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Optimization of polyploidy induction system in dragon fruit
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('Haikou Experimental Station, Chinese Academy of Tropical Agricultural Sciences, Haikou 570102, Hainan, China; *Key Laboratory of

Genetic Improvement of Bananas, Hainan Province, Haikou 570102, Hainan, China)

Abstract: [Objective] Dragon fruit (pitaya, pitahaya) is a new and highly commercial tropical fruit spe-
cies in China. However, the less variety diversity, self-incompatibility and small fruit size have limited
the development of dragon fruit industry. Polyploid breeding, an effective method for fruit crop breed-
ing, has been successfully applied in a lot of plants but little has been done about Dragon fruit. In the ex-
periment, the dragon fruit polyploid induction system was optimized, which would be helpful to enlarg-
ing the genetic background and innovating new polyploidy germplasm. [Methods]Two dragon fruit cul-
tivars ‘Dahong’ (2n=2X=22) and ‘Baishuijing’ (2n=2X=22) were used as the materials. Seeds and plant-
lets were soaked in colchicine or co-cultivated with colchicine. Germinated seeds were soaked in differ-
ent concentrations of colchicines (2.5.5.10 g- L") for different times(12, 24, 36 h). In addition, aseptic
seedlings were co-cultivated with different concentrations of colchicines (25, 50, 100 mg- L") for differ-
ent times (3, 5, 7 d). Then germinated seeds and aseptic seedlings were washed with clean water after
treated with colchicine, and the mutation rate and death rate after 7 and 30 days were evaluated and sta-
tistically analyzed. Stomatal density, length and width of guard cells, chromosomes counting and Ploidy

Analyser were used to identified the ploidy of the variants. [Results] The variation of dragon fruit

Wk H 91:2019-11-27 %52 H #1:2020-04-30

HEWH : ERERRFIEE(31701903) ; #HFA HIARMFEIE S (318MS103) ; H Je 44 /A 235 HERMIF Bt AT 3 AR HIF L 25 3% % 10 (17CXTD-02)

fEZE W R E S, 55, BB 90 04, 1 e, 32 8 D BT S 38 A% F Bl JRh o B UGB AT 9T . Tel: 0898-66515505, E-mail: zhihao-
chengl@gmail.com

*Ji@{Z /£ Author for correspondence. Tel: 0898-66515501 , E-mail: wuqiong2046@126.com



1090 | 2R $374E

plants showed the following features that longer and wider leaves and wider hypocotyledonary axis ap-
peared, and the mutation and death rates increased with increase of colchicine concentrations and treat-
ment time. The germinated seeds soaked in 5 gL' colchicine for 24-48 h had better induction effect,
and the mutation and death rates after 7 d were 13.83%-27.75% and 3.53%-29.28%, respectively, while
the mutation and death rates after 30 d were 11.87%-15.08% and 37.56%-52.42%, respectively. Lower
and higher concentrations of colchicines were less effective. The hypocotyl enlargement rates at lower
concentration of colchicine (2.5 g- L") were much lower (3.12%-22.83%), and the mutation rate after 30
d was lower than 5%. The higher concentration of colchicine (10 g- L") had higher hypocotyl enlarge-
ment rate, but the death rate was very high, and the mutation rates after 30 d were only 3.16%-7.10%.
Aseptic seedling co-cultured with 50 mg - L' colchicine for 3-5 d had better induction effect. The muta-
tion and death rates after 7 d were 26.17%-44.97% and 10.06%-14.15%, respectively, while the muta-
tion and death rates after 30 d were 20.36%-26.32% and 22.51%-45.50%, respectively. The lower or
higher concentrations of colchicine were less effective. Lower concentration of colchicine (25 mg- L")
had lower hypocotyl enlargement rate (7.73%-34.44%) and mutation rate after 30 d (3.66%-6.59%),
and higher concentration of colchicines (100 mg - L") had higher hypocotyl enlargement rate (30.47%-
67.55%), but the death rates after 7 d (17.16%-26.56%) and 30 d (31.20%-66.88%) were very high, and
the mutation rates after 30 d were very low (8.13%-17.46%). The stomatal density decreased, and the
guard cells became larger in variation plants. The stomatal density and size were 81% and 115% of the
control group respectively. Ploidy analyser was used to identify the ploidy levels of the variants, which
indicated that more than half of the variants were diploid, the polyploid/variation rates of variants in-
duced by seed-soaked method were 0.00%-47.00%, and the Polyploid/Variation rates of variants in-
duced by co- cultured method were 3.85%-37.31%. Results from chromosome counting showed the
chromosome numbers of variants were unstable (2n=44, 56, 66), while that of diploids was 2rn=22. The
results with Ploidy analyser showed the variants contained tetraploids (2n=44), hexaploid (2n=66) and
mixoploid or chimera (2n=22, 2n=44). Autotetraploid/polyploidy rates in co- cultured trial (0.00%-
28.57%) were higher than seed-soaked trial (0.00%-28.57%). The germinated seeds soaked in 5 g- L'
colchicine for 24 h had better induction effect, and the polyploidy and homolog tetraploid induction effi-
ciency were 4.04%-5.51% and 1.15%-1.38%, respectively. Aseptic seedling co-cultured with 50 mg-L"
colchicine for 5 d had better induction effect, the polyploidy and homolog tetraploid induction efficien-
cy were 8.25%-8.68% and 1.92%-2.43%, respectively. And the polyploidy and homolog tetraploid in-
duction efficiency with co-culture method were higher than soaked method.[Conclusion]Dragon fruit
aseptic seedling co-cultured with 50 mg- L' colchicine for 5 d was the best combination for tetraploid
induction, which had higher mutation and tetraploid rates. Co- culture method was more suitable for
dragon fruit polyploidy induction than seed-soaked method, but the tissue culture technique was need-
ed. Although the induce efficiency of seed-soaked method was lower, but it may be a better choice for
the breeder without tissue culture condition. Ploidy Analyser is a simple and rapid method to identify
the ploidy levels of variants, especially to distinguish tetraploid, mixoploid and chimera. This result will
be helpful to germplasm innovation and breeding of dragon fruits.

Key words: Dragon fruit; Colchicine; Polyploid induction
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Table 1 The influence of sterilization method on sterilization efficiency and germination rate

I5ET A 2 ] K4 Dahong [17K & Baishuijing
Observation item Observation time/d 15s 305 45 s 155 30s 45 s
VEE = 3 0.06 0.00 0.00 0.03 0.00 0.00
Contamination rate/% 5 0.15 0.00 0.00 0.08 0.00 0.00
7 0.23 0.00 0.00 0.18 0.00 0.00
10 031 0.00 0.00 0.31 0.00 0.00
14 0.33 0.00 0.00 0.55 0.00 0.00
&S 3 27.53 27.44 17.74 42.84 38.68 20.78
Germinationrate/%s 5 56.73 52.72 36.92 68.63 57.31 46.33
7 78.15 65.38 49.74 82.60 70.51 63.93
10 79.00 71.54 58.79 86.51 77.46 73.86
14 79.94 75.27 68.40 86.51 80.25 76.57

I, AN 6] b B840 A 18] 22 08 AR R 350K F 5 S AR
V) 22 S AN 0 2 o o Ak L5 RS D) PR 89 m , K O SR
RS KR BE 2 BN, 2.5 g - L IR K AL R b 2
ORI 2, T IS K 28K ;5 AT 10 g- L Ak KA
RACHFL G IR AR IR (A 1-A) s e Ak, HoAh e 7Y
A S AR REOR L AR T A R A A R I
ZROKALZ R, 755 S5 0 40 v Bl 8 AR TS 1)
PG, BE T 28 B AR K AL 2 A BRI B2 AN [] P B2 75

HINCE 1-D~F, % 2). 2.5 g L' KK EAHE,
BAR 7 d A 30 d FETSHBAIC,HA2, 7 d A1 30 d KA
R HREBEBEA, BFRRRE. 5g L BKME
AbFE 24 h F1 48 h UZHA,7 d A1 30 d R ALAR 7 KB

s BRI (B 1-B,C) 55 g L AKKAL R AL HE 72 h
M4 FET 55,30 d B IR TAR bk R 6%~
7%, AN 5 g- L BKA R AL 3 24 h A1 48 h [ — 2
Fitio 10 g L' BKKAL R BRI G, EARAT I T IR
B KRB v, (B, B I () ) R, FE T FR R
5,30 d FET-F N 70%~80%, S5 30 d I FAIAR F
R,

222 REZZREAKEF HREUEM, KR
TG T T VR B VR A AR 1 B T R AT 3R AR 5% v 1) A
FEE(FR 3D, B A R AL 2 Ach B R P AT ) P 384 0
NIREEZ R ZE . BOKALER 50 mg- L' R IR
K R (] 2-C, D), FOKALER 100 mg - L A

A BORANRALEE 7 d 22 RAR (3 77D s B~C. BOKAIZR AL EE 30 d A2 5F R (B, 28094, FLAE SR C. 2080 D, BOKAIERALH 7d £ K AT

SETE~F. BORANER AL 30 d AR RBET

A. Variation plant of 7 d after seed soaked by colchicine (3 cotyledons); B-C. Variation plant of 30 d after seed soaked by colchicine (B. Coarse

stem; C. More branches); D. Death of growing point at 7 d after seed soaked by colchicine; E-F. Death of growing point at 30 d after seed soaked by

colchicines.

1 RFELERBTREK
Fig.1 The phenotype variation of seed soaked method
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WA 2 B 2 B 0. %1 30 d B, 100 mg - L £k
IKALZFR AR BE TS s, AR R AT 50 mg L

TR RE ST S0mg L HERARE . Bk
FEH R IRIL S, SE TR AW I, A 1L

A SRR GHEZAOMI G 7d R B, WHRGEAOALRE 30 d FHL;C. BOKANFRALEE 7 d AR SHETEL D, KA FAL B S 7 d &AL E. B
KANZRALFLSS 30 d A F HOKAER AL 30 d A2 K S FET 1L
A. Plants of CK (water, 7 d); B. Plants of CK (water, 30 d); C. Plants of co-cultured for 7 d; D. Phenotype variation 7 d after mixed-cultured with
colchicine; E. Phenotype variation 30 d after mixed-cultured with colchicine; F. Plants variation and death 30 d after mixed-cultured with colchicine.
E2 RIFEAERATRE
Fig.2 The phenotype variation of co-cultured method
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ALC. XHERR %) ;B D. ZB R FRk GRAEAD ; AB. 4x;C.D. 40%;bar=100 ym. E. {514, 2n=2X=22;F. WU{Fi1k , 2n=4X=44;G. /N4,

2n=6X=66;H. FEHEfHA , 2n=56.

A, C. Control (diploid); B, D. Variation plants (polyploid); A, B. 4x; C, D. 40x; bar=100 pum. E. Diploid, 2n = 2X = 22; F. Tetraploid, 2n=4X=44;

G. Hexaploid, 2n=6X=66; H. Aneuploid, 2n=56.

3 MBRESHSILBEMKNDARREFHER

Fig.3 The stoma features and chromosome number of variation compared with control
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Table 4 The stomata features of variants compared with

control
Tk AL ALK
Material Stoma density/field Length/px
X} &R Control 25.48+1.45 496.48+6.10%
AR Sk Variants 20.61+1.04* 572.28+17.12

W HARIRTE p<0.05 KV EEREE,
Note : * means significantly different at p << 0.05.
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22K 3-B) s A8 Ak I G AR 20 H A4S 2n=2X = 22,
2n=4X = 44 (& 3-F) , 2n=6X= 66 (& 3-G) %5 JLFp I
A1, A B A AR B AR A7 AE (B 3-HD » et
T E % e R I, 5 T I AR SR bk G e B H R
AT AR, R SRR O A ik o A R
Ak, Z s A i 17

233 AmA@masEr PR BRI, fER A
SR, B AR TR RR SR A
U, WA SR AT TR AR A e, B R R OR X
FRbR R B, R AR IR IR, 5 SRR Rk
L2 ANEAE , U AR RO 2 M s LA IR A
PRRERR (B 4D o S5 BT 3RAS 1 2 B0 A8 e R AT U U
WA 8, I TG R IR B I A TR 3GV I iR A5 (1)
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A. Control (diploid); B. Tetraploid; C. Variation plants (mixoploid).
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Fig. 4 Regults of ploidy analyser of Variation compared with control
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HH A 2 AR5 S R0R  FRVE T A5 4R05 5 30k 2 57+
ik 3 B 5 35 KT, 0.5% Rk KAl R 08 15 2R L R T
24 h, R MR, 2 1515 T WE (4.60% .
4.84%) I [F) U5 VY 15 4R 175 28 (1.15% + 1.38% ) ¥ 5
Ho BHER 6 AT WL, KB RIREEAF AL BEAH & 2 5
A1 T [RUR DU £ A 15 5 85 6 22 Sk i 3 Bl
BEIK, 50 mg- L' BOKALR A TG H 5 d, 555
RIS, 2 515 T 280 (8.68%8.25%) & [F] i
DU AR5 S K (2.43%.1.92%) B E . K4 5H

K AR 5 07 7 AL FRAL B e 4 R — 3,
KL 2 AR SRR B T K (R
RIAFIRE KT . 57D IE 02 BT, B
15 BRI R 1, A 1R 2 A8k R SR G B 1)
BRI IE VR S0 3 AR Rk b £ A A1 2 7
(B2, V8 IR P S8 B0 2 5 06 R A 1 (i
1) % RV DU A0 1 E A1 A 98 v v S48 3 1
L AR R YR DU 51K 5 0%~28.57% , IR 55 &
1950 19 % 5 b IR DY RS 2 0%~38.9%.
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Table 5 Results of variation plants with soaked seeds by Ploidy analyser

o~ . . N . X (7 A 178 AR 322 —:Mﬁ AN 3%
R R D b R FIRI IR A%
L H R[] . . . f Polyploid induction Autotetraploid induction
Polyploid/Variation/% Autotetraploid/Polyploid/% . .
pl(g-L") Treatment efficiency/% efficiency/%
time/h R 7K i pNAN 17K il KL 17K i KL 17K i
Dahong Baishuijing Dahong Baishuijing ~ Dahong Baishuijing Dahong Baishuijing
2.5 24 0.00+0.00 14.00£2.75  0.00+0.00 0.00£0.00  0.00£0.00  0.39+0.33 0.00+0.00 0.00+0.00
Dd Cd Ce Dd Dd Cc Cc Cc
48 14.29+1.67 25.00+1.93  0.00+0.00 0.00+0.00 1.00+0.33  0.85+0.62  0.50+0.00 0.42+0.00
Cc Bbc Cc Dd Cc Cc Bb Bb
72 16.67+0.96 33.00+2.75 15.00+2.33 13.3342.33 1.63+0.27  1.24+0.67 0.41+0.00 0.4140.13
BCbc Bb Bb Bb Cc BCbc Bb Bb
5.0 24 34.71£1.33 38.00+6.33 27.2743.55  28.57+4.67  4.60+10.1 4.84+0.85 1.15+0.49 1.38+0.33
Aab ABab Aa Aa Aa Aa Aa Aa
48 45.815.13 A 43.00+8.33  16.67£3.33  20.00+3.13  4.04+1.17 5.51+0.33 1.01+0.33 1.10+0.67
’ ’  Aa Bb Aa Aa Aa Aa Aa
72 30.00+4.04 47.00+£5.67 11.11+6.33 12.50+4.03 3.52+1.33  2.85+0.67 0.39+0.25 0.36+0.13
ABab Aa Bb Bb Bb Bb Bb Bb
10.0 24 28.00+6.03 24.00+3.33  12.50+£0.96  5.88+2.25 2.79£0.49 3.72+1.17  0.40+0.11 0.37+0.33
Bb Bbc Bb Cc Bb Aa Bb Bb
48 28.00+1.15 29.00+£5.13  0.00+0.00 0.00+0.00 2.79+0.67 1.61£1.01 0.00+0.00 0.00+0.00
Bb Bb Cc Dd Bb Bb Cc Cc
72 30.77+0.58 31.00+3.67  0.00+0.00 0.00+0.00 1.67+0.75 1.56+£0.49  0.00+0.00 0.00+0.00
ABab Bb Cc Dd Ce Bb Ce Cce
R6 BUKFRIEELEALRERERRXMABIL LR
Table 6 Results of variation plants with co-cultured by Ploidy analyser
. . . . (~7. -‘Lﬂ%/ N —\‘/‘ (~7. 7 AR 2%
g COPRREGRL SR SRR o RS
BEFRIN IF) Polyploid/Variation/% Autotetraploid/Polyploid/% P etrap
p/(mg-L")  Treatment efficiency/% efficiency/%
time/d K FK i Ker Ep/ Ker FK pNAS EP/N
Dahong Baishuijing ~ Dahong Baishuijing Dahong  Baishuijing  Dahong Baishuijing
25 3 3.85+0.25  11.00+0.58 0.00+0.00 0.00+0.00 0.37+0.13  0.44+0.33 0.37+0.13  0.00+0.00
Cce Bb Cd Dd Cce Cc Dd Cce
5 12.82+1.36 18.00+£2.70  20.00+3.67 15.0043.33 1.86+3.67 1.63+0.49 0.37+0.13 0.41+0.13
Bb Bb Bb Cc Cc Bb Cc Bb
7 14.81+1.62 14.00+1.62 12.50+2.25 23.334+5.67 3.11+1.13 2.62+1.17 0.39+0.33 0.87+0.17
Bb Bb Be Bb BCbc Bb Cc Bb
50 3 29.51+£6.03  34.00+£5.75  38.89+8.33 36.67+8.33 6.06+£1.17 6.88+1.67 2.36+0.93 1.83+0.57
Aa Aa Aa Aa Aa Aa Aa Aa
5 37.31£7.57  31.00+4.04  28.00+£5.67 27.86+3.13 8.68+2.25 8.25+2.25 2.43+1.17 1.9240.67
Aa Aa Bb Bb Aa Aa Aa Aa
7 26.32+6.21  27.00+4.93  20.00+4.04 14.29+2.33 5.10£2.33 6.3143.33 1.02+0.33  0.90+0.33
ABab ABab Bb Cce ABab Aa Bb Bb
100 3 25.49+5.13  24.00+5.67  15.38+3.33 11.76+1.67 3.86+0.39 5.11+1.17 0.59+0.13  0.85+0.33
ABb ABab Bbce Cce Bb ABab Cc Bb
5 25.71£7.37 17.00£2.70 11.114£2.25 0.00+0.00 3.08+1.15 3.52+1.33 0.34+1.11 0.00+0.00
ABb Bb Be Dd Bb Bb Ce Cc
7 24.24+2 31 14.00+1.62 0.00+0.00 0.00+0.00 2.58+0.67 2.50+0.67 0.00+0.00 0.00+0.00
ABb Bb Cd Dd BCbc Bb Dd Cc

A S A, Hp S R P AR 11 A BB ) ) 4
BB, S g L BOKMIZR R 5 KO R 5 AT
24~48 h F1 50 mg- L™ Rk /KA 28 5 K e 0 B v L 855
7 3~5 d MAARUB RS, om0 REKRE
BRI K A BT ) B A BB AR v AT A I R AR SR R

B S IR T ARG 0, 3 i 7 5 R B, IRBUA 7d
R RUAR SR AR PR AR A e R B I (BE S
To R EE, G, 30 d I VR B5 R 3 A AR 5 2 T oy
TIRBUE  IRENER T SRR E TR bUA.

T AR BR324 K15 3 v AN AT G
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LG, U A0 B AR 58 B - 3RAS 10 2 4 1R P AR
11 20%~30% A2 [R5 VY 7% 1A, T Ath g Ve 0 44 B itk &
R IR BRI T AR T R B, IR AT R AL Rk
Z A MR LE ) e TR B 9, B2 A A b (R DL £ 1A
D ARAEAR AR S AR LU TR R . AT TR
B o e R 2 K A I AT RE 5 3 L Y 24
PR, R IR B T v R A I TR AR T 30 A
RAR S R B B, 5 I 2 AR R i
FEMRERAOKADN ZR AL B 8 RO TR R B &
Mo KRR FARIR BRI [A) Ab B, 22 K02
NEAS LI A, AL, TR DY 0 15 S R A iR
e

AW FUERAT R AL AL Sk R A 30% 2
ZAGAR, R, o] PR L R L 0 2 ) [R] R 2
AR A2 2 15 AR 8 Bl b M S AR o AT TE R
Bl G AR ASCRE PRIE A7 285 5 HY R D {4 A =
R A5 1 U A IR A 25 38 5 AL I R
HRTR R, i L 6 IR BOR 1 R AR, A
Br Qe R B AL 8 AR DR A R e N g
e ATAWEFUREL - RAG AT I 2 A R g b TR
KO L8 T R0, A M I TR E K, 22
AR A L] B L 220 T, 2 M B VE R R A B
FUR, Rk, R et A4 AR f 4 55, Hs
RAF AR A AR R AT H R IR B R B 5 57
R A B TRk 2 A5 R 3 5 AP IR A AR
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