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ER] st AR B 2 30 3 4% S I 5 5 DR K o 0 4 7K
WAL AR SRV 10 2 G R A B HEAT T R, b E 4
TR S (O B ) AR SR R AR YO R)

1 #R5RZE

11 SEusy

SIS AR A E 2R K S (Hydra sinensis)(E 1)
BT TR M T ARTLIR, EF AR AR B 7K MRS
PRFRAS Fp e B3 AR B s 3%, 48 bt S 34> v
RN R o [ o BETEH & (40 il i 44 YDIR1. DIR2
S DIR3, J5Fh R4 M 4 26 7F 4y 3 N 113°9'E,
23°09'N; 114°45'E, 23°13'N; 115°25'E, 24°11'N).
&K HEF B (Artemia sp) %) B /KIE1R, &
Jo B T R . KRR TR R A S A
— 7&K (B /5 4: 1 mmol/L NaCl, 1 mmol/L
CaCl,, 1 mmol/L KCI, 0.1 mmol/L MgSQOy,, 1 mmol/L
Tris, pH 7.4). H [F 4 7K WEL o o [ T 1 0 &R K
DR FRAE 55 77 5% 10 B8 1 D IR IR 48 N [ (25
0.5)°C, HH&E2000 1x, Y6 & #H7 s b 12h: 12h].
12 HESZETEMAL
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Fig. 1 Hydra sinensis and its symbiotic green algae

A. TP ESEKEE; B, o E G KIEVKE T 5 C. i E S K BRI A Y
MMFLAGHEE; D. 2 B AL I LA 403 EC. AMIEZ; ME. HIEZ;
EN. WIEJZ; GA. JHALIEIR I

A. H. sinensis; B. frozen section of H. sinensis; C. symbiotic algae
of in vivo H. sinensis; D. symbiotic algae separated and purified
from green hydra; EC. ectoderm; ME. mesoderm; EN. entoderm;
GA. gastrovascular cavity

BE A B RN A AL R A SR . BAODIRWR: (1D)IE R
KR 2 B /K ¥E3i )5, 761 mL2& B 7K 51K,
500 r/mini# & 5.0 5min; (2)FEF G, WIEH0.5%
SDSH &, 500 r/mini# & &5 .02 5min; 3)EF _LiE, Ut
TEM0.5% SDSH &, 2500 r/mini# F & 0> 5min;
(D EF HIE, PTEHEBE T /KEE, 2500 r/minid £
B0 5min; (S)IEELRBEDTIE & H .
1.3 HAEZEZDNAKHEE

HEEMLEES A1.5 mL Eppendorf® 1,
IIAN800 pLTE6S C /KB T CTABIEHL 22 iR
(100 mmol/L Tris-HCI pH 8.0, 20 mmol/L EDTA-
2Na, 1.4 mol/L NaCl, 2% CTAB, & I 5 i A0.1%
(VIV)IIB-3i 2k 2. 85) H IR 21, FERRSminB R B L
X, 20min 512000 r/min % 35 250 15min; /N O HL
B, N800 uLWy: &5 (R ELT: 1), TR
%]; 12000 r/min 4°C &0 10min; /MO IR EL FiE R,
BIIA800 uL& A7, 247, 12000 r/min 4°C &> 10min;
By by, —20°CYTiE1h/a, 12000 r/min 4°C &L
10min; 32 BB, F70% OSSR UTIE2IK . T
VERRGET IRV TR E S T50 uL 38 7K,
—40°CLRAF#%
1.4 HAEGEZ18S rRNAER KM ZAEEN =
R F03M

S I o B o 4 5 4% 18S RN AR [H] K -4 4
S AR S B AT A 15 B2 AW, i e I e B[]
()7 B AR ST PR X B, b it T — R A5 H T
[ 23 7K A 25 A% 18'S rRINA JE R R -4 4k L [R]
[IPCRY™ 1 J2 7 (% 1)o ASZI& BT A PCR I B )
KR NARFR I NS50 pL, A 10xbuffer 5.0 pL,
25 mmol/L MgCl, 6.0 pL, 2.5 mmol/L dNTP 1.2 pL,
514)(10 pmol/L)#%1 pL, Tag DNAEAHF1.2 uL
(TaKaRa, 5 U/uL), DNABLAR 6 ng, 4 FH KB LB+
I 5 L AR RN 250 uLo S NAK R AE94°C Fil AR
PESmin, 285 HEANMN TR 94 CAE 14305, 45°CiR
K 30s, 72°C ZEAH160s, JEFFIRECN3S, TEH 45 K )5 F
72°C & 8min. §HG W)L 1.0% 2 i HE e I FL UK,
SRIGTEBE I G R LA . PCRIZIE e t)
gt f5 5pMD18-T v B # AR & 2, R LE.
coli IM109T# ¥k . T ¥ PCR J7 % i 1% BH 14 70 %, FH
PSR IE A LA LAY TR AR H R A
BEAT XA o
L5 £YERZESH

I A5 3 1 v [ 4 7K AE 44988 4% 18S TRNA
B R R I SRARTE RUAZ R 7 B FENC B 33t 43 73 3E AT
R T HIBLASTTEZR 43 M1, SRAGAH N [R5 7 51
PR LA 495 4% 18S rRINAJE K] Az i 45t 4 J5 DR A% 1%
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Tab. 1 Sequences of primers used in the present study

5|¥Primer ¥4l Sequence (5—3") Fi&:Usage

18S IDNAF (A CTOOTTOATCCTO ot 155 rRNAZE

185 DNA-R T LOCOTTCTTCATCO g5 rrNa s

185 IDNA-SE o0 OOTAATTCC  1gg cra gt pi il
apAF  TAGACCTOATGAMT g shnt- 45 fhampA LB
apAR O ITCTAATICAGE st 5t pharpa st
chiBp  ATACGGRACTITACGA g sint- 43 fhchiB b

TTATGCTCCTACGGCT

chiB-R ”%CTTTTGCTGCAAACA gt ARk chIBHE
chiN-F 3 OAOCCATACCTOT s jygut st 214
chiN-R  STOAAACAGOAAATT st 5t chiNIE A
perat LT TOTICOAATIOT syt 3 thpera SE1
perar AU CATTTCTOCTAAT yjynt i thpera s
psaBE A e OC 4 St psaB A
paBR  [GAOCAAAACCACCA yiutseihpsan 3t
psbak  GIIAGCACOOTIOAT iyt s ihpsba st
psbaR S GACAGCARTTTIA tiant S thpsbA 2L 1H
psbCp ACOTOATCAAGAGT gt 5t psbC I A
psbeR O TOATTATCACCATC sttt pheponc 3t
psvD-E ATGACTATAGCGATT -ty s hpsbD 38
psbDR  JORGCACCCATCEAR st £ hpshD A
rhelFSTOACTCCTCAACC gttt kbl 21
rheLR O ATCTARTTEACOR iyt bl 31

7543 345 e YR AL IR 7 51 BHE i85 Clustal 1.8%K
PEREAT HEXT

BT 18S rRNA KL K 7 5 8 317 0 T 2 4t
BRSPS, PR ELHE A (R SRR I R AR SRR 261
[FIVE 75, JEEREE AN (Trebouxiophyceae) ] 12 [F]
V87 51 ) 4% 35 40 (Chlorophyceae) ) 15/ [F Y5 7 41,
ANEE N SR B 1 224 (Ulvophyceae) ) 1/ [R5 7 1)
{8 FHModeltest 3.74 %6 7 51 B4 18 356 A 1 1) 2t
SRR, @ITPAUP 4.0b105 4, JETHKY+
GRS ] Bt KALAR 1 (Maximum-likelihood, ML) E
BT RARER . MLAG R AR H SIS E
5 HAHiE 510000k A 5l L EZRLR. 7k,
fifl FIMrBayes 3.2.3%fF"", 2 T HKY+GHL A I [7]
I )5 8h42% Dy /R ] R BE(RLFR A1 2%, #EE3%%). LA
BEHLB AR, 3847 3% 104K, 43100400 R G bt

HEAT BT HORE A4 4 DU i A (Bayesian inference
tree, BI), R4t KA1 fU BEAS FE i 5 50 M
K (Posterior probability, PP)#&ll .

FE9AN - ZRAA JE RIAZ IR 7 1) £ K R 5 5  FH
T T RGKE M, BEKIF N: atpA-chiB-
chIN-petA-psaB-psbA-psbC-psbD-rbcL. 3&F9/M1H
SRR FE R LR 7 5 B 6 AR AT 0+ R RE 5
HTIE, PR3N i [ 2 7K e 5 v o T 1 S5 R 3
A SRS H ) SR AR B DR A% R Y 41 B A
FLERTELA 33N Wb A4 () [R5 271, AM R R A
(Ginkgo biloba)" AR R T 41 . 722 T-9/ 1
SRR IE RAL IR 7 91 4 6 K s B 8 R G0 R AT
T 6K Fmodeltest 3.7 1150 H 45 A 26 R 1Y) i dd A
A SEIEPAUP 4061084, 43 51 8 B 44N 5
AT ) e B Ji B ML . fdE FlMirBayes 3.2.3%K
T TR 4 58 B A 5 R 1 e A TR S A BT,
BB T R T REEIEAT T 5%10°4K

2 R

2.1 HEZFEZISS IRNAEREFIIRAEZLEE S
#r

HH ] 2R K R 3N B [ TG 1 B AR I AR 2R
%188 rRNAJE K /7 51| # 4 ©#2 58 GenBank (3£ 2),
e AT HoAh S 1A [RIJR 7 515038 B AT 40 Bt LL Xt Je
FAH2076 IR A, A8 1N AR A sT AS85
] 2115 247 55, (Parsimony informative site). &7
18S rRNAZE [X 7 51) 5 2 (1ML ABIAH (] 2)3R 1,
FJEERFEEN [ AT SR Rl S R IR T BE B
IKHEL AR P ARA IR S R — 0 R B, 4k
FEAN R A R SR A b R DR T e SRR )
HAEREER AN REE . P E SRS
SEFEEII3N18S rRNAKE (K] 5 41 o T JLERVE AN 51 R 3
W, F HLAE LBk o R K IE S A e . B
Bt A S AR LA i Rt AR R A
H AR I SR R FiR 24 HES1, BT 6 SR YEAS (] 1)
HAEGEEIFEA R R, Hh, kA AR
X 1) & KR L AR SR 3 AN NS R, T AN N SE
0 BT T IR ERFEAN S RIS R, 4
H EH A TG [ SRR B8 T T A 3R R 252 (B 2)
ThAb, RN S F R E WIS I e A AR

R — 7, T2 S SN — 28 [ AR TS

SRIEYIFR A HEB(E 2),
22 HEFEMHFRAINEARFEBERFIIRR
FRE DT

H ] 2R K R 3N B v [ T 1 B AR N SR A At
4R AR 9N B 1A i G ) 22 IR 7 51 3085 L3 22 Gen-



1268 K& A& Y ¥ 41 %

*2 AXCNEHEEFT

Tab.2 Gene sequences determinated in the present study

[ gt K R SE A 5 5 R Genes of

GenBank & 3 5 GenBank accession number

symbiotic green algae in H. sinensis

i [ 2 K B8 TG 1 255 R DIR 1
Clone DJR1 of H. sinensis

o E SR KIETEME B RADIR2 A [ 4K B8 M 5 R DIR3
Clone DJR1 of H. sinensis Clone DJR1 of H. sinensis

1%18S rDNA Nuclear 18S rDNA KX531042
44K atpA Chloroplastid atpA KX548233
%44 chiB Chloroplastid ch/B KX548234
2% A chIN Chloroplastid chIN KX548235
IH-£344petA Chloroplastid petA KX548236
N %%4&psaB Chloroplastid psaB KX548237
£ 4&psbA Chloroplastid pshA KX548238
444K psbC Chloroplastid psbC KX548239
I %%4A&psbD Chloroplastid pshD KX548240
444K rbeL Chloroplastid rbcL KX548241

KX548242 KX548252
KX548243 KX548253
KX548244 KX548254
KX548245 KX548255
KX548246 KX548256
KX548247 KX548257
KX548248 KX548258
KX548249 KX548259
KX548250 KX548260
KX548251 KX548261

Bank (% 2). H1[E kK HE I A= SR R4 9N R [A]
TR 1) e TR 6 K 5 FL A 34 Wy o i 2 Ak [
P Fe A B i PP A1) S A B N 10106 M % H IR AL A,
For 45 544948 S 7 ri 453345 BRI L AL
FET iSRRI B AL R Y 41 BB 5 B R 1) R 4R
R M A5 RARWI (& 3), o 2K 34> B 53 T
PEBTE F I AR SR AL T IR BRI /N BREE H
(Chlorellales) ¥ RFE N . R ESR/KIESLAE SR S
F/INERVEE & (Parachlorella) S XA # )& (Dicloster)4H.
R RBER N — 3, MRA BHESDIKREE
(Chlorella)f1% (E 3).
3 it

H A R A2 0 4 i P L A T PR i 4 v
#9285 T BRR449% 25 E (Coccoid green algae)™ ™,
1M A VF 22 R4 32 W BROR S8 B v] R 0 — A
P 4% FI T 245 27 257 (Morphological group), 11 JE4 3t
IR Y6 1) [ SR 258 (Natural group)t™s 1X 15 2605 T
BROR 2035 A () 4 K 22 B0 Fhodk AT e MR BT
T A WA PR A B, R T R I AN S I8 0 4 22 S 56 )
FH A T o 125 i R X3 G v A [] ) A 2 2 0 o 3 DL
LI FERBRIRER BRI T A FHRHEEA R A 2
F) PRI DX 2 FE SE MG N 1 2 2K 2 T TR A F R 73
KRB I T HAR IO N — R
FE FONEEHOR G R B RIE R LR TR KE
BEEF, 22T 00 TR 10 20t 2R R S 2R
e S0y e S ANEIS: SN S E S 3
#¥(Prasinophyceae) I 3 AP Ak, i K FE 5]
(Charophyta) %k & £k 7 24 (Chlorokybophyceae) 1 X
2 #:44(Zygnemophyceae) 1 /> HeppFht

RV A [ KOS e AR 2 R gk AR A, 3R

fI1484E 7 GenBank H T A A [F) SR YR A 3 A= .41 g
2R 1) 18S IRNAZE K 77 41, XX L /7 51 it 47 9120 7
M1 JE BRI E AT R 1] Rk s A B e N P o [
P F AR E B . 5T I, AHE AR JLER AN
IR BN o i B 7 — 28 5 B AR SE 1) S 4
FENT18S rRNAJE A 7 %71 5 v [ 2R 7K e S A 4
AN TR SRR A e A H 20 D 4 9 1) [0 358 IR e ) — i
BEAT 0 T RGO AT (B 2). SRR, LBk
N E ARSI SRR R SRR T E R KR
A TR AT B SR AR SR TR — B AR, T AN
FH A2 ¥ 1 23 S8R 0 ol 5 R U T e A ARl ity e A= 4
R A AN AR, TSR ERE L S RiE
SELELRIEN ST R, AN R R I e A 38 05 HEAth 14
RN RBE, MAERGEN P 5 HAE BAET
BRI HES, Sk B AN 15 E R LA SRR B L
EIE(E 2).

XANRFER AL B R AT BE YR T DL R 2 B 152 1
Horp 2z —: 55— PP 2 RGN B 48— T 4R T g
BN E ARV AR, T AN A A R A
SE JEAM 0 i HE AL AR . RTRE TS E (BRI TETE £
RANAEE) R MBSENE . RER R SES
WIRNEY . Bk AR AR EARRK AL
AL B SRS K I SR 2 R N &R
RASHTRESHEEMHNILERR, MHIHLE
KRR AT SRS 08 R AR BEVLIY,
VRTS8 10 2 FE I DL S TR 78 2 1 2 PR 1 3t
KR BT, AR E R R R AT
L1, RORHEANE AR P (1S AE SR8 AR FE R 31
A s EAN AT REMEIERE AR, M5 2, it sgl
0 2% 3 B A % 208 T e — R AL AR AR T TR R, G -
15 B IA R RBIEAFR PR GH T ERAER. H
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X72706 algae of hydra from Germany
AB713411 algae of hydra from Swiss
X72854 algae of hydra from Swiss
FM205859 Chlorella sorokiniana
ABO080308 Chlorella vulgaris
FM205861 Chlorella sp.
—/0.52'— AB260897 Chlorella sp.
76/0.88 |: X63504 Lobosphaeropsis lobophora
AB162910 Chlorella vulgaris
100/1.00— AB713412 algae of hydra from USA
AB713413 algae of hydra from USA
AB162915 Chlorella variabilis
100/1.00 — AB162912 Chlorella variabilis
100/1.00 |: AY543039 Meyerella planktonica
91/0.97 AY 195973 Meyerella planktonica
AB713410 algae of hydra from Germany
AB713409 algae of hydra from Israel
KX548242 algae of H. sinensis Clone DJR2*
KX531042 algae of H. sinensis Clone DJIR1*
KX548252 algae of H. sinensis Clone DJR3*
— X56105 Parachlorella kessleri
99/1.00 = X73992 Chlorella sp.
AB006046 Chlorella minutissima
X72708 algae of hydra from Israel
Z21553 Trebouxia asymmetrica
Z21551 Trebouxia impressa
Z28971: Myrmecia biatorellae
AY422078 Paradoxia multiseta
AJ302940 Coccomyxa sp.
AJ302939 Coccomyxa sp.
AJ249515 Scenedesmus obliquus
AB037097 Tetradesmus wisconsinensis
ABO037089 Enallax acutiformis
AJ249514 Desmodesmus subspicatus
X74004 Muriella zofingiensis
AF367858 Heterochlamydomonas lobata
AB218715 Neochlorosarcina negevensis
U41177 Protosiphon botryoides
ABO007370 Chlamydomonas tetragama
AB218707 Chlorosarcinopsis gelatinosa
ABO058373 Chlamydomonas parkeae
U41174 Chlamydomonas moewusii
AY?220572 Chlamydomonad sp.
KI711164 Oophila amblystomatis
KI711171 Oophila- amblystomatis
KJ711181 Oophila amblystomatis
KI711231 Qophila amblystomatis
AB701502 Chlamydomonas nasuta
KJ711147 Oophila amblystomatis
KI7II139 Qophila-amblystomatis
AF517097 Chlamydomonas pseudogloeogama
KI711223 Qophila amblystomatis
KI711245 Qophila amblystoniatis
747999 Ulothrix zonata

56/0.69

50/0.63

82/0.91

93/0.97 53/0.61

92/0.97

99/1.00

60/0.71

92/0.97

100/01.00

95/0.99
100/1.00
100/1.00

99/1.00
99/1
95/0.97

62/0.69

69/0.75

100/0.99
100/0.99

97/0.99

100/0.99
100/0.99

55/0.67

82/0.92

—/0.56

58/0.72
100/1.00

Symbiotic algae of hydra

Symbiotic algae of hydra

Symbiotic algae of
paramecium

Symbiotic algae of hydra

Symbiotic algae of hydra
Symbiotic algae of

lichen

Symbiotic algae of
ginkgo

Symbiotic algae of
salamander

Symbiotic algac of frog

Symbiotic algae of frog

B2 T #%18S rRNAZEE T 51504 5 2 ML X BIF

SRS

JdeddAydorxnoqaa],

oeadkydotopy) S5

i
Outgroup

Fig. 2 Maximum likelihood tree and Bayesian inference tree based on nucleolus 18S rRNA gene sequences

RGO G SR E ML (8 515 8)/BIR (5 S 2600 ) B A5 D) BT R, 9 mSCRHE/N T 50% MR E rh A B IR, *. v E 4%
IR LA 28

Nodal support values are shown in ML tree (bootstrap value) / Bayesian inference tree (posterior probability value) order. Nodal support
values smaller than 50% are not shown. *. Symbiotic green algae in H. sinensis

B U, £ — 2 B E YRS AR I 2 - 18 4t FIREAT 45 R0 . B AR [ — SR A
ARG S Y 3 [RDE R 5 A il (1 A B st A2 AN SR 2R T B — DL R, (AL S e vl fiE



1270 K& A Y 41 %

97/1.00

KM462868 Koliella longiseta
KM462866 Pabia signiensis
65/0.73 KM462865 Chlorella mirabilis
KM462864 Stichococcus bacillaris

Prasiola clade

96/0. KM462862 Prasiolopsis sp.
61/0.87 KM462873 Neocystis brevis
55/0.69 —: KM462882 Fusochloris perforata Microthamniales
99/1.00 KM462876 Microthamnion kuetzingianum
KM462869 Parietochloris pseudoalveolaris
_ KM462871 Lobosphaera incisa
91/096 | 061 o , .
i 75/0.93 KM462861 Myrmecia israelensis Trebouxiales
68/0.84 KM462875 Pleurastrosarcina brevispinosad
_/Oi: FI968739 Oocystis solitaria Oocystis clade
KM462880 Planctonema lauterbornii

92/0.97_| 83/0.94
71/0.88

95/1.00
73/0.86

92/0.96

83/0.91

77/0.89
55/0.86
75/0.91
100/1.00
62/0.85

98/1.00
100/1.00

KM462874 Koliella corcontica
KM462881 Geminella terricola
KM462877 Gloeotilopsis sterilis
53/0.72 KM462883 Geminella minor
KM462886 Pseudochloris wilhelmii
KM462888 Marvania geminata
HQ914635 Chlorella variabilis
ABO001684 Chlorella vulgaris
KM462885 Dicloster acuatus
F1968741 Parachlorella kessleri

99/1.00 Symbiotic algae of H. sinensis Clone DJR3*
99/1.00

Symbiotic algae of H. sinensis Clone DJR2*
KM462860 Dictyochloropsis reticulata
KM462863 Watanabea reniformis
KM462878 Choricystis minor
KM462884 Botryococcus braunii
KM462872 Xylochloris irregularis

— ——— KM462887 Elliptochloris bilobata
JX402620 Trebouxiophyceae sp.
HQ693844 Coccomyxa subellipsoidea
92/0.97 KM462879 Paradoxia multiseta
IN867578 Ginkgo biloba

Geminella clade

Chlorellales
IR

Symbio tic algae of H. sinensis Clone DJR1*

Watanabea clade

Choricystis/Botryococcus clade

Outgroup

3 TN T g i 2 R IR 41 5000 2 2 AR LR ML K B

Fig. 3 Maximum likelihood tree and Bayesian inference tree of Class Trebouxiophyceae based on the combined sequences of nine

chloroplast protein-coding genes

RGN IR R SCRRE LAMLA (B 515 E)/BIR (5 968 A6 1) 245 F50) BRI SR, 9 SRR BN T 50% IO FE B oA o, *, rh [ 2

IKUESEAE 2338

Nodal support values are shown in ML tree (bootstrap value) / Bayesian inference tree (posterior probability value) order. Nodal support

values smaller than 50% are not shown. *. Symbiotic green algae in H. sinensis
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THE SIGNIFICANCE OF PHYLOGENETIC OF UNICELLULAR GREEN ALGAE
ENDOSYMBIOTIC IN HYDRA SINENSIS INFERRED FROM NUCLEAR AND
CHLOROPLAST GENE SEQUENCES

CHEN Lei-Lei, LIU Jun-Hong, LI Quan-Fa, DONG Wen-Fang, ZHANG Hang and PAN Hong-Chun

(Provincial Key Laboratory of the Conservation and Exploitation of Biological Resources in Anhui, Provincial Key Laboratory of
Biotic Environment and Ecological Safety in Anhui, College of Life Sciences, Anhui Normal University, Wuhu 241000, China)

Abstract: In the fields of evolutionary ecology, evolutionary biology and cell biology, symbiosis between Hydra sinen-
sis and single-celled green algae is a special biological phenomenon with high scientific value. Although the biological
significance of hydra-algea has been understood, its origin and evolutionary mechanism are still unclear by now. In the
hydra-algae symbiosis status, free living algae goes into its host cell during evolution, so the study on the origin of sym-
biotic algae can help understand the mechanism of hydra-algae symbiosis. In this study, 18S rRNA gene sequences in
nucleolus and nine protein-coding genes (atpA, chiB, chiIN, petA, psaB, psbA, psbC, psbD and rbcL) in chloroplast
were cloned and sequenced from the symbiotic green algae in H. sinensis. With the application of Maximum Likeli-
hood (ML) and Bayesian analysis methods, the significance of phylogenetic of the unicellular green algae endosymbio-
tic in H. sinensis was examined. The results show that the endosymbiotic green alga are belong to Chlorellales, Trebou-
xiophyceae, instead of Chlorellal; the green alga in paramecium, hydra, lichen and ginkgo are belong to Trebouxio-
phyceae, whereas others from frog and salamander are in Chlorophyceae. However, these two groups of endosymbiotic
alga could live in the same host without forming a monophyletic group. In addition, endosymbiotic alga from different
host cells have different origins.

Key words: Hydra sinensis; Symbiotic unicellular green algae; Phylogeny; Nuclear 18S rRNA gene; Chloroplast gene



