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¥

WE: [ BY ] I5RGR AG KEEE (PAGI X PAG2 ) fEMifitt X Bt B fER, AW srF B R gt
i, [ A% 1 LA 84K°4% ( Populus alba x P. glandulosa ‘84K°) #6245 AR, XL K B ES AL, MEHE
AR E RO GIE PagdG2 FHER A Gk, Eid AWy . S ER PCR. RN AR FEHATE, MR
1% ¢ 84K’ ( Populus alba x P. glandulosa ‘84K’) PagAG2 3[R b} 25 f AL F AT 5T, 0T PagdG2 K Rk
Ko [HER ] E KL R TR, LB E A, T, PagdG2 MFAR et mEREAk, JFH
TE QAR AR IR . 25 PRt il 22 ) o RN AR A5 R R . Pagd G2 TE 84K M MEAE AL 2 Th =
ik, (BEABEEZREBHS P AER, [ L 184K PagdG2 BN 5 Q4K LA K B & VAR, AEEN
H K TR EAHAER R BERZEE FH TI5E . (2 PagdG2 R RS S5 HAMbH S WA K E T AE, EMHEEM
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MAEH, B. CHEREFILRI R EHEELE, C
KM E RERPGE O LT, DEMELIGEM
KRBT, HIIER T WM B R 1
YERIAR 2R FHADHY), ARG I
‘B & B W £ ABCDE 283t [H Uy BE Wi i #fr, 4.
A BEEH TP API R JEBER PTMI . PTM2 Fl B 2
S AP3 FIIRFER, BATTFER I ME/ R
RBAMES, WSS T MM g,
B 2L A A (%) PL) [R) IR JE R PaPT A C 25 3L A
PTAGI 1 PTAG2, S5#W ek & % V1A T H ]
RERZ MRS FR 4 B MIE UM & B 5 E R p
() PTM3 . PTM4 }: PTM6, TEAmWME/ vk A6 &
B RIs, R BRI P A AR
I FRIA R,

AGAMOUS (AG) J& MADS-box %t A rh iff 58 ¢
R IO — 2RI, B T AR 1) MIKC &Y
C 25 MADS-box 3£ K, {45 eudG/PLENA (PLE) i
Z M AGAMOUS-likel I(AGL1 )i % , W] 55 Ho At 2
DR A S s o I 88 R B 1 O 3 8 ) RSB
b, AG A R T AR K B TR AR R P
B0, AR R, FERIEEIT AG RAKRIAE
A E WAL R L T A AR AR (M) bk
TEME . SHIUEEEEHY (OB KB B — D AL 1
B, M — . RMIEEH R XA 5 A
RIS A B IR T2 R, Ji4h, il AG &
SEPE R MEEART P, M AGAMOUS (AG) I HiH]
AT s AL R B s A H0E, 7EERY
WMEkkH, AG (PtAGI X PtAG2) F1 STK ( AGLII)
FLHAE WA E & E R B M DI RE RSP
FEEHNHIF BRI, T R TEAG W ML AL &
A AR TCHGE .

AR HEET AG2 TERFAHYIIE RS B W PUE A
H, XFR IR 4% < 84K ( Populus alba * P. glandulosa
‘84K’) PagAG2 BEDHIN 25 et kAT T AGI, Ayt
— WS AR AR AL R B T TI6E, SR %
X P b X A AR A B B A T AR B SR

L AR

RIS LR 48 iRk F

R AR 4 < 84K ( Populus alba % P. glandulosa
‘84K’) fEFT 2019 4F 2 H 22 H R {AbE i [
MREFBE N ((115.7°~117.4° E, 39.4°~41.6° N),
H B AR E K TR 25°C, J6EE 2300 Lx. 6 JE

1.1

9] 16 /8 h RYZHZUEE 3R E v s RNA 48 sl & 1
H Aidlab A F (4t5T); Premix TaqTM Iy . J2
8350 & . qRT-PCR 57 & 4014 H Takara 2\ A
( AA); [EEWRH 50%FAA [FE# 100 mL. J¢
K S0 mL ., 37% AW 10 mL, VKR 5 mL
7l DEPC-H,0 fE & % 100 mL; RNA il 2% 52 i /2%
AW H 20 x SSC 30 mL. 50 x Denhardt's 10 mL .
10%SDS 5 mL., 10 mg- mL'Salmon DNA 1 mL,
Formamide ( H ®Ef%Z ) 50 mL, ddH,0 4 mL, 743
RATEHH 0.45 pm JEAE L Z2 S Buodtisk
KB FIG EAE T A AE (R,

1.2 Ak

1.2.1  4RAH 84K A 38 0 K 3 B G 33 i A
BUB4K Ml & A6 R, 201942 A 22 HE TIRE
K¥E (0d), BHEH UK, XKEE 1N
FIAEFIELERFE (0, 3, 4. 5.6, 7d), BF
PBS [ oz BP LA il e, IR 58 B
K.EW R B B UL R B
KRR, Uik ge e, e el t)s,
1062 A (OLYMPUS 24/ ( BX51) 7=k )
TOUREE . R SR

122 %8 &% PCR ( gRT-PCR) 735l $2 X
VAR IR . Z£ . M ROKERE 2 N4
JPi#E S RFE (KBGO0 3, 4. 5. 6. 7dM4E
J¥) B RNA, I %k G i cDNA. i 1124t
€t PCR {Y (Roche A F] ( Light Cycle 48011 ) j*
a ) 4T qQRT-PCR [, JMWAKF N cDNA FAR
2 pL, Primer-F(10 umol-L™") 0.8 pL, Primer-R(10
L") 0.8 puL, XTB Green Premix Taqll
( TliRNaseH Plus, 2 x ) 10 uL, ddH,O%p 2 % 20
uLo 438 5% 1 o 3042 P 95°C, 30 s; A M
95°C, 5s, IBK 60°C, 30s, 40 PMEH; Kl
2} 95°C 55, 65°C 1 min, VA Actin WIS,
ARSI T 3REE, H 2T Bk T
e, Bl 1,

123 #%AERAEZR (FISH)  FETFHIEH MY
JEON], R ZO A B 28 H AN A SR A58 BER
MZCHARAIE S, HPOCRPRCH 2 oM
RNA VE#REF, 584K MEIE AT Fr4ess, 5%
WA & — M55, Il ARSI %A i ¢
MR IR PAG2 ¥ TR IT 9T 84K M AL Hh (1 for
B RGN HAPERFS, RH Primer Premier 6.0
B, JF A G UL AS ( UNICORN 531,

pmol -
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IR PagAG2 FEN T 2s Feak b 75

KEFS ) A RNA #5F (£ 2), ZOLRRICR
S RNA Z R4, PUIE U RNA 41 Sk B M Xt
HE 4« 84K A Ml A6 T3 5 vt S0 TR ) e %) 1 8 R
( 50%FAA [EE# 100 mL . Jo/KZEE SOmL. 37%
%W 10 mL, VKPR 5 mL, il DEPC-H,0 %
252 100 mL ) HEAE 12 h J5 286 BRI B K 5 152
et WA (SQ2125, BRIELAE ). MR
(PPTHK-21B, k3 ). 5k, 62°C EHiME R 2 h,
AU RS, YR TEE R D& 10~
15 min, FSREA, WHIME AR K (20 ug- mL™)
37°C 44k, 4K k)s PBS Uk 3 ¥k, AKX 5 min,

Brite) & 1 ho L MIZ4ACWE, W MARE 458
W, BTHEEMSTCERLIR., hEIR,
2xSSC, 37°C ¥& 10 min, 1xSSC, 37°C ¥k 21K,
AEYR 5 min, 0.5xSSC % & ¥t 10 min, ¥ A i
DAPI Y3, #EEWFE 8 min, wik/E Mt it
PR EF R3] ( Anti-Fade Mounting Medium, 4 T.)
HhA, BEFIOLEMET (CX41, OLYMPUS)
MELIFRAEEIR (EHMMR I 330~380 nm, &
SR 420 nm, K WEDOG; FAM@88)4R IR I
465~495 nm, KHFPEIK 515~555 nm, KEOL;
CY5 ZI56 I & P K 510~ 560 nm, & 53K 590

THINTRARSEW, 37°C T2524X (8500-24, Thermo-  nm, K06 ). FirA G AU#347 DEPC AbHE,
# 1 qRT-PCR RiENH5|H
Table 1 Primers used in qRT-PCR analysis
JE[H Gene P Amplification Length/bp 5|97 %) Primer sequence FHi& Usage
F: 5-AAACTGTAATGGTCCTCCCTCCG -3’
Actin 195 Internal reference
R: 5'-GCATCATCACAATCACTCTCCGA -3’
F: 5-GCTTCTCCGAGCAAAGGTCT-3'
PagAG2 270 gRT-PCR
R: 5'-GCAGGCGGCAATCCATTAAC -3’
#2 RNAFiFES
Table 2 RNA probe sequences
FE[K Gene J¥%1 Sequence K IEHRIE Fluorescence labeling
5'-AUUAUCUGUUCUUUGCGAUGCUGAGGUUGC-3' 5’ CYSEM 20t (B R
PagAG2

5'-UAAUAGACAAGAAACGCUACGACUCCAACG-3'

5S’FAM1E 1 46

2 HRERHN

2.1 GWERERERESENR

MR EAE N ZE AR, B A TR ), R
BB A BB I B < 84K 4% 1B A FEA I 7K
Wz H (0d) &, HHEfeEZF g IR & R
B, BEMEPEAOGSE (3d), 5 4KA]
WLz, ZIERAIETFAREIPR, BEE L2511
BB AR LU e, TR T T T
] b, 487l b i 8 A6 R 350 B AR 14 & 7 B I A
ZEROR, MEABTFIRA TR bk, = 7d 0, 6
MRERO, G, KEEFEH 0. 3. 4. 5,
6. 7 RIALITEE (3ANFESL ) W& 38 50 5 0
0.8, 2.5, 3.1, 3.7, 65, 8cm (K1),

AT R 85 W BRI R I AE A 2
R R NE A S e N LU N B 2.9 G 1= R % i

TE: (D MR FEAEE 00 3. 4. 5, 6. 7dREMWTFES. 1L
BIRH 1 em,
Notes: (a-f) represent inflorescences took on the 0", 3®, 4™, 5 ¢ 7%

day after hydroponics, respectively. Scale bars represent 1 cm.

Bl 1 84K
Fig.1 Male inflorescences of Populus alba x P.
glandulosa ‘84K°
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gerfr, BORE 0~7 d BEAEZA R DI TG K, 27 4EAR

BHTRIT, SR ARGk MR, IR, =

7 d 2GR AN 2 M ER AN, TFER

TR BIAEZG LT, AR AEA T M AE R 8 PN T
itk (& 2).

W (A~F) S MCERKREG 00 3. 4, 5. 6. 7 d REMIEFEEARMYIA WML R, PC, FB 4RlfCEEME . 4000, HHIR R 200 pm,

Notes: (A-F) represent observations made in samples collected on the 0%, 3™, 4% 5% 6™ 7% day after hydroponics, respectively. PC, pollen chamber; FB,

fibrous band. Bars in each photo represent 200 pum.

B2 S4KHETRIEAYI
Fig.2 Anther section of Populus alba x P. glandulosa ‘84K’

22 PagAG2E ‘4K PHEEFABLZEMBRE
FERBHMRIESHT

FIH qRT-PCR £ ARKGM T Pagd G2 784K
ANFEEE R AR B R =B 257 .
G5 RRW], PagdG2 TEMEfE R B, KiEE
1 FANBAEFERE S PagA G2 Bk 8 THE G
FEAK, 6 disz| g (& 3A), ZiEmYE, 7d0]
W, PagAG2 [ 2 A WEIIRAR, 25 Fa P 1k 2
HAHVEE . AR A KO ek, X —it T
S, PagdG2 5: N 5 WAL AL K B % V1A
Ko SR, (EAFERMIE, PagdG2 TEMR ., 2%, 0t
XEE RN ETUA —ERE (KI3B), JFHE
SR FRIA T TR, (HIAR TR IEE 0T

HEAE
2.3 PagAG2 1E‘84K 15 R AL Rk

I AL W HOR T-BRill T Pagd G2 124
WAL R B BAR AR . T PagA G2 Fi SRS
XF 84K HEALAE T HEAT IR A2, Vel IS, e
I B B A AT IR L S UL IR 4, FEREA AT LIV B
W ER B S ek (A sSAF 5 1 wa LB Th AR P 4
2, LT A IR BRA H B0 AE 6 24 J] il i) Al 2
21, PagAG2 15 84K MMEALALZ Th R ek

3wk
AL R B RS R SR R 4%, C 2k
K AG %ifi% Y MADS-box % s K F7E Hh i 25 G
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LEROESST Y
Relative expression level

0 3 4 5 6 7
JKIE ] Time/d

EES

AR

i ES i
Root Stem Leaf
B3 PagAG2 E84KIFIETERF (A) REFFE
(B) HpgRERT
Fig. 3 Expression of PagAG?2 inPopulus alba x
P. glandulosa ‘84K°

100 pm

TE: AR HREFRECAE Y B MIE SGIREHIIMER B3 420 . 4t
ORLLEFIRAEE X, EOXEASHL HE 6 (A% ). 1L
IR 100 pm.

Notes: A was hybridized with antisense probe;B were hybridized with
sense control probe.Green and red dots indicate areas of hybridization signal.
Green dots in A and red dots in Bindicate areas of hybridization signal,the

blue area shows HE staining of the whole tissue ( background ) . Bars, 100 um.

B4 PagAG2 T SAKHIERL PR R
Fig. 4 In situ hybridization analysis of PagAG2 expression
in male flowers Populus alba x P. glandulosa ‘84K’

YEH, AIRZIEAE A SV A B TR S /0
RORERI R T, IF 5 AL M E P,
Brunner S5 IR R, PtAG2 75 FI A MERR AN
MR R 5, R ENIAKATREAEDIRE
NSRS 3711 S = RS 1D P 78 o i S SR
IR A B A G EEZEH. AIXK T, PagdG?2
FE 84K W AL AL T I ik A i 28 R Sk o 38
1 SEHE H PCR ARG 0~7 d 184K A7 AL
P PagAG2 FEA Kk, WHE] L PagdG2 FEAE4
U AR RS B SR IS BRAIC, DO ) AR AL
FEANTIE S M AU R 5, HFaka e bl e
T KRB TEETE, FEALZ CARTA R T, JIf
TEAERY EAHE SRR . 534, AR A S
RN T PagAG2 84K MR . 25 MRk,
PR 2 S R T PagAG2 6% iy ik &8
£, =38 b PagAG2 WG oK -FAE M AL P Rk B
mTESRWE, I HAEN N PagdG2 TEAEF Bk
FRFAL, EATF RN LIE R,
PagAG2 ik 584K Wil £ B H UM, A
SRR TR R AR 0 B ARSEA . A A il &
BT —E R 11523 MADS-box JEA 1
=2 535, CAME RV, MADS-box & F7EM
WEFREARE BT OEAEEZ/ER, Wi SVL
% 5 ARIR S, PTMS. ADF. LRR. FPFI
B UE B REAE 2R B0 (I g 26 7 H 3 A
PagAG2 Bl BES S5tk bk E , BRES S
R E AL ER KT IREE . SCa i PCR ik
g, Q4K AR L ZE . M FRA LU A T
BT PaAG2 5%, AR LA SR T80 4 86}
F 7K 5E H R S0 R BT R S R 1A S
AL, BAREY, AG FEMKFEX T
BE B REENDY, 4G MFEBZ BRI
97, U1 CURLY LEAF ReMeRHIEE TR AG FEnt sk
IABY Brunner ZEUHEN , PtAG2 EFRFEIR e
B ORI A% B L 25 5, (R SE R e
% S5k HADA G R A KR B RS, T
25 i SR DI B8 /0T

P SE R A LF-A0 & T 4R ST T A R AR Y
T2 B[R] L 104 7 st A R 4 BT O A 5T
, R TARIEESS B R E £ R MADS-box
HEAWHIER. MADS-box & 1V —RIKHIER
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YER, U0 AG. AP2 Fl AGLI {E4UEEIF H BERE I 1
[FVR SR AR ER L [l e fE s B RR R Rl T
FEIRA SR T U 4rFALRL, B 2 4> MADS
FIE LR IR, Ml SHRIER S5 6 50 i
Rk, JLFEXAESERBRER, WERAE PI-
AP3-SEP3-AG ¥ ffill 1 88 0 434k, i 383K PI-AP3-
SEP3-AG fH Y (1) 8 2 M- A R SRS B, X
Sy Ho A 4 Ff rfr MADS-box 4 KA G 1845 HL R 1Y)
WL T 2%, MWt PagdG2 WA fig 5 HAth & A
TR B, RSB 2 TR E

4 Hib

A FENT 84K A% PagAG2 KL ) ¢ ik ki =L 3k
T THISE . 18] | PagAG2 FeikREWEE LR G
BIEFEAR, 2506 I PagAG2 TEM AL e ik i iy
TEFRINE, I HAE A PagdG2 FEAE R Bk
KB, PagAG2 5 84K W iEAEAE & B HVIMIE,
A AR LR TR ek R AR AR 1 B AR LR, i
PagAG2 (Wi SEYITEAGM IR . 25 48U
Regirnn s, HESS 5N HMALER K
BIE, TEHXE R TR T EHZ I o —25
(LRI T RE AT, LAER] 3 R g S5 B R UL A
BIAE R B AN PagdG2, FrAntEsik KH
YERR e RS . Jotek =7, AT AR Sk I o
ARy i S ) R AR — P L& AR
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Spatiotemporal Expression Analysis of PagAG2 Gene in
Populus alba x P. glandulosa '84K'

ZHONG Shan-chen, WU Shu, WANG Li, SU Xiao-hua, ZHANG Bing-yu

(State Key Laboratory of Forest Genetics and Tree Breeding, Key Laboratory of Tree Breeding and Cultivation of National Forestry and
Grassland Administration, Research Institute of Forestry, Chinese Academy of Forestry, Beijing 100091, China)

Abstract: [Objective] To identify the role of Pt4G2 gene in the development of male flowers of poplar. [Method]
Based on the regulation of AG genes (PtAGI and PtAG?2) in the stamens and carpels of monoecious plants, the spa-
tial and temporal specificity of PagAG2 gene of Populus alba % P. glandulosa '84K' was studied by means of par-
affin section, real-time quantitative PCR and in situ hybridization. Taking the flower branches of P. alba x P. glandu-
losa '84K' as test materials, the inflorescences were continuously sampled within one week after hydroponic culture to
observe the development of male flowers by paraffin sectioned technique. Real-time quantitative PCR was used to
detect the expression of Pag4G2 in the roots, stems, leaves and inflorescence of P. alba x P. glandulosa '84K'. In situ
hybridization was used to detect the specific expression sites of PagAG2 in the flower organs of P. alba x P. glandu-
losa '84K' male flowers, so the expression pattern of PagdG2 gene was analyzed. [Result] During the development
of male flowers of P. alba x P. glandulosa '84K', the anthers matured gradually. At the same time, the expression of
PagAG?2 increased at initial and then decreased, and the transcription was also be detected in the roots, stems and
leaves of tissue cultured P. alba x P. glandulosa '84K'. The results of in situ hybridization showed that PagAG2 was
expressed in the anthers of P. alba x P. glandulosa '84K' male flowers but not in the surrounding tissues. [Conclu-
sion] PagAG2 gene is closely related to the male flower development of P. alba x P. glandulosa '84K’, so it is expec-
ted to be a target gene for genetic engineering to improve poplar pollen. However, whether the PagAG2 gene particip-
ates in the regulation of the growth and development of other tissues of poplar needs to be further studied.

Keywords: Populus alba x P. glandulosa '84K'; pollen; PagAG2
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