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Progress of collection, conservation and innovative utilization of straw-
berry germplasm resources in the National Peach and Strawberry Germ-

plasm Resources Repository (Beijing)
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Strawberry/Beijing Engineering Research Center for Deciduous Fruit Trees/Key Laboratory of Urban Agriculture (North China), Minis-
try of Agriculture and Rural Affairs, Beijing 100093, China)

Abstract: Cultivated strawberry (Fragaria x ananassa, 2n=2x=56), an octoploid perennial herbaceous
plant, is one of the most important commercial crops and is widely cultivated in the world. According to
statistics from the Food and Agriculture Organization of the United Nations (FAO) in 2022, China leads
the global strawberry industry, with a cultivation area of 148 000 hectares and an annual production of 3
988 000 tons. The strawberry industry, characterized by its short growth cycle and high economic re-
turns, plays a pivotal role in promoting modern agricultural development and rural revitalization in Chi-
na. Moreover, China is also one of the primary distribution regions for Fragaria species. With 13 out of
the 25 known species naturally distributed across the country, China has a rich diversity of wild straw-
berry germplasm. These resources serve as a valuable genetic reservoir, providing critical support for
strawberry breeding programs and the sustainable development of the strawberry industry. The National

Peach and Strawberry Germplasm Resources Repository (Beijing) established in 1981 is one of the na-
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tional strawberry germplasm resources conservation units, and mainly undertakes the tasks of strawber-
ry germplasm resources collection, preservation and evaluation as well as resource sharing and utiliza-
tion. By the end of December 2024, totally 418 accessions of strawberry germplasm have been collect-
ed, preserved, and cataloged in the repository, including wild species, local varieties and bred varieties.
Relying on the those resources, systematic identification and evaluation of agronomic traits have been
carried out every year. Fourteen germplasms have been screened out with excellent and specific traits,
such as good quality, high resistance, day-neutral and high yielding, etc. These germplasms can be used
in production utilization and cultivar selection and breeding, thus promoting the upgrading of strawber-
ry varieties in China. A total of 1655 accessions have been offered and utilized for 125 organizations in-
volving universities, colleges, research institutes and production and processing companies. Using the
superior germplasms as backbone parents, 25 new strawberry cultivars have been bred and released
with high fruit quality and different maturity periods. A high-resolution genome of Fragaria pentaphy!-
la was assembled for genome sequencing, providing a good reference for understanding the genetics of
the endemic Fragaria species in China. The phylogenetic analysis based on chloroplast genomes re-
vealed that the drastic global temperature change and uplifting of the Qinghai-Tibet plateau might have
driven the formation of taxa and polyploidization in the genus Fragaria. Meanwhile, studies focusing
on the mechanisms underlying strawberry quality and resistance traits have been conducted. By integrat-
ing phenotyping and genotyping data, including metabolomic, transcriptomic, and gene expression anal-
yses, candidate genes have been identified, laying the foundation for the genetic regulation of these
traits. Fruit aroma has been a major focus of our research utilizing germplasm resources. We established
the gas chromatography-mass spectrometry (GC-MS) method for volatile substances detection of straw-
berry fruits. Then the genetic analysis was performed on nerolidol, one of the key components, based on
F, population derived from specific cultivars screened by evaluation. Key genes like nerolidol synthase
gene FaNES] and alcohol acyltransferase gene FvAATW?2 were identified to aid in fruit aroma regula-
tion. For the other fruit quality traits, we found that the aldo-keto reductases gene AKR23 could regulate
both ascorbic acid and anthocyanin content in strawberry fruits. And the accumulation of soluble sugars
and vitamin C was highly likely to be synchronously regulated by MYB, bHLH, NAC, AP2 and bZIP
family members during fruit ripening. We revealed that the response mechanisms of strawberry to salt
stress was different in selected germplasm. The genome-wide analysis of tubby-like protein gene family
(TLP) showed that the gene members were widely involved in strawberry abiotic stress response such
as salinity, drought, high and low temperatures, as well as in the regulation of strawberry growth and de-
velopment. In addition, it was found that heterologous expression of the Arabidopsis thaliana ROOTY
(RTY) gene in strawberry could improve the drought resistance. Simultaneously, the practical applica-
tion of the strawberry germplasm resources in the industry has been significantly strengthened. Farmers
adopted the elite germplasm resources screened or the new cultivars bred by us have realized substan-
tial economic gains. Furthermore, a series of national and international exhibitions and conferences cen-
tered on the strawberry industrial chain were successfully held in the repository, facilitating the wide-
spread adoption of new cultivars and cutting-edge technologies. These efforts have collectively contrib-
uted to the sustainable growth and global competitiveness of China’s strawberry industry. In summary,
this paper comprehensively reviews the progress achieved by the National Peach and Strawberry Germ-
plasm Resources Repository (Beijing) in the collection, preservation, innovation, sharing, and utiliza-
tion of strawberry germplasm resources. Furthermore, it outlines future research directions, aiming to

provide valuable insights and references for the effective exploitation of strawberry germplasm resourc-
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Fig. 1 The National Strawberry Germplasm Resources Repository (Beijing)
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Table 1 Classification and conservation of 418 cataloged strawberry germplasm resources in the National Peach and

Strawberry Germplasm Resources Repository (Beijing)

B e Toft B i oyt

Pt J@ B e A4 B

Germplasm type  No.of germplasm Percentage rates/% No. and names of included species

9 AP BRI TR, T A, S (O F 5, R ALREAE , BEB B, AR5 REAE A B, R

Nine species: F. vesca, F. pentaphylla, F. viridis, F. mandshurica,
F nilgerrensis, F. orientalis, F. moschata, F. chiloensis, F. virginiana

HPAE SR 16 3.83

Wild species A, IR FLAE

HuT7 i i 31 7.42 1Pl R

Local varieties One species: F. X ananassa
Bt 371 88.76 1Al s e i

Bred cultivars

One species: F. X ananassa
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Table 2 The list of the outstanding strawberry resources selected by identification and evaluation of agronomic traits

LRI RERIN BE O HL GEIR AR

Outstanding traits No. of resources ~ Name of resources

Fit H A 7 A, U, P M LA, R, b, S

Short-day with high fruit quality Toyonoka, Akihime, Benihoppe, Tochiotome, Kinuama, Nyoho, Sachinoka
LASETR LTINS SN 7 RIS, B A, B, R, ISR TR, R G 4R
Short-day with high resistance and big fruit size Camarosa, Sweet Charlie, Earlibrite, Tudla, Darselect, Allstar, Gaviota
P SN 4] 4 SR, AR, 2 2 i T, R L

Day-neutual with big fruit size and high yield

Monterey, Portola, San Andreas, Albion

A Wi &2 B RIBE'TS  C. B
A. Tochiotome; B. Camarosa; C. Portola.
2 REMREBTINHELHRFESER
Fig. 2 Pictures of outstanding strawberry resources selected by identification and evaluation of agronomic traits
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Table 3 The overall status of innovation and utilization of strawberry germplasm resources
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SCHEEAR T 72 1129 AZA AR 2 20 V0 A 3k o Ao SE I A A RS WG
Support for industrial upgrading Organized 20 times national congresses, promoted the renewal of cultivars
and increased farmers' incomes
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Fig. 3 Fruit characteristics of bred strawberry cultivars



551134 P i, A e T SOBR R A T T U ] D 0 B o o B USSR (R AT 5 BT R 2k 2571

R PR PR T A R AR
22 FEEMHE

FESCHETUE 75T, DA 5Bk B b o 5 [ (I
O NIRFE  SRACAR ML A 25 A7 B 300 1 30, “ H A
PNV AR 78 5 i 58 7R 15 (201003064) 7 5 SRAL R
B AU R TR H AR 3 T, “Hh IRR B A ol
A AEW 5 X 3R EG 77E (2016 YFE0112400) 7“5
B i 2B PR S SR A ] (2019YFD1000803)”
CROEEL R R R R E RS R
(2020YFD1000105)” 5 FAH AR b A A 350 4 €0 % 52 7
MV AR A F2 B T 08 IR 8 SRR A A
Z (CARS-24-A-14) , HEFE M ME—Kifr . thak,
THEE R B ARER R FE S LB T B A DA 25 A [
K AR LETH 80 RI, HiT KK SCIL H 3
OIS SC 4258 .

TR 30 A 0 S (R ZEL B 9 7 T8, 7 10 A4S B
PP e SR R R A AT B TR A A A AT, R
IR & O 58 B SR AR R 19 M (R T 3R
P R, BOR B L A tH 2 . SRR
FSCRI A5 1 4 v 11 = EEHE S 5] R A T ek v i o e P
ORI AR A AR 3 — 2 Hr K, ot
B 5 R AR E /3 A X AR, HONER
FERr A M BRI, 6 L AR AT 7 2R 7 5
FE AT, JH R 20 K /N 257 Mb, 58 8 FE A 99.9% , N
gap-free & LA K20 . LLEIERI A 0 R I, Fu
I LR 5 U ek R A A I HL A R SR A S B
SRS R TR, 5 R OEMRAES, N
JE SR LB E T AR

TE it TP AR AT 98 07 T, — BW B R S R A
N f R H ARPEIR , 8 i P i B R SR S R

x4 FRMEGEERENFRESREUITHNESMER

Table 4 Species of genus Fragaria used for Chloroplast genome sequencing and phylogenetic analysis

LR Bt U FREA Ei&7p QU BB B AR FHER Hdf ks
Species Data sources Species Data sources Species Data sources Species Data sources

o R mry i i billsg TOH B Kot ARALTERE Hodf 2

F. chinensis Sequencing F tibetica Sequencing F iinumae Public database F. mandshurica  Public database
WEHE Wy 78 P Wy A4 Kot 7 AR5 R Hodf 2

F. nilgerrensis  Sequencing F. moupiensis  Sequencing F. nipponica Public database F orientalis Public database
[F = Wy A g Wy Fibnt g Kot i IR Kot e

F. nubicola Sequencing F. corymbosa  Sequencing F. pentaphylla Public database F. virginiana Public database
TR Wy LT HEAE Wy AR AL T A Kot 7 Rl Kot e

F daltoniana  Sequencing F. gracilis Sequencing F vesca subsp. vesca Public database F. chiloensis Public database
SR EEE Wy B A nry AR T A Bt i B A Kt e

F viridis Sequencing F. moschata Sequencing F vesca subsp. bracteata Public database F. X ananassa  Public database

T A5 BT 275 30k [42].

Note: Information obtained from reference [42].
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