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Induction of autotetraploid of Paulownia australis and its
in vitro plantlet regeneration

FAN Guo-giang, WEI Zhen-zhen, YANG Zhi-qing

(Institute of Paulownia s He’nan Agricultural University , Zhengzhou, He’ nan 450002, China)

Abstract: [Objective) Induction of Paulownia australis autotetroploid with colchicines was investiga-
ted and the system of in vitro plantlet regeneration with different explants was established in order to lay
foundation for the breeding of new variant of Paulownia plants. [Method) The diploidy leaves on the lig-
uid-solid double layer MS media with different colchicines concentrations were used to induce the autotetra-
ploid and the ploidy levels were analysed through chromosome numbering of the plant root tip cells and
DNA relative content of the leaf single cell. [Result] The concentrations of colchicine and the treatment pe-
riods were significantly different,and pre-culture time was not significantly different to the autotetraploidy
induction. The highest induction rate might reach 18. 8% from non pre-cultured leaves treated with 10
mg/L colchicine for 72 h on the MS medium. Leaves of the autotetraploids were larger and thicker,and the
stomatal size and density on the leaf larger and thinner than those of the diploid,and the chlorophyll con-
tent and SOD activities of the autotetraploids became higher and MDA content and POD activity lower than
those of the diploids. MS+0. 1 mg/I. NAA+8 mg/L. BA,MS+0.3 mg/I. NAA+12 mg/L. BA and 1/2 MS
were the optimal media for shoot and root induction respectively. [Conclusion) The autotetroploid of Pau-

lownia australis was induced and the system of its in vitro plantlet regeneration was established. Moreo-
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ver, leaves were the suitable explants for the in vitro plantlet regeneration.

Key words: Paulownia australis ; colchicine;autotetraploid;in vitro plantlet regeneration
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mg/L NAA+2 mg/L BA”$5 3 314 100 mL =
FROM A L A AR IR R R SRR R Wi 5 0.8 A 16
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Table 1 Effects of colchicine treatment duration on tetraploid induction of Paulownia plants
L S S L S T SMRERR Y FRRR/% WEERSR/ Y
Precultured time Crrt)%chi;ine 'I‘reatment Survival rate Rgte of ishoot Induction rate of
of explants concentration period of explants induction the tetraploid

0 5 24 50.0 b 25.0 ab 0.0r

0 5 48 40.0 d 18. 4 cde 3.2 q
0 5 72 33.3f 13. 3 ef 11.3 g
0 10 24 40.0 d 18. 4 cede 5.8 p
0 10 48 35.0 ef 13. 3 ef 9.9 h
0 10 72 30.0 g 10.0 fg 18.8 a
0 20 24 36.7 e 13. 3 ef 7.7k
0 20 48 30.0 g 10.0 g 15.5d
0 20 72 23.31 1.7 0.0r

8 5 24 45.0 ¢ 23. 3 abc 0.0r

8 5 48 36.7 e 16.7 de 0.0r

8 5 72 30.0 g 13. 3 ef 8.41

8 10 24 36.7 e 16. 7 de 3.3 q
8 10 48 30.0 g 13.3 ef 8.0

8 10 72 26.7 h 6.7 gh 17.4 b
8 20 24 33.31 13.3f 7.41

8 20 48 26.7 h 10.0 fg 14.9 e
8 20 72 20.0 0.0 k 0.0r
16 5 24 53.3 a 28.4 a 0.0r
16 5 48 43.3 ¢ 20. 0 bed 0.0r
16 5 72 40.0 d 16.7 de 6.8 m
16 10 24 43.3 ¢ 21.7 bed 0.0r
16 10 48 36.7 e 16.7 de 6.5n
16 10 72 33.31 1.7 16.3 ¢
16 20 24 40.0 d 18. 4 cde 6.2 0
16 20 48 35.0 ef 13. 3 ef 12.9 1

16 20 72 26.7 h 3.31 0.0r

1 WP EHE G AR AR F/NE FRERRTE P=0.05 KF 22 R B 3%, TR,

Note: Data followed by different letters differ siginicantly within columns at P=0. 05 level. The same are as follows.
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e 1] L s FE BR KA ER o2 e J5E Ak B[]
TS IR ] 2350 5 me/L.24 h H1 16 d I, SRR
PRI e .l 53, 3%, i S Rk B A i
28, 406 AHDUAE TG A 10 A8 Al 5 A IR A
RS TR —E 2R . Wl
W 7 — 7 i Bl A & BK KA 2 5 A2 52 A Ak I ] 5
VU AP A 35 S 23 2 IE AR DG OG 2R B R T — R Y
R Bk K AL 2R J5 dk ik J3E R A B I 8] 5 0 A5 4K 5 S 3
L U O 5C 28  3X T RE 55 KAl 38 Jo o e A Ak B
IR 8] 3 531 Ay e KA I 5 B KAl 2R %8 930 55 3 ik i 5
R B4l 28 7 A T ROR I B AR R A R B 2

PET A — R AR . BLAh . Bl T IR 6 ] 9 S I, ot
Jr A A T R AR L BT R L IR T
AE -5 I A 200 i 42 i Bk K Al 28 A T AR Rk T (R — 2
SR SE ) PN & A S TR
ZWHIRH R AR Y 10 mg/L BOKALER
B SR AL AR B 72 b DUAE RIS S R R KL I8 18, 804,
Tr 220y Mral R (3% 2) WL BROK Al ZR B0 T A e JEE A
Aab BT ) %o R 7 90 R AR A B R ZF S R A
PR 5 R 7 A T 3 R T AR A T T I
(1] %F 7 75 AR F) B 3% 50 M 2F 75 5 R A L (EL X
FEPOAE A S R PR IR 35

K2 MAKUEESEAOEOBEEERNTEST

Table 2 Avona of tetraploidy induction from P. australis leaves with colchicine

s A A AETE R FEFR DU i 175 5 %
" urvival rate ol explants nduction rate ol shoots nduction rate ol tetraploids
77‘5%*0? Survival f expl Inducti f sh Inducti i loid
ouree MS F MS F MS F
il 1% F2 B} [E] Precultured time 90. 66 131.01** 79. 42 9.35* 80. 54 1.17
FkoK Al Z e BF Colchicine concentration 205. 20 296.54* 475. 35 55.97** 417. 84 6.07" "
Qb BRI [A] Treatments period 270. 62 391.09* 576.41 67.87" " 228.59 3.32"

¥ (Note) : P=0. 05, f(2,11)=3.98; P=0.01, f(2,11)=7. 2,
2.1.2 HFBMFARWERMKGET FEEBMK
BE T WS I B e R R B, A A AR 2 4 i Y 5 1A B
Yo 2n=2x =40, T 728 S5 A8 Bk G (R K 2n =
Ax=80CH 1), 2% 57 A bk &)y 7 40 i e € (A K — A%
AR 2y A0 D 2 (5 R R 2 A% e AP R R B B A A
FHR A PR B AETE o R XAl i ASOuF 4R AR 5 i A2
S ARLBR A A AL RR I R A0 DNA X 5 Y

KM 45 24 CIET 2D F2 W1 1 J7 ) — A% 1 £ A1 6 28t
SHRJE N S50 AR EL T 1A B0 T AR S AR B AE A X 2
JESR DY 100 AR HVBE T 1 A4S i, R R BUAR X 92t
SR 50 1100 7 B LLAM AT BT 8 e et L BRI S
FEBR B0 DNA A X 5¢ 't 38 8 Sy — A By 2 A,
VLB 85 RT3 S 3R A5 1Y 1 07 16 A A S A bR o 4
Ay T 5 O A% AR AL B

B 1 [R5 R 96 AR 2 4 1 % £ A UL ¢
AL PSR (2n=1x=80) ; B. A% 1k (2n=2x=10)
Fig. 1 Chomosome numbers of root tip cell of the dipliody and tetraploidy
A. Tetraploid(2n=4x=80) ; B. Diploid(2n=2x=40)
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3) 0] DL B, 5 A AR R A EL O AR B 0
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KB S5 RE AR R AR 116 %A 122% , DUfE A

A U R B L AN e e AL
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Fig. 2 DNA distribution histogram of the leaf cells of the tetraploidy and diploidy plants
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Table 3 Differences of leaves and stomata between tetraploid and dipoid of Paulownia plants
=3 = 2R
g MRAmo e RS LK e i, SRE TULEEI
PF i Leal Leal Leaf length Stomatal Stomatal St - N St tal Ratio of
oy length width /Width length width omata omata stomata
length/Width density
4x 4.01£0.29a 3.6540.24 a 1.10 b 23.4540.28 a 20.12+0.25 a 1.16 a 253.38+10.78 b 0. 596
2x 3.60+0.18 b 3.104+0.11 b 1.16 a 20.1840.23 b 16.5240.14 b 1.22 a 424.82+16.32 a

P3R5 AR DA AR AR A R R RAL B L

A ORI R B AR A C R R I RS AL X2 4000 5D I AL X2 400)
Fig. 3 Leaves and their stomata of the diploid and tetraploid

A. Tetraploidy leaf;B. Diploidy leaf;C. Stomata of tetraploidy leaf( X2 400) ;D. Stomata of diploidy leaf( X2 400)
x4 EHHFEREEEM_GEETFELERNESR

Table 4 Differences of biochemical factors between tetraploidy and dipoidy plants

i H T2 3% MDA % & POD i SOD {% 1
Ttem Chlorophyll content MDA content POD activity SOD activity
1x/2x 1.1440.04 0.50%+0. 06 0.42+0.03 1.104+0.05
2.2 BAAERERENGEEEMERBERSZN  NAARTEKREZEH0.3~1.1 mg/L.BA BiEikEN
= V2 4~8 mg/L B}, 25 B A 1 41 4L 35 5 R 8

2.2.1 REIEARCH ARG FF 9 LLEBE
VU A% A e 7 AR 4 R R R 2R BRI A R S A
TEAS [RIAE 4 33 25 o U 4 A B 8 R 4 L E AT 8
It A A 2UNIE S5 R GR 5. B 4-A) £, A
HSMERTEA R B F7 5 0 A 5 R A —
Z5 . M NAA i E N 0.1 mg/L i, 5, NAA
JRiE e E N 0.3~1.1 mg/L.BA JRigkE R 4~16
mg/L B, M @05 4120 R 5 5 R 100, 026 24

100. 0% ;24 BA W R 12~20 mg/L W}, i %
BA 57 i e BE A 3G 0K, 3 Bl AME AR ) 1 1 41 2045 5 %
BIg bk, ZEBOR i A0 4 2055 5 R e IR AR
VM EREREMAEGH N 0.1 mg/L NAA+ 20
mg/L BA,5HMIXBAGHNBHIESELERR
. X Legh R AR R WY R DA A AR &) A [
HMEAAR Y 05 21 205 2 RN SR R B i
ZE BRI AR 75 5 th A 0 A G AR Y A RN BT b A T
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FHh—EZS., AL, EEE5F R LRREREA
By IRl I, ¥ MS+0.1 mg/L NAA+8 mg/L BA

B % FEAE o DU A 1R R 7 A R 5 BRI A
R S IDR SRR P
F 5 RESMEGIE Y B E A & X 77 AR B IR 0D 6 L A R S

Table 5 Effects of different hormone explants on callus indution from tetraploid Powlaunia
MY #E/(mg- L7 AUGARFERR/ % MUALFETR/ N
Phytohormones Rate of callus induction Callus induction rate of leaves
A A = E! i G e o
Leaves Stem segments Petiole Leaves Stem segments Petioles
0.1 4 100.0 a 100.0 a 100.0 a 26.6 q 0.0d 10. 0 ab
0.1 8 100.0 a 100.0 a 100.0 a 46.7 1 6.7 a 11.7 a
0.1 12 100.0 a 73.3d 71.7 e 51.7 k 8.4 a 13.3 a
0.1 16 100.0 a 33.41 30.0 1 76.7 e 0.0d 0.0 e
0.1 20 100.0 a 15.0; 15.0; 33.3p 0.0d 0.0 e
0.3 4 100.0 a 100.0 a 100.0 a 33.3p 3.3b 0.0 e
0.3 8 100.0 a 100.0 a 100.0 a 75.0 ef 0.0d 1.7d
0.3 12 100.0 a 96.7 b 100.0 a 91.7 a 1.7 ¢ 10. 0 ab
0.3 16 100.0 a 50. 0 fg 90.0 ¢ 70.0 g 6.7 a 6.7 be
0.3 20 96.7 ¢ 40.0 h 80.0 d 68. 4 gh 0.0d 0.0 e
0.5 4 100.0 a 100.0 a 100.0 a 40.0 n 0.0d 10 . 0ab
0.5 8 100.0 a 100.0 a 100.0 a 80.0 d 0.0d 6.7 be
0.5 12 100.0 a 100.0 a 100.0 a 88.4 b 6.7 a 0.0e
0.5 16 100.0 a 60.0 f 95.0 b 83.3 ¢ 1.7 ¢ 0.0 e
0.5 20 95.0 ¢ 40.0 h 90.0 ¢ 70.0 g 0.0d 0.0 e
0.7 4 100.0 a 100.0 a 100.0 a 36.7 o 0.0d 0.0 e
0.7 8 100.0 a 100.0 a 100.0 a 66.7 h 0.0d 10. 0 ab
0.7 12 100.0 a 66.7 e 90.0 ¢ 83.3 ¢ 0.0d 0.0e
0.7 16 100.0 a 18.4 g 66.7 f 88.4 b 0.0d 0.0 e
0.7 20 98.4 b 40.0 h 48.4 h 66.7 h 0.0d 0.0 e
0.9 4 100.0 a 100.0 a 100.0 a 43.3 m 0.0d 0.0 e
0.9 8 100.0 a 100.0 a 100.0 a 60.0 j 0.0d 0.0 e
0.9 12 100.0 a 100.0 a 100.0 a 73.3 1 0.0d 5.0 ¢
0.9 16 100.0 a 80.0 ¢ 100.0 a 76.7 e 0.0d 6.7 be
0.9 20 96.7 ¢ 50.0 g 60.0 g 63.3 1 0.0d 0.0 e
1.1 4 100.0 a 100.0 a 100.0 a 13.3r 0.0d 0.0 e
1.1 8 100.0 a 100.0 a 100.0 a 43.3 m 0.0d 6.7 be
1.1 12 100.0 a 100.0 a 100.0 a 76.7 e 0.0d 0.0 e
1.1 16 100.0 a 81.7 ¢ 91.7 ¢ 83.3 ¢ 0.0d 0.0e
1.1 20 96.7 ¢ 46.7 g 50.0 h 66.7 h 0.0d 0.0 e

2.2.2

P4 T 5 IR [a] 8 DO A5 A A SRk 4 2R
A BOAELE T B 4ZFAS CO U IRES D 4l

Fig. 4 In vitro plantlet regeneration of autotetraploid of P. australis

A. Callu;B. Induction of shoots;C. Induction of roots;D. Seedling
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25 . 4 NAA JT o ¥k BE — o i, B BA 5T & ok B2
ORI s TV AR 7S U Gl o ) el N
M aH Y NAA BT ¥k B2 40 512 0.1, 0.3,0. 5,
0.7,0.9,1. 1 mg/L B, it 145 41 2 i 1 28 5 &
AWk B 76, 7%, 91. 7%, 88. 4%, 88. 4%,
76. 7% M 83.3% . {HIE,ZEB AN AETE NAA F1 BA
AP R A G, B B S R 0 AU
8. 4% M 13.3% . P ILIA N, it F A 45 41 402 A U5
VO A5 A B 7 AR 2F 5 S 0 B il A 4L, MS 0. 3
mg/L NAA+12 mg/L BA 3535 5 0y f 4 41 81 28 155
S RaE B R 3

2.2.3 RRwEKREFZEWY FRGET WA
VR DU AR e 5 6 AR &) 25 E R [R)TT EE NAA 1Y
1/2 MS B35 F MRS S 45 21 (58 6, &1 4-CH ] L)

Bl AR R 19 NAA X4 3B SER A
7] o R AR TR) U DU A4S i 7 T AR 4 2R AR A 3 S 1
YfeiFs SRR, BLm AR SR8 T ik 10026, (H R
[ T i e NAA X5 28 1 R AR A B ] AR 1
B MAER T YR K M m AR, ME NAA
JoT Wk BE A 1G5 S I A 1 R AR T R (18 1 [R] B R
A & 25 A AR B R T D O AR K Ok i
NS R A, 0BRSS T NAA R
JE T 32 T 1 K T B D) 1AL R AR Y A AL 2R
ZRTE, LA R DU A% UK B T A 4 2 A AR (]
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Table 6 Root induction of autotetraploid of the shoots

NAA W E/(mg « L1 WFEFR/ % FF A 1 RARPrw e E/d HRAL PR /em
Concentration Rooting rate Time of the first rooting Root number Mean length of roots
0.0 100 a 12d 5a 3.8 a
0.1 100 a 12d 5a 3.5b
0.3 100 a 15 ¢ 4b 3.1c¢
0.5 100 a 16 b 3¢ 2.9 ¢
0.7 100 a 18 a 3¢ 2.0d
3 W I 7 i e Jo o R KO 3R e A 3R K B ) 1) 2

) B G o A T A 5 e 0 AR 7 A TR R 26 S HE
b PRI [R]85 P 2 OG . AR R BOKAINER & 2 45
NAT R B0 S5 A 00 A B ) 4z B4 2 0 40 L e £ A
I R FEAROR 2 A5 R 05 S h B R L E Y
YER . AT R B, 7E — 2 IO HE v B 9 L, BOKkAl
BN Y 0 (R 25 K JC 0 SR AR A L AR a4 AR A i
AR FNAR S, AR ) KBRS L 28— 5 I ] 4k B 1 20
IRV = I o s o | R R SR N | K R DA R N
. R [ AR A0 A X Bk K Al 3 A R P A A 22
5t UL AS TR R 9 22 A5 1A 5 9T 7 1) el Bk K Al 26
Jo 5 v RN A B 8] 21 A R R AR R X i
A K 156 FRAT 1AL 6 A [] 5 DU A5 A4 o5 8 15 2 R I i
WAL FR A A TR SR 12 d M AE R OK Al R B
WEN 5 mg/L MR 3L L ACEE 72 h, B LA K T
Higk 6 d it AE 20 mg/L KK AL ZR By % 5 | 4k 3
72 ho T 2= 2 A A 0 Ok R R 12 d W AR 10
mg/L BOKANE B 25 FAREE 24 b AR
ARAT B J7 WA e DO A AR S S R SR A
2P SR i R AR B s VR E O 10 mg/ L By Bk KAl
Fr A B 72 h R, B 7 6L [ U DO A AR 15
TR AR R AL A A R 24— B[R] T B SR

Ao 1 BRSS9 JE R — 5 T AT BE 5 i R 0 R
A — A AT g5 H AR A O XK A
K5 7= A AR A O

) 1A SR AR 1) P2 5 R ) o 2 A R A Y
TS IR I o BB R R P I e 100, Y
Ly 5 IR TR 5% 3 35 i R 9 4% 1 R L R 0 A
PER N Wb 8K 25 5% i R A0 A Bk B B A A R
A DO A5 A B v &) B e R 25 BRI A
EFE SR N 91.7%,8. 4% M 13. 3%, H 5 =
A &y v AR ) A0 IR B 20 15 & SR AE A W] W 22
S BOZ A R R A AT R A A R D
AT 7 0 R 1 R A R R R A B S AR IR ) A R
A5 DA B 35 240 i R TR 3 38 7 0y ) o 28 sl B A A —
SE 25 AT U B AR R PR 7E DU 8 S
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