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The Application of Histochemical Staining Technology in Experimental
Course of Plant Anatomy and Plant Developmental Biology

TAN Chao, SONG Jia, WANG Xue, SUN Shuangli, MEN Shuzhen*
(Department of Plant Biology and Ecology, College of Life Sciences, Nankai University, Tianjin 300071, China)

Abstract The development of angiosperm male gametophyte (pollen grain) involves a series of cellular
activities, including mitosis, dynamic changes of vacuoles and germination of pollen tubes. Histochemical staining
is a common method to study plant anther development and pollen fertility. In this paper, a corresponding experi-
mental course is designed for the anatomical observation of reproductive organs in undergraduate botany course. In
these experiments, the model plant Arabidopsis thaliana anthers at different developmental stages were stained with
various reagents. The dynamic changes of nucleus, vacuoles and pollen tubes were observed by bright filed micro-
scope or fluorescence microscope, and then the pollen fertility was determined. These experiments enable students
to have a systematic understanding of the process of Arabidopsis thaliana anther development.
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W K WA B R g TR R B T A, R R B AR A AR
MG — IR . R T hEENHAA  KEIREAEGEERNE . W It (drabidopsis
Gy —— WES ARSI IR R AN TR FEW R thaliana){Ey— B, R0 FOME. KERC T 14

ki H 3: 2022-01-22 H252 H - 2022-03-21

K ERFLAEE G IEE S 32070281, 31870230)% BRI

*EIEE . Tel: 022-23500856, E-mail: shuzhenmen@nankai.edu.cn

Received: January 22, 2022 Accepted: March 21, 2022

This work was supported by the National Natural Science Foundation of China (Grant No.32070281, 31870230)
*Corresponding author. Tel: +86-22-23500856, E-mail: shuzhenmen@nankai.edu.cn




1096

SRR

MR BEES B —ERILE. 2R Eaia
ZUL B G O B AR AN [FREI T R B AT T
TEHEISE o T HAZH AR 72 S TV E 2R
ARPR IR AL S A SIS B B R s et
FARAEE: (1) T8k kg 27 M K e
(Alexander staining)™); (2) X 40 B i% AT % e W 221
DAPI(4’,6-diamidino-2-phenylindole) 4% 4, 7; (3) X}k
AT W 22 T P 21 Gt (neutral red staining)™'; (4)
Xof B AR5 (callose) kAT Yt (1) 2 i 5 e 4 (Aniline
blue staining)"'"',

TEREEAE T 2 i SR B R, K2 R X)
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7 7 A R 795 1 0 O 40 e 0 5 A
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WERJiE /1N V) P B AT X 25 45 72 D APL- A% 2 7 6 B
EW, 1EE IR K405 nm)fFEUR AT LAOBLEE E]
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B IS S, 37T DL W SR A AR E R I I 00T
WSS K EXTIER MR H BA B X,
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PEpHIEZRT o AE L B AR 55T, A
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Fe P 2E A5 (Columbia-0, Col-0).

232 FBEMEAAEL LA AR E
B BB (Leica, £ [EH). AR 5 (Leica, 12
). 6Lt Bulas. Wk . s A
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2.4 HERH
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I I SR % AR A (1222 16); (3) HX10HAE
AN AT R A et s, RO B
TR WSSO TR S AZ (622 ); (4) HUREAE TR
PSR R IEAT N L88, AT A il et B Ji5 )
M6 BB S E 6. TR KRE
It H1 2 I SANDER 252K K1) 43 b o

242 RATEES B TERATHATIRACN L5,
W 5 A8 FH R AE A R L R AR . Bh 2 T 5 23 ik ik
AT B A B R IR (R, DACRAIE f5 2 S 56 1) 1F o g
1T o BhZEE A 75 2 1 1 AR S e 1 REA .
243 FAapta ATRIEBETE KM F A 2~4
NG =N, B2 R, SRR 56 R SE S
IR, AT IR E R, B SIS, IR I
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3.1 HEFMESER(BIESEINSENEGTM)

BB FR L 5EA U3 TIRSA, BINEEKH:
S Ja SR RS . TR REFRE AN A
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TREBRMBAERAT . ff RS EwE, WRNT
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FAE-20 °CIR-1F .
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3.6 FERIEFE N EMNE

e B QU AR AT . B H, X
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BEMEES, B FL T R U [ (4 B S UK R
6:3: 1) E R [ e 3 he b B v, FH 28 1TR/KIE U
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Yo e SR B H B A b, In—1%50.05% 1) 2K e
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50 mmol/L pH7.5 R R 22 phl i), Hir s b
W o M BIMB ARG T M ETeR & H
HE, S BB A o

4 SRR

T I Y AR R I~ 12 A8 24 B9 7 L K Gtk
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FEAREH A (E1C), R R ZEX e 25347 78 2 1
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AR FTE R AR BTk B M S SR I,
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PR TFAER R B Gt AN IR, /N T BEg
M2 I oy R AR A B AR T, XA T
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VYo R OB TR R, 58 S — AN it A NMEF R
Ao TR RN T (B2B)BE fa & 2 — IR KRR
2257 7R — N K BB IR I AT — AN /N RO 4 i
(BE20), 2 Ja 54 M b AT — IRA 2250 7= AR
KA, $00 R T+ R A B AR R R A4S — A8 TR 4
PR K 4 f(KI2D), 58 BER AN #E —— MR 1
KA RIS R I, S 5 R ) R o T B R
B 22 4y 24 A S T A I A 200 i 4 i A,

oo .1
.": m

.

ICDAPIH 0] H T A SRASARTE R kA 5 H , A
T S W LT (s 0

ek R B i fE H — N B3 AR R R 1 Bh S
RE. W g g n DOWSERIRHES. Bk
MDY Z3 A2 TR HH SR [ /N 98- (B A% A K ) A7 AE 43
B /NRE(EI3BE), BE G /N R A TR ORI, £
B A AR IR K, TER AL B R AR AT K, K
TN AL B AE /N 20 R ) — 0, X A B A AR N
B SR I(EBA~E3C). Bl G /N T &t g 244y
ZUPEE — AN RS FRANMR — /N RS Gl . FO0 RS
TE RN RL RS2, R 4l B AT A 22 3 4P e
K40, DRItk F00RE T+ (0 B AR R = 40 M A e R
LN 7 7 200 PR AT M R LR A R /N T (1
3B)2U. WL R B X TR BUE A DhRE ek R B
BEERX, MRIEETHNERS, B, 434715
AT RANE 5 I R 5 1) R G A ORI, Aot Hadk AT
Hr PR et SR ILTR I TR AR 75 52 B 52

T 7 BE v 32 B W 0 A2 EAIC T, LSRR T4
Ky N RE ) ZEA . T8k I A PR AR A, AR AR
i 2 32 300 R B2 k2 i e, FRATT AT LA
WS AE Ry RLAE AT Sk F A R R A8 M 8 8 T A R I
Ko AR RZIAN T8R4 hy 8hy 16 hfl124 h
Ja BIAER B AT T R, B B B) A G K AR

YYAR Y R

;

100 pm

—

‘.

A~B: B ARG FAE 5 040 B (A)RUAS 5] & 8 I AL 78 AN BT AE B 40 B (B_E) AN B (B R ). Horp 35 £ 1348 R b T AN H R & I I 7E
AT . C~D: 1THYEZG 0 7t KYefa6 h (B)RI2 h (C))5 I R .

A,B: col inflorescence (A), side view (top row of B) and vertical view (bottom row of B) of flowers buds at different developmental stages. The num-

bers 5 to 13 indicate flowers buds at different developmental stages; C,D: micrographs of an 11 stage anther after staining with Alexander solution for 6 h

(B) and 12 h (C).

Bl AT HLARGRE
Fig.1 Anther Alexander staining
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Az PUSME; B: BAZAE R, C: AR HL D =AM HL
A: tetrad pollen grains; B: uninucleate pollen grains; C: binuclear pollen grains; D: trinuclear pollen grains.
E2 DAPIEE
Fig.2 DAPI staining

Polarised Mature pollen
microspore grain
A i

5‘ mitosis 2" mitosis
09 B v

\\_/
Released Polarised Bicellular Mature
microspore microspore pollen grain pollen grain

A~C: B REL SRR PR ERS; D: TR R R BR B SS; E: A0 K B IR R s B m & B Ve TR, n: 2HM0AZ, G: ZEFE 40,
S: FEZ A
A-C: the morphology of vacuoles in uninucleate pollen grains; D: the morphology of vacuoles in mature pollen grains; D: the dynamic changes of vacu-
oles during pollen development. V: vacuole, n: nucleus, G: generative cell, S: sperm cell.
E3 hitiae
Fig.3 Neutral red staining

WK (E4A~EI4E), If B AT DO S BIIRER ek MESEIUANET . AERRIvEEMEES HOAE Sk ARk
(IR S (E4G)M 9, Rk, @ Sk Y tasiat, &, EIRASME S RIS REE T, Ebrhi kK
TR LA S HEMEAS T SRR IAE M B R RAERY i AR E . ERr B ETEAE e i, JREIRER il (5 5

KRS ) 5 AR F L, 5 R BRATRAL, 1275

B L5 Y 5 JR L BEORS AL, U A 4
5 g 53590 5 50 20 M R e AL £, 5 BROUUE R 7E K
5.1 FRASIRAUE X — F I T R, O O PO S A

W YA AR RO . 2k EEUEN, JFHEBN IR B R A R A 2% R 1 4
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Nonpollination 4h 8h

g £
= z
= (=1
= =3

100 um

Az REZFMERE IR Je 1, B~E: N T42H14 ho8 hy 16 hfll24 h/E MESS R Yo i, F~G: RS20 IR BR(F) R0 IR 2R (G) R i e .45 L - Mz BRAL,

Ch: &5

A: unpollinated pistil aniline blue staining; B-E: 4 h, 8 h, 16 h and 24 h after artificial pollination, pistil aniline blue staining; F-G: aniline blue staining

of unpollinated ovule (F) and pollinated ovule (G). Mi: micropyle, Ch: chalaza.

El4 RHEIEHEMEROERELBER

Fig.4 Aniline blue staining of pistil and ovule before and after pollination

M EATTHIE 5 & B A Sz 18] AH BLAE F A2 AT 75 22
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FORHAS 2 H H B IF BAT 2 A Rkl 77 v, H Al
KRB SLLG BUF RV B H AL TR K B BB TR
PRIRIMEE, ane B INAH 5C 5236 N 28, KA B T a2
A o a8 A 2 DL SRR ) 28 A 0 2 R O N TR ) B
#ln, MGPI(male gametophyte defective 1)3& Kl & 2
T RAA FIFo-ATPA B ) — AN V3, | mgp 1 T A2
J ) 2ok A4 Ty R 22 L T T B AR I E O SIS TR
Ry Rhe A A i T LR FID APty W 52 B
A AU B T Mmgp 1 AR R R ALK (R B G 0L, L
BOE S G RLANCE 1Eb R ) T S gL a1 0, JF
H AT PUR R 27 A i i A R P 40, 7 I HE T 1 1R R
BRI, KR H AR, R P 421
M5 e R0 g 2 SR HOR, W 8 FA A P 48 7 1)
KB RLRE, A5 G HE A [ o S A 1) B R ) ——
BRI, R, R A S8 0 H I B AR 0 S
AR DU 22 AR AT 2 2 B RO ) 2
A R HDL R I A6 5 A ) S5 SE AR 4R, 3B AT BLFS
B AR A B i AR AN DL A OC R 1R, B 975

B TR, B A ML S IR RE ), UK
PR BHIT R ER, fiESA2E SEIRA M T R A B
BEE.

5.2 1ZSCEINH M F EL

(1) X TARERIIARIAE, BT RHE %, 1)
FATT ARG IR A B UR AR R E i e A i
FrEE R BUTE M. A4 H R ARG O HAR 5
BEIR 52 O i P S B %
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PERSER I AOF B IR AR, AL RS I I8 57 AT
IO 58 A, e 3 S 70 L [ 7 77 S k) AR e A
FESRIMER . Seth, WA KRB SR S5 e
Ko

(3) Un K 1% S50 T B RAS R AL T T Sk 56 TR AR,
RSO AR 2« B it EBURA B 3T P T 1 55 7Ty =
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A E4~1257 6 A AR 58 A
5.3 SEIZHERIRIITIE

SR I H A0 A s AT A AR A
A, CUEAT BRI LI 25, SR T AR K
FEA UL R 7T Col-ORERR A L 25 5 3R 43, R AR A 7R A
FRIC ] S 20 BRR AR 1 5, SO0 JA SR, 45 SRR S 3R
o ARSI KB ROl RCH . RS E
(I FEA Gt DL R BT A AR A R L%
SESLI AR, 1R 2 R B & T A R SE R R AR 1
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At ARSI H AT AL AR RS MR ] B
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£, IS S R IS I AR AT 4 403 B A2 41
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ATER R A P XSRS Ja 0 AR e e, 95 S5 38 1R
A o
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(1) 2B 560 BRI ol o7 =, w4t
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