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120 kb. #ESICIL IR SR EE - LR AL K 41 DNA ) A%

JH
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155939 bp

Fig. 1 Gene map of tobacco chloroplast genome™
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4.5 SHI5 S 2MRNA B K] (trn) 73 T, I8 A7 LB 5L K]
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TR AH DG R PR EL AT 7 () S AT RN A 7
FWME, JCHAE AR,

2 MEREERBRMFE

21 EIEMR
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P2 E T4 BT (R R BR A TR 2 2DV, 5 = s
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WICHTA AN R, X JURPEY) - Sk R DR 24 7
HIRRHE b, AT EHA 3, KIFEA61.1%,
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A 61.5%, HPFEA61.55% . K AR RS AL
()7 FRFAE A LA TR 22 3R, AT S &L
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Sk, IR T80 B 18 ME (A I B 5 SR Y
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BRSPS O %) N SR S R I 2 S O
A AFE R AR AR B DG ZR, AR HE B LR
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YERZI, I KRR NI K S AR I 41
MIEEER, A 186.8% I Kk R BE A gt A — 2L, AR IL
il P8, RNAZE DR REA o L R <7, [] It 45 1
WA 18, SCREKRE (P MR M 22 (FL 3R R
IR R A IS A, R (BRI RN AE
EARREPIREA I I AUKRG . N TR AL T
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Wol feZ% 1] Fil H- 44 5 DX 2 1 DNA 3> 41 43 # 45 A
Ths SRR AR ) B o Ak AR A 2 2424
AU 110 207 40 B AZ o G A rRNA K /I8 MIF 3 1 356 (R
HIAFE) T ARACL 2 e,

20044F, I ik P A Y AR A L AR AR 1 i SR A
R, o T 8 2 2R, B AERGREA 284k
FE A ST, 614 B A1 1594 i 3 1)
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e (trangition) A 545 2. 4l AFMNER 2 Kk A2 75
IR X355 [ 20 AL DX, 1 skt DX 3 AR /D % A ' 45 9.
Tang %59 b b i 7R K A IURERE 1 1 2 R S DR 441
FE, AR R SRR T R 21 o A TR) K 24 K AR
1E8.6 )74 3120 )7 A Hi 2 [1].

TR R AR KL R 2 7 SR U B fREW
W, SRR TS DR PR A PR 4 L 26 A 25 gk />
T%mEﬁmﬁfT%%EmﬁAE@W%.mg
ARG SE PR,

5 MERREFELTTEFRR

S A B R AT KR (98 LB, AN SRR A
Pyt Gk b g3 DUEOTIELTTAS, T I RIX sk 2
I n Ay, 2S00 H IREE A A m s e e e e mT
DAwik46.196%9, P LUE AR E Gt fet. ik
Mg AR B Al B T I 2 — B A0 g s
(Chlamydomonas reinhardtii), M5, HH 51 2§44

2R AL

FEARAR R LA IR RIE A 1 N F s Y2 (A
Y. BIHFTCA L, R FERIR 5L AR L
HoAbAE ) PR IE TR I SRR 2, 1 HLAE A R
i, LA AN B AT e R I 2R 46 16 7 A
[112%82, T M A& T AR, B
DU SR AE e P A 2 gk it 7, b b 1 BEE 3
i, JLF- AT A SE AR 43 DR G 1) 1) 0. g3 fE
L E R R BL AR (PNAS) F & 3R 125 CRE AR
T X e,

VE R ESE IR B T B, SRR et B R
BRE. WHAAIANEADE, AfEEsaaEn
AMREAA S IERERRARIE N s B LR
b (WA RHPEG L) ik . FiAE K AL AR 11
Y. B2 BB OR TR LA KD
RE Tz AR S S 5 A A L P 4
A B ERARTE AL, T LA B A A S R EE L
AR R, AT UG A — A2 A H I3
. kel LU BTAESR, ol URAESIA %
FHSEmRIE S, ke md, Bnfasliierrk. K
2N 7 DAAEY) AR M A, OO T i
Ja AT e A & S gl AR AR, D T/ 21
M2l G AR, Al B s J) FHEAT 200 0 16 #4842
BIR). 192EAGRER S, T LA PCRFIDNA Z4AL 46
TEHA TS E.

24k DNA 444 DNA
B P Marker

44k DNA 444 DNA
- M@-

£} -
% Pk ik
kRS i ik
FUAZHER 4L
4N A%
JRAZ TR | S

2y S

1_1%4{)&3:

S
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T i AR G — R IfiiL) AUA I G A (B0 R TRIL)

Fig. 2 Schematic drawing of chloroplast transformation
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DRIZR. ARy <l 8 76 0 F i b
SREIN T, ARRHAARCRARTAL, FER R
G, POAYE SRR AR R rf, AP A5E
AR A BEIR AR AR AR . S b, gk
J7H A SR, 2 B il T AR A ) X AN B I T 2
JR R, R AT 20080 AEVE ) (P SRR 7 1 L A B
IEAEM P rf, {H H AT S50 0 R AE W Sk IR
PRI FIVE 2 R4k I AT R A L, T
HAED AL LU TR M, 7 2 T i 5 22 IR G TR 4
MR R A TR S [ AL IV IR 3 S5 A
B, B, KRB SRR AL T T T 5805,
RGBT B 5 2 R AL A RE,  (HAMNEIE N
REME 21K H 1T LU B 45 5 AR,

KT AR AL A S, T &R0k, (H1H
PR R LA AR Y e ATy T BRI . AR50
(PIRZHACATRL, B AR VR PT REAFAE TR e XU
LR AL S B4, PG AN AT AEIE I ek A%
B, H—HZ RRMLW U], BRI
ARG T SRR, RUPSERBESE R,
SRR EALM BN SRS ey, HIHETEA B R AE
HBEAR, B EAAS R ARAN A% 5 A AR SRR )
FER, R SR, AR IAT A AR KT 1
XA R R, L B R N B RS AR e A
L 1.58x1075, 1y HE N B T 43 A2 4L ER IR R 2
2.86x10°°.  FyAh—NSEEG A A, R A
AL IR SEIxL07°, 111 HL A B S A [ 41
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WX ST, A1 AE, SRR A &
LS IR2eAs, (HPR A AR DR o SR AR A A &
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Y. IR A A AR R LR S SR, £50.9%
BT XA AR L IR B FE R = v e AN F b i gl vT LA
T, R AERIE, SRR TR AR [t EE H L
SERRZ AN EE S, BHAEMNEE N, 67T
PR Sy, AR AR I AER B V5 B LA K
L3,

FEI SRR IR S8 =) BATIZ R IE AT A
B, G 7E L BE 2 B I AT DA A S 1 P S RN A A
BAREIE B U, MRS S, K2
FIEFEANE], H SRR IR, R R R
500~ 4000 fi5, {HFILIAS WATAA 5 114,

FIHAT R Ak, PRI SRR AL SR i T
FORHERE, AERZEVEIR GURS . PURI 5. Pk
s MEVEATAE), EWRIRICERKR. TR,
A R FAE), e (AL AR
B~ WA PR AR ) S5 T AR T R Y
8. HACKIREIRN SRR T I 54k, 5K 3
THEE. B b AR, B LU EZMEY).
KRR EE e, Sl R RIERIA e,

6 TFHEEBMAREKRE

E AR 2R DRI K e 21 LA BRI 1 7 5
L, AHZ% BRI A, H S
Hrp RN — 382y, AR T4 R 2 MR B 2 A
SRR, A ERAROG 0 3 EAR A i 4
WIS FORARAT IR, /5 288t 2D i, ikt
SRARSERI A S G I RS AT i, IR R AE
Py 2 KB AL REGEM K7 JE@, & H A 5 75 2L
figf- R 14 O Bk ] L

VEAES R AT B MR AR R e
AIEHVER 5 Ptk SR B RO A
ARG A AR 2 AT T L, CHRAEAED)
AT SRR SN 4 5 A P B AR A )
TF . REEHIITTRY], AR T LS
Aekrgte “itEs 7 Hok, EARARR LA AT BUETS
eI RS AR AS 5 M e, T R 2 AR K0 L5
Wi, 534, R SRAREAL I R R 2RIE, AT LUK
R FEARSE A AR A A, AT AR R 2
HNHAN S EZ BB, Bln, I
2R AR AP RIF BE 1, DL T F A 5 R i
ARAOAMEIA J s BIAEAEAEALIE L AP 4 2K 50%, A7)
AIFRI3.6AL AL IR, T H AT S s R,

YEAD ARy, SR AAE PRI TR
7R E A AR R IOHLAT A I 7 B AT 2
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WAL, eGSR A AR RS, Xk
e PR AR AT 984 T B2 20 JHO A% FE DRI 41 5 -2
WL 2 1) AR BT ] R A R e R
g Az, AR mAE I G RE R #2
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WIEDRIAWT T IE T 5K ¥ Jig 25 ).
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Abstract Being organelles present in higher plants and algae, and containing the entire machinery for the process
of photosynthesis and their own genetic system, chloroplasts have played important roles in plant evolution. With
the help of molecular approaches, the structure and sequences of chloroplast genomes have been studied to a large
extent. The valuable chloroplast genomic information has been utilized in investigating plant evolution, diversity
and phylogenetic relationships between different species. At the same time, chloroplast genome sequences are the
essentid information paving the road for successful chloroplast genetic engineering, which has shown considerable
advantages compared with nuclear transformation and demonstrated its great potential in genetic improvement and
the production of biopharmaceuticals. The latest developments in chloroplast genome analyss are reviewed,
providing readers with indgght into the fast growing field and facilitating a comprehensive understanding of the
evolution, genetics and phylogenetic relationships among plants. It is aso hoped to promote the further
devel opment of chloroplast technology and the commercial application of chloroplast transformation.
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