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Abstract: It is aimed to explore the effects of bud dormancy states on the survival of mulberry germplasm resources during
cryopreservation, and to provide scientific basis and technical support for clarifying the suitable dormancy states for cryopreservation
of dormant buds. In this study, one-year-old branches of 'Hu mulberry' were sampled on December 8th, 18th, 28th, 2023, and January
Tth, 2024, during the winter season. The budding rates, first bud germination times, carbohydrates, osmotic regulating substances and
endogenous hormones of the dormant buds were measured. In addition, their survival rates of cryopreservation and recovery were
analyzed. Results showed that two dormancy stages of endodormancy to ecodormancy transformation and release of endodormancy
into ecodormancy, as well as three dormancy depths of deep dormancy (6 days after entering dormancy), moderate dormancy (16-26
days after entering dormancy) and shallow dormancy (36 days after entering dormancy) were obtained, based on the budding rates and
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the germination times of the first bud. After cryopreservation of mulberry dormant buds and recovery by tissue culture, the survival
rate was up to 90%. With the release of endodormancy for dormant buds sampled, the survival rates after cryoprservation decreased,
and the lowest survival rates were obtained when the dormant buds were sampled in the shallow dormancy state (36 days after entering
dormancy). During the process of endodormancy of 'Hu mulberry', the content of soluble sugar increased first and then decreased, and
reached the maximum at moderate dormancy (26 days after entering dormancy), and then decreased. The starch and soluble sugar
contents showed the opposite trends. Soluble protein and proline increased with the release of endodormancy. The contents of four
endogenous hormones such as abscisic acid (ABA) during the deep dormancy state (6 days after entering dormancy) were significantly
higher than other states. In conclusion, the dormant buds with deep dormancy and moderate dormancy in December (within 26 days
after entering dormancy) were selected as the suitable materials for cryopreservation of mulberry germplasm resources.

Key words: mulberry; germplasm resources; cryopreservation; dormant buds; dormant states
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B (Pro) & BRI K IRIENE (BC0295, China) . K mSORAH (1% (Ultra High Performance
Liquid Chromatography, UHPLC) (Agilent 1290) F1H: X5 1% (Tandem mass spectrometry, MS/MS) (Agilent
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RAEHAEE ZRERBAA R AR, PLERraNES Ry 3 I B E 2 V1.
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(GraphPad Software, San Diego, CA, USA) #4174 K.
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Significant differences between data marked with the different lowercase letters (P<0.05). The same below



A AFRAEE AT A RIRARZAS 58 — 2R B RIS IR]: B: AN[RSRAE H AT AAARIRIRAS 1 21 d I B 28 2
A: The germination times of the first bud in the dormant states at different collecting dates; B: the budding rates at 21 days of the dormant states at different

collecting dates
B 1 NERA B R E—Fif LR E FiEEFER
Fig.1 The budding rates and the first bud germination times of the samples with different collecting dates
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e PRA7 - R B R TR BRI DL, il 2 ffros. 12 A 8 H-1 A 7 H, ARHKE TR SR IT5 5K
FARTRUR, ARG T @S . 12 01 PRI R BORE (AR IR DR A7 5 A3 M B (80% LA 1)

BN 1 A WARIRAERR 2 — e 2R, HEANAESRIR, HBRERE ISR EE THE 66.67% (P<0.05) .

& 120232024 FEIRMH B RLBREBREAEKEEFREEER
Table 1 The survival rates of 2023—2024 cryopreserved dormant buds with different collecting dates

I V2 (0
BIGERTR%E (%) BIGREIFE % (%)

KFEH PRIRF B PRORIRE .
. Contamination rates after .
Collecting dates Dormancy stage Dormancy depth . Survival rates after
cryopreservation ]
cryopreservation
12-08 PRI -2E 2SR TRARIR 6.6745.77 90.0010.00a
12-18 PIARHR-AE AR HR P EEARHR 0.0040.00 80.0040.00ab
IS 1
12-28 SRR s 4RO 6.6745.77 83.3345.77a
HENASRIR
IS 1
01-07 ﬁ*'g’f‘ PR HRARHR 3.3345.77 66.6745.77b
HENASRIR

A: RAEHE, RIRZFEIMEE; B: {70, WRIRGFEWNHEBGEHW R C: RIRZEAAMAL; D: RIRZFIIL: E: (RARZFIGEAMHK
A: It did not survive, and the dormant buds showed black; B: survival, dormant buds showed obvious green and swollen; C: dormant bud meristem differentiation;
D: dormancy bud germination; E: dormant bud proliferation and elongation
& 2 RERZFBREREEHEEREEFNELREKRKL

Fig.2 Germination and growth of dormant buds after cryopreservation and recovery
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# FJF (P<0.05) , 12 A 8 H GAKIR) H59.81 mglg, T 12 H 28 H (1 EEIRIR) ik f K A 108.29 mg/g,
ZJERFETFE (P<0.05) (K3A) . iEHESELIE VAN, MEMERKAR, 7£ 20234412 H 8 H
£ 12 A 28 High & B0k 2 R, 12 A 8 H GRIRIR) N 127.13mglg, T 12 A 28 H (FFEEIRER)
AP /ME 109.11 mglg, Z )RR EF (P<0.05) , FRFELH 7H GRARIR) k& K{E 140.26 mglg (&
3B) .

A ANESREEH WIHTARIRIRS I rIVAPERE & &5 B ARERFE BT IRIRARZS i ve by & &
A: Soluble sugar contents in dormant states at different collecting dates; B: starch contents in dormant states at different collecting dates
& 3 T EIFRMH ARk LSS ENTL

Fig.3 Changes in carbohydrate contents of the samples with different collecting dates

232 BEATMREENTK SRR AR5 H Y5 B AT IE M A0 2088 (& B0 3R\ AR R
b FIRARIRAR SIS GRFF R, JE R R AN 20 2N BT s (i 4 i) o BEEIRIRT
B R, AR AN S REERN (P<0.05) , T 20234 12 A 8 H (GRIRHR W, AlEMHEASEN
72.92 mglg, TWEL A7 H GRARIR) A3 AME N 123.97 mglg (B 4A) . R & &t b FEARIR 5
WERM (P<0.05) , T 2023412 H 8 H (R B, AR S EN 647 mglg, TIRELHTH %
PRAR) 535 KA~ 10.94 mglg (& 4B)



A RFEERAE R PRSI R B A & & B: AREREE WA RIRR S IR & &
A: Soluble protein contents in dormant states at different collecting dates; B: proline contents in dormant states at different collecting dates
4 AERH BEAERSE TR ENETL
Fig.4 Changes in osmotic regulating substances contents of the samples with different collecting dates

233 NiERRSEBHOTL AR H S RIR RS N IREER & BN, WK 5 s, RIRZEH
ABA T ETERE N WARIRET G, BARGERFER mKF, 23R BE- BT FREMAR &S (B B5A) o BEEN
RHRSEFERIHERE, ABA S 87F 12 H 8 H GRIRER) 1A F|i KM N 3487.12 ng/g, 1M7E 12 H 18 H (K
IO B, NRERmRMEN 1797.07 nglg. 4N RAREE R NAESIRIRFT B, 78 12 H 28 H (HFEEARARD
i -7+ % 2580.87 nglg, JEFXHE 1 H 7 H GRIRER) T4 1967.79 ng/g.

SMRIREE GAs & ETEHE N WARIRES IS, SRERRERRAKT, 20T RRZES (K 5B) .
ANFE A A GAs SR EILEEMEMZESR (P<0.05) , M1 H7H GHMAIR) M GAs &85 12 H 28 H

(FEEARIRD 1 GAs BB ZERALE (P>0.05) . GA; &1L 12 A 8 H (FRARIR) iAF 5 KME N 41.41 nglg,
T1H7TH GRRIR) TFREZH/ME N 0.56 ng/g.

SRR ZE IAA F1IA SRR NRIRE B S, HEsiEais ABA —8, BRI FHE- LT
FErefbia®s (] 5C F15D) o IAA FIJA F &35 2 AEARHIR ZEE N A ORI 5 AL T BRI IR 75 IR ik 31 e R AEL 73
514 81.04 ng/g F1 96.19 ng/g, T 7EfERR RIS BRI 1 H 7 H GRARIRD 15 52/ ME N 4.53 nglg F1 11.73 ng/g.
IAA I IA 5 B AE SRR ZE P ARBR I FZ A [RI B 2 0] 2R E R 27 (P<0.05) , M1 H 7 H XK
) MIAA SEE5 12 H 18 H (FFEAKIR) K IAA SEZEFAEE (P>0.05) .



A NERAE H YT AMRIRIRS 19 ABA &8 B: AEERFE QD WIFTARIRIRGS K GAs &8 C: ANFERAEH W ARIRIRS 1 1AA 558 D: ARR
FE BT AL RIRARAS 1 JA & &
A: ABA contents in dormant states at different collecting dates; B: GA; contents in dormant states at different collecting dates; C: IAA contents in dormant states

at different collecting dates; D: JA contents in dormant states at different collecting dates
5 AR HEAERAIEH RS ENEN
Fig.5 Changes in endogenous hormone contents of the samples with different collecting dates
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S ATRETT AR R INE R AR R, UM & BE B SCRE R A K RE - PR R A M S R S A T BT S8
I NSBEEEYR, SHEYIIEMC. EEPR SR, RIRPRE T, FAEE A A R LT LY
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SRR B R IE R, AW At SRR, R AR AIRIRE, BEECRMR, X
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TEAIER CRIAIE 2 PR 7 22 AR AL A AS R ) 2 R IR 10 e B 2 10 P B 001 7701240 ABA 7 25 7 i SRUpwt
Wikt (Prunus persica L.) . #% (Rubus idaeus L.) . #¥ (Prunus armeniaca L.) %A ARARE 9145 HHBLH) 2
WA, S ETHRRFE I B i, 2 R TE P IRHR S 1) AR 2 PR AR )3 72 rh BRI 270, 72 TRAL (Pyrus spp.) f&
ik, ABA & B AE NARIRIT AR B BT, AIARHIRIN 1 — BLAL THm K, Ja Bl P ARHIR AR £ B8
PE(Rl®l, AWTR4i RS-, HEERMAMRSZILTURMEW. FaENAPEIhmE ABA )
ABF3 {1155 GA20X1 [1&KiL, WHESH GA S EIFIK, MK (Populus L) A ALK 4 RED . AwF 5T
th, BEE N RIREEAR O, GAs S EIZH NI, B TRMKT, HENAEEH TREMRER, B
T ARBRARERBT B, HLa A B TARBRIRZS, MARRENHT R M. 258 (Camellia sinensis L.) H1 IAA &
FERARIRINY B s, SRARIREEN A ARIRIEFE T IAA S BRI REAC, A ARERIEIE 2L S RIRPT B IAA & 5
& EFHBY, #5245 (Prunus salicina L) R & (Vitis vinifera L.) w2 BLZEARAR S 4 ARG AL 25 S50 1AA
ErEREAC, MR IRIR B IAA & SRR BT B AT 2R AR R ] IAA S RIRA B B AR 10
T FHRL, A S22 R4 Wl S L1 BRI R 2 — A B TR T JA XA Rk B HEIER, 5 ABA
1 GAs #H HAE B4, dinh 2= B5E 57 2 IS (Armeniaca mume Sieb.) 7EAEZSARIRI 1) JA &8 & T Wk
HRI 40 ASHIE T IAA T IA £ B ORRBERR AR S LR AT FUAFAE 22 5, T P9 ORBRAEBAR PR 5 1 A
B, NS ERA TR B 2 MR, BOvE .

ZFPRIRAZ T A A 22 SR A ML A YIRS 2 A ) — P A N AEARIRIY, M2 FH,
FRENEZ IO 7RI ], RH IR (SDs) BT AR A IS5 5, 28 XTI AR T UK s A I B R A i
. MORHFFRHT, HEY) T LAE P ARARIYI ) BEAT HURE SRR DL 22 A A BT Kb T g ORI 3T (10 2 XA VR Ui
FERARITRE il KR B B AR VE A SR BE NRIR M B B hR S, AT id 12 A6 B8R R



RIRAR, AL TIRARER (ENARIRS 6 d) FIrpEEARHR. (BEAARIRS 16~26 d) IR T HISEBRIREE, it
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Ja 36 d) HISEE, HEF ARG Zh I, R AT RE 2 S B A ST A BURESE N, HED S0 A
I PRAF B S AE T BTGRP PRI, 12 A Ab TR ARIRAT o EEARIRAR S T I ZF GEEAARIRE 26 d 9D
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