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Chloroplast Genetic Transformation in Higher Plants: An Encounter
Between Prokaryote and Eukaryote
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ABSTRACT Chloroplasts are believed to be descended from certain cyanobacteria, which were taken up by
phagocytosis into a host cell and lived there in a symbiotic relationship. In contrast to the current static concept
on the chloroplast genome, its dynamism has been recently demonstrated: the chloroplast genome is active in
intramolecular homologous recombination, producing subgenomic circles when it obtains homolgous sequences
via genetic transformation. Chloroplast tranformation in higher plants provides many advantages over nuclear
transformation that include higher expression levels of transgenes, polycistronic expression of transgenes, and
maternal transmission of transgenes. Tobacco has been used as a model for chloroplast genetic transformation.
However, it is recently possible to transform the chloroplasts of other major food and economic crops including
rice, soybean, and cotton. Chloroplast-transformed crops will be able to replace bioreactors using
microorganisms for production of value-added proteins in future.
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A% 10004 7he]] E3tet. oof Risj Chlamydomonas2} -2
sxofME g Ad) AFA7E AlzF T A7 S0 Sk
SAE] w29} t2A AEyd oo FE ASAE
% ool Agte 1FAE

o] Wlo] ZFreof uls} 7FEE Weke f ylof &% gAY
S wstal, oS Wke W U AUAE Aoz
3 & A of B ARtel| AsHA HS

3] st BAE Eola S sEle YA R Jalkt

FBEA A= #2

whil7] 20 9 S50 ofstol Q2] o] DNATH 4]
g Ao 2 AAlE o]% (Chiba, 1951), Shinozaki et al. (1986)
of oA FulellAl Ao 2 AA AEA Aw 7ML
o] gRlEfen, & olo] fA4ko|7] (Ohyama et al. 1986)2}
o] HA| HEA Alwe F7Ixge] EREE U} (Hiratsuka
et al. 1989). o]of| we} AEH| Almol theh M= 2141 ¢
£0] DNA G7IME 49 253} 7]e0] 43 T =H
A, F27EA] 51 Fofl diste] A QEA A9 @714 Dol
ERIE G oW, o]F 25F-2 AT 23 Alolof] B Ao
Hol, JEA Ao vjaiAe] #3t Ats FEEE 7t
813 9l Al7golct (Bausher et al. 2006, Daniell et al. 2006,
Jansen et al. 2005, Kim et al 2006, Ravi et al 2006, Ruhiman
et al. 2006, Steane 2005). -

SAAEY GEA Awe YR Hojglen, dAy
L2 3 A7) 120-160 kbo] H i) &3ich dF o] G=A)
Awe 3A W FEoz A=, Pl A= g7
K go| 43| 5Lt F 749 inverted repeat (IR) 7o &
Aste, ol F& Qlsto] YR FEo] large single copy (LSC)
7} small single copy (SSC) F7HQ. 2 o] Act, &gt
H7IAGE] BAjo] o]Fo)7] Hrfo] HLE B 4FA A
=9 AA Z7]+= 155,939 bp ©]H, LSC+ 86,686 bp, SSC=
18,571 bp, 2] IR Z}zF 25,341 bp ol HAOZ HE 8ol
et (Wakasugi et al. 1998). Tl HE4) Ao s A
113 719] A7 @l glon, iz oz S =2 4
EA Al 110-130 7§ FHAAE 7L = Aoz &
24 Atk o] F o 80 e FHY T2 AAA EE et

£ @4 coding Ao, LA = oF 30 719 transfer
RNA, Z2]1 4749] ribosomal RNA (23S, 168, 58, 4.55)2
coding 3h= SAAZ ZHQIE|QIt) (Wakasugi et al. 2001).

HEA A=l Hst

Aoz S4AEY G54 Alse F2H2R A

7702 IR, LSC, SSCZ o|Folx #2271 & HEE Y
@23 A vel faxe We T T4ol Be el
FAES oA S| AR Ao delA ghot A
How FAA; 9 introno] {4, BF oA A @
LRe) &4 @ 3719 we] Sol F% BRED oot
(Odintsova and Yurina 2003). 289 HEH Al=9 81 7/ &
9172 coding 7079} 4ko]7] AR Aol 86 7 Tl
AR} Zoll 4 78 AA7F MR BUBHk= ALIOA (Martin e
al. 2002), AEA AlwS FEA7150 520 SRATA
2 49T 4 ol Hagel B SAAER $AHL,
Aol U A ABERAE WAZAE] ofstel
AEAIEY GEAR A3t NSk o) dje- 27] G
A Wz o AR A UK AR AT (Marin
et al. 1998, 2002). G-AA} A4S BHFARS
EA 83| FAY, vEEEZo} Alw Foll FAF /AAr
7t 3Eo] 94 Aeol Uolibe AR oA AUck BE
@59 A=A Aol 11749) ndh FARTL AAE 7
U pseudogene @] FE ERE Holglsd], ol ol&0] HER
Eajo} Alzoll ndh 7729} FEE o] EA87] dedd A
2 FA ) (Wakasugi et al. 1994). A2} 249 SchAQl
dle BIFEA 71AAES] LEQ Epifagus o] MaA| Al
A Fetdoll Holske Ak ditfA e o] dofut A
A A 271712 Ber 48 A0R2 A4 24
7§70 Ago] iEke V5] EAle) S WY
ol Gl AL & 4 Atk & A l4AEel A
Kpgol LRtk $HAEe] 2ado] FAS Lol A
F 5} (dePamphilis and Palmer 1990, Wolfe et al. 1992).
Q2A| Al Uk Fho] FelHM FRH Azl
QolL} g% £AL @71Mo] ez Tkt Hl A
HEHoR v ® H7|% gt} £3] non-coding F7tol| A=
oje} 2 AHEAe] AdiF g A dojutil, =] 200
bp olete] @RE umY A% BT i AHo= o
& FEA A 24 Hoke S3k AEY oA &
A& A &Y, Jansen and Palmer (1987)-2 =5} 4152] A
B3 Aol LSC ol 4] 22 kboll Fali= 17]9] 9
o] 2sj7} 3t 352] 27) ool Yol AL Wasol,
o AE0] AZg FHde $aT FAR AR HE A
o} fAtol 719t Hu o] FEA| Alse] vl EA oA 30 kb
2ol SIS fARE] 2A7H W) ARl Qlzistel,
SAABIA o] 77t GAK A4S MTEAR B, 4
47 (yeopsids) 2 ASTH BE BAIB0|HE SAo]7]}
H:5}e] 30 kb) & Hlo] Lebeo 24 H$R7} TR
A 71 dx Bt ER2YE 2l vt )t (Raubeson
and Jansen 1992). o] @]o|%= TA}2| (Raubeson and Stein 1995),
)= A1E (Lavin et al. 1990), ¥HI} (Doyle et al. 1992), uir}

® do kI 2

o i

é;lo



2oz H] 2} (Hoot and Palmer 1994) S oA & X dHo] &
2A e, 53] 2Et AE A= 40 7 o]4ke] RlwE
AR A o] P27 = ST} (Cosner et al. 1997).

AEA Alme 7 AR 24 B4 F o IR
Zto] EAste A 2t shute] F7)E fAto)7|e} Hjo
A 212H o 10 kb, 25 kb AE0|c). T2t Fiolt AEl
Pelargonium) A= IR 77ko] @A Fejj=]o] 75 kbell &
3l7] & 3t} (Palmer et al. 1987a). o] Qjo| %= 2ZFZw} (Cosner
et al. 1997)o)| %= IR 7o) Hojd Aoz HuFEch 3t
Ho2e YFIAESY Y5 SHFA IR 7371 Aol
747t Aoz dold Aeg ¥#A Ut (Lavin et al.
1990, Palmer et al. 1987b, Tsudzuki et al. 1992). =24 A=
oAM IR7} 248 AU vAdHor doso] e ¢
oAe AR R G2 SA7F AR FHAA e AL
Z YERA, RS AA GE8A A 723 HgAdd 714
ol ZAoZ ZA8EaL it} (Palmer et al. 1987b).

TR A= EEA Azl HlwnEA

Al 22429 AR ¥, 8, S 3o E $8%
AEolt). webA ol MEA wHet $A BEFE]
=% o|8sto] 25 E HhojA A Ad Aot et
il o] 2-HE A 55 AAbelr] A3 B A7t
ey Folrh MEFirled E8sty] Hslae ookt &
AR AE7F atEE ) 58] G484 Aw ARe dHfaA

S Az o3 A=A AFLE EUATIEY AR
3= WE Q) &8 47|44 (flanking sequence)ol] T3 &
ARy A uolt. A g7 7HA 3 AlZo A AEA Alw A
AE7} & A e AL Gl (Nicotiana tabacum (Z00044),
N. sylvestris (AB237912), N. tomentosiformis (AB240139)),
Atropa belladonna (AJ316582), BEUtE (Solanum lycopersicum
(DQ347959)), oA} (S. bulbocastanum (DQ347958))
o, 402 22 ALgSH- 13} GBA| Al AdPRL
A3 A AR Skl (Shinozaki et al. 1986, Schmitz-Linne-
weber et al. 2002, Daniell et al. 2006, Yukawa et al. 2006). A]
7= A4 GEA FAAEE S8 gl 9EA As H
9] flanking sequenceE ARE-S}o] (Sidorov et al. 1999), ZF=}
AEA Alsol A714 Lol & Fagh AAollet ofof £ A
Ao AR} (Solanum tuberosum L. cv. Desiree) G424 &
HAZ AFe] dgto g 4R =4 Aw |74 2
beiek

WA GEA AL 155312 bp ol o] Lo 18373
bp2] IR, 85,749 bp2] LSC, 25,595 bpoISSC 22 Hojglct
(Chung et al. 2006). J2H A& 79719 Tl 30712
tRNA, 47112] RNAZ} Zgh= o] 9lom JZA|AE el 43

ol

5420 Y24 AR

.

rio

2}

SHAY KHAH 20
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49 YAE o 6 $50] ARz 2zel Aoek vhe ¢
stk Teit 7T Wel s IR, coding 9% @
intergenic 3519] o] ol7} 98-S BRI, A R
Zol= EUlE (S. lycopersicum)®] A3} v]53t gl (V.
tabacum)l] B8] 23|28 253 bp7} At IR Y29 &4
Z+9] extension A} pseudo F-HA7} A7) = d 7hR]ke] A
= o7} oby ek 7HY AR IRb F9] 9] pseudo yefl
AR Aol 1,122 bpR Atropa belladonna (1438 bp) th2
o2 At IRaQ pseudo psl9 F-AX}F A= N. tabacum}
N. sylvestriss Al 2% BTk coding &A1
Wi 24 23 2Rk opIF 1A (S. bulbocastanum) St
7| BokEe} 7 FARSHATE intergenic F-912) o] M=
B direct repeato]] 2]} insertion/deletion 21| petN-psbM,
trnG-trnR,  ndhC-trnV, petA-psbJ, ycfd-cemA, petB-petD,
petD-rpod, rpsI8-rpl20, rpl32-trnl A} Al0]9] insertion/
deletion& Z¥R} (Solanum tuberosum) FE2A| Aol Agt 2t
3+ EAojqitk Direct repeat glo] 471 insertion/deletionS
ndhC-trnV. Rpli8-rpl20, ycf3-trnS 2] intergenic region 18| 713}
Eol3t AL ndhC-trnV intergenic region®] 241 bp deletion®]
ok Hagk 671A] ZRA S EFste] of 71, Alg A, B, &
4, A 59 SAAEY HEA Alsell= 241 bp deletion
o] YoJuA] Feket. whekA 241-bp deletion& AulE FA (8.
tuberosum) @} R YA} (S. bulbocastanum)S FEE 4= Q)

= Z93F B2312]212} (molecular marker) 2 0]-8-8F 4= 9Jt}
ASASERAT EF2M HEA

FIEE AR vaste = o, 54 Awol §
< o7k vz T3, AR A Awd o A
I vlaste] 11 F27E ] PgE o] e R Al
A B2 Y A 4% ez EASta (K ET oF
1L,0007H74A]), oA o2 2717k 27] wlgof, Hlaa &2
T HE ARERE &4 G5A DNAE #5288 + S
e obzl, A=A Alse] vl ol 4 U=E A
T probeso] WS MG AE FF A&l 7Hsst
ofg] o G=A AlsS &4A WmEAE 5= QA =HA
19803 27] A& AFER Aol A4S HmEA
Ho] =9l o2 27]ollw FHll AEA AsellA FeiA
probe®} ARHEAF o]-&3to] AFtE A A& QA% U
A=A Aol 24 HsE ATERH FA= 018314
o 1 F AR G714 e HRREATe R A AEY A
= T =H3lew, o] ¥ RUBISCO 734+ rbeLo]
A= ATEFATN 7P Bol ARESen A4 ES

=]

b [e]
AUHAQL AEEAL Sfalo] 499% rbeLe] B TiLHo| o]2
o] 2"} @It} (Chase et al. 1993). 2L & ndhF, mafK, trnL-trnF
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Table 1. Comparison of nuclear and chloroplast genetic transformation in higher plants.

Copy number

Commonly used Insertion of Multiple of transeene in Protein expression Transmission of
Organell transformation transgene into transgenes as a tran;g enic level (%) of transgene
method genome an operon plant gc el transgene &
Agrobacterium or
Nucleus particle Random Not working <10 <0.1 Paternal
bombardment
Particle Homologous .
Chloroplast bombardment recombination Working up to 10,000 up to 10 Matemal
speaer % oL intron 59] 7]ek YEA A FAALE T & HFAB] G2A) SA24e) Ho] obd UL AL A1S
5] o) X9 AFERIA BAY nmile] o|gElol oz AU F=H Amo] AAHoZ T el

ston, AFA Feety JAE sl M2 TAE
AAE 4= Qe ol B ATERSHE ZERA AN
Elo] @31 9l Aotk Fol| SolAle oS B §4
A}, ARl AA 9EA Aw 47149 Hla BATS
EX 7Fs8HH oS A ASEREE BAE H4st
Bl A|=7} o}Fox 1L ¢Jtt (Graham and Olmstead 2000,
Goremykin et al. 2003 a, b).

HEA HE2 DIER=CE|0F AlsME ASHolTt

A A sl AR WAFAEY Aadel &
3t A Skl AAbEe] AEsHA © AL vEZE
282 e & HER Yoyt v
A S

Jrldes e we el o] o]

[

-3
logous recombination2 E5}to] o8] 7He] MZE ThE subge-
nomic circle2 o] A 4= ¢l11, E3} subgenomic circle A
37+ homologous recombination®f 23} -2 2] master circle
2 wigto] 7Msatul o] BAo|A Ukeht DNA Zujg
(rearrangement) & 913} A& isomer?] ¥} 3t master circle
o] &AgIttal o824 subgenomic circle®] EABHA|
e GEA ATt 2 Aols Rolk Ao YT, ol
wheh v EEE o A 54 (dynamic)o| G2A A
& 44 @uaticjolehs olero] YUY

T -8 Aol A Hhel Bte] oJst FAAAE F
249 AL homologous recombinationo]] & 23k repeat
sequenceS FA Fo=2H WEZEoL Agdt v AR
subgenomic circled T=E= 5 7|EA o2 nEZEgo}g]
Astt 5ol Ao1A Zkol7F 3T (Liu et al. 2006). ©]
W ade dsd) 3Rue o] SEAns wawr)
transgene] B30 20| Wpzo] BN AHO B obHBh
T wE gae] Befe dt Heh AL 15AEe) o
AL cassette HE o] AMHE ZR2EE Y EuUHo]H

homologous recombinationg Y27 subgenomic circle- 2 &

= 2& YA 5 Ak

1988, =32591 Chlamydomonas reinhardtii®] atpB S
HolA o] YEAR ob¥Y FAAE =S A7 (Boynton et
al. 1988)F 7|H o8 mdAlEel FHlE o] gal 1541Ee]
HEA FEA™E A7 Shde] Y=o} gtk (Svab et al.
1990, Svab and Maliga 1993). 2EA|Z+= oF 1007 A9 ¢
EAE 7ML 9lom 7} YE A= oF 100 copy?] 5UE 4
EA Asd FRtEE A AE AE 3 4EA AnS
10,000 copyoll o] 2t (Maliga 2004). whetA HEA FHAS
<> 8 FAPE vwshd =49 A4 B s g
7R 2 RHFA £ Qe Aol Atk et o R Sy
Aol o3t o) fxte] HFEE CaMV3SS ZE Tl
5 AQ8E19S 1 EGABAR] 01% ot =)
YAUBY AP T 2ES 461% 7% 7|t 29Ik (De
Cosa et al. 2001), T3t A58 A159] 3HE. (pollen)oll = G =
A7t EAEHA] oot =QlE o FAPL BRARAE T
Ex FAASE AES T Al o o= ;1A
SHE-2 &5to] A9 opF o R 41 olF3lo] WAYE

= o8l TPsAS TUH 0 E AT 4= 9l o] FHo] Q)
8 gaaA 49 ofzf §UAE SUSHBE gene
stacking A|7} 9otk o A9 ofe] WA ATy FH
A= FAlO AlEAWZ mdEojof dich. Tejut A 4
E FEATA Ado] o] &= FYAAGY A= 23
N A=g 7hsdh AAolnt 9hH JEA FAATY Ao
FEA7F LM 2 Fef o] A7)Ho| B R tha=o) Qe 534}
S HeAEH O] @H|E (operon)FE 2 FAlof] EIdH= A
o] 715381, o ¥ A ST @) gene silencing, positional
effect7} gloj LJeH-H-Ax} Wao] gojsic} (Table 1).

4w
otk 4o



Table 2. Chloroplast genetic transformation of higher plants

D542 YA FUWE: AAYSY IHYBO X9 - 189

Year Plant Explant Reference

1990 Tobacco (Nicotiana tabcum) Leaf Svab et al.

1998 Arabidopsis thaliana Leaf Sikdar et al.

1999 Rice (Oryza sativa) Embryogenic callus Khan and Maliga

1999 Potato (Solanum tuberosom) Leaf Sidorove et al.

2001 Tomato (Lycopersicon esculentum) Leaf Ruf et al.

2003 Rape (Lesquerella fendleri) Leaf Skarjinskaia et al.
Rape (Brassica napus) Cotyledon, petiole Hou et al.

2004 Carrot (Daucus carota)
Soybean (Glycine max)
Cotton (Gossypoim hirsutum)
Petunia (Petunia hybrida)

2005 Lettuce (Lactuca sativa)

Embryogenic callus Kumar et al.

Embryogenic callus Dufourmantel et al.
Grayish-green friable callus Kumar et al.
Leaf Zubkot et al.

Leaf protoplast Lelivelt et al.

HEA FAAS o3 AHE < dHdLS AEAW
o SHEnz WMzl o] AlEFe] FAPH Y AHlZ
HE & =+ e TFY 9HE Qi fsich o7,
trehalose synthase --AAE & A A3} WAoo g TolsiH
trehalose7t AJEZOJA A& UERARE FEA FA@
2 B9 ue ARAUOIA B4 LrehRA| gt (Lee
et al. 2003).

gle) Q=A) HEAT olo) B D54 A=A
YYD 77} el Mo} gouk wE vizalel %
o 83 He= £ 4~ | Holr} (Khan and Maliga
1999). ¥9] A2 heteroplasmic3t & AA 3|7} PojF out
Rape] 220l 7z} (Sidorove et al. 1999), EolE (Ruf et al.
2001), S (Hou et al. 2003, Skarjinskaia et al. 2003), T
(Kumar et al. 2004), T}%= (Dufourmantel et al. 2004)2] &4
S0l AT (Table 2). E8) ) 9] 5
7) 2434 (organogenesis) 4410] bl AA|EHIEAY (somati
embryogenesis) WA41& AMgstel 4EHRCk wkehy 2y
ol ola) AEAA ] TPt BE 4Bl ASH] FUH
o] 7hed Aoz AYgdrt. AFAHEAE “universal
vector” S A8 4= Q) A7t homologous recombination H}A1-S-
2= A8A FEAR o= G5A A 4714 E0) A=
of wpet t2ER 459 Fof uet ol HWE S AN}
ofof git}. ZiATe] &3k AlEolet & At gl HEE
o] 2)e] AlEo] ARRSHH siFAES] HEA Awd
target site®] F7]A G Zpoof o3 FAME ¥lEr} 2A
748t} (Grevich and Daniell 2005).

Change of single
chloroplast genome copy in
tant cell

— »

(0]

—t

(0]

o

je]

o

w

3 Transfosmed chloroplast
genome copies are increasing

S as vell and organelle division p——
continues. However ¥ild type
chloroplast genome copies e -
are siill present with e
transformed chioroplast
genose copies in individual
chloroplasts. of which
condition is referred as
intraceliuiar heteroplasmy.

3

3 in additional three to fowr
rounds of plant regeneration

o} on selective mediun,

i} all chloroplasts contain

53' fransformed chioroplast

[7:3 genome copies. of which
condition is referred to

3 a3 homoplasuy.

<

Figure 1. Transition of wild-type chloroplasts to transformed
chloroplast.

A A2 Yol ER8kz A EA Als copyZt B5F =YUH
FARE FAHge] F Ae & homoplasmy7} E|ojof girh
HEA FAATY 271D A= 5= T copy ] AEA A= 5
g B2 5 7Y Al copyRt & RS A "k
it A Ak vz oA A ZH o) AldheieF 2 AR
3t AE AX s B AZEET FA HEA £l
I EHA| A o] H GEA At AHEo] HFH o
2 2 454 W Als copy”t BRG] H AEAE &
= 7 A (Fig. 1.

HEA FAAE F = A8 YAE ZYAIZ] DNA
£ AR & ol&ste] Ay AEAUE ZYA7= Y
(biolistic = biological + ballistic)o] Wo| ARE-Eal Qjth
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Plastid transformation vector

Chloroplast DNA

Figure 2. Chloroplast transformation vector. Vector consists of
two flanking regions (LTR and RTR) of which sequences are
same as those of integration targets in the chloroplast genome
and two marker genes, aadA and gfp, that are dicistronically
linked. P: promoter; rbs:ribosomal binding site; T: terminator.

Biolistcsoll 2J3 $1274) FYMee BAAE Py w2
Zrersiut ulgol ol Hi who] gtk

AZH| WHHE HE ALY

HEA ARS8 FAHE = g2 A Azl
ofsf eg FARF 1A Sojor G
08 gEA AN dE = a4l 4F AR A4
ol {FARY FEo 2
DNA ©H-E& ZE3LE S A 23T (Fig. 2). 7] AHESH
4 gAxg A5 YA A 7 FHAE point
mutation®] 9= 16S rRNA (rrnl6)S A8} spectinomycin
Z2 streptomycinof A @S Ad AEAHE ALttt
(Svab et al. 1990). L& rrmni62] point mutation2 & Ao]m
A Bizst i w22 dyE Aok ¥HH aadd (amino-
glycoside 3'-adenyltransferase) -2 A}oll ©J3} spectinomycin A
P A AHEShe AEA 3G A oA S M A&
£30 A AlAE o2 dHA Ut} (Svab and Maliga 1993).
HEA FYAZ deo| ARGt FHA AL fAA=
kanamycin A& FHRZQ] mprll (neomycin phosphortra-
nsferase) S-Zx}o[c} (Carrer et al. 1993). T35t SHEA] *j3HA
Ak 42} Al EAJEA betaine aldehydeS B]EA] E21¢1
glycine betaine 2 & H3IA|7]+= H4 BADH (betaine aldehyde
dehydrogenase) S-AALS ARESH o7} Qo) (Daniell et al.
2001). &]Lofj+= green fluorescent protein XS SABA A
o Adh 3R} A AFRERe] Hoh a8l Al AlA"
2 zrz=A =it (Jeong et al. 2004) (Fig. 2).

HEA A e AAdY E o2 A9 21

o
zaneot fe 24 A7|HE (leader)E Z3AT 528 7

et Buplele7h 23E Iz EEo|th (Maliga 2002;
2003; 2004). 919 24 F7]A €S mRNA Q] §-UTR (untran-
slated region) = 5'-UTR} ZFH-Q 9] opn| Al wict A H
£ 25 X35 5 TCR (translation control region)©] & 4= 9J
t}. mRNA2| 5'UTR-2 mRNA 2H4 o] 3 a3t stem-loop 1=
9 ZRECZ mRNA 0|5 Boloh sl U7l
EFFsEI it 3 2 AR Enjvjo]E] 9A] stem-loop T
ZE 7L o, A=A F-R psbd, rbel, ipsi69] 3
UTRE &3] AMESIt T2 E|Z= rRNA QHE T2 E
£ HFAX P Z2HEHE 7MY} @Wol AMESh=t] Prm
FEA oA THE0]Z RNA polymeraseo]] sl ¢lA¥)= 22
ZEjolct.

w3t 9P ¥l Vel o] A4S welS Aelein o
A AEA Als target site] F7IMEES HSA ST
AE8 JEHE yhEofok sk, o|xsl= homologous reco-
mbination ©]£]2] JHofA FHFAEY AEA Axat 2
Rolo) A4S 24 FES B Bast ok

JEx FuHB| 38

H=H HUHHY £ 0/F

oEY GEA FRUT WU MAA TYRA, FHA
BUAT W $YH F2 A2 BHY 5 H2TUNAY
AL g BHoRE Tl olgsT Utk 4EAS
o1§3 A NEG TUY PAL clz) ol ek A,
HEALHS FE Bl dejejols ol §3He AL A2HN
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