% 37 %% 104 BHod K FF R CEARRF R 2015410 A
Vol. 37 No. 10 Journal of Southwest University (Natural Science Edition) Oct. 2015

DOI: 10. 13718/j. cnki. xdzk. 2015. 10. 003

KIBEEHRTE ygld 1\ WEEEERENM

G L g > 1 1
xEL, FHEIR, ALK, ZRA,

WmEK, KRB, RFW. T

VO R K REWT S0 BT /e S A ) 5 4 A P2 i | DR T T o s SE e %, JIK 400715

WE: "8 FRRTERAKBIREARAFARLY LT LR ETR, S THBTABTEE LD S RMNH ALM
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F(Pn), ZBHEE(THE WT £F %3 EL, mrt2E b(Chlb) RF o %, BoH %% (ChD K E 5%, Chla/
Chib #9¥ett, A 3LFE (G BN CO, RECHEEFIMEFRT WI. REATEEALAER B, HFR
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RN, JRERE LHC2 MR e Chib 8RBT R BN R . & B AS R S AR 25 K 00 A8 . DT 52
M HOE AR, e RO G AR R | R DL SR AR A B R R

HETC & £ KRG 24 & Wk (041 6 R AE IR £ 8 Chib-deficient B, Chib-less BUAR X} 55 /0, FeATHIH
FF BL I8 R 4 S (ethal methane sulfonate, EMS) X245k 10 St 17k 271528, 158 — /M52 0E 18 1L 7Y 35 ¢ i 28
AR ygld (¢). ARG LIRS AR AR, s et 2 R BRI S WT Z a0 22 5, I FH 8 55 K R 4
FEDRZH Y SSR A e %t 48 il 5 728 M R 04 H A i TR R AT 5 07 LA R A 8 56 DR TR0, Sy i 482 1 R G BT 5 25 il

1 MH5RE
1.1 R

FIH EMS 2 SRR K 52 R 25K 10 5 (J10) » RS — D2 E T R & G 1 KRR ygid (). Gt
ZRELL AL, B3 7R e M RAERR. BRIV R 1A/ ygld (OZRZEHEG, FIHHEF, M F, BEARSETT 5
A% 2 BT 0 35k PR 2 Ao
1.2 HBEARH

Z: M8 Shan S5 7L K B IO SR AR 1 Y08 IR (pH B R 7. 2) R 304 ) R R [ g 2 R, F
FHAR TR 6 2 B PSR B /K . SR 5 R W i SPURR 3 — B4, MEMEUI R 2 05, it AR U SE Bl A A6 i B T XX
YL h, HE600 BE JT AR % . AR,
1.3 FERZHRAE

HEABAIIE . AP E vt ()5 J10 /N, BEALZEI 10 PR, Z5kkm . Sl K 5%, 15
K ARGEE ., BRI, BRSO, TR & A R MR
1.4 MHEXRRESHEHNE

Z M Lichtenthaler %" () 7 647, FESAR I 2 BIBEALIEH veid (1) 5 J10 4 5 AR GINF . 5] 2 i
8] 3 1, B 95 2% CBER B M R BRI S , 43606 BE TR 2 H K 470,645 5 663 nm AL IOGAE.
1.5 }(XEMNE

28 5 AR SR e, AR il R A B L B SRR — B BBk 45 5 Bk, FIHIE SR L6400 B A
M EALI E ygld ()5 WT BEOLE B (Pr), RALFE(Gs), JiH CO, WEE(CH HZEBH AR (Tr), &
53, BOFYE. AL, BRI, SEsRIEE N 1 200 pmol/(m” « ). HEEN 30 C. CO, WEHEh
RV E
1.6 EREEM

FIH BAS 5 0 283 BlibR 0. A Fo BEUR BB 10 AR IEH 1 10 AR 2848 bk, B9 BUSF & i F o #9412k
PRIt R A8 JE Rt , R AT AR D 0 E. 51915 PCR RNAR RS % R WESD 1 kit 17,
1.7 HEHH

PRAFRZMR . Mg R a5 A RO G EE G - A SAS 3 (Statistical Analysis System, ver-
sion 9. 0), FFAHIZEAF ) Means it T 5& S8 8 S hr i 22, FIHH BB ANOVA 843 #r
vgld (1) 5 J10 FE4 S5 ik 2 57 0 2 .
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2.1 ygld(t) REBRBAEMRBE S

IKFE B RASK ygld (O RN LT RIC A NE 1A, B 1B, BRIEF 455, # a5 o i
FEUH P AR R P A0 R SR R L TR (] 1C, B 1D, R EE . AR, HES R, R ERS
WIRE 1E) s ARSIk A T — @ B AR (B 1F, B 1G) , Rk 3ehias K, B2,
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A: S BEH] ygld () R (FE) SEF TR (A 5 Be ygld (OB ) 5B AR A ()
CE: WT M-SR GRNA%54 2 pm, 1 pm, 0.2 pm), F-H: ygid (1) RAKBEW GRS H 2 pm, 1 pm, 0.2 pm).
FE, Cp RRMGI; Pg Rom Bilfk/NEk; G Rom Ik
1 HERE yel4(r) RBRHEENBREN
ygld (o) 5 B A B OB AN R ORI 22 S JEGe T h o 3 MRm L BEAC, SORCER, TR I S5 RAE Y
S A YA N 2 O A RN GR D).
£1 ygld(t)5 WT REMIKEB LR

g 2R MRS /cm R K /em SRLEL

ygld (1) 102. 04+2. 08 10.2041. 35 26.20+0. 93 835. 70+288. 72
WT 107. 84+2. 40 9.60+1.52 28.52+1.38 1 264.80+146. 26
p 1 0.003 5 0.527 4 0.014 2 0.018

fe 2R T RLAL THRLiH /g 2593/ %

ygld (1) 158.21+11. 21 26.41+0.71 51.53+4.73
WT 172.33+27.06 27.2640. 40 77.68+3. 62
p1E 0.312 4 0.047 9 <C0. 000 1

2.2 ygld(t )\ HMEZEREFEMAXEHENSH
RARGEERPT LR a RSB ERLRITFE L, MR b FRESH A 0.1, HEEKTEH
AR, MEM SR RESBERARITERE L NHFRE a 505 E b WILERE, BREERYFHEE R
27.54, MG TEFAE LAY 3. 42(3% 2).
*2 REGSHBHEZREHBMLER

W43 3 T a3 AR MHE a/(mgeg ') HHERD/(mg-g ) EBHFEER/(mg-g ") MR a/MHERE Db

ygld (¢) 2.66+0.32 0.10£0.02 2.16+0. 26 27.54+4.18
WT 3.17+0.42 0.9340. 10 2.94+0.39 3.4240.02
p1H 0. 080 0 0.000 1 0.017 1 0. 000 6

BRI SR LR, 4 DOEESHOR, RARIEOLE B M 8 R 5 B A R 22 o gt
PR, BRARAASERE TR AR, JEE CO, WM W25 TR AR (5R 3).
K3 REGSHBEEGUENLE

o s AR Pn/ AT Gs/ Miia) CO. HeBE Ci/ HE A Tr/
(pmol * m™* « s71) (mmol * m™" +s7") (pmol *« mol ") (mmol * m™* + s7")
ygld (1) 11.7941.55 1.09+£0. 46 364.69+7.09 9.00=£0. 89
WT 11.154+2. 63 1.7940. 68 338.97+2.35 8.54+0.72
p1H 0.540 7 0.020 5 <C0.000 1 0.249 1
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VIR 1A/ yeld (OB Fy REARMAREILIE R . F, fER I BUEF AR R AN IR R B9 70 8, 3 813 #k F, #f
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(XG.05.0) ], FB G R AEMARZ 1 X B A 3 D s o)

FFH AR AE KRG 12 S AR 1 400 4~ SSR bRic X a4 1A Fl ygid ()T 2R H A HHE, 3715 96
A2 SSR. FIHX 96 S22 SSR i 1 1 5 3k Pt 128 A8 S Pt , & A F A5 10 Y@k iy RM3123
5 RM590 78 BRI (0] SR L2 8 1, #E— 2D R F, BERIE 5 SRR 9 A8 SRR HEA T 00 0E , 25 R R yeld (O E
PFRICEE B 530008 9. 7cM 5. 7cM. i YGLA () @ AL /. A RM3123 5 RM590 [H] 3% B 2 B FRid
HE— 245 R E AL X R, 455 % B RM1162 5 RM7093 fA4E 2480, il BEIR bR B0IE . fe 28 YGL1 () 5E P fE
RM1162 5 RM7093 Z[a], BALEEE 550 3. 9cM 5 1. 9eM (& 2A). ¥ gramene M % (www. gramene. org)
[ RM1162 5 RM7093 Z [H] B2 A5 S, R IX 2 AFRic Z (8] A9 ) 3R 25 29 2y 400 kb.

A 3.8cM 39cM 1.9cM 5.8cM
| | I |
Chr10
RM590 RM7093 YGLA(f) RM1162 RM3123
B
WT AATCTTGTA[TGA] TCTTTCTGCAGGTCTTGAATG

yel4n) AATCTTGTA TCTTTCTGCAGTTCTTGAATG

A: YGLA (O WA FENL; B: ygld ()5 WT [R5 5.
B2 YGL4(1)WHFEMSFHIME

2.4 RiEERA

FH gramene Ml (www. gramene. org) ¥ F RM7093 5 RM1162 #ric X 38 19 3L K 4H e 71 e 47 404
KIZIXBAFAE 3 DS RMERN, 258 CHL-CPN10, CAOI 5 CAO2, Hh CAOI 5 CAO2 %i
sz o G CHER; CHL-CPNIO 2K EEENR, SRR EFAC MEY 1 T CHL-
CPNI10,CAOI 5 CAO2 AW 41+ DNA, FFdE170 5y, 8RB /R, vgld (1) 5 WT B CHL-CPNI10 5
CAO2 JFFIHME . CAOT FEFZ R T N 12 M GOWTD AN TLygli4 () J(E 2B). Kk, ¥
OsCAO1 PIAHE N YGLA (1) B e 5L A

3 it g

KFEHE &L KB BGHRAR, W chl13() ygld  ygll %, Hh 3L B & o ), X ik
I, AR AR (18 A 201 AR AT 27 B0 A [R) R B 1) B il S ), T4 38 45 4 LA S R R A I 1y 2 S o R Ak — e I AR
e R R TR S BORE . Chia 5 Chib (W& B0ER 4 B35 Uik B F LT WT, i — 2 S8 Cht 1)
BT A3 A R R AEMF SR R RN, Chio BT BRI — RS T Chla , WITEFRR Chia /Chib #) HAE
WEET WT. Chia/Chlb HAELE 15 IR, J& T Chib-deficient BIZE AR5,

ARG R I vgld (¢) 5825 1A 5 T 4 3 5 2 i 58 A8 (A FHABL IR AR 20 1k R 3R R 0 I S AR 15 S 2 1A 1) 45
FAE AT 2 5 H A2 S AR AR A F] s g4 (o) B B 4 R R 0 K0S Chib iy B #5 0 K T
WT. ygld () REABME)—A 5 ERE SR Chla FEAES WT 2R LG E X, b4 2 a5 5% AT
FEIEMR T Chib BFE FRETEG 5 RKEZMPLEE ST P HGE 28 B RS 2. Chla/Chlb W HAEME 25, J&
FHLAIY) Chib-less BIZEARMRLT 5 SR 3 il 12 28 A8 VR IR 9 i i 32 PR 5 R ATT DL T 438 09 YG L4 A2 F A 18] 14 A
PCIX Y (HE I S R B R, yeld (O BRIEIER A OsCAOT . RAEMKRH T L LSS 7 R 12 4 fi %
G BN T, o T 3B g 0 IX LA Ah. T ygld 0538 22 B3 02 PR R 78 OsCAOT B4 7 4b R+ C
F T WL RAE, FECH A TR L /R AR N AR . WA, yvgld B Chia,Chlb,Chl L)
K Chia/Chib 5 WT Z A 2 %G58 X, ygld ()5 WT Z &R Chla W2 5511 % 3 XA, Chi,
Chib 5 Chla/Chlb W25 TG ¥ L. X257 R &R FRAEK Chib T 43 50 2 AL 8L R4
K vgld ()W) Chia /Chib 3 27.54, J& F HI ) Chib-less B AR, ygid B Chla/Chlb WK 7.91, & F
Chib-deficient %I 98 Ax fA 787,
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FEN SRR AW A BT, Chib B Chla FALIE B, X —id B 32 CAO 5k X 4 i 14 il Jor 4 AR50 AR Chib
e 5 A8 R — b i UL K R b 8 AR R, ERIE T 24 A KRS Chib 1 OsCAOL FEH 2 Chib-
less # R AF (R R A Y IL R JS7E T Chib Fiim %tk WT 8 N %, Chla WIFRETHBHE T, 5 WT Z
[E] 1 22 526 G it 22 3 . AR R B OsCAOL B8R ygld (0O 5 E M BN Chib-less BIZEAR A 2 [] ity A
PLZACHET Chib B B % T M RIRZ A TE T ygld () Chla 550 WT AL R T
16. 1%, MR BT EMB M FEZRRZR, H Chia FiE/DEE WT ZEMNZEF LG FE L. ERAEE
R, ygld (0O 5 ATHRGE Y R 2R R ARG BT 22 5. 3R H, WRAENM SR E . EMIER OsCAOI ik H I
AR AN T ORF LAY, T ygld () W58 A8 g5 WIS T 2 1 5 08 7 T Uit . BRIV % 3k 35k DR 7 28 728
A B R T B AR, X —45 R K, ORE LIAMYRAS AT BEXT Chib R0 K.

WHE E R AR E R IE Chib-less BIRAENR, RGEMI T Chib WA BAFEE DL EOE AR, IR AT
T Chib it 380 BT BB AR IR IR, Dai 558 1 — A4 AR T2 A . BoA 8w ™ 1 ) ket 2
£ b BANK(Chla /Chib g 4. Y WHIE KB, 2828 PR 22 50 06 R 2 E 7 A4 A0 B4t o, [ =0 % (0. 42)
BEHF AR (0. 81) @ AR HLE SR oY R, 1 5 AR PR G 2 A 1 A SRR M R R N 5
AR, AR RO A L A% 3o 3 3 R AR 1 5 0L T FE HL T 38 2 ) - A DT R 58 AR AR Y O A T g
W AR RfaE, XA REEH TR LHCI (light-harvesting complexl, it &E &4 1) 5 LHC2
(light-harvesting complex2, ffiya% & 2) S HAARCE (A AT B2 55— T, B 9% & 38 i %t A
F Ds i ABERE MR AL 11 JEPRZH T 3RI3 9 2 4 Chib-less TR vg28-1 5 vg30-5 M RGEWI5 & M.
X2 ANRAAR LHC2 #2k, LHCL [ 5T 4 SCm R AIK, hii BE L O IR DL B o S0k 45 ik 38 19 5088 3 v 1
WT, I HiF Chib B8R, F:3058 A48 X 80 IR DL R 5 400k ol 28 o Sy gkt 1

R EI, yeld (OMELEE R (PS5 WT 2% LG8 X, 5 Lin E7FE 2 22K Chilb-
less 70 {14 2 A% A e G 00 2] 19 285 5 — S0 A AT 4 R S8 AR R b LHCT B9 5 it 43 800 %, LHC2 & 1Lz
FH, 1H PSI(phytosysteml, Y &4 15 PSII(phytosystemll, Y6 &4 1D H L KR & 0 500 5. R K G
W BARE-1, 5- R R AL/ in i (RuBPCO) (19 T & 43 80 3 & T WT, 1 RuBPCO B34 A 7] BB 23 0K
AN ARl PSILTE MBS e A R M 52, NI S8 A2 R Pn 5 WT M HEAR & BB 2
TRV LR ygld (O, REWE R TR BRI RS Pr, AR 005, RATE
R, ygld (OMZEBEL(THS WT WZESEGITFE S, M SE SN CO, WES WT 274
Gt ERE L AR TG R ygl5 5 pylgl1™ . Chiv TEAYGE 1E T i 322 61 57 W ORI% 32 D RE
P OE KL RN LA K 43 LHC2 WRaEPES, T ygld (O R AL SRR B TS ME CO, He BN 2
FEWIMRAS W T Chlb sk a8 o T FERTE, A 1R iE— L.

R FERI K OsCAOT Wi5E N ygld (O WIEIEILE , SR 75 0 KB, 78 YGL4 (), AR SN
LA R WA 12 0L, 0 F afs X LAAE . B S () R 4 T8 Y [ 2 B R 20 AR A
AN T2 ygld (O Chlb R TR, BRI — 558, AN, Chib-less 58 A5 (A F 5 S IE
el DA B 5 AR AL A5 A1 B DR 2R bl A ) AR R BB A 2 R A AR L I AR AR T Sy gl (1) S A R I BE 2B
o8 ELAG AR ALY R B T B — I T LB .
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Identification and Gene Mapping of a Yellow-Green Leaf
Mutant ylg4 (¢) in Rice (Oryza sativa L.)

LING Ying-hua, SHI Jun-qiong, LIU Zhong-xian,
SANG Xian-chun, YANG Zheng-lin, ZHANG Chang-wei,
ZHAO Fang-ming, HE Guang-hua

Rice Research Institute of Southwest University / Chongging Key Laboratory of Application and

Safety Control of Genetically Modified Crops, Chongging 400715, China

Abstract: As an important type of mutation sources for researches of functional genomics, chlorophyll-re-
lated mutants are of great importance in the analysis of the mechanism of chlorophyll biosynthesis and pro-
tein comoplexes of photosynthesis in rice. A novel mutant with constitutive yellow-green leaves during the
whole growth period in rice, yg/4 (¢), was induced in the chemically mutated descendents of JinhuilO, an
indica restorer line, with ethyl methane sulfonate (EMS). Phenotypic analysis showed that the flag leaf
length, effective panicle number and seed number per panicle of the mutant exhibited no significant differ-
ence from those of the wild type (WT), while other 7 traits, i. e. plant height, flag leaf width, main pani-
cle length, full seed number, shriveled seed number, 1000-seed-weight and seed setting rate (%), were
significantly or highly significantly lower than those of WT. Content of chlorophyll a (Chla), Pn and Tr
were not significantly different between ygl4 () and WT, while chlorophyll b (Chib) content, total chlo-
rophyll content (Chl), Gs and Ci were significantly or highly significantly lower in ygl4 (¢) than in WT.
In the chloroplasts of ygi4 (), fewer grana lamellae were observed, compared with WT, and they were ir-
regularly arranged, thus retarding the development of the chloroplasts. Results of genetic analysis indica-
ted that yg/4 (¢) was controlled by a pair of recessive genes and located on Chromosome 10 between mark-
ers RM1162 and RM7093, the physical distance being 400 kb. Results from the sequence analysis showed
that the 12th base downstream the termination codon of OsCAOI , which encodes the chlorophyll a oxygen-
ase in rice, mutated from G to T, which led to a significant decrease of Chib content in the mutant leaves.

Key words: rice (Oryza sativa 1. ); yellow-green leaf; gene mapping; candidate gene
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