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PCR method and regeneration of mutants from Zea mays
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Abstract

The maize mitochondrial mutant (NCS2) is derived from homologous recombination between genes encoding
NADH dehydrogenase subunit 4 and subunit 6. Plants from mitochondria mutants exhibited severe retarded growth
and development including dwarfism and striping on the leaves. Aborted embryos from NCS2 mutants have been
rescued and cultured on the N6 medium supplemented with 2,4-D 1 mg/l. Most calli from NCS2 aborted embryos
showed slow growing pattern at first stage. However, upon continuous culturing them on the medium, those were
segregated into mutant and normal callus lines. These segregations could be detected by using PCR method with three
primers. Such segregation seems to be resulted from the preferential growth of normal cells over the mutant cells
on the normal culture condition. Therefore, this method can be used for determining rate of indirect cytoplasmic seg-
regation by estimating amplified band intensities. When NCS2 mutant callus lines cultured on regeneration medjum,
no adventitious shoot induction was observed. However, callus lines with more mitochondria induced adventitious
shoots. These studies suggest that mitochondria NADH-dehydrogenase for electron transport in the inner membrane
of mitochondria is essential for the differentiation and development of plants.
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PCR 71¥& A4 245 nEZC g} Mol #(NADH-dehydrogenase) & A3 A3}

NCS (Non Chromosomal Stripe) & #ujo)] Ea)3= 44
A& HoldA BAEE Zlo] ofg AEA F giE
nEZEote] A Aol He Ae dEoH S5
oA ofg] 712 ZF9 NCS #HolA7t AT, NCS
HolHEL dEE mEZEoldA FFHY 349
ol ojgjA] of7] ¥t RuHrh &I Sege
HolHE B NCS 5 & 6 © AAAGAY npAgo] &
o3k cytochrom oxidase?| subunit 2 (COX el #of
3l FAAE o] =%lal, NCS2+ NADH-dehydroge-
nase subunit 4 (NAD4)¢] #3xp7t 2oz ] ¥
ol7k A7) Aol olE WolHEL ARAEA AN
AFE 483 FY3kA] EFoE st HEY HFo]
JA =AY BEE (49 Fe, 27 282 ¥H) &9
Holg of7|Al7itt,

NCS2¢] 79+ NADH-dehydrogenase subunit 4 <}
subunit 79 FHAE9A CAGAACAAAAGGGAAGY
FEA M2 4% AZ3 (homologous recombination)
o] dojubA] 37 B89 subunit 4 9 5 FE9] subunit 7
o] fratgo] L4E shtef ARE FEAF Aol B
BR-oltH?, ol & FHAEY] HolZ |t} Complex I
o) Aol Ag3A Fu o2 A% AR AEE oJH A
Zgoz qlste] ATP Aol WHE o} dade HE
Ao e AgE 2T HAHATP?

ahte] AE olx] AAAH nEZEE] ol HAAR]
lEZgjolEt EaE o) o] homoplasmic lineEol2}
3 31 o]59) EHE 4HE heteroplasmic lineEo]2ka
3}, o] 23 02+ homo9} heteroplasmic®] 3 A X ol
A FEo] Zheshd HEAA FAE oHAAAE nEd
Aejoltt. & d7e Mutd nEZ =20 HolAlE (NCS
2)olAAM AHE ]S vl A callusE FEdte] 7ol
A FAE NZoRA Wold nEFTelel o A4
nEZEgole ¥2& PCRE F319 HQ3ti £ 4
7}9] callus linedl A &85 AlLdte] AAAEA Ul
Hoj7h Adxog AR oW JFE wAE=7te
dAE B} d=r BHo| Sirh

T

S50l o|EE=2|ofe] to(#| MEUT} F|LHOA B4
o MEs /R
o] AgolM AMLH AlEE NCS2 WHolH & ol5e A4

2 emsT (MZA FAHBLA)ANA SAeY, Aoz
AR NED vlusie] 4% 4 F 7], 49 3719
ol el Fo ddste wA dusith Had HolAE
TAF ¥ 7 gollAM 10 A earE S A o
A 4% Wi date] HH 47T F 7479 kernel
olA m4d% wE AHs} 2,4-D 1 mg/l 9 25mMY
proline$ H7H8 N6 wjA|ol A Typell callus 7] A3tk
¥ A7IHeR 3 UA 45 THHoE A wWdg o A
£239) callus® 4FE 7] AFTh AEse WEE cal-
lusE& BA 1 mg/1E #7158 N6 iAol 243t {123}
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NCs2 HolAle wEZE=eol yo dxpagAdA
NADH dehydrogenase® 7/33t< subunit 4 9 7 9 #
AAEO]l Azl osjM Aol E oz dHFHF
A 2%d HEAA upstream™ down stream®] NAD4
FA) 2 W) primerE 2433 £3 NAD7Y 423
49 downstream©lAl 1 709l primerE A5t 3709
primer& FAlo] AMEES callusol A WolAE Aidsle
g A&tk (Fig. 1). NCS2 oAl AzxE 499
#$-o Al PCR primerE9 sequence 52 U3 £t

Primer 1 (common) : 5 AAAAAGAAAAGCAAGGAC-

CACTACG &
Primer 2 (normal) : 5° GCCCAGCCCACTATTACTA-
CAAAAA 3
Primer 3 (mutant) | 5° CGTCTGTGATTTAATCGGCC-
CTAAG 3

NCS2 primers

P1 P2
—_— -—
Normal | ]
NCS2 777
L
P3

Fig. 1. Hypothetical PCR amplification using 3 different
primers. Normal band is larger than mutant
band.
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Z7] e uAd% wjeliA &7] Hof AL U callus

5% A8o] 2mm AEY V|2 Ay AN B F
Ho 2Ech 15 uld) 0.2 N NaOHE #7}st 39| cal-
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lusE & ¥4 F 5 £7F microwaving At} T4l 15
ul®} 0.2 N HCIE #7Hgh § & &33t9 10,0008 2 5
£ 948 % 1 ulE PCR F& 3k AME-3HITE PCRY]
& primer 270 ©ialel 3708 A4S RS AddFae
2 S AMEETh £ 25 ul9) volumedl A 50
mM Tris-HCl pH 8.3, 50 mM KCl, 1.5 mM MgCl2, 1.5
mM dNTPs, 100 ng® #4749 primers, 1 Unit® Taq
polymerase (Perkin-Elmer Cetus)E AH&3%it}l. PCRe]
FEL 94TCoA 30 %, 55T 30 &, 72CoN 1 &
OS2 30 cycleZ A% ¥ 2% 9] agarosed A3t A
7} 9% Fof $Z¥ DNA bandEg UVAIA &aldlg
23

Ao o oF
2,4-DE 7t Newj Aol 248t njAd<s wlolA] o) i
9 callus7t FEHAAY NCS2 aborted kernelE)A
AW WHEY callus lineES 4% &7} ofF Ad"e
Aol #ZE) ¢ 67199 A& A wde T3y
o]59| callus lineE & 54 A7 ¥ F9 sampled
#sled PCRE FA3H Tt A wlolA Fee callus
lineE 7} WEZZ 2o} mutant Bl A F218 callus line®
€ 3 7HA primerE% FA19 412 ¥ PCRE 433 A3,
334 AA= 3hte] DNA band’t FEE93, abor-
ted kernelEoM &3t callus lineEoliME M2 e ¥
9 bandSo] AA4E A& #AIHL (Fig 2). & mu-
tant bandE% F¥o| ¥ 7%, mutant®} F43 <] band7}
A FEE 292 FFHAG (Fig. 2). BekA o)
mutant callus lineE2 heteroplasmic 3 37} 8o
Z A)2t9r}. Marienfeld et al. (1993)& 37H4¢] PCR
primerE& FAo 443t NCS6 v|EZ=gole] wolA
(Cox ME Adshedl A3t NCs2¢l A% &
o} WolA] TEF Aol glojA ol TE Mol
EHE RoF
Wold mEZCgolEz B 74 HAEE (% homopla-
smic) & AE A} A Z3fo dAFo2e AR
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- Normal
- MNMutant

Fig. 2. PCR amplification of calli derived from normal
and mutant mitochondria.
Lane 1°:1 kb ladder
2  control
3 from normal

4—6 . from different callus lines
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Fig 29 4 W9 A% mutant band%t FZo] o] 3}
9] callus line® mutant P|ET o}t &A%t Ay
"ok o) HEE YFE] At 4 widA AiE
mutant callus lineS 6 HY F% ALAHA AN WhFS

gt GAl 7 MY callus lineEE 542 AR o
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PCRY A &% A, M2 & DNA band ¥4 U
ebdtt (Fig. 3). 599 callus lineE¢ ©A mutant
bandEF F&o| H3oy} U lineE> 38 Y& ¢



PCR 71¥& AHE8 §4= m]EEE )0} o] (NADH-dehydrogenase) 8] A3} 2j#s

ZA% 2 7§9) DNA band&°] Yehhe Rel A&
Fig. 2914 A% original callus line?lA WA mutant
bandE% UElRA dFA0 2= PCR SEME 744
& T Us B AYAQ nEZELE TR HoR
Ats €t mhebA AE7E Bge] HozA Qldte FA4AQ
MEZ=LoLE 7t MEe 437 F4]0] mutant VE
Fegobs 7R AZET mEo 2 lsta Agde F4
T ATNH EAste PlEZEgolE JHNE IS A
FozA 4 vEEZEolE AL SlE AEE
Hodoe RS dujsta =8 FAHA vEZ=EorE
E3he MEE0] THHLZE callus lined A FEFo
2 9% AA%E Aolch gk Fig 3914 1, 2, 3,
6 ¥ 223 799 callus lineEe o]d 272 AH
b DA Ao 53] 28T 49 9 callus
lineE& A4A< bandd] FEFo] 433 & #H$Z 1
Fo| Ho} AAA< nEZE=olge] He7t ofF 27
AR ALEEY, 3, 6 222 7 W callus lineE2 A
B9l nEZ=zlols}l mutant FIEZE ol Hevt 4

12 3456789

e o

- Normal
- Mutant

Fig. 3. PCR reamplification of callus derived from #4
(Figure 1) after six months subculture in vitro.
Calli were subdivided into seven and cultured
independently.
Lane 1:1 kb ladder
2 : control
39 ! different callus lines

Fig. 4. Regeneration of NCS2 callus lines from homop-

lasmic (mutant) and heteroplasmic mitochondria
(M{N) mutants. Mutant homoplasmy indicates
only mutant band appeared after PCR amplifica-
tion but heteroplasmic cases (M{N) indicate
that normal bands show more intense than that

of mutant.
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o HEZ=EolEe] WAAHQ nEZsol B} ¢
3 A$5 Jel wabd A Wle nEZ=golse
AL FYA| random 22 o] 0] o] AFAJo] FH, ME
Woll mutant PIEZT 2o} Wo] £ A9 AX9 4%
I &4 xe =g, v AL Wl A4S rlE
Frego} EA7F BolAW AR F4 SR 7HE g5
BUE cell lineE% FH3 oal dadr).

NEZC 2o} WHolg 713 M EEo| ARt JTE
Ae AEE ¢7] Y3l et callus lineE-g Duncan
7} Widholm (1986)9] ¥4, & BA 1 mg/1E #7138 N6
AE3 v Ao] X3t 7] AR Ad F 6FF B
#3 A3} Fig. 4914 BE v} 20 mutant W EZE= o}
band?t ZAE callus lined| M A E37F A 52 gst
Aot AA4AC] | EF=gol7l mutant Bk FE go) @
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2 callus line (M : mutant{N : nomaD A& %37}
Z dojite AS #EEY. ol AXNZ £ 9 nEE
=gjo} WoAe) Ho] & AAMGA HolAe] wele 2]
=9 AEsel] AFAA 4FE nHe AL ¢ F Aok
Mutant P|EZE o7} B2 callus linedl X #4 £7]
o f717F A=A ga, W] A nlEEsgo}
7t BEFE B 277 34HE A ¢ 4 U (Fig
5). | Z th& heteroplasmic callus lineEo] 48] 2+ 3}o)
N Zzte] Sold S BT Ao (Fig. 5). M=N
(N84=38) # MN HADHAD Y B$E adven-
titious shootd] ¥-3te Ho3FEx] @1 @A 4 BA
<0 $7] HAth el MAN (B1A2KAA) ¢ A SdlE
A 2719 {717t BREHAD. Fig. 49 59 2HE %
3 & o vEZ=go} wWolo] x| wets 2A £719
717 43 Aozt A7le A ¢ 4 9Ath Mutant ho-

moplasmic & Z-ole #4 £719 717t =7 GA¢

M<N

M>N

Fig. 5. Regeneration of NCS2 callus lines from mutant
and heteroplasmic mitochondria (M{N, M)N).
Mutant heteroplasmy indicate only mutant band
appeared after PCR amplification but heteroplas-
mic case (M{N) indicated that normal bands
show more intense than that of mutant, and vise
versa in M)N case.
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