fREFESE OB R R AR R R L
A AR RER T BRE RS RAUF RPL e

Technical systemic optimization of pollen chromosome doubling induced by low temperature in Populus tomentosa

Du Jiahua, Xie Yunyun, Long Meiling, Kong Bo, Ma Lexun, Zhao Yaqi, Zhao Yuanqin, Zhang Pingdong, Kang Xiangyang

ElES'E

Fgate, it m oz, Jede¥e, FLM, AR, R, BOT, Sk, B L RIS 5B B E R S s soR A R it
1. dEatRoll K2f2E40, 2025, 47(9):80-89. doi: 10.12171/7.1000-1522.20250158

Du Jiahua, Xie Yunyun, Long Meiling, Kong Bo, Ma Lexun, Zhao Yaqi, Zhao Yuanqin, Zhang Pingdong, Kang Xiangyang. Technical
systemic optimization of pollen chromosome doubling induced by low temperature in Populus tomentosalJ]. Journal of Beijing Forestry

University, 2025, 47(9):80-89. doi: 10.12171/.1000-1522.20250158

TELRRIE View online: https://doi.org/10.12171/j.1000-1522.20250158

AT ARG HA SCEE

Articles you may be interested in

RIS B AR S G & =R

Pollen chromosome doubling induced by low temperature to produce triploid in Populus tomentosa

b bRl K224, 2025, 47(5): 26-36.  https://doi.org/10.12171/1.1000-1522.20250018
BROKANBAL PH75 -5 R IR AZ 20 043 5 2 b = A5 (A ]

Pollen chromosome doubling induced by colchicine treatment and creation of hybrid triploids in Populus canescens

demtAfoll K 2z27417, 2020, 42(3): 119-126.  https://doi.org/10.12171/5.1000-1522.20190363

[EREAZS R Y 7k e RN I 2 R

Cytological mechanism of pollen abortion induced by high temperature in Populus canescens

JEEAROL K2 A24 47, 2023, 45(5): 25-34. https://doi.org/10.12171/j.1000-1522.20210498
IREE 2R AL T ST SR 2n ik 7 A SRR A 1 2R 4 5 )

Pollen chromosome doubling induced by gibberellin spraying treatment and its effect on microtubule cytoskeleton in Populus bolleana

sl K 22447, 2023, 45(1): 40-50.  hitps:/doi.org/10.12171/5.1000-1522.20210449
GEAFTARAEBET =T P/ N2 A RGN AR M5 RIE S HRE

Fine root spatial distribution and morphology of triploid Populus tomentosa—wheat agroforestry system under wide— and narrow—row

spacing planting schemes

JEEURROL K2 244], 2021, 43(10): 73-80.  https://doi.org/10.12171/5.1000-1522.20200420
OEA At PR R TS B A R E AL B A3 A e

Optimization of chromosome pretreatment method and its application in karyotype analysis of Paeonia x lemoinei ‘High Noon’

JEEAOE R 2A24 47, 2021, 43(5): 118-126.  hitps://doi.org/10.12171/j.1000-1522.20200301


http://j.bjfu.edu.cn/
http://j.bjfu.edu.cn/
http://j.bjfu.edu.cn/
http://j.bjfu.edu.cn/article/doi/10.12171/j.1000-1522.20250158
http://j.bjfu.edu.cn/article/doi/10.12171/j.1000-1522.20250018
http://j.bjfu.edu.cn/article/doi/10.12171/j.1000-1522.20190363
http://j.bjfu.edu.cn/article/doi/10.12171/j.1000-1522.20210498
http://j.bjfu.edu.cn/article/doi/10.12171/j.1000-1522.20210449
http://j.bjfu.edu.cn/article/doi/10.12171/j.1000-1522.20210449
http://j.bjfu.edu.cn/article/doi/10.12171/j.1000-1522.20200420
http://j.bjfu.edu.cn/article/doi/10.12171/j.1000-1522.20200301

BATHEE W I = # I x 2 2 K Vol. 47, No. 9
2025 4E9 A JOURNAL OF BEIJIING FORESTRY UNIVERSITY Sep., 2025

DOI:10.12171/1.1000-1522.20250158
RBFSFEAGLEMRRBEMERARERAL

#id; /’fJ"él,Z ﬁ}?ifl’z jzs":{’{é\lﬂ %L tﬁl,Z _QJ/%/‘ 1,2 ﬂﬁfﬂ 1,2
BILF  KFALY  FEmE

Q1 ABHTARY R AR A B8 35 2k P2 4 [ B S 38 %, Bt 1000835 2. ikl REMAR B F 54 BB R ER TR
BEFE AL, A5 100083; 3. e B AR AR S Hote, 1 R e B 2525000

FHE: (B R 100 2 IR 5 5B A ALk Qe AR IN 3RS 2n A0 & BOIR LV HEL, 32 2n 1ERY B S RCE, AL 7235 (KT %
FEHEABIER R OB TR L REHARE R [55E AT VG K S ARy gttt BRI R
VELL GO, TEIR T0E A L 27 A R A8 IR U IGIR A v 22 S i 2k b, T (IR 2 B A BB e M i HioR
FAFRAALHT ST PSR HRIR T 2 20 168 5B A SR MERMGIEAT S0 2458, JE I I Xl B AN (A 4t i e i
THEERMEYE . (E58R 1COAECT 100 BRI H1, A0 T80 R0 B B ALKy R340 M G SE D 50U, AR Ak 22
FREAM A 2n 460 FIE BIR TS FEIN—13 ~ =7 C; (AR Jedl o 2T BAFIRr 82 b B K35 %60 B B4 2n 4K
W SR AAWRFELW, FE 7 HH-13 C KRR K B 288002 1 AR08 B 4EHL3EAT 5 h I 4r kA0 B 2GR
75 B A AR G ARG I B R AL B 5, I 20 R 5 T R ATIA (3111 % 2.93)%; GOF T m S 3 (IR 35 5 2 2n
e85 8 A BRI A PR MEC T 25T SO 2858, T ERAT 26 BR=A5 4. (SRR 1A S b If e T IRR =
BEGIER RO INAEE ZMENEARER, IR T 20 N FESE, HFBITRIETE S5 20 BN IITIRBT 26 =
Bk, BAL T — M RO E MR = (54835 3 07k o BT F0 48 Rl 9 s MROR = 6 5 P B8 R HOR 1 A J 35 5 2 1)
Hefif

KR B AW MR B ARINGE: 2n 108 EMIE : =R E F BE SR

FESES: S792.11 HEMFERE: A XEHRS: 1000-1522(2025)09-0080-10

SICAEs: MG, oz, HER, & RRE T B ABEN R ORI EARE R [T]. Jbsttol R 244), 2025,
47(9): 80—89. Du Jiahua, Xie Yunyun, Long Meiling, et al. Technical systemic optimization of pollen chromosome doubling
induced by low temperature in Populus tomentosa[J]. Journal of Beijing Forestry University, 2025, 47(9): 80—89.

Technical systemic optimization of pollen chromosome doubling induced by low

temperature in Populus tomentosa

Du Jiahua'? Xie Yunyun'? Long Meiling'? Kong Bo'? Ma Lexun'? Zhao Yagqi'?
Zhao Yuanqin® Zhang Pingdong'” Kang Xiangyang®
(1. State Key Laboratory of Efficient Production of Forest Tree Resources, Beijing Forestry University, Beijing 100083, China;
2. National Engineering Research Center of Tree Breeding and Ecological Restoration,
Beijing Forestry University, Beijing 100083, China;
3. Guanxian Forestry Service Center, Guanxian 252500, Shandong, China)

Abstract: [Objective] This paper aims to determine the appropriate temperature range for low-temperature-
induced chromosome doubling in pollen of Populus tomentosa to enhance the induction rate of 2n pollen,

thereby improving polyploid breeding technology system of forest through inducing pollen chromosome
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doubling of P. tomentosa by low temperature. [Method] Based on an investigation of differential sensitivity
at different developmental stages of male flower buds to low temperature in P. tomentosa, aceto-carmine
staining method was used, the experimental conditions for inducing 2n pollen by low temperature were
systematically optimized by taking male floral branches of P. fomentosa collected from Shuozhou, Shanxi
Province of northern China. Furthermore, triploids were generated by pollinating the obtained low-
temperature-induced 2n pollen with female P. tomentosa and Populus alba % P. glandulosa, and were
determined by flow cytometry and somatic chromosome counting. [Result] (1) Compared with pollen
mother cell stage, pollen mother cells (PMCs) of P. tomentosa at meiotic stage exhibited higher sensitivity
for low temperature. The optimal temperature for inducing 2n pollen ranged from —13 to =7 “C. (2) The
dominant meiotic stage, temperature, and duration significantly affected the induction rate of low
temperature-induced 2n pollen. The optimal treatment combination for inducing pollen chromosome
doubling in Populus tomentosa by low temperature was determined to be 5 h of continuous treatment of
pollen mother cells at =13 “C during metaphase II. The highest induction rate of 2n pollen was (31.11 +
2.93)%. (3) Twenty-six triploids were produced by crossing low temperature-induced 2x pollen with haploid
female gametes of P. tomentosa and Populus alba * P. glandulosa. [Conelusion] In this study, to increase
induction rate of 2n pollen, the technical system for inducing pollen chromosome doubling by low
temperature in P. fomentosa has been optimized and 26 triploids were produced by crossing low temperature-
induced 2n pollen. Therefore, an efficient and stable method to produce triploids for woody plants is
established. These results lay a solid foundation for the development of theoretical frameworks and technical
applications in triploid breeding of forest trees.

Key words: Populus tomentosa; low temperature; chromosome doubling; 27 pollen; pollen abortion; triploid

breeding; genetic improvement
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Fig. 1  Survival rates and pollen abortion condition of male flower buds in Populus tomentosa clone SX-145 under low temperature stress



84 b ® Mok K % %R

47 %

A0 s A B IR BE VG L 9—13 ~ =7 Co
22 KBRIFSEAGEHLEEMEHEARAZENRL
LR B KR o ARk BEAH B N 2 T
Wi TRTH. T, TR RN, ¥4 & A i
AR B -7 =10 F1-13 °C KT 3.4 M 5h
HIFF S AL TR, & A TR L& 1T 5 SAER e (AR
A5G 2n 64 (B 2), AEEFHE 2n fEH T F
Gt R WER 1. XA A DR RIR 2n LM AELE
(Bl 2a), (HI: 2n 8K 15 0.48% . BARIRALH A A,
GRS S8 2n EM B F EN T 1.26% ~ 31.11%
Z A CE 2b ~ d) o HoH, 70k RESH 3k N385 3¢
IR AR, FIFH =7 CARIRFFELALEE 3 h (1) 2n 160
FESREM, N(1.26+0271)%; 1AM E T £
IRA 2L TR AR, IR 13 CRIR RS EE S h
1) 2n TR S R i, 1K (3111 £2.93)%. AFEME
BACERH A 2n AR5 TR I 2 5 B 45 R
(£ 2)FRW, AP L (F =30.656, P < 0.001). Jik %
4y Z4IF B (F = 19.804, P < 0.001) A1 HF 4 kb 3 I K
(F=5.554, P=0.005)3%f 2n 16k 55 5 R LA W
HEm, B2 BN G R GR DER:-13 C
IRIRALEL ()P 2n 40K SR B E = T-7 fil-10 C
AOBR; I R TT HRHTY 2n SRR 1A SR B E S
T oA o 40 15 ARIR R SEAL R 5 h (P E 20 AEK)
B RE T HAD R ) A, K B 5T 3hAhH,
ZEE U RS, M T RIH-13 C FIRIEXN KB R
PR 2L TSR AE R BRI 21T 5 h M FpE Ak 72
AR S B A e Qe s o b B 5 .
N T B UEAR IR 5 BERELE 28 77 2R 2n 1Rk H
AR 13dE P, AW 70 I% £ AR IR 84K I AL A N
SEEGATRL, ARy BEAH B N gk o> T A R, iE
=13 °C KR53 5l FEAE 2R 3547 34 4 F1 S h [E4E

I T T
.%:;’. o .0:} : e,

®e .\:ﬁp“ 52
> o ¢ »
é'.’; ??ﬂf—ﬂ\ g

_‘Oz‘o_um ® Brsic A :

AEEE, FEGETH SRR A1 2n 16K B S K . B
RERGBAM IR SX-145 ML, HLAR 84K
X HRZH R R I b & R AR 2n fekn (B 2e), HH
2n AR 0.34% . SAREACELH 7R — 8 =
FME IR S 2n 16K (B 2f ~ ), 20 16K 5 S R A
T 10.45% ~ 39.17% 18], BiWMKIR 5 S B Ak
BRI 3R A3 2n 10K AR TRE F T H A 0
T, LA I A
23 RIBFESHN 2n EH 5 BEHEIER F232 6
F=f5E

W HLE B AIAR A < 84Kt 2n 1EH B S A
X i HAEHR P2 BRI 6 AN ERALA (AL R, 43 5
5L Z YX2 LA BAM LR SX-121 1)
METE AT IR 2258, B A3RAT 6 167 Kb T, i
1 540 #R (K 4. & H =20 10 cm B, T
YA B A A8 FAGEAT 1B — A, AT % 3R
R = 533t 26 R (& 3a, b). HE— BRI F 1A
Y H G B R T B0 5 B AL = A5 PR AR R AT A5 1 KF
BOUE, R A R R G R SR 38 5 (2n =
2x =38, [l 3¢), AT BEl = A i G iR 5 H 3 1
SEN ST 4(2n=3x="57, B 3d), ¥INEIEM =151k,
TESRAFI 26 bR =54k, H e kB TEAM
SX-121 5 IR 84K [ A AC 4 A5 20 Rk B TH4R
54 YX2 5 AW SX-145 K4 A3 4 & FHRA Y
FAZ FAR A ARAT I B =5k GR 4), Ui KA 1)
KR 2n LR R RES H ZH .

3
I M E KR B I EZEAR T . 4

AT ITAER, A8 B M R B = IR 2
SRR A TR A K I R B o i P B A

a. BAMTM R SX-145 [IRER 2n 1640 ; by ¢ F1 d 25110 —13 °C 4bF 3. 4 1 5 h B ABREE S 2n 168 e HRIRM 84K KRR 2n
TE8s £ g A1 h 23 HIRFE—-13 °C 4 3. 4 1 5 h (ARIRMEIRE S8 2n 168 . R 7 Sk4R 1M 2n 168

2 EAMENR SX-145 AR 84K IR IR 2n 10K SRR 58 20 FEK)
Fig. 2 Natural 2n pollen and low temperature-induced 2x pollen in P. tomentosa clone SX-145 and P. alba x P. glandulosa ‘84K’
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Tab. 1 Induction rates of 2n pollen derived from different treatment combinations
A5 2L ) A/ C FREACFRIN [A)/h RO G 2 2 B S 5/%
3 M1 1.55+0.04
-7 4 M2 1.84 +0.88
5 M3 2.00+0.56
3 M4 2.07+0.26
[ it ~10 4 M5 246+ 0.84
5 M6 2.85+0.46
3 M7 2.89+1.43
-13 4 M8 3.27+0.25
5 M9 4.21+252
3 MI10 1.68 +£0.27
-7 4 Ml11 2.17+1.22
5 Mi12 2.30+0.89
3 M13 2.37+0.84
1 RTH#A -10 4 M14 2.84+1.16
5 M15 327+1.50
3 M16 3.70 +£0.77
13 4 M17 431+1.65
5 M18 6.11+2.25
3 M19 2.45+1.01
-7 4 M20 428 +1.32
5 M21 5.10+1.21
3 M22 6.88 +1.62
11 -10 4 M23 8.11+1.63
5 M24 10.22 £2.31
3 M25 14.92 + 1.74
-13 4 M26 19.86 +3.53
5 M27 31.11+2.93
3 M28 2.13+£0.49
-7 4 M29 2.65+1.11
5 M30 2.74+1.01
3 M31 2.86+1.24
nEM -10 4 M32 3.16+1.62
5 M33 3.81+2.73
3 M34 4.25+2.04
-13 4 M35 5.64+2.33
5 M36 7.40+3.77
3 M37 1.26 +£0.27
-7 4 M38 1.56 +£0.11
5 M39 1.86 £ 0.74
3 M40 1.99 +0.77
113 -10 4 M4l 236 +1.55
5 M42 2.56 +0.81
3 M43 2.79 +1.50
-13 4 M44 3.00+£1.32
5 M45 3.97+1.49
A CK 0.48 £0.16
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Tab.2 Variance analysis of 2n pollen induction rates for each treatment combination

2 5 RS df MS F P
T 2 8207.372 30.656 <0.001
TR LN 4 5302.168 19.804 <0.001
VOSLRS 2 1 486.960 5.554 0.005
TREE < Il 5y 2 34 8 116.802 0.436 0.896
R x QLB ] 4 36.112 0.135 0.969
VRGN IR (SN RS 8 25.397 0.095 0.999
VRS LTS > IR x AR FRAT 16 40.011 0.149 1.000

K3 2 EHBESENZERR

Tab.3 Multiple comparisons of 2n pollen induction rates

Ab BRI RE/°C SER 2 5 5% AbFRI S P20 ek 155 26/% FRE AL FRIN ) /h 2R 5 5%
-7 2.37b I 44 2.57cd 3 3.59b
-10 3.85b 11 AT 3 3.19bc 4 4.50ab
-13 7.83a 1T 11.44a 5 5.97a
a4 3.85b
TR 2.37d

T AFEVNG FREORA A P AR R # Z R (P <0.05),

F4 RBES 2n B 5 BEMEMER 7532 65 =&

Tab. 4 Crossing 2n pollen induced by low temperature with haploid female gametes to produce triploids

P A VUL RS 20K 75 5 26/% 7 FUHT L EXINT S =A%
MY1 10.45 1300 410 0 0
MY2 12.49 503 37 0 0
EABSX-121 * MY3 14.02 805 49 0 0
(AR 84K MY4 16.00 1397 367 3 0.82
MY5 39.17 295 41 0 0
MY6 30.95 215 64 3 4.69
YMI 6.88 446 123 1 0.81
YM2 8.11 285 87 1 115
YM3 10.22 93 84 10 11.90
HIRYX2 x YM4 14.92 171 16 2 12.50
EH#SX-145
YMS5 19.86 21 28 4 1429
YM6 3111 36 10 2 20.00
CK 0.48 400 224 0 0
At 6167 1540 26 1.69

R B 3 B IN N A6 25 48 = AT IR e A S
W, ALK IE , ek e ERRAR, TER R G R, R
T TR, R R PRARSEDT, HAEY BT bR
KB B BAS R, iR A A SRR FE TR A
Fir 222 30 U7, A ot AR v 3 P 3 XS AR A 3 R ) A A
FEEWANRAH A . #5 Takeoka ZE!"8IFl Satake Z5"HR1HE,
AP BEA0 R 15 ki 23 R4 T 46 22 DU 23 AR T i aX —

R B BOnH I 8 B O U . AT TR 15 ~
=7 °C AR 73 31 X5k Ak TR0 B 200 6 Bt S A Ok K 7 2R
I3 0B A EAE 2F REAT AR IR AL B, R BLAL F-1EHr
BRI 3 COR e SBRE 73 28D IR HEAE 25 G IR AN B
B, RS BIIE LT B R . TN T 40 T 983
Sy 2B WIEAE 2RI 5, —10 °C RIRFFSEALHE 3 h ik
W S EUD B MEAETEIET, 6 2EA7% R PR N (98.25 +



o HFAES ARG S B AR e a5 5 ARk R AL 87
2x 3x
5000 2500
4000 2000 -
3000 | 1500 |
m m
2000 | 1000 F
1000 | 500 F
0 s . 0
0 50 100 150 200 250 0 50 100 150 200 250

Channel (DNA-DNA)

2 pm

Channel (DNA-DNA)
d »

- *
. -~
," vS‘;
4 v

-
’

-

3-

- ”.
o

.J;.‘G»

» »
an
-

2 pm

a. ARARRER IR T b, SRR IR T ¢ AR B AR ORI 2n =20 =38); d. =T ABROAETTE(2n=3x=5T).
K3 RRFEFEAMENER SX-145 SHIR 84K 1M YL ORI AL

Fig. 3 Ploidy level analysis of offsprings derived from pollen chromosome doubling in P. fomentosa clone SX-145 and P. alba x P. glandulosa ‘84K’
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R HA (10 2 8 28 I T o B D U, X 5 L e T
(Arabidopsis thaliana)~ IXF&(Oryza sativa) ZEH ) I
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