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Somaclonal variation of pitaya (Hylocereus undatus) in vitro plants and
identification by molecular markers
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Abstract: [Objective] Pitaya production has become a new, special and excellent agricultural project.
Usually, propagation of pitaya is conducted by using cuttings from field plants. However, multiplication
rates are low and it is difficult to obtain enough true—to—type plants for both plantation and research use.
Tissue culture is the main means of rapid propagation of plants, and also a good method to obtain soma-
clonal variation. Currently, the shoots derived from a clone were used as the explants to study the rapid
propagation in vitro. After rapid propagation of several cycles, the plants growth and morphological traits
were different among some regenerated plants. To better apply the rapid propagation system and make fur-
ther use of the variants, it is necessary to evaluate the genetic fidelity of the in vitro plants derived from
the current rapid propagation system as well as to reveal the genetic relationship among the variants.
[ Methods] Pitaya shoots from single seed germination as explants were multiplied on Murashige and
Skoog (MS) medium with 0.1 mmol - L' naphthalene acetic acid (NAA) and 2 mmol - "' 6—benzyladenine
(6—-BA), successively in vitro shoots were subcultured for four cycles. Sixty—nine plantlets subcultured for

1 and 4 cycles as well as their stock plant which primarily derived from a seed were used to analyze the
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morphological variations as well as propagation coefficient, and the genetic fidelity was identified by
ISSR, SRAP and IRAP markers. NTSYS 2.01 software was further used to illustrate the variation plants.
[ Results ] The propagation coefficient of the rapid micropropagation system was 14.9. The 4 derived shoots
regenerated from a seedling characterized in 4 arris. Six arris types, i.e. 3—, 4—, 5—, 6—, 7— and 8-arris, of
cluster buds were investigated in the regenerated plants successively subcultured for 4 cycles, among
which 5—arris buds were the most common, accounting for about 50.54% of the total, followed by the 4-ar-
ris buds which accounted for 27.2% of the total, and the 8—arris buds was the least, only about 1.0%. With
the increase of arris number, the shoot diameter became larger, especially for 6—, 7—, and 8-arris shoot,
and the opposite tend was observed in shoot length. No difference in DNA markers obtained from 11 pairs
of SRAP primers was investigated between the 3 and 4 arris buds, however an aberrant band was detected
in RNA level by primer me3em3. A total of 405 bands were scored from the 70 samples by 24 ISSR prim-
ers, 11 pairs of SRAP primers and 17 IRAP primers, among which 28 were polymorphic, which included
presence and absence of DNA bands in comparison with the stock plant. No polymorphic band was ob-
served from the three plants which micropropagated in the first cycle, however 16 plants were detected as
the variants among the 66 plants which subcultured 4 cycles, accounting for 24.2% of the total. Among the
variants, 6 plants and 5 polymorphic loci were detected by the ISSR primers 811, 825 and 856; 9 plants
and 14 polymorphic loci were detected by two pair of SRAP primers (me9em2 and me3em3); 12 plants
and 9 polymorphie loci were detected by the IRAP primers 15f, 17r and 4r. The genetic similarity coeffi-
cient among the 16 mutants and their stock plant varied from 0.77 to 0.97 based on statistical analysis of
genetic diversity using NTSYSpe 2.10e software. Using unweighted pair group mathematics average (UPG-
MA) analysis, 16 mutants might be divided into 4 groups taking the similarity coefficient 0.90 as the
threshold. Group I included the stock plant and 12 mutants, the genetic similarity coefficient in the range
of 0.91-0.97; mutants 7 and 10 were grouped into group II; mutants 41 and 33 were singly clustered into
group Il and IV, respectively. Mutant 33 showed the least genetic relatedness with the stock plant. After
further micropropagation for 3 cycles, mutant 33 appeared no growth in height and no multiplication, and
the regeneration plants were detected as the GA;—deficient dwarf mutant. The normal plant and 3 GA;—
mutants could be distinguished by a pairs of SRAP primers me9em2. [ Conclusion ] The propagation coeffi-
cient of the current micropropagation system in vitro was 14.9. However, the propagation coefficient,
growth potential and genetic stability of somaclones demonstrated a decrease trend with increase of sub-
culture cycles. Morphologically, the change of the shoot arris numbers, shoot length and diameter were al-
so investigated herein. Further, the somaclonal variation rate after successively subculture for 4 cycles ac-
counted for 24.2% of the total as revealed by molecular markers, and the variations mainly showed on
present or absent amplified bands. The 16 mutants were divided into 4 groups, 12 of which and the stock
plants were closely related, and the genetic similarity coefficient ranged from 0.91 to 0.97. Mutant 33 was
a GAs—deficient dwarf mutant. The difference of 3— and 4-arris shoots might be ascribed to the differen-
tial expression of genes. The newly developed IRAP marker was more sensitive than ISSR and SRAP
markers to detect the DNA mutation in different loci of the genome, therefore was an effective means for
somaclonal variation detection in pitaya. The obtained results facilitated the rapid propagation, germplasm
conservation and creation, as well as mutant detection in this fruit.
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Mean values marked with lowercase letters within a panel are signifi-

cantly different at P < 0.05. The same below.

B1 REE 4 RAFESEI
Fig. 1 Statistics of pitaya bud morphology in rapid
micropropagation for 4 subcultures
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Table 1 The names and sequences of primers used for screening

brid 519 751 bric 514 il

Mark Primer Sequence(5°-3") Mark Primer Sequence(5°-3")

ISSR 807 AGAGAGAGAGAGAGAGT me6 TGAGTCCAAACCGGTAA
810 GAGAGAGAGAGAGAGAT me9 TGAGTCCAAACCGGTAG
811 GAGAGAGAGAGAGAGAC mel2 TGAGTCCAAACCGGTCA
812 GAG AGAGAG AGAGAGAA em?2 GACTGCGTACGAATTTGC
815 CTCTCTCTCTCTCTCTG em3 GACTGCGTACGAATTGAC
824 TCTCTCTCTCTCTCTCG em6 GACTGCGTACGAATTGCA
825 ACACACACACACACACT IRAP 2a CAATAGCAAGTAAATAAAAGAACC
835 AGAGAGAGAGAGAGAGYC 3r CAACCATAAAGGTGTCAAAC
840 GAGAGAGAGAGAGAGAYT 4r TGCCCAACCATAAAGGTGTCA
844 CTCTCTCTCTCTCTCTRC Sr GCAAGACCCATTCTCATACTG
845 CTCTCTCTCTCTCTCTRG 9r AGATGTATCCGAGTGAGATTTTA
848 CAC ACACACACACACARG 15r TATACCACTGCCTGGGAGCCT
853 TCTCTCTCTCTC TCT CRT 17r TTTATACCACTGCCTGGGAGC
856 ACACACACACACACACYA 19r TACCACTGCCTGGGAGCCTGT
868 GAAGAAGAAGAA GAAGAA 21r ACTGTCTGGGAGCCTGTTTT
873 GACAGACAGACAGACA 23r GACCCATTCCCATACTGTCTGA
880 GGAGAGGAGAGG AGA 3a AAAGACCCATTCCCATACTG
881 GGG TGG GGT GGG GTG 3f GGGATTTGGAGGAAGAG
885 BHBGAGAGAGAGAGAGA 4f ATGGGGATTTGGAGGAAGAGAT
887 DVDTCTCTCTCTCTCTC 5f TGGTGTGTTGGTTGAAAAAGT
888 BDBCACACACACACACA of GTTGTCTAAGGCTTTGTATGGT
891 AGAGTTGGTAGCTCTTGATC 15f CGCCTTTCTTCATGGGGATTT
895 ACTTCCCCACAGGTTAACACA 17 CTGCCTTTTTACATGGGGATTT
MO8 AGCAGCAGCAGCAY 19f ACTGCCTTTTTTCATGGGGATTT

SRAP me3 TGAGTCCAAACCGGAAT 21f GCTTTTTTTCATGGGGATTT

Note:Y =( C,T ) ;B=(C,G,T)(i.e.notA);

7 8 9 10 11
750 b o -
500 bp : ¢ — "

250 bp
100 bp

2 000 bp
1000 bp
750 bp
500 bp

2000 bp

1000 bp
750 bp

500 bp

D=(A,G,T)(i.e.notC);

H=(A,C,T)(i.e.notG);R=(A,G);V=(A,C,G)(i.e.notT).

13 14 15

16 17 18 19 20 21 22 23 24

B 2 ISSR 5|47 811(E).825(9).856( ) BIER4 18

Fig. 2 The amplified result of part of materials by ISSR primer 881 (up),
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XTSI, R ARSI (R R4 5%
me 5113 5% em 5415 TR o 11X¢SRAP%I%
FE 70/ A RN R 137 M, P34 12,5 1
F1 2 X5 5141 (me9em?2 . me3em3 ) A 14 22 25 AT &
(BRAE FGID o RE Y B VAR AR S0 2%
57 66 145 4 AR R th AN 2 10 48 F 54K, 2
SFPFRL, 514 me9em2 WA H 94N SR A &R S
JRARFEAR SR A 22 5, Hoh 7 S A B2 E 90~140 bp

825 (middle) and 856 (lower)

ZIRIZ T 2555 ,17.19.20 .23 Fl 48 HEFRAE 80 bp Al
250 bp ZEAT 45N T 1 4571, 21 .22 4HE 250 bp 4b 2
T 144,33 vﬂﬂﬁ@ﬂkwk BRI Bk LA
(B 387 br il 22 555417 ) o 514 me3em3 Kl 11 41
R 1 ‘?%ﬁﬁim UL B AITHY DNA 2
MR T AR AR HEH 15.2%
2.2.3 IRAPARTAM  WITH 40 55519 hifigE £
ZTRAP 5 W78 70 4115 S5 A% T R4 188 H 335 i
EE S, 3136 5507, F 7.2 4. 19 %519k
RN 24 2205 1 AR R A 2 AR S (R 1) 156 1 7x
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2 000 bp
1 000 bp
750 bp
500 bp &

250 bp

100 bp

E 3 3514 meYem2 HIERS I HE B
Fig. 3 The amplified result of part of materials by SRAP primer me9em?2

Al dr 7255 44CH 66 A RR FPAS I 21 12 M kR & A
TS AT SRR 9 AR R A, AR RN
19.7% ., 5 JF AR DNA 545 M 1, 7 S A Ak 7

2 3 4 5 6 7 8

-HH-FHH--
AN

2000 bp - -

1 000 bp
750 bp

500 bp e

9 10 11 12

1 500~2 000 bp /I T 2 45747 5 105 HRFE 1 400 bp /2
BN 1 454517 .19.20.23 F148 7 1 300 bp b1
145747521 .22 B2k 2 500 bp 2247 B9 55747 (E 4) 533 it

13 14 15 16 17 18 19 20 21 22 23 24

- N
e A e

“a N e bW

Bl

P e e
E el -
P e e o o e e g -

B4 5|4 15f & 1~24 SHE T IRAP i 15 E %
Fig. 4 The amplified result of part of materials by IRAP primer 15f

9T JEAT Y 760 bp 11 000 bp 2645 B 2 4571, i 1E
1200 bp ZEAHAN T 1 25542 F143 78 1 800 bp Zb3E N
T AR o BB EI R Bl i i 25 7 B AN [R) HLSE
A2, RIAY BJE A  BE A A Ty 1—copia
3 I PRI R R ) R A LA A 2R L
AR AN
224 KR ZEWSRAP T o4 BEHLIESES 3
BNZERNS A 4k N 43 il 57 3 B Fl 4 152 DNA Al
cDNA ML 1R NZE BER R 4k, T 342, 7
SHEHDNA FIRNA, #8950 AS [l 42 Z [0] 1Y SRAP A3 15,
AR ZEIR K, DNA Fl cDNA i SRAP 347 AN,
ZH5 1 Y91 DNA 3 H 502 T cDNA 135 4L
11 %} SRAP 5|4 ARAG 5] 3 1 F1 4 B DNA Y i 25 5,
{H5]4) me3 . em3 KM 5] 3 1 il 4 #2 1) cDNA A 22 5+
Tty (S fii sk pm b ), AR AR S T RE R A 7%
SRR 25
23 TREMRESW

R A BTk AR AR AR S R AR R R I G R LK

M P3P4ud d3 P3P4 udd3

2 000 bp

1 000 bp
750 bp -

500 bp ==

P3.P4 53510 3 b 4 BEHEIRM s ud (d3 43508 [ — AAZFRY 1B (4
1) VTR (3 1) 51 4 N DNA F:8LJ5 4 0 cDNA R

P3, P4 were the 3—edge, 4—edge types of buds DNA pool, respective-
ly; u4, d3 were the upper part (4—arris) and the loewr part (3—arris) of
the same bud, respectively; The first four samples were DNA, the last

four samples were ¢cDNA.

Bl 5 351% me3em3 B3 1EEE
Fig. 5 The amplified result of the different types of buds by
SRAP primer me3em3
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TGN 2] ) 16 BRAE SRR FNE A AR AR 38 H %) TSSR
SRAP JZ IRAP 5| ¥ 417 A NTSYS 2.01 # {4 7
BRI, BEIFEIHIX 16 BRAE S0k 5 AR IR A9
BAEFLRECH 0.77~0.97 , 28 T4k 6 F165 5 5 4k
PREARL, AL R ECH 0.97 ; HUR A8 Tk 36, AL
ZHH 0.95, ik Y2 33 50k, 15 5 LA RELAR 1 AR A
REAUN0.77, FEARLRECH 0.90 B, 16 4748 -4k
A3k 425 (E6) , H s T 2R R LA A AR R 12
AN SRR, B TS DR LG R R AR AL R B 0.91~
0.97; 55 1T 28004575 bk 10 A1 7, 5 L BA A AR H AR
FRE5T 1 0.89 F10.87; 48 Sk 41 2 [ R 55 112K,
33 AR FRRIAA AR IV 2K,

24 TEERSH

SEAOREH IV 2810 33 58 Sk B AR AGIN AR 5
AR PR AR B0 BFH RS 7 AU, ARAS I 31 22 S
FE MR ) B0 R B 2 T 9.7, AR A B el 2 5 98 48
BRIGA BA R B PR, JLT-45i
AR (B T-A) o FEHLIER 3 A LT3 A K Ry 8728
PR GA 8, S5 3R . D1 AT D3 2R N
U GAS & i IR T AR R & 5, D2 R K
GA Tt RAHRS FEARAZ SR & I (B 7-B) , 3R W
KL AR N GAS BB HURE (L . 3 0 SRAP 519
me9em?2 . me3em3 . meGem2 § 14 1) DNA 5577 76 K78

1
6
65
36
21
— 22
142 I
A 143
17
19
20
‘23
48
10
T L
4117
331y
0.77 0.84 0.92 1.00
FHLEEL Coefficient
6 TRHRA UPGMA BEHSH
Fig. 6 UPGMA clustering of mutants
C
M C DI D2 D3 C DID2D3 C DI D2 D3
700 bp
500 bp
400 bp
300 bp
. el Nl 0
—
B 4s00 ¢ ‘ 200bp'-_“
= 4000 & ‘ -
® 3500 b b b = .
~ £3000[ - . -
< 3 2500 i
S % p
= £ 2000 -
2 5 1500+ 100 bp e '
Z 1000
S 500 - e ot ead
0 PN
C DI D2 D3

M. 100 bp maker,C.D1.D2 F1 D3 435I AR A AR 3 DMEIE Bk

M. 100 bp maker,C,D1,D2 and D3 were the plant which no polymorphic locus and three dwarf mutants , respectively.

7 FEETRRERKSREK GA 2 EF SRAP #RIZHET

Fig. 7 Detection of GA3 content and SRAP marker of the wild type and mutants in rapid micropropagation for 7 times
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