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Abstract: [Objective] This work was to discuss the feasibility of produce 27 pollen by inducing 2n pollen
production via gibberellins (GA;) and investigating the effects on meiotic microtubule cytoskeleton of pollen

mother cells (PMCs) in Populus bolleana, leading to developing a more effective and cheaper chemical
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mutagen and establishing an effective system of polyploidy breeding for forest tree. [Method] The
observation of the meiotic process of PMCs, the production of 2z pollen induced by GA; spraying treatment
and its effects on the organization of microtubule were conducted by aceto-carmine (2%) staining and
indirect immunofluorescence microscopy using male flower branches as experimental material in P.
bolleana. [Result] It took about 4 days to complete the meisois of PMCs, and the meiotic process within
different buds was asynchronous. The meiotic stage, spray time, the interaction of meiotic stage x spay time
and spay time x concentration of GA; had significant effects on the induction rates of 2 pollen. The optimal
treatment combination for inducing pollen chromosome doubling by 50 umol/L GA; solution was given 7
time spraying when PMCs were at meiosis II. The highest induction rate was (8.83 = 3.10) %. Compared
with the control group, the radial microtubular structures between two neighboring nuclei were under the
optimal conditions, lacked in some treated PMCs, leading to the failure of cytokinesis, nuclear restitution
and the formation of triad and consequently a haploid gamete and a 2n gamete. [Conclusion] Spraying
gibberellin could induce chromosome doubling of P. bolleana pollen and obtain 2n pollen in a certain
proportion. After PMCs being treated with GAj;, the partial absence of radial microtubular structure between

two neighboring daughter nuclei in some PMCs at telophase II is found to be responsible for 2n pollen

production.
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Tab. 1 GA; spraying treatment of flower buds

in P. bolleana
Concentration of
GAs/(umol- L")

T E 7 2R 34

Meiotic stage

ST €
Spraying time

50 5

TEH BE2H A 1

100 5
Pollen mother cell (PMC) stage

200 5

50 5

IR E R

100 5
Meiosis [

200 5

50 5

Rt 100 5
Meiosis 11

200 5

BB YR R G D 5
Meiosis II (control)
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Fig. 1 Meiotic process of PMC in P. bolleana
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Tab.2 Meiotic process of PMC in P. bolleana %

TRE Sy 2L 1 JKE5 I 7] hydroponics time/h

Meiotic stage 96 110 124 136 144 152 160 168 174 180 186 192
4N Leptotene 65.5 28.5 9.0 35
B Zygotene 255 51.5 36.5 145 5.0
FH£8 3 Pachytene 9.0 16.5 40.0 27.5 18.0 125
k3 Diplotene 3.5 145 47.5 22.0 14.0
2275 # Diakinesis 7.0 46.0 20.5
] T Metaphase | 9.0 27.0 8.5 6.0
Ja¥i 1 Anaphase I 10.0 22.5 8.5
KW 1 Telophase I 12.0 375 13.0 55 2.0
Hif 1 11 Prophase 11 4.0 21.0 34.0 28.0 11.0 5.5 0.5
s 1T Metaphase 11 10.5 30.5 37.0 25.5 6.5 2.0
JE#A 11 Anaphase 11 8.0 21.0 39.0 10.5 25
KT Telophase II 8.5 19.5 50.5 14.0
VY43 Tetrad 3.0 27.0 81.0

VE: KR EE A AT AR HATEA BRI EL 5] . Note: data in the table are the proportion of PMCs in the period.
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Q..\ 10 um E 10 um

A RBEFAHFETEMTES: B. R 2n 108 (Fi k819D CORERTE T 2n 10K (Fi <48 1); D. DAPT 410 /5 IF) A5 HETER) ; E. DAPI 3¢
BIENRE R HE TN 2n f£H . A, the dry flower buds after GA; treatment; B, natural 2 pollen (arrow); C, induced 2 pollen by GA; treatment
(arrow); D, haploid pollen after DAPI staining; E. induced 2n pollen by GA; treatment after DAPI staining.

2 FREE WAL SRR 2n 40K KIS IR R E (15
Fig. 2 2n pollen induced by GAj; and its effects on the development of male flower buds in P. bolleana
xR3 FEFRERBUHELEASHIEG 2n LHFESE
Tab. 3 Induction rates of 2n pollen with different combinations of GA; spraying treatments in P. bolleana

TREERINL W7 5 2n ek 5 P R
Concentration of GA3/(pumol- L™) Spraying time Induction rate of 2n pollen/%

TE 20T B Meiotic stage

0.40£0.26
1.03+£0.92
5.01+1.74
3.01 £0.36
4.69 +0.44
5.04+2.16
3.22+0.40
4.89+0.53
5.00 +3.63

50

1ek BEAH IS 1] PMC stage 100

200

2.15+£1.18
2.12+0.21
5.98 +1.35
2.67+1.76
2.55+0.80
4.98+£3.78
5.53+1.64
4.03+1.29
472 £0.44

4.72+1.83
5.50 +1.89
8.83+3.10
4.08+1.25
3.09+£0.96
3.04+£2.75
425+2.13
5.66+1.29
522+1.35

50

SRR 5> F Meiosis | 100

200

50

B IR ZE Meiosis 1T 100

200

~N L W g W W ~N W W W W ~N L W g W W W

w

0.11+0.04
B YIS 2L G IR Meiosis 1 (control) 0 5 0.42+0.27
0.26+0.11
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Tab. 4 Variance analysis on induction rates of GAj-induced 27 pollen in P. bolleana under different treatment combinations

A% KR Source of variation df F P
A7 2] 3] Meiotic stage 5 4.426" 0017
WG R EL Spraying time 2 9.600™ 0.000
78 IR Concentration of GA; P 2538 0.088
PE T ZLET A > BHTE K3 Meiotic stage * spraying time 4 0.940 0.448
IHT ZET I < 7B 2 IR Meiotic stage x concentration of GAj3 4 5.103" 0.001
WG AL * 7R B ZUE Spraying time X concentration of GA; 4 3.565° 0012
T ES 34N Y > IR IRH < R IR 0 0.562 0504

Meiotic stage x spraying time x concentration of GA;

E:TREZERMEE (P <0.0D), REZREH(P<0.05). Notes: " represents extremely significant differences (P < 0.01), " represents significant

differences (P < 0.05).

x5 AEBESZEEIAE BB EG 20 EHESENZELILR

Tab. 5 Multiple comparisons in induction rates of 2x pollen under different meiotic stages and

different spraying times in P. bolleana

TRA ) 2R 3 P20 A ek 73 M4 H R 2nTER 155 5

Meiotic stage Average induction rate of 2n pollen/% Spraying time Average induction rate of 2 pollen/%
TEAS BEAR LI S PMC stage 3.59+2.18b 3 3.34+1.85b
S U 4 Meiosis 3.86+2.03b 5 3.73+1.78b
5 IR 2 Meiosis 1T 4.93+2.33a 7 5.31+2.54a

E: ARNE FRREZEREFE(P<0.05). Note: different lowercase letters represent significant differences (P < 0.05).

AUk, MTEH BRI R B 28 50 IR B o i, LA
50 umol/L 1758 22 AT 7 IR W b 312 5 5 7 5
WA e A N5 1 S R AL R AH
23 FREZEHLEXNITEG LM EHEMRE SR
HMESRNFMm

TE BT 8 b A6 k0 B 20 M 9 A0 o 24 7R R,
BRI AT SRR I AR (B 3BA ~ L) fE
3 BEAH B E N0 400 1 T A, WO AR B 4y
A T4, B A% (B 3A ~ B). ek B
YRR B 2 AAR AT, T R AT R e, R RS A
TSR R R DD, BB e T 4 M A P A L A
F % A AR e € fds (I 30D o 2478 8 B 40 i 38 N b 38
T A, AT AR R HE T 40 7 K 11 A0 22 3 R 5 5 22 h
R P R 1T REL P 35 22 0L 0 SR 4R T RO A2 (1) 273 i A
YRR, B HEALE AR IE AR LI Yk (B 3D,
W IR & 2 G 1K, g7 A 72 5] 35 [
TSR AR PR (B 3E) . [FITRY EAHRIA
AR I, A6k BEAN A E N R 1, BRB 3 X — ik
FEA), 43T 25BN X 3 P 3F)

55— IR AL A 2L UG, 168 REA M A 2 47 41
FiL R 43 28, ST R NG — R EAr 2L. TE R BN
RE R, ZAMEZ R 2 M THRZN, 5
Pt R MHEE 3G, BEMEN#HE—SRE, 24
TUNAZ P 2 0l BT R AR O, T e HE A AE R

TE AR b et ph, R T8k BRI O F A
IMCE 3. “iekh gk E 25 TR, 1405
PN ) 7 R L 2 5| S L ok e 8 R AR RS 1) T A
(B 3D, kG EARHGE T A0 RIS, 45 IR
B ERZ ALY 1, S BN, BERE 4 4
T 1%, ARG 2B IR R W (B 3D . fEfR it
RAE BREN R, 40 I R A 1O T 3, TE
J VY 43 CPE 3K, 18RI R A0 8 31 = 434 (& 31D
L6 A AR LG, 78 58 U T R B R
WG AL HE 7 R AL ER AL R, AR BB R I T 2
55 A CE 3P ~ S, HoAth ik 25073 2L B 3 A 1l A A
AR 5 X B A AL 3M ~ O) . TEHT SR LR B
4 Hf 28— ORI AR o T I A B R W A B 7 IR,
AR TTAH 20T 1% 2 TR (0 36 SRR A0 R A 3 4 i 2
(B3P ~S), Xt HEAH AR M 1T 3 i 2L B B A A
AR TL 8 SRR R 350 23 BR 2 v] 30 2 N FHAR 1%
B 5 43 R, TR P2 AR BRI, TR = 5044
(B 3D, MR BT DA T 1A 20 Bl T,

30

T 9B A K BEAH L R K o R B A IE SR T A [F] 2D
P, IX AT BE A A 1k B A0 B gk 7 R R A — Ao
IR . AN 2GR KZ, BEBY. 8L
¥ (Populus simon 1l x P. nigra ‘Tongliao’ ), I -
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