 4 B LR D R =, B
Bl Z5 K0T L LA I 8 B 1900 4 e L LA s v [ X
WH AT T TAE. TEBUAERNLAR T TR AR
FE AR S R B B ) v 8RR B 1L A
PV AT RFSE R R S T TS R HE T AR
4 & H
4.1 MsRLEMREREERE
AR AE PR BIR 2, R R 1 A MdR H
N TER] L A Ji % /N ol 1) 2 5 470 0 0 L A 7 [T P
PRAT T 58 = I A B RO b 98 155 25 38 58 1) e vt L
A, DA R 7 5 1] 368 5t WA SR A AR L 7 LA A o e 1 Ly
I, XL R E AR % e
FR4E O A R, 184 6 4N B P 0 A7 1) Ll AS b %%
PR AIRAR , 20 B AR A AR ZE Lk = A
C NI N RN B TY (P oY MR PN
W A AU, B — W R SRR E N R R IE
HALE  ENT REMTE DL N USR]
[, [ AN AR LA BRI T N B2, 1L 5 5 (1]
V4 hin 5 ] A0 B2 R, R 1) B B IR Ak — 20 51 gk A
Wt T Ak
42 THELEMREREETNAEZETA
3k — 20 5e 8 Ok LA G IE AL R 72, 56 Bl i
PRI S B VN R G, 248 EEMIRRE A R A
G PR 42 I WL A R A DG SR B
HE— P2 LR SR sz oo AR B REAT 25 A Th A

Iy FEHBUAT LA R AR % A el PR A o R
FIHE I R HE) ™ TAE .
43 FEEUEMRZRFRERATLZHE

S AN SE R LA BE R A A0 TR R A BRI
i PRAF IR AT A ST . BRAh, B AN
FEGHIRIL EAAT IR B RAF BRI T AR s
T, B 1 I SRR 1 77 sAE 55 4b , BRI\ B e 22
T 5 FRIARE AT R 75 5K
4.4 REEVBARELEMEREF PN

LA SR A BAT — % (1 E S SEAJE R & A B
RE7T, HEAMT SR BUR, M7 A A I FEAR KRR
BRI A B RSB A A I RE ST H T
AT /PR M. T PR RRE
R G R S IR RS AR I BOR TR B LD M
AT B HESLLRSET AR OB T AR o
4.5 fEEAAIEFR R EBER

FENA AT B 7 T 5 1L A RDRE 3E — 20 4 B
k2 2R HARMIT N 63, LUR 5 2% 7 i A BE N U
6P R S I U ol 2 R ) W Ei N Bl a7 i
Ko BT LA 58] 6 AT H AR 07 A A DR 4 4H
o DR LA [T A B8 53 D AR 2 D AR PR b
OREE I AW T

S22 3k References:

[1]  PHIPPS J B. Mespilus canescens, a new rosaceous endemic
from Arkansas[J]. Systematic Botany, 1990, 15(1):26-32.

(2] TN, SO . IRE LA B PR S B AT SR (D).
B ,2014(6):64-67.
YU Liyan, DONG Wenxuan. Research progress of hawthorn
germplasm resources and breeding in China[J]. China Fruits,
2014(6):64-67.

[3] B, = L A R S L B M. A o ROl H i
#k,1996:160.
ZHAO Huanzhun, FENG Baotian. Chinese fruit trees: Haw-
thorn[M]. Beijing: China Forestry Publishing House, 1996: 160.

[4]  HOCHEF P EIRMRLE S S - DA M. 0% BT AL A EOR
AL, 2015.
DONG Wenxuan. Chinese fruit science and practice : Haw-
thorn[M]. Xi’an: Shaanxi Science & Technology Press,2015.

[51 2505k E W . E LR BEIR S R R M. B3 B B
Akt AR5 1997 180.
XIN Xiaogui, ZHANG Yuming. Chinese hawthorn germplasm
resources and utilization[M]. Beijing: China Agriculture Press,
1997:180.

[6] I THE A (D). Ak, 1993(3):220-223.
YAN Wanying. Research on the history of hawthorn[J]. Agricul-



o5 1139

HOCHT S S5+ [ 5% (AR A i % Y8 ] Gt B ) PR LU R Ao 5 B3 A ER A5 G R D 3 P

2529

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

tural Archaeology, 1993(3):220-223.

HTOh, FAE R, . RE LIRS R R
W) E AR, 2022(10):87-91.

DONG Ningguang, WANG Yan, ZHENG Shuqi, WANG
Shangde. Present situation and development suggestions of haw-
thorn industry in China[J]. China Fruits,2022(10):87-91.
KL R, T BB, X, SR L AN T K g
FERA IO SC R[], fREES 0T, 2024, 24(1): 83-89.

LIU Xueping, ZHAO Li, WANG Jing, CUI Xiaomei, LIU Ling-
xiao, HUANG Li. Research progress on processing and compre-
hensive development and utilization of hawthorn[J]. Storage
and Process,2024,24(1):83-89.

KRB, T RS R S A YO D 2R R B A
AT, b Tk, 2025,46(1): 1-7.

NONG Yuping, YU Yang. Process optimization and antioxidant
activity analysis of jujube, hawthorn and blueberry compound
beverage[J]. The Food Industry,2025,46(1):1-7.

PR, SRR, SR, SR, b4 | R BERIRE T 2%
TP 2 2 AR bR A RE AT, R 5 2024, 51(1): 53-59.

JIA Rongjie, ZHANG Han, JIN Xinchen, HAN Yingying, DU Jin-
hua. Effect of fermentation and soaking on hawthorn wine secu-
rity[J]. Liquor Making,2024,51(1):53-59.

B, TR MR SO BB, FARL, RS, RS, E
WA ANES BT AT TR R [T]. 2, 2023, 54
(20):6878-6888.

JIA Bin, MAI Ziying, CHEN Qiwen, QIN Siyi, WANG Leqi,
YAN Shikai, LI Shasha, XIAO Xue. Research progress on me-
dicinal value of Crataegi Fructus and related marketed drugs[J].
Chinese Traditional and Herbal Drugs, 2023, 54(20): 6878-
6888.

A A, TR, B, BV, ER T WA, AL I
T R At 1 73 B FE T R R R 78 33 e (0], A< 7= b I, 2020
(21):94-97.

ZHANG Qianru, YIN Rong, LIANG Zhihong, WANG Xian-
ping, WANG Junyu,RU Jiansheng, LU Yingzhong. Research prog-
ress on functional components and utilization of hawthorn[J].
Farm Products Processing,2020(21):94-97.

TG, TRALZE | FRE AN 7 b R IR R R A L. e
R3%,2020,40(9):36-39.

GAO Yuan, ZHANG Lijun. The present situation and develop-
ment suggestion of hawthorn processing industry in China[J].
China Fruit & Vegetable,2020,40(9):36-39.

NAZHAND A, LUCARINI M, DURAZZO A, ZACCARDELLI
M, CRISTARELLA S, SOUTO S B, SILVA A M, SEVERINO
P, SOUTO E B, SANTINI A. Hawthorn (Crataegus spp.): An
updated overview on its beneficial properties[J]. Forests, 2020,
11(5):564.

FET T, BRINR A L A R S A 5 2 B BT AT
HEWL[TT. Wb b B2 44 6, 2012, 34(12): 77-79.

ZHAN Chengcheng, DUAN Shizhen, LI Jie. Overview of chem-

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

ical constituents and pharmacological effects of hawthorn[J]. Hu-
bei Journal of Traditional Chinese Medicine,2012,34(12):77-79.
EIBAE, o, H O S G L R 2 AR AR
SInCRIAD] 28R, 2012,40(7):4053-4054.

YAN Liejuan, XIAO Bin, XIAO Xiao, HU Minhua, PU Guotao.
Medical function, health care function and processing use of
hawthorn leaf[J]. Journal of Anhui Agricultural Sciences, 2012,
40(7):4053-4054.

LI G, SRR, AH IR . 245 LA A 0R R 24 4
TR D], T E BE 2515, 2010, 8(18) : 59-60.

JIANG Haiyan, HUANG lJiancong, FU Xiao. Overview of the
quality analysis of effective components, medicinal materials
and preparations of medicinal hawthorn[J]. Guide of China Med-
icine,2010,8(18):59-60.

[ 5% 24 23 4 b AR N BRI [ 25 8- =35 2020 4F AR [M].
ABST: v [ BR G R At 2020.

Chinese Pharmacopoeia Committee. Pharmacopoeia of the Peo-
ple'S Republic of China-No. 3 Department—2020[M]. Beijing:
China Medical Science Press,2020.

Wt R, X, B4k, se i e, M 75 , TRAR 3R, e, AR AE
2RI (9 7 SR AR 0] WAL PR 24,2022, 18(9): 157-163.
YANG Yichen, WANG Erhuan, WANG lJigiang, DANG Yanni,
YANG Xiu, ZHANG Lanmei, HAI Bo, MA Cunde. History of
traditional Chinese medicine crataegi fructus[J]. Asia- Pacific
Traditional Medicine,2022,18(9): 157-163.

ZEAERE SR E W, AR AR LR B AR S S L A5 U
WAL, ALTT R, 2000(6) :4-6.

LI Zuoxuan, ZHANG Yuming, ZHOU Chuansheng. Establish-
ment of hawthorn germ plasm resources nursery and survey of
hawthorn germ plasm resources research[J]. Northern Fruits,
2000(6):4-6.

K, P B R TG, B, T, A R
Mo, AL A AR AR, AR FE L ARAER T T B R 5 E VR B
ARG 1A - NY/T 2325—2013[S]. b5t : op B 4l H A
2013.

DONG Wenxuan, LU Deguo, ZHAO Yuhui, JIANG Yongwen,
LU Weiwei, MA Huaiyu, QIN Sijun, XIONG Xingping, ZHOU
Chuansheng, ZHU Jianmiao, LI Zuoxuan. Technical code for
evaluating crop germplasm resources—Hawthorn: NY/T 2325—
2013[S]. Beijing: China Agriculture Press,2013.

XNT A | S REERZLE LAY FEHOR AN R AT HOAR B L [D].
et Abstkoll K4, 2006.

LIU Jianghua. Studies on propagation and key cultivation tech-
nologies of Laburnum x watereri ‘Vossii’ and Crataegus laevi-
gata ‘Paul’s scarlet’ [D]. Beijing: Beijing Forestry University,
2006.

RN LR PN B R R S L A ik
B R AR S RIEBOR[T]. R R 2021,2(2): 83-85.
LI Chaoyang, NIE Zongsheng, SUN Tengfei, LU Hui, RAN
Kun. Breeding of ‘Jinruyi’ yellow hawthorn variety and high-



2530 L S I R Fa2
quality and efficient cultivation technology[J]. Journal of Fruit [33] ks, AL, PN, T, HEOCH . R SSR Aric A a1l
Resources,2021,2(2):83-85. T GEUR I LR B U IE[J]. P BH AR MY K 524418, 2021, 52(2) : 153-

[24] WA FESF . CRERE” B AL R M S REHORT]. 159.

IR MO R, 1982, 12(4):59-67. ZHANG Xiao, DU Xiao, SUN Xinyu, WANG Jian, DONG
ZHANG Yougong, QI Zhigin. Growth and fruiting habits and Wenxuan. Construction of molecular identity for partial Cratae-
cultivation techniques of ‘Da Jinxing’ hawthorn[J]. Journal of gus resources based on SSR markers[J]. Journal of Shenyang
Shandong Forestry Science and Technology, 1982, 12(4):59-67. Agricultural University,2021,52(2):153-159.

[25] BAESE, SBRAA, B SGE BRI, Bl RE , SRR R, B L i [34] ZEHiE, MR, 8 AR TR, T 2, 5k Ay L iR
AL W A A 55 R A IO T[], B AR B JRBE IR S LT TS BRI R R[] MR AE SRR,
2016(2):17-19. 2024,25(1):72-83.

ZHAO Yuliang, JIN Tiejuan, LIANG Yichun, GENG Jinchuan, LI Peihao, SUN Xinyu, WANG lJian, FU Dongxu, DONG
LU Fengqin, BI Zhenliang, XIA Wenzuo. A new variety of fine, Wenxuan, LIU Yuexue, ZHANG Xiao. Relationship of fruit col-
late- maturing and red- violet color Chinese hawthorn ‘Wuling or and anthocyanin content of hawthorn germplasm resources[J].
Zirou’ [J]. The Journal of Hebei Forestry Science and Technolo- Journal of Plant Genetic Resources,2024,25(1):72-83.

2y,2016(2):17-19. [35] kA%, A5, E8 AT RN, BB, #E OOk, XA . Bl

[26] FELUE, F& K8 2500 . ILHH i R R0 1 S e F[C)/ 210 LM SR SRR L A W 22 R0 T[], VB K 22
I E 2 22 oL N T R S B N RS R (TR #,2023,54(4):413-421.

). B, 1989:243-246. ZHANG Xiao, LI Peihao, WANG Jian, FU Dongxu, ZHAO
WANG Yilian, WANG Min, ZHANG Rui, LI Ronggi. Breeding Baipeng, DONG Wenxuan, LIU Yuexue. Analysis of the differ-
of a new hawthorn line Jingduan No.1[C]//China horticultural ence in flavonoid compounds between black and red hawthorn
society proceedings of the 60th anniversary of the founding of fruits[J]. Journal of Shenyang Agricultural University, 2023, 54
the Chinese horticultural society and the 6th annual meeting (I (4):413-421.

fruit trees). Shanghai, 1989 :243-246. [36] BTN . 043 LLoAd ol 5 % O o 2 S S M R 0 P B 42D, A

[27] Fh R, Filg e B E LAE =7 BRE BOR (9], AR FH = PEBH A2, 2017
2007(3):32-33. HUANG Shanshan. Evaluation of the important fruit characters
LU Fengqin, WANG Haibing. High yield cultivation techniques about hawthorn germplasm resources[D]. Shenyang: Shenyang
of Qiu Jinxing hawthorn[J]. Hebei Fruits,2007(3):32-33. Agricultural University,2017.

[28] ZHANG T C,QIAO Q,DU X,ZHANG X,HOU Y L, WEI X, [37] XU JY,ZHAO Y H, ZHANG X, ZHANG L J, HOU Y L,
SUN C, ZHANG R G, YUN Q Z, CRABBE M J C, VAN DE DONG W X. Transcriptome analysis and ultrastructure observa-
PEER Y, DONG W X. Cultivated hawthorn (Crataegus pinnati- tion reveal that hawthorn fruit softening is due to cellulose/hemi-
fida var. major) genome sheds light on the evolution of Maleae cellulose degradation[J]. Frontiers in Plant Science,2016,7(10):
(apple tribe) [J]. Journal of Integrative Plant Biology, 2022, 64 1524.

(8):1487-1501. [38] B WS, ARV, AR ST R . AR R

[29] DU X,ZHANG X,BU H D,ZHANG T C,LAO Y C,DONG W LS SR S AR RS 1 AT 0], B 5 T 2, 2023(9): 23-28.
X. Molecular analysis of evolution and origins of cultivated WANG Bijun, YANG Huaice, JIAO Yang, LI Nufei, DONG
hawthorn (Crataegus spp.) and related species in China[J]. Fron- Wenxuan, HOU Yali. Softening related enzymes activity analy-
tiers in Plant Science,2019,10:443. sis of hawthorn fruit with different softening progress[J]. North-

[30] YULY,WANG Z H,DU X, DONG W X. Crataegus bretsch- ern Horticulture,2023(9):23-28.
neideri (Rosaceae), a separate species endemic to Northeast Chi- [39] SUK,LIDH,LIUY P,SHI X C,ZHAOY H,GUO Y S. Quan-
na[J]. Nordic Journal of Botany,2022,2022(3):e03425. titative trait locus mapping of hawthorn flavonoid content based

[31] ZHANG X, LI P H, WANG J,FU D X,ZHAO B P, DONG W on high- density linkage map[J]. Scientia Horticulturae, 2024,
X, LIU Y X. Comparative genomic and phylogenetic analyses 331:113174.
of mitochondrial genomes of hawthorn (Crataegus spp.) in [40] ZHAOY H,SU K, WANG G,ZHANG L P,ZHANGJJ,L1J P,

(321

Northeast China[J]. International Journal of Biological Macro-
molecules,2024,272(Pt 1):132795.

ZHANG X, SUN X Y, LI T, WANG J, XUE M L, SUN C,
DONG W X. Chloroplast genomes and nuclear sequences re-
veal the interspecific relationships of Crataegus bretschneideri
C. K. Schneid. and related species in China[J]. Tree Genetics &
Genomes,2022,18(3):24.

[41]

GUO Y S. High-density genetic linkage map construction and
quantitative trait locus mapping for hawthorn (Crataegus pin-
natifida Bunge)[J]. Scientific Reports,2017,7:5492.

ZHAO Y H,ZHAO Y D,GUO Y S,SU K, SHI X C, LIU D,
ZHANG J J. High-density genetic linkage-map construction of
hawthorn and QTL mapping for important fruit traits[J]. PLoS
One,2020,15(2):¢0229020.



