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Abstract To establish a technology system for the delayed growth preservation of Pinellia ternata tubers in
vitro, this study valuated different sucrose mass concentrations, the ratio of sucrose to mannitol, and low-
temperature methods to preserve the in vitro tubers. After 360 days, the tubers were allowed to resume growth,
and the growth indicators were observed and statistically analyzed. Starch grain dynamics in the tubers were
examined using paraffin sectioning technique. The genetic stability of regenerated plants after preservation was
assessed using ISSR-PCR and RAPD molecular markers. Mature tubers were inoculated on fresh 1/2MS+30 g-L™
sucrose+60 g:L™' mannitol medium and stored at 4 °C for 360 days, the sprouting rate of tubers after recovery
growth was as high as 96.67%, and the plants grew well with the best preservation effect. Tubers cultured on
medium containing 90 g-L" sucrose, showed reduced growth despite a sprouting rate of 90.00% , likely due to
the excessively high osmotic pressure. When mature tubers were stored in the old medium of 1/2MS+30 g- L
sucrose at 4 ‘C for 360 days, the sprouting rate of tubers after recovery growth was the lowest, only 36.70%.

Histological studies showed that in the dead tubers after preservation, there were a few leaf primordia, almost
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no starch grains in the cells, and no mucilage cells. Both the high sprouting rate and low sprouting rate
treatments had a large amount of starch grains stored in the tubers after recovery growth , but the treatment with
high survival rate had more layers of leaf primordia in the stem tips and fewer mucilage cells, and the plants
grew more vigorously. A total of 1 140 bands were amplified using molecular marker techniques, and no variant
bands were detected, indicating genetic stability of regenerated plants after delayed growth preservation. This

study established a simple and efficient technique for the delayed growth preservation of P. ternata in wvitro

tubers, providing a feasible approach for short-term preservation of P. ternata germplasm.
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Primer Sequence(5—3") Annealing
temperature/°C

Em2 GACTGCGTACGAATTTGC 53.0
Eml3 GACTGCGTACGAATTCTG 50.5
Lect7 GTTGCTGCTCGAGAGACGA 57.9

881 GGGTGGGGTGGGGTG 60.6

835 AGAGAGAGAGAGAGAGYC 50.2

854 TCTCTCTCTCTCTCTCRG 56.0
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Table 2 Dynamic changes of growth of mature tubers during cryopreservation

PRAF I [ PAF e R ZFRUT S ECE [iEEIES AR R I 5 G R e
- . ER e PeZ2RE
Preservation Number of Number of bud Sprouting Number of . Number of
. . . . Rooting rate/% . Status of tubers
time/d preserved tubers tips sprouting rate/% rooting seedling
40 30 0 0 0 0 0 ekl
80 30 3 10.0 0 0 0 Ml
120 30 4 13.3 2 6.7 0 ok
160 30 8 26.7 5 16.7 0 4
200 30 8 26.7 5 16.7 0 S ]
240 30 8 26.7 5 16.7 0 ]
280 30 8 26.7 5 16.7 0 W14
320 30 8 26.7 5 16.7 0 ]
360 30 8 26.7 5 16.7 0 ]
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Table 3 Morphological changes of one generation of test tube seedlings during cryopreservation

TRAFI ] TRAFRE RS TR AN R RRELIE e AR
Preservation time/d ~ Number of preserved plants ~ Number of fresh petioles Number of withered petioles ~ Withered petiole rate/%
40 30 79 6 7.06
80 30 73 12 14.12
120 30 46 39 45.88
160 30 21 64 75.29
200 30 0 85 100.00
240 30 0 85 100.00
280 30 0 85 100.00
320 30 0 85 100.00
360 30 0 85 100.00

AL BRI AR AA)S s B, —RUBUE i GFERZD MR ARAES  C. AR BB TR (30 oo L7 HEAE+60 o L7 H BRSO 25 & IR IRAFSS -

A. After cryopreservation of mature tubers; B. After cryopreservation of one generation of test tube seedlings; C. After high osmotic pressure(30 g-1.”!

sucrose+60 g-1.”' mannitol) combined with cryopreservation of mature tubers.
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Fig.1 Status of tubers and media with different treatments after 360 d preservation in low-temperature and dark conditions
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40 o L7 HERHE30 gL FEME+60 o L7 H BF I 60 o L7 FEME+20 ¢ L7 H R 90 L7 JENE+20 o L7 H BB S5 K E 15 5% -

A-J were mature tubers cryopreserved, test tube seedlings cryopreserved, 30 g+ sucrose, 60 g-L.”" sucrose, 90 g-L™" sucrose, 30 g-1.”" sucrose+

20 g-L”" mannitol, 30 g-L”" sucrose+40 g-L”" mannitol, 30 g-L™' sucrose+60 g-L™' mannitol, 60 g-L.”" sucrose+20 g-L."' mannitol, 90 g-L™" sucrose+

20 g™ mannitol preserved and then restored to culture , respectively.

2 EZERAELEREEFREHEREKERL

Fig.2 State of plant growth by different pretreatments of mature tubers after restoring culture
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Table 4 Effect of high osmotic pressure preservation on recovery culture of mature tubers under low-temperature con-

ditions for 360 d

s T I VS HiZ e o .
FS LA T e TS oA DS T TN eI
High osmotic pressure Number of Number of seedling after recive Number of Leaf color Average length
treatment preserved tubers after tubers preservation Y petioles per tuber of petiole/cm
culture/%
30 g L7 HEME 30 0 76.67° 2.81% Eo il 4.75%
60 g L' FibE 30 0 76.67 2.87° £ ul 3.72¢
90 g L™ HEH 30 0 90.00™ 3.05" Eo il 3.05¢
30 g-L7 REME+20 g L7 H R I 30 0 70.00° 3.46" fa, 421
30 g L7 EME+40 g L7 H EE 30 0 73.33 3.10™ Lo, 3.36%
30 g L7 HEME+60 o L7 H Rl 30 0 96.67" 3.44 o dul 424"
60 g L™ HEME+20 g L7 H a& 30 0 60.00° 2.32° EoSul 3.52%
90 g- L™ EMI+20 g L™ H #E B 30 0 66.67% 3.50" aAn, 5.47"

T A )N 5B Feom Ak R 22 57 435 (P<0.05) .

Note: Different lowercase letters in the same column indicated significant differences among treatments( P<0.05).
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PRI, DA B 25 O A B 2 A8 i A I 1 1O ok
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PR R IR RAEROR BT, TR AR AR 5 TE
WA HE SR 2, P DL P R Gk 2
Az R ARAT 130 BB 95 36 0 1/2MS+30 g+ L7 M +
60 g- L7 H % I +8 ¢+ L BJR 5k 1/2MS+90 g- L7 Jif:
BE+8 g+ L BillE -
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Vi B BT 6 1R A A B R ZE R AE BT, 32 B
AN A K INRE B T 30 g L REBE AL BE Y B 257

LP. iSRG s AML T3 732 2 20 21 G R Sk T S B ML, SR €355 S JOT 48 o Z0IB 2 B B PR ATt s ATV A2 T A3 2330 30 gL ERH IR AF S 3T
THRZE M ZER A RIZER T 7 TE YR s BLLB2 R B3 435 30 o L MO AF 5 K A2 A KHRZE 2548 (He 25 PRI ZE AR T Ve MR«
C1.C2HNC3 535010 30 gL EME+60 g- L™ H EREEARAT JR IR A /B R BRI 2R HR2E PRI 2R R 7 Wb b«

LP. Leaf primordium; AM. Apical meristem; the red arrows pointed to starch granules, and the black arrows pointed to secretory cells and internal
needle crystals; A1, A2, and A3 represented the stem tips, middle parts of the tubers, and starch granules below the stem tips of the tubers after
death preservation with 30 g-L™" sucrose; B1, B2, and B3 represented the stem tips, middle parts of the tubers, and starch granules below the
stem tips of tubers that resumed growth after preservation with 30 g-L™' sucrose; C1, C2, and C3 represented the stem tips, middle parts of the tu-
bers, and starch granules below the stem tips of the tubers that resumed growth after preservation with 30 g-L.”" sucrose and 60 g-L.”" mannitol.

B3 RAEXSEMEEAETREALAFER

Fig.3 Histological differences of tubers between low and high seedling rate treatments after low temperature preservation



14 FRIELT A o U RS A KRARAFHOR 107

PRAF LR rh 32 B 45 07 5, R R 35 55 LRI
Heant B8 /b, Fh A0 s 2 AR AE K
5202 .
2.5 ¥ERERZIEZERKREFEBEEKE
FREN
2.5.1 RERZRZAERKRAEHEHARES
#4 M RAPD &) 4 R

O3 SR FRA T 1 2 AN AL FR (90 g+ L BERH |

M 1 2 3 4 5 6 7 8 9 10

|
2000 bp

e oy W ey S Sy ey

1 000 bp
750 bp

500 bp &

250 bp
100 bp

M 1 2 3 4 5 6 7 8 910

2000bp ?t}lﬁﬁg:|,,‘.

1000 bp “E_ B R B N-RTN_ N N
750 bp R AN NN NN A N
500 bp

P e b

250 bp
100 bp

30 g+ L7 A +60 g+ L7 H 85 ) (R AT HZE I A= K
Ja B T AT RAPD R, 0 6 HH 1) 3 2% 514
HEATHE A DNA Y3 25 R0, 3 555 | W e 20 {3 i
i AL A 420 25 RAPD 3547 , S 5451 8 1
140 2%, 3 2 A AhERAE BT 36 T 5 |9 v 2 oK H R
FRic B ERIC 53 (& 4) , Pa A 3 2 Fh 28 A KA
FEO7 IR RESE PR FR 1 B R i A it A e

M 1 2 3 4 5 6 7 8 9 10

2000 bp

1 000 bp
750 bp

500 bp

250 bp
100 bp

'!ifoaA

2 000 bp 8 R B B
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500 bp &l

AB 39 90 gL BHEMEAN 30 g L7 EAN+60 g- L™ H #2 AL B 10 B AR Y DNA P IE5E , 5190 Em2: C.D 435114 90 gL' EAH A 30 gL'

REMIE+60 gL H EERAL T 10 B AR DNA 31718135, T19°8 Lect7.

A and B showed the DNA spectra of 10 plantlets treated with 90 g+ sucrose, 30 g-L™" sucrose +60 g-L.”" mannitol, respectively , amplified by

primer Em2; C and D showed the DNA spectra of 10 plantlets treated with 90 g-1.”" sucrose, 30 g-L™" sucrose+60 g-L™" mannitol , respectively , am-

plified by primer Lect7.

4 FEIRERZLZEK 360 dEREEKERKN RAPD ¥ 15 E %
Fig.4 RAPD amplification profile of plantlets recovered after in vitro tubers delayed growth for 360 days
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1 000 bp
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L5189 8815 C D 4M51H 90 oL BEMEFI 30 g1 7' FEE

A and B showed the DNA spectra of 10 plantlets treated with 90 g-1.”" sucrose, 30 g-L.”' sucrose+60 g-1.™" mannitol , respectively , amplified by prim-

er 881; C and D showed the DNA spectra of 10 plantlets treated with 90 g-L™" sucrose, 30 g-L™" sucrose+60 g-L™' mannitol, respectively , amplified

by primer 854.
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Fig.5 ISSR amplification profile of plantlets recovered after ir vitro tubers delayed growth for 360 days
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