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Analysis of Proliferation Abilities and Telomere Lengths of Apple Plantlets
in Vitro Preserved for Eight to Thirty-three Years

LIU Yajie', LIANG Chen’, WANG Li, DU Guogiang” , and SHI Xiaoxin"
(College of Horticulture, Hebei Agricultural University, Baoding, Hebei 071001, China)

Abstract: In order to examine the relationship between telomere lengths and their propagation ability
or aging, and to explore the relationship between the telomer lengths and the preservation time limit in
apple plantlets in vitro, the phenotypes, proliferation characteristics, and telomere lengths of apple plantlets
preserved in vitro and consecutively subcultured for years were studied in three apple cultivars. The results
showed that there were no changes in the proliferation abilities and no significant changes in phenotypes in
most apple shoot plantlets in vifro from 8 to 33-year ‘Fuji’ preserved, 8 to27-year ‘Golden Delicious’
preserved, and 8 to 25-year ‘Gala’ preserved, respectively. No significant change in telomere lengths was
found in leaves of the plantlets at 30-day plantlet age with different subculture times in three cultivars. The

telomere lengths in the 73th subculture time plantlets could change during the given subculture periods,

WA B 2020 - 09 - 16; fEE AR 2020 - 12-27

EEWA: WibE aARFEETH (C2018204055)

* JEFESE— R

** JH{E{E#H Author for correspondence (E-mail: gdu@hebau.edu.cn, shixx@hebau.edu.cn)



Liu Yajie, Liang Chen, WangLi, Du Guogiang, Shi Xiaoxin.
Analysis of proliferation abilities and telomere lengths of apple plantlets in vitro preserved for eight to thirty-three years.
244 Acta Horticulturae Sinica, 2021, 48 (2): 243 - 253.

such as 10, 30, 50, and 90 days, which showed cultivar specificity. For example, there was no significant
difference of telomere lengths in plantlet leaves of ‘Fuji” and ‘Gala’ , while the telomere lengths in plantlet
leaves of ‘Golden Delicious’ were the longest at 50-day and the shortest at 90-day. The telomere lengths in
the 71th subculture time plantlet stems cultured for 30 days of ‘Golden Delicious’, were significantly
higher than that in leaves, and no significant difference was found either between those in stems and calli
or in leaves and calli; while in ‘Gala’, the telomere lengths in calli were the longest, followed by that in
leaves and stems. The changes of the telomere lengths in apple plantlets in vitro coincided with their
proliferation abilities, phenotypes, and aging during the same subculture time.
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HAZ DGR AR I sk R IR 5 A T B &4k, B EA — & fR~F VI ] B 3 B P 21—
RIS SRR A 4K (Fulnedkova etal., 2016). ZHAE 24t FE - DNA fIE R S H], 1
AR G 22k — 8 B BREXS, s W E a5 By ) 46 i 4 e e AR JE DR AH (1) 52 #8 % (Gilson & Gelis
2007), UpbigefE Rl — e R, MR IE, FBWEZIET. (Blasco, 2007). 7EANFRR4HMEH,
Ui A EEL 7 51 DNA B EE B s bz A FBE o 4 8 N T 4 2, B A 2 3 2 BIbs & (CEEGE 45, 2017).

HArfEMEY O e 2R Ir ikl R 7508 (TTTAGGG) o H A N2 K 2 £t AR A1
Uik B 5 741 (Richards & Ausubel, 1988). A uikit BE AL {0 Bl AL BRSO IG IB A 260, 1
AP . A FIHL AL LA FIFRE 24 T b K BE ARG AN R, 3X 5 3 s b K B2 B 5 228
WA RERAAE Z ) . — T IA P RIE, 2R R A LIMAME R BB B LA L&A v A 4
#eNZHMKELES, kKRR NAN (Broun etal,, 1992; Rihaetal., 1998); 1 ~7 44
AR 20 FFA 1 H AHEAE (Moriguchi et al., 2007) BL& 1 ~ 200 4FEA4E 75 4% =% F4 (Aronen & Ryyninen,
2012), Mok BEORBER BT AR . 51— T A i, EEmAEKKEERE Y, HARE S
PR vy, wmky K FE B (Aronen & Ryyninen, 2014); HAAWA TANF A KE SRS, Sk
FEA 22 R AEARAN, A0 R S K P S B oA, H e AR R RS A 225 (Mu
et al., 2014); Mary-Paz 5§ (2015) B 50K DAL R S+ AR 4 45 A0 20 23 At i o bor A P2 5 4 AR 2L 4300 444
Ko FANMRIIRE a5 A O . ERARME o A B AR AL LU S B 2%, (EE A 28 22 S AR ) Hh o b K
FERE R R T 2 IR, B aINENs (Flanary & Kletetschka et al., 2005) Fl4R# (Liu et al.,
2007) Futpbi EM B IE NI AE K . Song %5 (2011). #HMEZREE (2015). Liang % (2015) } Cheng
& (20160 Z3 AL 7 ARAY IR vk BE S RS AH SR I B Y, T TR AR 1 A BEAE S
AT, sk B AR S AR 2 RARKKEREMER. ERERNZE, DR iikiE
Z DL AR BN, M E Tuikb K SEYAERK LALLM R, TEY) AR 77 4 b
R FEARAL A G TR X B D o SRR T, A RIEYI MR K 2R ANE], M2 2385
FRORE Mo KR T FAMIR, KIS AR =A@ H AR R 2 S Bk Z 475 (Aronen &
Ryynénen, 2014 ) . 1 K 22 v K FELEAAR 3 20 A F2 HR AR R, 78 8040 2H 23 55 5 0 #2 HH ZE K (Kilian et all.,
1995). [EFE, BEAFE ZMFAE S 2 22BE AR TR (0 ~ 8 D 1 B2 v kL < B2 3% ¥ i 1<
(Rescalvo-Morales et al., 2016). BIARE 55 AF T AESE R bk K B2 AR AT 78 K WARIE .
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1.1 #EiHR

WIS T 2017 4 3 H—2018 4% 10 H AR bR K 5 e 202 B A V)RR S 38 34T o 430 T AN
A RENER (Malus x domestica) ‘&1 ‘G’ Al Hr bR —BERR ZEAAE A SME AR
BYTHEHER, ORAFEES . 2005 FUARHEMIREE CEMRETR) R ehrss w8,
IR ARAR 8 A ARAREE TR EL, 2011 5 AR mMEHE T 7~9 CEEHR B LES
ARKORAE, 3 1R R, 2017 45 3 AR v B U B, 8 G 7% — BN T8 Ja gk AT 1
(FEWER Do H4h, B ‘eod” ‘Wi WEmE B @mAas, 20 d 46481 %, 6 U5 H T Ui
R FEME

SRR AR R . MS+BA1.0mg - L + NAA0.05mg - L™ + R 35.0g - L' + 35fl5 6.0
g L',

SERRAE I A S 44U MS +24-D 1.0 mg - L' + NAA 05 mg - L' + BA 1.0
mg- L'+ R 300g L'+ BE60mg- L.

MG HL DA T2 dE: MS+BA1.0mg - L' +NAAO.Img - L'+ 44X C5mg - L' +
350g- L'+ Blls60g- L.

W TR A IR (25+2) °C, JGIETREE 2000 1x, Y6 14h-d s

Ui K FE I P 75 bt s AR AR &5 F1 CE 7 (35143, 71 F1 34 A MER (165,
71 K1 34 £ KIERE 30 d WUE T s 400 73 AR B ‘e M IR AFEIERE (104
30~ 50 F190 &) MR BTG Frs &’ MERLT 4RAR 71 AREGES 30 d AR I A R ZE B, 4k
R 6 {0895 20 d A 414,

1.2 REHE
1.2.1 RV AEROR B3 RIKE W IR AE )

BARAREM L5 fod” M =i SERGE T, EEGEE 30 d KFH . KR
VE BT 2 B N AR FR B b, R ppRLEERD 6 i, Rt 5 ¥k, HE 3k, TR
Biih. Kid% 30 d JETRA MR ERIA SO S CRAUI SR ST S E = 1.5 om. WTHTAR
HESY SEVON
122 S5k 2 E PCR FM kKA

HUAS R 20 AR B AN TR 08 1 S B | Tl - 2R B A AR % 0.1 g, SRH
QIAGEN /A 7] Plant Genomic DNA Kit $#EHUE K 21 DNA, HAR#EE L3 4.

FEORT v R B2 B 5E 22 8 Cawthon (2002) U772, KA LR & PCR 7% (Real-time
Quantitative PCR) FFHEATIE . 44 DNA FF 53T IR FERE FERRRE, 10 AN IR BE FITrt B2 FK Ce fE, DA
DNA HI K E MR, Ct (AN FR bRt 4. W& im kK ER 51N TelA: 5'-
CCCCGGTTTTGGGTTTTGGGTTTTGGGTTTTGGGT-3'; TelB: 5-GGGGCCCTAATCCCTAATCC
CTAATCCCTAATCCCT-3' (Vaquero-Sedas, 2014). WS HA EF-1a (FP) : 5'-ATTCAAGTATGCC
TGGGTGC-3"; EF-1a (RP) : 5-CAGTCAGCCTGTGATGTTCC-3". %44/ 7] Top Green gPCR
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SuperMix 58S i 96t 58 & PCR. #M34K 5 4: 3 uL DNA, S S5 4A & 715144 1 uL, 10 uL Top
Green qPCR Mix, 5 puL H,0. RMNZ&HHN: 95 C 300s; 95 C 10s. 59 ‘C 10s. 72 C 10s, 40
AMEIR . kK BE TSR A T/S v, B FAE SRR X Ct R/ S B DU N Cefl . AR T/S =
2788C Hidt AACt=ACt st — ACt ptiir ACt =Ct s = Ct s

2 AR5

21 TR R 8 S RORE b )RR

MARARIHE B R R W ERREEE RN, SRILE 1
BEE 3LRIAE. 68 RARIREL £ 52 R ATRECS A BRI RE R, 3
AR PR R BRI SRR B R FLARCZ IR R B3 . RIOTREM, B4R {RA IR R
R R AR AL ) AR B (1, E D

=1 SREFRRENERNE SRR IR

Table 1 Effects of different subculture times on proliferation abilities of apple plantlets in vitro

S PR T et S”T;fsewe | s hH 2 AR
Cultivar . . Subculture times ~ Number of shoots Number of effective shoots
Date of explant inoculated  time
“E 1985 - 04 - 20 33 229 575+133a 2.15+0.50 a
‘Fuji’ 1996 - 05 - 23 22 139 5.40 £ 0.59 ab 1.55+0.55 ab
2005 - 05 - 11 13 68 4.85+0.93 ab 1.00+0.75 b
2007 - 03 - 12 11 52 470+ 1.21 ab 1.35+0.34 ab
2010 -03 - 18 8 31 4.05+0.50 b 1.50+ 0.53 ab
‘L 1991 -04 - 16 27 180 485+044a 2.10+0.26 b
‘Golden Delicious’ 1996 - 05 - 23 22 68 495+0.50a 2.85+0.82 ab
2005 - 05 - 11 13 52 5.00+1.07a 3.05+044a
2010 - 03 - 18 8 31 430+0.26a 270+ 0.58 ab
MR 1993 - 12 - 03 25 165 8.50+0.40 a 205+0.72a
‘Gala’ 2000 - 07 - 26 2 106 820+0.72a 2.05+0.96a
2005 - 05 - 11 13 68 840+031a 1.85+034a
2007 - 03 - 12 11 52 830+£020a 1.80+0.16a
2010 - 03 - 18 8 31 845+092a 1.70£0.90 a

e R R F VBB R DA F RN 22 500K 0.05 BFE K. FIE.
Note: Different letters following the data within each column in same cultivar represent the significance at the level of P < 0.05 level. The same

below.
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AFE AR, CEL MR ERGE AL 90 d W U AERKIER, RGO, ARG
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Fig. 1 The growth status of apple plantlets with different subculture times (at 30-day plantlet age)

The number in the figures represents the subculture time.
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Fig.2 The growth status of apple plantlets at different plantlet age (the 73th subculture time)
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3) KRB, WL IBIEAE (CHO 5K DNA 228K R . ik K AR ZE A Cr=-0.36x + 19.68,
R’=0.9736; WSIEFEFRAEMLZE N Ct=-0.3033x + 10.969, R’ =0.985. F L AT kAl Py S 3 5]
Y BB E R R A B AR, 0] R .

& 150 | Ct=-036x+19.68 R=0.9736
&
=
B
;E 5o L Ct=-0.3033x + 10.969 R*=0.985
0
0 1.5 3.0 4.5 6.0 7.5

DNAM R e B

DNA ralative concentration

3 MEAER T/S bR gL

Fig. 3 Standard curves used to measure the relative T/S ratio

232 RREIHRREFRREGHERL
AR AR EN) G’ w7 A mgg SER 30 d EERE B 3T vk K R A2
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458 Golden Delicious . IE 47 Gala

SR AR B

Telomere relative length

SR AR B

Telomere relative length

SR AR B

Telomere relative length

143 71 34 165 71 34

£ IMY €4 £ IMY €4 £ IMY €4

Subculture times Subculture times Subculture times

B4 FRSRRBERNERH FmAKE (E& 300
ARFERRYIEE R LE BEKKELR: P<0.05. TR,
Fig. 4 Telomere length in the apple plantlet leaves in vitro with different subculture times (at 30-day plantlet age)

Different letters indicate statistically significant difference (Duncan’s test; P <0.05. The same below) .
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458 Golden Delicious ‘B Fuji MEH Gala

1.8 1.8

SR AR B
Telomere relative length
SR AR B
Telomere relative length
SR AR B
Telomere relative length

10 30 50 90 10 30 50 90 10 30 50 90

Hi/d /d Hi/d
Plantlet age Plantlet age Plantlet age

B5 FEHRFERAEHEHARKE (8K 73 K)

Fig.5 Telomere length in the apple plantlet leaves in vitro at different plantlet age (the 73th subculture time)
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Pl R MR B5FE 30 d RVE I A AN ZE B DL RS AR 20 d B A A S T v LA
M, RWE 6 frn: NEALSELZ Alimbi K EAAAEZE R, BARSBAMRLMEA . ‘&’
WE M R BT 258, BB S AGHA. A SRGHAZ mERREE, W £
PUNEHE > R > KB

458 Golden Delicious i Gala
25 ¢ 25 -
a
= =
%" 20 %n 20 I
2 15+ 2 15+
23 b 23 b
= =
& g 1.0 - & g 1.0
E E g
-% 0.5 r -% 0.5
= =
0 d 0 )
R 2B AhHA g 2B AhHA
Leaf Stem Callus Leaf Stem Callus
segment segment

6 FRAEHTEAAMREKE (8K 71K, &Kk 304d)

Fig. 6 Telomere length in different tissues of the plantlets subcultured in vitro (the 71th subculture time, at 30-day plantlet age)

3 Wi

FI IR L 2R RS FR B AR AT I ZAE P 0 B2 R B A R AE A IR 5 (B W AL dRIE , TEBRESE (£
HBAE %, 2006). Gisela #BHE (Vujovié, 2012). Fifilik (K4 2, 2004). BHE (Zhin %,
2003). FHE CHEZRI 4, 2005). 4 CRESE %, 2019, 453%F XEH 5, 20200 SFilE
Pl RAERT, S GRARRE 72 2 B AL . SRERE ) N PR AL AR S 45 ) 5, SRR B B4
RAFEIRM G AR EAL . ARG FRRARE L ER TR, BORFE R R 7 RERR A B R
(Wang etal., 2012a), WEEHEE 7 PP IRAE R BCRFIR & . (AR R RS R T, Y4
AW R, peAEE, HAEMRE SFELERER (Wangetal.,, 2012a, 2012b).
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AHBA— BN F R E W B RATE T/E, CHRAF 8 ~ 334 ‘B 17 8 ~ 27 F
‘e FIRAF 8 ~25 M MERLT SERZERWE W, JF0 AT 2006 4. 2011 . 2017 FEH1 2018
SERTAN A AR AC B 1) 3 SR 229 VE e AT 7 B R Sy s L R e ME A A, R I DL B aE v B TR AT
IFIAJRE G . SRARREE I, AR KA EARN, FRBAAE K& T AR Aottt (i
Ea %5, 20065 WIRZAK &%, 2007; XIET 5%, 2011), KGN\ FEAFIEHE G871 77 THIUE B SE R 22 000K
B FAA KA B AR AT 0 AT B 1 AR A o

s AT 44 et A SE R A Y e M (Blackburn, 1991), R4 E H% 6r (Yuetal., 1990),
YR TE A ) 7 R AT, SR B e T v LA iR AR i B 1 R B 73 AT (terminal restriction
fragment, TRF). LW %8 E&E PCR 5. EEXRIEEAL R (quantitative fluorescence in situ
hybridization, Q-FISH). it 3% 6 Ji Az 2% &2 7% (flow cytometry and flow fluorescence in situ
hybridization, Flow FISH). &%k KL #ri% (single telomere length analysis, STELA) A& T
AFERANF (WGS) Bysmbi B i GRWAEKAF], 2016) 55, Hrh, TRF E#ERAERH, 4
WD, (HFTF DNA FEARHK (Southern, 1979): Q-FISH A1 Flow-FISH 7% HI T sh#uihi K
BEMGE, BAFBORERE R (Baird, 2005; B <%, 2010); STELA ik nlHAER I 2 4
SRR, (HEREER R A BT (BEY %5, 2013). SCRP%OGE & PCR ER A AT DNA F
A AR BAE T ERIML S, ZJTIES TRE VEIRE, Pif ik R R (Cawthon et
al., 2002; FEAZEAK-LE—, 2008; Criscuolo et al., 2009; [FR5: %%, 2012; Vaquero-Sedas et al.,
2014), BFE—PUFSSEi 2% E & PCR VA E biphi A BE () il 5E 1 . BT A5G S A %4 T DNA Ff
A B/ RRE R, SR R SR O 8 B PCROVEIN 8 A o b A FE o AN S e e R AR AN [ i &
e M MRy SRRSO R BE ) M E R, 3 A A U i R R
FEEAR AR ] ERARE, BHALIEAHNMA (BR 5%, 20200 KA RREZ E
RuVE b B Y B 2, X5 RUVE B R R R A I R b RIS i R BRI A TR e ) —
L, M DNA ZKFIER 13 J 25005 1 B K B AR R A2 0 mT RE A% o

Ui FE R RE 532 BUEAHSG . RIS kI & A T AN [EAE B 2 2R b
K JEA B R 5% Rescalvo-Morales 25 (2016) R I 20 H = A FAA B E = B A RAF 3 Fik
B2 EHLS R K KT N A . AR TR R, 1 AR AN
WEHSE I meAERKEZNZ L. REH 1 MREKFANAREER ‘@i FERE
IR R AR ZE R 2, B 50 d SRl K A B i E, 90 d IR, X S A S S AT AT AT
‘Gt 50 d R E RIS W R EEE RS T 00 d OSSR (R ZE, 20200 YA, HE5FERIR
EHEMNBAMEYEG . LB RUH], e FEREEEE 1A I b FE AR R
Wt T HAE SRR, Rk b K FEAE — @ RE R BRI &

4 HEip

AT AR RIS 30 d 4R4K 34, 710 143K B L7 ‘G’ DARARR 34, 71 165 K1) IR
7 ZEARWE A RRLK B B S AR, 4R AR 73 AR 408 104 304 50 T 90 d fSE R
T 2 18] 2R AR S b K FE AR LA o 0 B 4RAR T 31 ~ 229 4R, 31 ~ 180 8. 31 ~ 165 1%
W wmL e MR RETHINEE SRR gERERGE KR . BRI, SRR ZERRE T A T DK
BSURERAT (] R R AR b, [R] IR apib K B AR Ak — s R P b mT DS e [R]— 4R A 9 i T 1
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