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4~ 4 58 5 (Plant Taxonomy)

{8 4 25 it & (Plant Morphology)

£ 4 23] % (Plant Anatomy)

& 4~ 4 72 & (Plant Physiology)

4 4 it & (Plant Biochemistry)

{8 4 tm*z & (Plant Cell Biology)

12 4 i§ 1@ & (Plant Genetics)

e 47 & + 4 1= 5 (Plant Molecular Biology)
47 4 1. 5 (Plant Ecology)
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3 1) it & (histochemistry)
2) d.& 2B i § (immuno-histochemistry)
3) =32 (In situ hybridization)
4) p 2z & & 72 (autoradiography)
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‘\\

g kB i 4R (Mlcroscope)

Sk 5 kp peds, (Light microscope)
w. + & ficax (Electron microscope)

Jo 3 4 &g picss, (Atom force microscope)
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W T 100nm  1on

f 0,14
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Light microscope’

Electron microsco

DED 90U

hand  finger thickness  cell bacterium virus | macro  =mall  atom
height of hair sl 55 ‘fﬁmf;%]' ]?5:;1; mole-  maole- g 2
cule cule

http://www.nobel.se/physics/educational/microscopes/powerline/index.html
Resolution (fZ47 F) ! % & & BLeng | JEHRE

Naked eyes 0.2mm

LM 0.2um (40nm)

EM 0.2nm (0.1nm)
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X(TTTT oo --- - oo --- B (eye piece tube)
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- - -- g §& 4 (revolving nosepiece)

_____ # % & (objective lens)
"o 4t (arm)
"7 44 & (slide clip)

.. 1~ ~ 7~ & E 4R (condenser lens)

- | . N a gk (focusing knob)

& /a (1lluminator)

-—- 4 & (base)
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f247 & (R)=0.61A / NA (nsinf)
Ao~ BFSELE

n: i J 375
0: &b~ Tk & B - L

NA: Numerical aperture



77 4 cNA B A. Low Magnification (10X/0.25)
B. High Magnification (40X/0.75)
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NA = (n)sin{u)

Resolution High Low BT Skl
(b) p=20°NA=0.234
Short Long ' (c) u = 60°NA=0.87

Focus depth
AT™T"A
View of the field Small Large A hﬁ.__.‘JA HJ
(<) =

(a) (b) e

Working distance Short Long Y — 1 o et
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7 i% & (transmitted light) F %+ (reflected light)




> P AR% Bright field— &% * » 44 ~ i FH &

> 8 AL Dark field — ¥ £ ~ &) $& *

> #p = £ Phase contrast — 3753k » 3P s B4 d ~FI L H A
> ik & Polarization — % S HOERE ~ REF) -7 Bk Fr Bkt

> + i~ 4p £ Differential Interface Contrast - ¥ £ ~ % & 35§
R B

> ¥ & Fluorescence - if & # 34 T 4 % 2 #5087 T >
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"n-ﬂsible} Uiﬁihle Wavelengths +I (Invisible)
Infrared

Llltrawinlet
B B -

J00nm 400nm  S500nm  &600nm T00nm  800nm

Wavelength in color

1. 340 - 400 nm near Ultraviolet (UV) - Invisible

2.400 - 430 nm Violet

3.430 - 500 nm Blue

4.500 - 560 nm Green

5.560 - 620 nm Yellow to Orange

6. 620 - 700 nm Orange to Red

7. Over 700 nm near Infrared (IR) - Invisible




excited state

FITC 490nm

» Bk T

Absorbed light

v Emitted light

ground state

wATk
525nm
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Fluorescence

Fluorochrome excitation and detection of fluorescence

DAPI-DNA Alexa Fluor 488 Alexa Fluor 546

Excitation Ogg:@» S

300 350 400 450 500 550 600 650 700 750 800 A [nm]

Emission e Sk

300 350 400 450 500 550 600 650 700 750 800 A [nm]
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3 1) it & (histochemistry)
2) d.& 2B i § (immuno-histochemistry)
3) =32 (In situ hybridization)
4) p 2z & & 72 (autoradiography)
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TRANSMISSION ELECTRON MICROSCOPY
SPECIMEN PREPARATION

BACTERIA, VIRUS, ETC. PLANT, ANIMAL, ETC.

50% 75% 985% 100% 100%
ETHANOL

v

100%  100%
PROPYLENE OXIDE

'

50% 75% B0% 100%
% RESIN IN PROPYLENE OXIDE

'

‘CURE IN OVEN

g1 #% B BozzolafIRussell P 5
Electron Microscopy 2nd E.
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fEe 57 TR F (BT =
- ¥ % (xylene) (7% iﬁu)

= e |
3. IOO%/E]#%L‘ — 95%/E]7H‘ — 85%IFpE — T0%FpF — S0%FpF
— 30%‘)?]?}:3: — FAEK
4. 0.5% Delafield’s hematoxylin — 7z 4§ K & %
5. Ak — 30%FH — 50%iFH — 0.5% Safranin O/ 50% 7
6. 70%FpF — 85%:F it — 95%IFpF — 1% Fast-green/ 95%F)
# T 100%FH > - P F LFH =1l 52 7 F > 4y

ps. Safranin O 5 st 4 & > ¥ H-AH ~ L H -~ & 4
HE QL &2d | Fastgreenz foi24 & > ¥ L wiz p H s 304
% % d ; hematoxylinZ ¢ > jém’i’é"gr ~ ATt R RER S o
Pé’fi‘? "V?f: S 7}153 %Er'. ‘?}"‘f’_‘%ﬁl%ﬂ ~ d %%%’.?%L’i‘;/#i;/#wg 2
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1% Toluidine Blue O (¥ * £ &)/1% Na Borex 60°C 14 45
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4y emi ) S5yt g0l

3.* 1) i § (histochemistry)
2) & ifa‘« it 8 (immuno-histochemistry)
3) i3> (In situ hybridization)
4) p ¥+ x B+ &8 B (autoradiography)
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Coomassie Brilliant Blue Sudan Black B a-Naphthyl Palmitate

Mature Sead

)@ | CBB: protein (F-v )
@ SBB: lipid (*; §7)

S NP: lipase activity
(%3 9 5 12)

Imbibed Sead

J Exp Bot 65:103-115, 2014
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Immunohistochemistry Schematic
PR A

o Colored B I fpe
@ ® product Peroxidase .
or -?
Alkaline Phosphatase
e 14 R L fiE Y
S d S
econaary - w fig :
Substrate | Antibody ,
¥ — Primary ;. =48
| Antibody
& 45 p biosizebio.com
Fixed
Cell Tissue
H e m

CE I
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3 1) it & (histochemistry)
2) d.& 2B i § (immuno-histochemistry)
3) =32 (In situ hybridization)
4) p 2z & & 72 (autoradiography)
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.2 ji 4 4 £ LA enE 3 (eg 13 %)
2. R (Fp ¢ e =101)
3. 9 it e sk (68°C T ik ¥ 104~ 4orfis % L)
4. B &
5. % ¢ (B e iz or DAPD)
ap,{qﬁﬁ,ﬁs
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= Laser Confocal Scanning Mlcroscope
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100 &%

10 &%

7 [ (Abbe)™ #2.3% SEEf{R 'Y
f2+47 & (R)=0.61L / NA (nsin0)
ISEPSE )
n: Ig B 375 5

0: 3 4% 2

< YTk & B -

. S #HE0H

,J_»

p—

100 F4 10 =% 138



20145 4 b 1 B b

< 5P v e B $2(Eric Betzig)
HEFR %mﬁﬁﬁiﬁE%ﬁﬁm
g % %5 f (Stefan W. Hell)
X po bt 4 (stimulated emission
depletion » STED)

o B e B p\(Wﬂham E. Moerner)
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Transmission Electron
Microscope (TEM)
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1. Ultrathin sectioning (32 j& *» &)
2.Negative staining (§. % ¢ )
3.Shadow casting ( £ 35 5%)
4.Freeze etching (/4 i 4 %)
5.Freeze substitution (/4 /% ¥ %)
6.Immunolabeling (& & Z_i)

51
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i 4 ¢ (negative staining)
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2 58 (protoplast)~ 4t

EP (RFormi ) uE
5 0 2 e
MM 4e » 10mlsps 2 %
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2% @ 1% 22 (macerase)+2% S RLAE F
(cellulysin)/0.625M + g B% % (mannitol)
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cultured in & = ;L 777
nutrient medium

BxV e s
Cell division in culture

Single cell



















4% p Gunning & Steer
1996. Plant Cell Biology,
Structure and Function.
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4 & 4 4% (Chromatography)

JaIZ o i * R E 4 54 ¥ T 4P (stationary phase) i #
1B (mobile phase)84c+ % I » @ & 4 & Hpsck o

2. 8% BRI A K BEIEg]
B AR AT 2 F > BE RS S o

3. %2 1 mAd & & 47 (paper chromatography, PC)
% & ¢ R 4 47 (thin layer chromatography, TLC)
# 19 ¢ K %~ 17 (gas chromatography, GC)
% Ap ¢ £ & 17 (liquid chromatography, LC )



Gas Chromatograph

Injection Port

Carrier Gas
Supply

Bruker 450 GC # 49 & +7 &
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% >k 4p & A +7HPLC
(High performance liquid chromatography)
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Electron transport chains convert light energy to chemical energy.

Path of

Light Thylakoid Light 5l

T
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% Water-splitting ..'
enzyme —_( RIS
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ATP-producing oo
carrier protein o 0 *':;’:;ﬂﬁ:“
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wihga7.blog 163.com



Photon

Photosystem Il “h 2 h R A
Stroma L]

L ¥

Thylakoid

‘ ?:‘ﬁ( e 73" O *o‘
00> §d - M JU!_{!}I
1 < f?mum e 14

Photon

space Electron traﬁsport chain

%. +2 @ by chemiosmosis

Provides energy for synthesis of

Copyright © 2005 Pearson Education, Inc. Publishing as Pearson Benjamin Cummings. All rights reserved.

Photosystem| |NADP™ +@
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B i g i
Fe BB A T hT Al
(sedimentation coefficient)
koo FEA S o F] et 59
v kg RIS BGR
g o

C1 AN AL Mo 2
BBk R o Tl
Bk e

¥ * e & & (density
gradient)is /% 7 F &
(sucrose)frz it 4% (CsCl,
cesium chloride)

0

E_ 4

o)

AR 4

Sample

Stabilizing

SLCroSe
gradient

9
-% o

centrifugation
ol e L S,

Slow-sedimenting
component

Fast-sedimenting
component

4

fractionation

N’

5 8y # 7» #“DNA 4 3t » #-4& 52 fsucrose gradient
Gd s o B F IR LARERE A
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Transcription Translation

T L e e
- / ey f T Central DogmaofBiOM
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§ C mm—Exon & Protein
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52 N
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Chromosome 7DNA RT\IA

Stranded Stranded



Basic molecular genetic processes
N DNA
virus

RNA
virus
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Chemical structures of Minciplébﬁsesinnucleic acids/

PURINES #-+*

| ?
¢ N C N
NT 6 5C7N HNT €307\
L eeH L[ e
HC\ﬁ/CET HZN/C\%/C“‘ITI
H H
ﬁl‘%ﬁ*‘zé Adenine (A) Guanine (G) 5 £ rZ¢4
PYRIMIDINES ##_
] ] H:
HlTlé/«fl SCH HITIB/ 5c|: CH, |T|3/4 rﬁH
CZ ; “CH CZ ;4 °CH C2 . SCH
O/ lTJ O/ lTl O IT'
H H H

Uracil (U) Jiriprz_ Thymine (M *3 B;jv\pf‘vgpiCytosine (C) "z rifiez_
Only in RNA Only in DNA



1. fm¥e &3 (Cell Lysis) 1% g I s by 7 A cnim 2 4 i3k #-lm 2o o)k
b B SR e P mDNAFE%W 2 e e
2. v = (Proteinase K) "Kj% @ 30 feK ¥ 1 #-Fv H-Kj2 > £ H Z L7DNA
ﬁ ',% A3 /.w_)i =) T s
B

o

Lo kv (Histone) » @ DNA % 2455 I % o b
T ERGFL P > v PP AR A DNAA F A%

)=

3. 3¢ F Ak (Protein Precipitation) : f|* BRER B
Foe

z
B E g (916000x g) #-F-v H L DNA -

3 =

e

4. DNA it (DNA Precipitation) : 1% £ 7 fERE-DNA .o wik Ik » 7 4
» 3+FE (Glycogen ) 3 4t DNA & I o

5. Fik ¢ 1% 709652 R EDNA & &

-
~—‘««>
$
#@
*@1

6. DNA fg i © #efs #-5 i SDNA € 7 Z ek ERL P RPRTT -

7DNA‘P/% : 4t)\£
#i8 & # DNA A 3 45

i3]
1
3

WA chig |25 f@a‘:‘@ (TrisBuffer » pH8.0) » ¥ if %
BOAECRE P 7 65°C K5 FTEDNA v i3

(e]

8. DNA & A T4 47 > 9.DNA T # 4 7 > 10. DNA %13 *>-80°Crk 45 ¢ o



O
N

Siva

e FEH T AP
(electrophoresm

%%@mﬁw’;&%ﬁw R P e
rUREEF T LY T URERE R B
R R RS "'fv" =g o BB = gk
ﬁ’m”“ﬁwv*%%m@mﬁ;ﬁﬁ
TF A =i 2 ¥ 7 < (polyacrylamide gel
electrophoresis, PAGE) o
PAGE /& * @3 F‘] }%

ﬁ,; f‘f. 2 *7, Av\

R

/? i}” ’? > ﬁjﬁi \ ’ff
A H s T TR E
TREASE RTHE

PLHOLTSTS)™

MW 1 2 3 4 56 7 8
(kDa)
97 -

64-
51-

39-
28-
19-

14-




BlOtting Source:Lehninger Biochemist |

i N
IO o | | rowne

Procedure:
1. Preparation of sample Cleave in None None
fragments
2. Separate by gel
EIEEtr’ﬂphfrESiE
3. Treat gel Denature DNA None None
'L with alkali
4. Transfer molecules to  Capillary Capillary Electric
membrane action action field
5. ldentify molecules of Radioactive Radioactive Radioactive
interest RNA probe RNA probe or fluorescent

or ssDNA or ssDNA antibody




% = = w.i: (Southern blot) L4 RH 2 & ¥ 7.8
Edwin Southern% P! &> A% FL FlEE 43 1 pd 4
RASBN REEE T FSDNAY B H0FE "J 7

7 TR F|DNAY K o §F ﬁ"Lﬂ'\ ikie g A2
fsﬂ\g F Sk d FenE ALDNA R 7 17 fd (RNA) L‘L-E\ -
é”ii#%‘ érlfrDNAi"s’E* %2 (hybridize) -

= % 2L7* (Northern blot)%_d ¢ 2+ # < & eJames
Alwme and George Stark=#7% F? » -7 & 1 Ptk &
DNA%‘E‘J?’» % RNA & £ o

> % B2 (Western blot) [ & £ & & & B2 (immuno
blot)] — x;&é R SR R mGeorge Stark#7% B >
F* RIS S - BEHPLR RS TRk
BT ES > AT ES DB 'frff;? =R EE
730 ;?r-'r,t S 5 Him e & e Fktl 4 TE R e EA
W R A R R B et £ RS



Western Blotting & = %

Transfer buffer

Cathode (-]
Filter paper
Gel
Mitracellulose membrane '—D D
Filter pdper —
Membrane
Anode (+) [with transferred
proteins)
“If proteins are hydrophaobic,
use PVDF membrane instead.
Harseradish
peroxidase
conjugated
Primary antibody secandary antibodies
|-'"l’ \"'«. o \.\Hx
' [
|
Blocking buffer . Wash buffer TBST .. TBST
Membrane I @
e N 1 © ~
transferred \‘ \\‘l tﬁ
proteins] = —
Incubate blots

Incubate blots 2 oy
avernight at 4" C ﬂ hours at reom Membrane
temperature [ready to be

visualized)
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: Polyacrylamide Gel Electrophoresis
AUAER - R EIXBRIKEHE

T A G C

2P| ATCGATCGAT. e —
32P| ATCGATCGA | o= — A
32p] .ATCGATCG-—*;;;‘: P = -
32p] ATCGATC | — S |
32p] ATCGAT | — , St |
32p| ATCGA | e« _— .G
32P] ATCG— | .
32p)| [ T N _ -
32P| AT """""""""" T
32P5= A ____________________________ > S— S . A
(8 35 4 04 B 2R 45 ) B & Rede . 3m A% B A8 B) A9 A B
B T 6 A 46 $e i - s P AT 0 Rl RE

HREQWAT > BPEI R AP -

Juang EH (2007 EChasics
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W A R BB IR 5 EA

Maxam-Gilbert's Method: ==y~

P ATCGATCGAT Il —> }\Pé

ATCEATEE | AT

r=

W — R

1é

AN 4 3723 AT(% . ATCGAT
i Lﬂ' *‘5{ ‘ir rJ 7
Specific Reaction to G T JERE S
Sanger’s Method: HX&/ZE ffx P
WL, ATCGA -eeereneees -
Anal —
HEY TCG Ty o TAGCTAGCTA
ATCG
— or EERIE R
TAGCTAGCTA . S
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PCR : Polymerase Chain Reaction
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Northern Blot — Gene expression
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, v 2 » S /

Detergent lysis; osmotic lysis; enzymatic lysis; sonication .....

2. v FTHK
Ammonium sulphate; TCA ( trichloroacetic acid ) ; Acetone and/or ethanol

3. v HAfE
Urea (8-9.8 M); Detergent(CHAPS); Reductant ( DTT, DTE, TBP); Carrier
ampholyte (IPG buffer )

4. -5 pEiE AL
PMSF ( phenylmethylsulfonyl fluoride ) ; AEBSF ( Aminoethylbenzyl-
sulphonyl fluoride ) ; EDTA; High pH

5. £ -9 FINL i ",f . nucleic acids, lipids, salts, buffers, ionic small
molecules, insoluble material

6. F-v A F L JIF s ",f abundant protein » f=4| * affinity column &
antibody enrich low abundant protein

7. F-9 FA . ¢ R A 47 (Chromatography ) & & i~ (Electrophoresis )
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Two Dimensional Electrophoresis
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