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Abstract: Using the in vitro axillary bud of Anthurium (Anthurium andraeanum Lind.) as the materials, this article re-
ports the influence of the droplet vitrification on Anthurium after cryopreservation, and plants regenerated tissues ge-
netic stability were assessment. The results showed the highest survival rate of Anthurium (63.70%) was achieved after
preculture for 4 days on MS solid medium containing 0.4 mmol/L sucrose and 2 mmol/L glycerol, dehydration with 80%
PVS, at 0 °C for 50 min, cooling in droplets of PVS, placed on aluminum foil strips, after immersing in liquid nitrogen
for 2 s, directly transferred it to a cryotube filled with liquid nitrogen, and kept it in liquid nitrogen for at least 30 min
after rewarming them with MS liquid medium containing 1.2 mmol/L sucrose at room temperature for 20 minutes,
transferred to recovery medium. Through ISSR and SSR molecular marker detection, the genetic stability of regenerated
plants did not changed. The results would provide an effective way for long-term preservation of Anthurium an-
draeanum germplasm resources.
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1.2.3 ISSR % #7 FIH 8 %< UBC il Hi5|¥ikfT
PCRY" 1, WA Z: 12.5uL Taq Master Mix,

1.0 pL Bitl, 1.0puL 514, 10.5pL WK, PCR
PR E A 95 CHiASE: 3 min, 95 CA:M: 15,
Rk CHRBEERSE S [Pt ik e ) 15 s, 72 CHEfi
2min (fE¥ 35 ) , 72 CHEf# 10 min,

1.2.4 SSRu#  FIH 6 ¥ E &K EALL % SSR 5]
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WL AR A R A A . RWARFR: 125 L
Taq Master Mix, 1.0 uL DNA, 1.0 pL iF [ 75|%),
1.0 L 59, 9.5 pL /K. PCRBRIFIRE
Jy: 95 CHiIZEHE 3min, 95 ‘CZA:: 30's, 1Bk (.
JERES I UL % E ) 16s, 72 CLEMH 1 min (7§
337 ) , 72 CHEf 10 min,

F 1 SSR4oFHrIESIY
Tab. 1 Primers SSR molecular makers

514 SR (5-3) R JCHE

Primer Primer sequence (5'-3') Anneallngu
temperature/ C

SSR1-F TGCTCCATCGATCTCTCCTT 55
SSR1-R GTGCATCATCCTCGCAGATT
SSR2-F GACACAGTTGCCTCCGATTT 54
SSR2-R AGCTGTTGTTTATAGAGGCAGAA
SSR3-F GAAAAGGTAGGGTGTTTTCTCG 55
SSR3-R CGGAACAAGTACCTCGGTTG
SSR4-F GCGTAGGGTAGACACAGTTGC 56
SSR4-R CAGCTGTTGTTTATAGAGGCAGA
SSR5-F ACTGGGCCACCAAATAAACA 53
SSR5-R ACGACCTGGACTTCATGACC
SSR6-F GCCGATGTGTCCTCAGTGTA 55

SSR6-R AGCAAGGGCACAGAGAAGAA
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(3 2), fEFLML % PC I AE AR IRAR A 1S %
IR, PVS, W i 3 5 M 214 PC 2R
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WG ISR 4 d, PVS, ¥ JE 80%FI1 PV S, Ab BT ]
40 min) HYAEBARIR R AF AN e, 15 61.48%.
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7 s < B AR TE, iR 2 AT, 40% PC
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HI PV S, A BB ] 34~ PR 2R i e K P43l /& 4 d
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RAEATRIS AR, X I8 SR it — A5 I
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Tab. 2 Orthogonal test design L o(3*) results and variance analysis
K% Factor

- - — R triE %

No. LB SR E] A PVS # I B PV, ib 2R H] C Error Survival rate/%
Pre-culture time/d PV S, concentration/% PV S, processingtime/min

1 1(3) 1(30) 1(40) 1 31.85+2.77
2 1(3) 2(60) 2(50) 2 54.81+9.13
3 1(3) 3(80) 3(60) 3 52.59+4.57
4 2(4) 1(30) 2(50) 3 45.92+2.77
5 2(4) 2(60) 3(60) 1 57.04+5.83
6 2(4) 3(80) 1(40) 2 61.48+2.10
7 3(5) 1(30) 3(60) 2 21.48+2.77
8 3(5) 2(60) 1(40) 3 45.19+1.05
9 3(5) 3(80) 2(50) 1 51.89+5.54
Ky 139.25 99.25 138.52 140.78

Kz 164.44 157.04 152.62 137.77

Ks 118.56 165.96 131.11 143.70
kq 46.42 33.08 46.17 46.93
ko 54.81 52.35 50.87 45.92
ks 39.52 55.32 43.70 47.90
R 15.29 22.24 7.17 1.98
S 351.95 874.39 79.60 5.86
fi 2 2 2 2

S/f; 175.98 437.19 39.80 2.93
F 60.05 149.18 13.58

Foos 19 19 19

Fo.o1 99 99 99

T KB EER | KX B s AR AL kAR R ER 0 KT X BE I 8 AR 1M s R MBS WK ZE; SAE
MG FREAHME; SAEWR; FEF {H; Foos Fl Foo1 M AHA

Note: K| is the sum of test indicators corresponding to each factor i level; k; is the average of the test indicators corresponding to each
factor i level; Ris the range of each factor; § isthe sum of squares of deviation; f; is freedom; S/f; is a mean square; F is F value; Foos and

Fo.01 are critical values.
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Pre-culture time/d PVS, concentration/% PVS, processing time/min
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Fig. 1 Effects of different treatments on survival rate
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M: Marker; 1: CK; 2: KRS A
M: Marker; 1: CK; 2: Plants regenerated after cryopreservation.

B 2 HB4MErk DNA BikE
Fig. 2 Electrophoresis map of regenerated plant DNA
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27N B 388 A0 B VR IR DR A 1Y) P AR AT R R i A= st
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WAL RRE T

M1 23456789

UBC3807 UBC810 UBC825
bp bp bp
2000 2000
1000
1000 750 2000
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LA A A R R R R R
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o
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Tab. 3 8 primers ISSR molecular makers
and amplification results

PR R

314 519175 (5-3) IR
Primer Primer sequence (5'-3') EOtad] Pr?_lyrt‘)nor(-j
an phic ban
UBC807 AGAGAGAGAGAGAGAGT 11 0
UBC810 GAGAGAGAGAGAGAGAT 9 0
UBC811 GAGAGAGAGAGAGAGAC 10 0
UBC817 CACACACACACACACAA 5 0
UBC825 ACACACACACACACACT 4 0
UBC836 AGAGAGAGAGAGAGAGCA 9 0
UBC840 GAGAGAGAGAGAGAGACT 3 0
UBC850 GTGTGTGTGTGTGTGTCC 5 0
#it 56

23 AERFNMEEBUEBREREFERH
TR

ZL B R /N i B AL ARIEL IR AT 4~6 JH
Ja, Mt AR EAS L ORHR i Al

M12345¢6 7289 M123 45617289

M: DL2000 Marker; 1~4: CK; 5~9: ##fICIRMRAF)E H LMk
M: DL2000 Marker; 1-4: CK; 5-9: Plants regenerated after cryopreservation.
B3 ZER[E ISSR5I¥HEiXE
Fig. 3 Electrophoretic maps of different ISSR primersin A. andraeanum

SSR1 SSR2 SSR3

SSR4 SSR5 SSR6

bpM123456789M123456789M123456789M123456789M123456789M123456789

M: DL2000 Marker; 1~4: CK; 5~9: RIS ARA AR
M: DL2000 Marker; 1-4: CK; 5-9: Plants regenerated after cryopreservation.
B4 gEARME SSR3I¥EIKE
Fig. 4 Electrophoretic maps of different SSR ISSR primersin A. andraeanum
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Fig. 5 Proliferation of A. andraeanum axillary buds after cryopreservation

3 itig

FEL Wy 35 A% B R S A b AR 7= o TR B H AR
A BRI B ARG E RS Y
R SEA o i A A AT 2o 1 DA R T AE AN
(LAY 2RI, AR R IR AR B — > 4K
H ] 7 R (1 HENSHAW il MOREL 1
U B R R R R RS Y, R 2R
FRAE IR AT DARAE o TR B AR AF Th B I
PRAF 2 H A — e PR A PR 0 A 30 BEAR T
B3y ol i 9 ke ok 2 i e R ARG R A
HAR, AWM TCE B ¥ IR 2 4210

TEARA S, WA RZ AR T RE
T AR HLE], 76 VRO T Z Hm A FiiAb
X —P PR, Rl — LX) H i B T e
T UR PG Y, A R TR AR PR A S A
YRR AT TG o TR 5 02 AR Rk 25 I 7K s 2 40
oRs NSNS WEe b e Qe e = 1 O ) TR e b B
Fi, D AR IR AR AL L R K S Y A A A
TR PV S, i R B F o 24 IV 8 78 88 AR PR A7 1ok
T v i) B R3S 1) e A S 5 e A W R R R AT
I R R O T R A R DU AR S  b
BHAAEE R e I 5 KRB RR AR,

1 1 mmol/L BERE MS Fil b 55 580 S 1 A1
Bl SN B B AL AR TR IR A R F 5T R4S, T
B39 ] 0.3, 0.5 mmol/L EEAE Y M S A8 77 3k
XIS R MEATRA K 1d J5, ZERIMAATE
RN A R0 B DUR R N B R A s
IRIRARAZ(E FH 2 0.7 mmol/L R MS 15 35 5L 15
RhEE 1 d OB ARBRSe L R A,
LN B IS AR AR R A TS AT UG SR, il
% 0.4 mmol/L FEREFT 2 mmol/L H il MS [#
TR FRILE TR 4d, 205 PC RZEMIAFTE e
REFRRt R K S, AR R R %, ]
Al 55 21 0T v A TR AR H Vil e G
ASTA) PR AR A 7 R FE B R Al A AN
[l SR, KEHETZA Y T ——
RS . ARAR I FRIAH BEAE , S 20 i
HNBIK AN, A K PO, s se g AN T R
B R Mk SE e e, FRAR T UK, T 4
FRIREEE R R AN R R R R AR 37
i, SRR UEAT YR AR TR PR A R AT 1 DG A
— BeKE AN 2 35 A I B IR AR R R A At p
KALEH ) g i G IRTE AR 7] (S
. 2 B H A ) ISR LI PVS. PV S,,



%9 =1

A 20N B AL OB AR AR A S 1915

PVS; ZE P, PV'S, Hh i — I E AR T 0
BB, (HHEME I 58 4 R IR T 7 BUAR
ARG, M, BRI R, BT
et T AR HR AR B 70 %) s ke A R 8 i i 8 56
FER, AR 80% PVS, M4k i fF 0 ‘CA
# 50 min, CREGS . 1 H Z2E R AR AT
Ll 60% PV'S, %4 30 min f£15 Sm®, B
AN B S ALTE A F AR R 60%25 3T 25 C
AbFE 30 mintt?,

RV AT AR AR I VR R AR TR AR A 5T
187 WEVERE, (BT AT L R0 7K B ) #4
L B AR TR R AT I 95 10 55/, H AT RGE B
R IR AT PR ORI R, A7 15 R AR 1229
YA K i AT VR 1 A IR PR A7 F AR 4 A T J
%o LATCPEZAMEY) R PG EY) , ST AGE
TRAF AR5 R H 2538 . A G T 40 % A 4L 41
B iR F 20 et 70 4EAROR, BN 2SREHE, i
T 20 48 90 AR, UL R T EAL R FRN
il M 2P ARBE ST R R A BRI/
TS AL AL RFL T, S5 EH, 4% PC K
ZEHF & 0.4 mmol/L FEMEAT 2 mmol/L HIhE MS
AR FRE AL SR 4d f5, 7E0°CF 80% PVS,
W P33 50 min, SREFBIERTER L PVS W
W, B SARERARA T 2s JRHEEEA
PR AR B, AR A Z /D 30 min;
FER T A 1.2 mmol/L FEMERY MS 1455 37 5L
SR, JEEIEE 20 min 5B TR B IR L, RCE
FEIE e FLst G e MR i . ARWFoT g SR el ST 4t
NGB AR AT IR R B SERl, A
RS PRBF IS 4R S, N 20 8 A1 I ol o 9 5
PRI ) 8 S R HC Al RG0S R 40 0 B AP TR R A L
A EE RIS RS L,

£ % STk

(1 4858 2019 4L EAES I HIr ATt (). o EAE R
#,2019(12): 7.
HUA X. Analysis report on the national flower production
and sales situation in 2019[J]. China Flowers & Horticulture,
2019(12): 7. (in Chineses)

(21 e, ZEatar, MR, At TKRECE, R, BRI

LI L 2R MR OC RN I1SSR 43T [J). el
1, 2020, 35(1): 20-27.

HU SY, LI BQ,CHEN X C, WU W F, ZHANG Y Z,
CHEN C, CHEN F X. ISSR analysis on genetic diversity and

relationships among Anthurium andraeanum[J]. Fujian
Journal of Agricultural Sciences, 2020, 35(1): 20-27. (in
Chineses)

(31 “EFRZS, TR, 4R, SP4EN, SO, 8017, ek

MMIRRR KA AR A TS B 20274k, 2006, 33(6):
1281-1286.
XIN W J, XU B, WANG G D, GUOW M, WEN F D, JIN J
P. Somatic embryogenesis and plant regeneration of An-
thurium andraeanum[J]. Acta Horticulturae Sinica, 2006,
33(6): 1281-1286. (in Chineses)

[4] ENGELMANN F. Plant cryopreservation: progress and
prospect[J]. In Vitro Cellular & Developmental Biol-
ogy-Plant, 2004, 40(5): 427-433.

[5] PENCE V C. Evaluating costs for the in vitro propagation
and preservation of endangered plants[J]. In Vitro Cellular &
Developmental Biology-Plant, 2011, 47(1): 176-187.

[6] LEUNUFNA S, KELLER E R J. Cryopreservation of yams
using vitrification modified by including droplet method: ef-
fects of cold acclimation and sucrose[J]. Cryoletters, 2005(2):
387-392.

[71 PANISB, PIETTE B, SWENNEN R. Droplet vitrification of
apical meristems: a cryopreservation protocol applicable to
al Musaceae]J). Plant Science, 2005, 168(1): 45-55.

[8] WANG M R, LAMBARDI M, ENGELMANN F, PATHI-
RANA R, PANIS, B, VOLK G M, WANG Q C. Advances
in cryopreservation of in vitro-derived propagules: technolo
gies and explant sourcegJ]. Plant Cell, Tissue and Organ
Culture (PCTOC), 2020(1): 1-14.

[9] SOUZA FV,KAYAE, VIEIRA L D,KAYA E, VIEIRA L
D J, SOUZA EH D, AMORIM V B D O, SKOGERBOE D,
MATSUMOTO T, ALVES A A C, LEDO C A D S
JENDEREK M M. Droplet-vitrification and morphohis-
tological studies of cryopreserved shoot tips of cultivated and
wild pineapple genotypegJ]. Plant Cell Tissue & Organ
Culture, 2016, 124(2): 351-360.

[10] BARRACO G, SYLVESTRE I, ENGELMANN F. Compar-
ing encapsulation-dehydration and droplet-vitrification for
cryopreservation of sugarcane (Saccharum spp.) shoot tips[J].
Scientia Horticulturag, 2011, 130(1): 320-324.

[11] ETE5E. AR b ARIR PR AT SR O A LA fL A ZH 21
SFRHIE[D]. At H AR, 2009.

WANG G L. The cryopreservation of Anthurium by vitrifica-
tion and their physiological and histological characteristic[D].
Nanjing: Nanjing Agricultural University, 2009. (in Chineses)

[12] NI J, COLOWIT PM, MACKILL D J. Evaluation of genetic
diversity in rice subspecies using microsatellite markers[J].
Crop Science, 2002, 42(2): 601-607.

[13] TAKAGI H, ENGELMANN F, TAKAGI H. Recent devel-



1916

8 % 44 5

[14]

[15]

[16]

[17]

(18]

[19]

[20]

opments in cryopreservation of shoot apices of tropical spe-
cies[C]//Cryopreservation of Tropica Plant Germplasm:
Current Research Progress & Application an International
Workshop, 2000.

VILLALOBOS V M, ENGELMANN F. Ex situ conserva-
tion of plant germplasm using biotechnology[J]. World
Journal of Microbiology & Biotechnology, 1995, 11(4): 375.
POPOVA E, SHUKLA M, KIM H H, SAXENA P. K. Plant
cryopreservation for biotechnology and breeding[M]. Berlin:
Springer International Publishing, 2015: 540-742.
FUJIKAWA S, JITSUYAMA Y, ENGELMANN F, TAK-
AGI H. Ultrastructural aspects of freezing adaptation of cells
by vitrification[J]. Letters in Biotechnology, 2000, 50(5):
363-367.

XG5, BT, Z/ME. mIILLR R AR I B Bk
AR PR AFRT T[] ARG K 2= 2= 4 (A AR B2 ),
2009(3): 67-71.

LIUJF, CHENG Y Q, QIN X W. Cryopreservation of shoot
tips of Rh. sachalinensis by encapsulation-vitrification[J].
Jilin Normal University Journal (Natural Science Edition),
2009(3): 67-71. (in Chineses)

FUEW], BRIEFY, i, S00edr, i, TR, ¥,

LR 2RI NI O A 1 R AR PR B HC T A A PR 1 gt
fLERE ). [E 25241, 2010, 37(9): 1431-1438.

BAIJM, CHEN X L, LU X X, GUOH C, XIN X, ZHANG
Z E, XIN P P. Cryopreservation of in vitro shoot tips of po-
tato by droplet vitrification and genetic stability of regener-
ated plantletsJ]. Acta Horticulturae Sinica, 2010, 37(9):
1431-1438. (in Chineses)

AUk, BDURZEG/IN B R A AR R R AT B (B 1
SEVEMFSE[D]. [T TRImE R, 2014,

LI Y. Studies on cryopreservation of Sraitia grosvenorii
shoot-tips by droplet-vitrification and its genetic stability[D].
Guangxi: Guangxi Normal University, 2014. (in Chineses)
SHU Z, HUGHES S M, FANG C, HUANG J, FU B, ZHAO
G, FIALKOW M, LENTZ G, HLADIK F, GAO D. A study
of the osmotic characteristics, water permeability, and cryo-
protectant permeability of human vaginal immune cellg[J].

(21]

[22]

(23]

[24]

[25]

[26]

[27]

Cryobiology, 2016, 72(2): 93-99.

MARTINEZ-PARAMO S, HORVATH A, LABBE C,
ZHANG T T, ROBLES V, HERRAEZ P, SUQUET M,
ADAMS S, VIVEIROS A, TIERSCH K T R. Cryobanking
of aguatic specieq[J]. Aquaculture, 2017, 472; 156-177.
FAHY G M, LILLEY T H, LINSDELL H, DOUGLASM S
J, MERYMAN H T. Cryoprotectant toxicity and cryoprotec-
tant toxicity reduction: in search of molecular mechanisms[J].
Cryobiology, 1989, 26(6): 537.

FRAT, KA, FESCE. A 2R AR R AT
BORWIFEL. PEBAL 24z, 2009, 40(2): 156-159.
WANG Q Z, LIN L H, DONG W X. Cryopreservation of
rose in vitro shoot tips rose by vitrification[J]. Journa of
Shenyang Agricultural University, 2009, 40(2): 156-159. (in
Chineses)

CHUA SP, NORMAH M N. Effect of preculture, PVS2 and
vitamin C on surviva of recalcitrant Nephelium ramboutan-
ake shoot tips after cryopreservation by vitrification[J]. Cryo
Letters, 2011, 32(6): 506-515.

GONZALEZ-ARNAO M T, LAZARO-VALLEJO C E,
ENGELMANN F, GAMEZ-PASTRANA R, MARTINEZ-
OCAMPO Y M, PASTELIN-SOLANO M C, DIAZ-
RAMOS C. Multiplication and cryopreservation of Vanilla
(Vanilla planifolia ‘Andrews’)[J]. In Vitro Cellular & De-
velopmental Biology-Plant, 2009, 45(5): 574-582.

IBRAHIM S, NORMAH M N. The survival of in vitro shoot
tips of Garcinia mangostana L. after cryopreservation by
vitrification[J]. Plant Growth Regulation, 2013, 70(3): 237-
246.

XA, A PR B IRIEAR SRR AOX, CAT il APX
IFIBIHT . ThRESIE SO (LR R A (D). Bl
WL, 2012,

LIU H C. Expression anaysis and functional identification
of low-temperature-related genes AOX, CAT and APX in An-
thurium andraeanum ‘aabama and construction of genetic
transformation system[D]. Hangzhou: Zhejiang University,
2012. (in Chineses)





