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5.1 #ZIMEEHMERSH S

#%IMEfE ( Extranuclear Genetics )
X AMERESE ( Cytoplasmic inheritance )
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2 RI{ADNA (mitochondrial DNA, mtDNA)
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H2%{ADNA (chloroplast DNA, ctDNA/cpDNA)
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EZE/RIZEIE non-Mendelian inheritance
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7EEH & Efk » EE (FDNA)

MERIAERELZE (ctDNA)

“HAE RS R REELE (mtDNA)
H4 gl RNA (Centro RNA)
= &t DNA (Kinto DNA)
Y B R fix% DNA (membrane DNA)

K [F2H | AIES H 4 (REE R (symbion‘r DNA)
£ E e RN EREZE (plasmid DNA)
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5.1.1 SFEMEEF (Mirabilils jalapate BEMRYIE £

FxA EERNZE (FEFHMHZRE)
pita  (MHZR{K chloroplasts + Hfa{fLeukoplasts)
E @ ( E@&FLeUkOPIGSTS Cross 1 Cross 2

Variegated leaves caused by a mutation

Al white offspring Green, white, or
variegated offspring

Reciprocal cross of cross 1 Reciprocal cross of cross 2

:

All green offspring All green offspring
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19404 [58f, Boris Ephrussi F A7EE

MBS EKIENL BEMFR. LB
Br4 AE%: grande colony
L &R

N E %&: petite colony

FiEsFE L

INESEANEE AW, MR EE KRS RIS,
FUDRR: NEEEREARAITEETR, ENEZEMN

&REEPIRISREE

ESREAZ~E /PNEERINERE: 0.1%~1%, EEFEERNT

EI’\Jl /RT (45120 Ethidium bromicle) 100 %8492 EF4AARER T B
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1. #% /) & % (Nuclear petites)
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;@g< 2. FM/IEE (Neutral petites)

3. HpHE/EZE (Suppressive petites)
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(1 V/J\IEI (nuclear petites) / (segregatoinal petites)
XENEFERNRERMEZEREAS, ZRFrER—LTER
F %5 E 4R EI’J X EAPNEEFRIZERIFR APet~
Pet~ RELFEEFHBIPettH32
Pet~ XPett

;l

Pet*/ Pet— Z—f&fk, £ KE® (grande)

B 7T l
Na3F: 2: 2905

2 Pett: 2 Pet™ BRI FE RS L
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R NESERNIERANE 20,18
neutral petites—— rho'N
wild - type rho*N
rho-N X rho*N

1

rho*N/rho'N Z{&{& grande colonies

!
G £20.18

457 FH #ZIh3E: O neutral petite mutants:4 wild type

MEE T E: 2 neu’rr'al pe‘rl‘re mutants: 2 wild ‘rype
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3. HVEIINES (suppressive petites)
AN X B A BY A S
SZENEERTEF/AFIES

rho+ Xrho-SHIH|/)NE%
| _ao-4
rho+/rho-S Z{&{%
ERFERSF AT IEENM/NEEmARZE
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99 %y VB 5%
(BR#& Hsuppressive, ETIXFMSLE: BlLXFAERIAY /)
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il IER e rBE

ZINDTE: 4 petites:0 wild type Frie |
ZERTE: 2 mutant:2 wild type EEieKOeKe G-

(#1557 mtDNA)
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AFZIMEEPIFUR E X HEF FRVILE (

streptomycin resistance, sm-r) ik, KRE 4 BIHE N
S EEURE (sm-s) o

7£1954+£

X [E1REFEZKSageri
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sm-rmt* X sm-smt - — £EEK (99%) FKIHsm-r
sm-smt® X sm-rmt” = £EEFEK (99%) R Asm-s
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» h
Cross 1

Cross 2

stm-s

Zygote

Meiosis

All streptomycin-resistant

All streptomycin-sensitive
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(1) ERERHEMEREN=EE
. N
wER | e s, 2n
B S o
1) TR —AMEBTEENE, BAAME,
L RUR [ SR — .
2) BN

MEESEE (Conjugation) TAMNES, THIME, AREE. )

AR REFTEATREE, KE—T, HERME. B THXPTREF
BME—RBLDR, FERTBEFER&. MRS, SB—NNMEEBEAEXT
B, MElFE, AR NMEERE, BRI &% KRREBLD
R, a4 t2ntz, HR_PMEeHM— 1M K%. HFESEIEHS, NZARR
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QB #hZHs (Autogamy) :
Bl—MEIANNZERBE T H, B T—1/x,
ZINZPH—RNHEEEH, MEEIRELZERNMZFKXIZ.
(Fig--45 )
3. ERHMSRMERENES
a FEEER —EEHRE — RAEHENERHEEXNBCLE.
REEEERZANMNMAM SR (killer )
m=2EN MR AR (sensitive)

RIFEEFEXN, ERENHESEVLEERMREFEINGFE
® MmpaREF, MM-FER (Kappa particle , k)
QB MEREZEREK

Elitk: K/K+FBEf — ZHSE
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MU LA A, A FENMNERRENEE, R FENNERREN
RE, AiERRE 2 RER~ER, B PFERRIEE X Rz EEK
HFE. MRBEERERKEFE, MARRTRERER, BAGETERELR,
MTT3 PR = B A

4). FERHBIA R
JAARkRL. ERAETHEEERHRNARES, EHITERES, BE5KF
SHEUMER, —BRAARFEERE. FENRERZN0.2 um ,, KH1~5
um , ZHDNA. RNA, ERR. #E8ERF, HEWAR—MARLER. BN
SEANERRY, —MAMMNB400 ~ 1600MN-FEBEAL, XMk FH A [EEfE
HANEFFRPREN, AR R RIS SRR,
SRERMBERMBRTAA 0. vy 0FRT. EfRRINESHEEILEE
R IMNER 4




5.2 HBHAFN

A5 (maternal influence) ‘BT R{EZEER
Hik =il 2 IRV ApaR P, FFRREISHEH
HERFBREM OIS SAEREERIEEINR, WFRA

BHRF 0

BHAKR SN0 B /i -
—HERER, RFNTFAMMFRILEHA;
5 —%FIJzE?%“f&‘&E’\J , Sl FHRAMFEE
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5.2.1 15EH

AY
AY

XM ( Ephestia kuhuniella)
B4 B4 R RY R BRH

ZA

aHEE, RAERTRBE.

X ERRARKREFEFEZERN, B—XEE ( Aa)
s, FEMEELENME (aa) 232, PIERATERK
=Ftn, EF—RuESEFeEn.

AA x aa
l

Aa B & Aa B

aa x AA
l
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BXAAAa, FERRE
S5—MRZTER, BEFFE
HNZERYBHKKREEE
B, REERAREE; H—
Zﬁgﬁiﬂﬁﬂﬁé, X R AR 79
218,

AR A,
B 1S 32 54X 4
HEZBFE,
R R BT E A3
HERR, ¥H
AN}

Q g 7 4 2 Ffa
ﬁ'i'f_'j]‘ ?’Elﬁﬁ. Aa W

'

£LHR

1/2 Aa 1/2 aa
shdy HE i)
e 1RR #THE

4 fHfEe % &

Lot AR 4THE

7ts @

iH A4a x aa  £THE

y

1/2 aa

1/2 Aa
it




T EREAESRER, INSHERFBEARRE
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FTERNEER. NS ZHEIIRAEERZ KRBT,

FIAEBERER (Ad) BIERP, acEREHBLRIEEKZE

BN, g, XMEMYEm R 28R, BAXFAME
HOARE, TeEEFERER, MEIHAXE, BREH
HFE, REFRERERALE. HIEAH, XHEZNE
MBI EHAEERMmEER, BNE&ERNIEER, BA
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ETBMEITSE, E—NUARESE 6. &
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BHAZ AR T#ZIMNEMR, ERNEEMEREEIIR 15 2 B H SRR
ERBpES o 0, FAIERBREINEE, BIEREINREERFE—X.




EIJ%"PWHEEUJEHE Zhe= 3: 10 E, AR ALERIERL
(delayed inheritance) (F5— 2)

R5-2 HXBITREMBEE

1/2DD
1/2dd

EIRIEIE: BanHRTAIADE. Eﬁ’m’ﬁﬁﬁ)"‘ﬁ’]ﬂ% BRL N 5 = 4
R E R ER, RIMLAEMNGHERNEE, B2(FAMRRTERAD
= BHAARZ Y, Ilﬂ:?ﬁﬁ’]i‘ii w AR E F A 1_1‘$7‘FEP
ERBELS : 1o E, BEREFATE, SH]ENTRTEE—H, TR

—RIE, ZEFAREA S AN E. |
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L W NP ey - T T v ——



AT 2 ERERNRIEGE T —X (FF; BARMA3: 195) ? X
AR BHFAZ MR R A NEEZEAEMUINLEFRE LX2E
[B. EAELXETR, HZEINREENIIE, EMNE—XIIRBGHEA
HA R RAREER, MerBempEEEAZI4° , DEERE; &
WeE, WELnesz4s° , BHAERES]. FERBIIZ KK Z SERFISN T
WO EEARENAY. 52, BNABRETERIIH, ME—
RO NERE 73 Bl R E T URRHHBERYSRIR . BT A FHARME R K AR AR B BE =]
& BVAMRE IR E T B4 B9 B F B F5x #5E B] BY Fir 22 A 5 B £ 20 A
(] 5-6)
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18904, fEEEMIFHAltaman T FTANLF MR FURBMIMA 77
EE—MIRREZEH, $EEH 4% Abioblast
18984, EEMFHKBenda B XAFH 5B AL%KAK (mitochondrion)
19635, M. NassFA S. NassTEIBIE A & I fi ADNA (mtDNA)
Schatz4y & E| ST E R Ze A ADNA
19814F, 7ER[E G K SangerSLE = B Anderson/MANZE T AmtDNA
HISEEEDNAFS, #RA “GI#FF5] (Cambridge sequence ) ”
AMIREERIAF LI TRNA, DNARAES, RNARAES. (RNA
. KRR, SEBTUEEIRITDNAS ], EEZFNEARIFNEESR
B, BrOEArERRINEERR




5.3. 1 ZRI{ARE[E2H Y254 K —A% S R

SRR BEfziRdiEss, ARFRIERNEZSM

BB Tz shay £
(mitochondrial DNA)

X

zH——m1DNA

AR SEBERNEEMA 77 FFE T AR A
(REFIFHERRLUREFIMIDNAZ N Lt 7 T)
HAT=FREE B PN EN R N

T

R iEfpE =i
RN EALE, Ywl

;

YRR ER Y —EE B A R

m B, iFL e fiir 5 @B E s aES

. BB TR, JETES (reactive oxygen species,

ROS) =4 M AR T FEEZE MU IEFEVIEX

j oo g
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NEIEIHEFIMIDNART 2522, K/OFBRF I Lt EFERAE.
AR EZE SR EF AR NERRK:

—R%, THADZmAE A Y2 R R B E 2R 5 )

EMREAAE R LALLM KRIFS, WEREZ, KNATLIA200
kbZl|2 500 kb, flan#E#E~ &, A (Citrullus lanatus L.) 380 kb,
&N (Cucum ismelonL.) 2 500 kb, FEMHEIRL7E; MEHIK (Cucumis
melo varreticulates) mtDNATR]£2600kb

B 5 # 5 K: 75--84Kb
BIBFEER >« 18.5kb F117.5kb
EELEIEN: 16.5Kb

Bl : £ miDNA 16338 bp




mtDNA R K/ (size)

Differs among organisms

Organism Size (kb)
Homo sapiens(Human) 16.6
Mus musculus(Mouse) 16.2
Xenopus (frog) 18.4
Drosophila (fruit fly) 18.4
Saccaromyces (yeast) 75.0
Pisum sativum (pea) 110.0
Arobidopsis (mustard plant) 367.0




> A {g 2 J; (1) MEDNAZE#I4E &5 5 —Ag M R

/

124, 2N AR T AEREEFIIRNFE, BAREMT L
BER, BEXLEETHLHER B/ NEERLA
. ANRIBIEASNIMIDNALFIIE F BB SHIERTMH, —RBE2173E%R
X371 mIBERELER, HEmFak—iMR:
® HAEHIKDNA, FTHEZEHEE, PRBIZIME;
@ EF % B FHEFInEFEE -
2T rRNAE[E (1255116S rRNA)
221 tRNAs
1I3NERAEEARERE (+ IMNERRSHAERE)
@ —1\DIf, EmIDNAMIEFIF*X;
@ B2 EflEisR, 7alEHIHFLYE;
® WEI R FEEDNAZBAS T ;
o Ts'c?" ElE?ﬁEF’:E’JE’EF‘ 5']
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mtDNA ZERFE5ZEFAFRFHER

S o B DR 6 mtDNA 4 69
AR AR A
4 (Mammals) I #|-#Y stop Trp
Arg #211% 5 stop
lle Met
H 44 (Drosophila) I #2-%hY stop Trp

Arg Ser

l1le Met

AER} J 2 ¥ stop Trp

( Saccharomyces cerevisiae) Leu Thr
lle

FL¥ (Fungi) J 2 1#RY stop Trp

X (Maize) Arg Trp
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SRR EEARWA IR RRAAS , A
THEEREIN, {BEELE EEROARAHEARR (215 7)

FER B R R

(1) EREEEARIEHBFFIER, HREAN T
AMrRNA S EHBEEAT£250Kb

(2) RERRPEHNET, SHRER. NHAHE
FEMMTE | HROEEURADEREED WERE
EFIUET.

(3) BHRENS—H5A2BELRIERONE T A
BALUEENESMRNA SERMH TR AMNBXFF], &
MERIHIIZE—HRNA Fifr S8




EEPIRBIK, S84 R, #8F2020F10H,
NCBI BB E S5 R T 231 M S FEM LR A EE B F 7

(LA XFRHE12270, BFAHEY208) . SiosFE

BRI E F BG4 R S 5 2R5-8.

R RLIREE

D BT “AREMR" , HEHEERE LR

REREEES (

) ;

@ FEMERASHME. FaEY &8, H B, sl
%R\Wﬁ,&%ﬁ%ﬁﬁ ﬁéﬁ?ﬁﬁ




Q@ KA ERAEMERRK, FEURKR

@ Z%TMwE, SEXREFREFIINEERFS
B LIRS .

® HEEREFREIETR, ST EYEEERE

TI50E . FEFURGFTmtDNAH
7E 7K F&EmtDNAF

.
|, FEERE

RNAZm3EIN SR 1

M E] T 441 PRNAZREE AL =,
R 7491 RNAZRAE AL = (3=5-3)

©® 2EAZTF (20~241) , VIRERIEHEZEBRERNS
T2 R FRAImRNA . f5il4n,
AL BB nad /5 E T2 B R EREImRNA  (

@ ZERTRImEFEER

INFEH

=pi=y

WONADHIZ & Fig Y —

) : ORS00k




#F1 SERMFRE S SFEDS N EEEB R

Table 1 Keyv features of some sequenced higher plant mitochondrial genomes.

28 RG-S #E B EEA RAA M M43k DNA Bl HE R
R FEE A (bp) " be#l(%) &T% ETH FRF BFIkE (%) s(e)  Eie)
Flant Size of f Coding Mo, of cis— No. of rans— 5| o) Chloroplast Muclear DNA  Hepeat
species rruito hondr al :ﬂrlw._-:.d PEgiOn splicing gplicing I ntron DNA sequence SEAJUETHCE SO LLETOR
e TR TS ': b :-:' B ratio ':rﬁ.' :' Ll rons I PO ratin {':"'r } ral i E':f-:} ratin {’}'i": :l' ral b ':rﬁ.' :'
E I
. - [
‘M'mfﬁ— i 366 924 55 0.6 18 5 8.0 1.1 4.0 6.8
Arabidops is
2 B
ﬁﬂi J6E 801 52 10.3 14 i) 5.6 2.1 i3 5.8
Sugar beet
- [
e 430 597 &l 9.9 17 i) 6.5 2.5 ND 2.0
Tobaceo
P
EES 221 853 53 17.3 19 5 12.9 3.6 ND» ND
Rapeseed
, [
hE 452 528 55 9.5 16 i) 6.4 5.8 0.2 15.2
W heat
- sl H
::K 569 630 52 7.4 15 T 4.3 4.4 0.1 23.0
M a2
= [0
jkﬁ_‘ 490 520 56 11.1 17 i) 7.2 6.2 13.4 58.3
Rice
+ [
i T73 279 53 5.9 ND ND 3.9 B8 N 6.8
Crrape
B
ﬁ“l 379 236 58 10.3 19 5 8.6 6.0 6.4 10.0
W atermelon
e B
ﬁgj}hj ) O82 833 53 3.9 19 5 j. 1 11.5 2.1 37.7
Fueching

T B M ND SRR S

Mot considering the copy numbery MDY no data.
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(2) Bhliss

mtDNAREF| 2 FAREXNH—DIEH (FRFE2E)
. HBE, MDNANEFISHETHER T, {EmtDNAZH
WA ERIAME: LR, mtDNAREFENFH AL
—, BEMDNASFEHEEAIAFESLX, MH—LREE
—RXBAEH,

A I mtDNA & BRI T S DNA S B A9 AT 2 Itk I
VW, FAMZRIADNARNEFINZZEAR S, EEFIAR

RS EHZDNAKRE, FEHARRA S /A,




S Ahitrd )

et 3 24A OB IR R P R B

hAREEEMR, HONAREFIWEEREELRK, sEEXMEFE
HESREMNERER, aFEaRNE.

DRI AL E B FHIMRNA 5H57 inaIEEH, RIGSEEEREN
TmRNA B957 . X—Z5f¥FR, REALAMAERRIIEHEES MR
HAZEERE N AE. FRIEZEMIEAARZIERE—L555FE80S K/
EFHFRA, BRENKNNFOTEEAR, BPNTEIBE—KEZR{ADNA
45 SR M SREYrRNASY F

@%ﬁ%@%%%ﬁ%ﬁ@%ﬂ%ﬂ,Eﬁ%ﬁ@ﬁ%té&,%ﬁ
SEIE B RA T RY

QEZBFREWLFIEX £, KRAEFELHAJRNA 7] LIRS & Z5
FRE=AE FANZER ( A, U, G, C) HEE[E—D, XHEFAKY
A TtRNAXTZ R FHIRRISEE, FEmakfuiAE E LA T AYtRNAGE E LA T &
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TABLE 6.5
Examples of Human Mitochondrial Diseases

Disease Mitochondrial Gene Mutated

Leber hereditary A mutation in one of several mitochondrial genes
optic neuropathy that encode electron transport chain proteins: ND1, ND2,
CO1, ND4, ND5, NDb, and cytb

Neurogenic muscle A mutation in the ATPgseb gene that encodes a
weakness subunit of the mitochondrial ATP-synthetase, which is
required for ATP synthesis

Mitochondrial A mutation in a gene that encodes a tRNA
myopathy for leucine

Maternal myopathy A mutation in a gene that encodes a tRNA
and cardiomyopathy for leucine
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Fig. 3. Mitochondrial ROS and innate
immunity. Left: various PAMPs
converge on the mitochondria, leading to
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Fig. 4. Mitochondrial regulation of
autophagy. Lefl: in veast, loss of

mitochondrial membrane potential leads t
activation of PKA. PKA inhibits autophag
by repressing induction of ATGS and by

mTORC

ULK1-FIP200-ATG13 — g Autophagy initiation

4 4 ! inhibiting ATG1-ATG1 3-induced
® High autophagic flux. Centre: by regulating
AMPE HATF" Ammonia & : cellular ATP levels, mitochondria regulate
& ' autophagy through AMPK. When ATP
Low ATP‘- Aﬁmﬂ supply  levels are low, AMPK is activated and
ATCEE induction induces autophagy through direct
T phosphorylation of the ULK1-FIP200
Glutaminolysis ATG13 complex, and indirectly by
@ inhibiting the suppression of autophagy by
PKA #——— Membrane potential | t\{:ila/ mTORC1. Ca** release by the ER enhanc
the tricarboxylic acid cycle (TCA cycle),
T upregulating ATP levels. Right: ammonia
TE1-ATG1%induced J‘.nmduf-_:d by ?niln_clhnndnal-dqundcm
autophagic flux glutaminolysis mmaln:r:w autophagy by a
non-conventional ULK 1-independent
Ts, Ca2 S mechanism. Under some conditions, the
,_.':“xh_xhh_ ,_.f’f 4 OMM can serve as a source of membrane !
“m__"ll*?__w":“-? p— - ';‘ for autophagosome biogenesis. '
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J’/ (4l EEi b include TOM7TO, STING and mitochondrial fusion,
whereas negative regulators include NLRX1 and

Megative regulators MEN2.

NLRX1 Type 1 IFN T
MFN2

Fro-inflammatory cytokines T
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TABLE 6.4

Transmission of Mitochondria Among Different Organisms

Organism(s) Organelle Transmission

Mammals Mitochondria Matemal inheritance
5. cerevisige Mitochondria Biparental inheritance

Molds Mitochondria Usually maternal inheritance; paternal
inheritance has been found in the genus
Allomyces

Chlamydomonas Mitochondria Inherited from the parent with the mi ~
mating type

Plants

Angiosperms Mitochondria Often maternal inheritance, although biparental
inheritance is found among some species

Gymnosperms Mitochondria Usually paternal inheritance
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A long noncoding RNA regulates photoperiod-sensitive
male sterility, an essential component of hybrid rice
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Fig. 1. Mapping and cloning of the pms3. (A) Genetic and physical maps of pms3. (B) Polymorphisms identified by comparative sequencing of a 28.4-kb
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Figure 2 Pollen fertility of transgenic NK585 and PAB4S plants is restored by TMS12-1(1). (A, B) Fertile pollen of NK585 and
PAG4AS plants grown under short-day (12 h) and low-temperature (22-23 °C) conditions during the MMC-meiosis stages. (C,
D) Sterile pollen of NK58S and PAB4S plants grown under sterility-inducing conditions (14-h day length, 25-30 °C). (E. F)
Fertility-restored pollen of PA-10.4- and PA-9-tfransgenic T, NK58S plants, respectively. (G, H) Ferility-restored pollen of PA-
2 4-transgenic T, plants of NK38S5 and PAB4S, respectively. (I, J) Fertility-restored pollen of transgenic T, NK385S (I) and T,
PAGAS (J) plants overexpressing a 375-bp sequence (PA-0.37). All transgenic plants were grown under sterility-inducing con-
ditions (14-h day length, 25-30 °C). Scale bars: 50 um.
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Cytoplasmic Male Sterility of Rice with Boro Il Cytoplasm
Is Caused by a Cytotoxic Peptide and Is Restored by
Two Related PPR Motif Genes via Distinct Modes

of mMRNA Silencing™

Zhonghua Wang,?! Yanjiao Zou,>! Xiaoyu Li,>2 Qunyu Zhang,*? Letian Chen,® Hao Wu,? Dihua Su,?
Yuanling Chen,? Jingxin Guo,® Da Luo,”*< Yunming Long,® Yang Zhong,? and Yao-Guang Liu®?3

2Key Laboratory of Plant Functional Genomics and Biotechnology of Guangdong Province, College of Life Sciences,
South China Agricultural University, Guangzhou 510642, China
) . - - et o ~ r e = i T T e alT]




& Ak 4

VwWuhan University

E

LhRFIA WA AR YIEB-ap6/orf7989mRNA &E 1E

ORF79 ERBIEMEE MRS, MRFIB & T FE#ZB-
atp6lorf7IFIMRNAFE B 41k E . 7ERF1A FIRF1B [E]RT7FEE
Ff, RFIAEBHEER. BEMfRiERA: RFIARTESR
YIWiB-atp6/orf79 mRNA HIINEESN, ERILUEBarp6 mRNA
Hmig, ENEETREEEEARINGE, A& dEF~

FRIFhThEE. XM HR R 5 ReEE & AR T 7K 7§
CMS-BT UM A BB IR E /5 FHLIE




© Rit*r 4

wunan University

2. 2012 KEEFIPABARIIE, HiREA T
ERMRBEEA B RY, REI—TESTHR
ISR B RRGRP162E &40, 7KF#EPPREHRF5{E

ﬁ%%ﬁﬁo

The Plant Cell, Vol. 24: 109-122, January 2012, www.plantcell.org @ 2012 American Society of Plant Biologists. All rights reserved.

.Wl'

The Rice Pentatricopeptide Repeat Protein RF5 Restores
Fertility in Hong-Lian Cytoplasmic Male-Sterile Lines via a
Complex with the Glycine-Rich Protein GRP162~™
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Fig. 5. A working model showing the mechanism by which RF6 restores the
fertility of HL-CMS. RF6 and OsHXK6 proteins are targeted to mitochondria,
forming a complex with other proteins, including RNA-binding and processing
factors, likely to cleave the aberrant atp6-orfH79 transcript, thus disrupting
orfH79 mRNA and preventing its translation. Consequently, this processing en-
sures normal pollen development and leads to the restoration of CMS fertility.




A detrimental mitochondrial-nuclear interaction causes
cytoplasmic male sterility in rice

Dangping Luo'2, Hong Xu'4, Zhenlan Liu, Jingxin Guo'!, Heying Li!, Letian Chen!, Ce Fang?®, Qunyu Zhang!,
Mei Bail, Nan Yao?, Hong Wu!, Hao Wul, Chonghui Ji', Huiqi Zheng!, Yuanling Chen!, Shan Ye!, Xiaoyu Li!,
Xiucai Zhaol, Riqing Li! & Yao-Guang Liu!

Plant cytoplasmic male sterility (CMS) results from incom-
patibilities between the organellar and nuclear genomes and
prevents self pollination, enabling hybrid crop breeding to increase
yields'-%. The Wild Abortive CMS (CMS-WA) has been exploited in
the majority of ‘three-line” hybrid rice production since the 1970s,
but the molecular basis of this trait remains unknown. Here we
report that a new mitochondrial gene, WA352, which originated
recently in wild rice, confers CMS-WA because the protein it Doi: 10.1 038/ng 2570

encodes interacts with the nuclear-encoded mitochondrial protein

COX11. In CMS-WA lines, WA352 Eﬁt{:tlmlllgtes preferentially in 201 3{'5 , i‘”%}%% /J\ 2&
the anther tapetum, thereby inhibiting COX11 function in peroxide . A

metabolism and triggering premature tapetal programmed cell %% aNs T 7J< %E{[WA_CMS I}_\l&
death and consequent pollen abortion. WA352-induced sterility > S

can be suppressed by two restorer-of-fertility (Rf) genes, suggesting H &'Iﬁ( E;I:ﬂ» }E
the existence of different mechanisms to counteract deleterious

cytoplasmic factors. Thus, CMS-related cytoplasmic-nuclear

incompatibility is driven by a detrimental interaction between
a newly evolved mitochondrial gene and a conserved, essential

nature
genetlcs

e

nuclear gene. 13; published online 17 March 2013; doi:10.1038/ng.2570
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Figure 3.13 Human mitochondrial DNA has 22 tRNA
genes, 2 rRNA genes, and 13 protein-coding regions.
14 of the 15 protein-coding or rRNA-coding regions are
transcribed in the same direction. 14 of the tRNA genes
are expressed in the clockwise direction and 8 are read
counter clockwise.
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Figure 3.14 The mitochondrial genome of

S. cerevisiae contains both interrupted and
uninterrupted protein-coding genes, rRNA genes, and
tRNA genes (positions not indicated). Arrows indicate
direction of transcription.
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