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Phenotypic analysis and gene mapping of a green-revertible albino mutant
all4 in rice
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Abstract: In this study, a green-revertible albino mutant all4 was obtained from Xudao 3 population. Compared
with wild type, mutant all4 exhibited albinotic leaves at seedling stage and the leaves gradually turned green after three-leaf
stage, and the chlorophyll content of albinotic leaves decreased significantly. Except plant height and heading date, there
was no significant difference in other agronomic traits between wild type and a//4 mutant. With a transmission electron mi-
croscopy , defective chloroplasts with less thylakoid were observed in albinotic leaves of all/4 mutant, and the lamellar struc-
ture was loose. The results of genetic analysis indicated that the phenotype of al14 was controlled by a pair of recessive nu-
clear gene. The gene all4 was mapped to a 100.5 kb region between the InDel markers al/4-3 and al/4-10 on chromosome
1. The gene 050120265200 encoding mitochondrial ADP/ATP transporter was identified as a candidate gene based on a 18

bp insertion in the front of termination codon, this insertion resulted in altered transcription. Combined with the results of

real-time fluorescence quantitative PCR and phenotype of

r#s B 8#1:2021-03-24 . .
ESTIE . ITH4 & A0 (IR T B (BE2021359) ; H %7K genes associated with chloroplast development and
TR AR R 90 H ( CARS-01-59) 5 44 1l T 45 F % 0 chlorophyll biosynthesis, it is speculated that a/14 may be

H (KC20041 KC18238 ) 5 M i 4 sl o} 2 52 ol A 35 4 T the key gene for regulating chloroplast development at early
H (XM2019002) seedling stage.
EE T A A0S (1980-) , %, LKk, B B A, B, 8l Key words: rice; green-revertible albino mutant;

B, FEMNFRFEREE M, (E-mail) htt713@ 163.com chloroplast development; mitochondrial ADP/ATP transporter
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AR PEIRIE X 2e bR B & BUAE B T ALY B A 1
FHAZ TR JE AL 56 7 oY, A DFoR 45
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WS ZARA S, all4 1) FALEE S R FIAE VT I T
FABRERRE AL PR RN S AR R IE A TR M
PAR A AR5 /R Y5 R kb, 5 A E AR AR, U151 R
e, AR, AT E2S cmx15 em, B H 3 P E
S A EE G 80 Bk, AMITEI S 3 d.6 d 12
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W B B o o 1 €5 3R B ks IO B I 2 e R i
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F 10 A~ F, FAL R BB ARG e 450K all4 47 Y
(53 Fhric B B A, 92 A~k R I i 5
PREGIEIZAOE . G0 AR, 7R B bR A 1Yy
R 33 2 A AR e EAT RS A e 1, AR he-
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FE R B AL R R = 3] B i ok (R
1) BREEERBISL a5 A8 A Kk /5 B A=
RUEAR — S (AR IR R TR S al14 IRRE)
2 AN, AR O AR | A AR B R R AR
TR S B AR AR L TCHE AR (R 1)

5 Kall4 WT GEARRall4

A A3 ;B S 6 d;CzﬁJEﬁE 12 d; D i@y
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Fig.1 Phenotypes of the wild-type and all4
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Table 1 Comparison of major agronomic traits between wild-type

22 HAERARKBEISNRTR A4 HNBESE
WoR g LR, AR EE MR SR F B
EERAE A T 32 500E, A1 B T e
6 d. 12 d Fl 18 d MF A= BRI G AR R H iy (9 (L 36
o, SRR, 5EAERAMELI, HE 6 d 12 d,
GRANK all4 WP NS 3 a PSR ER b RIS A
DR Y& R P AR (18] 2A (BT 2B) s N ET S
18 d, RASK al14 Bt | 58 RFL o Fead n i Ea R &
EEHHAERMTEEER (K 20), XRVWERSTE
S T3 T RABAK all4 W FALERAL,

250 ¢

oL ER S (nglg)

R

H

and all4
PR Hp Az Y RAFIK
#E (cm) 94.80+2.41 89.36+1.32*
R (B 12.20+1.34 10.03+2.62
B (em) 18.20+1.11 17.34x0.86
T T E (R 144.90+7.93 138.33+8.05
TR (g) 26.62+0.48 26.92+0.52
HETH (%) 90.07+1.68 89.44%1.15
B () 90.20+1.80 98.50+2.40 **
* FR Y A R 5 AR R 2 [ 28 R B (P<0.01)
1.4 2.51
E 10 g
3@ 038 @ 15T
% 06 % 1o
o 0.4 4o
R 02 = 057
= =
E 0 Tigga wgme FErx 2 0 g HaEb EeiB Rz G
R R
W EFARL O 5 Aall4
ABHE 6 d; B TS 12 d;C RS 18 d, ™ RRBFAER 55K all4 Z 0] 25 3% B35 (P<0.01) ,
B2 HPHLERNMRTEHJA4HNEESE
Fig.2 Pigment contents of wild-type and all4 at the seedling stages
2.3 MEEBRLEH
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PRl 5 2L A e B R (18] 3A (B 3B) , 7B (K
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JG FRARNR all4 SRR SRR E IR H JoR )2 2
MFE , HP A ¥ (8 3E K 3F) .
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xix
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FHAER 9GR8 AR AT T 4R R A s e 3
kK, 5B A RUA L, 28 28 1R v i) HEMA

(It 2R -RNA 38 B ) | CHLM (2 58 15 1 5t
NNBRIX I SE G R il ) ik m il W5 T (& 4),
CHLH ( 9t B B8 A5 H W HE ) | CHLG ( Swtg -4 %
A ) Pk B R LR HEMB (9815 5-5 KL
SR MK ) \HEMC (4t )i iz 5 ) \HEME ( 45
PRup bt B RR 1 ) \CAO (St 4R 3R a S ALRE) L
K CHLI( SmA B8 45 173 ik B L 2457,
2.5 RTMalld PRERFZEMHRELZEHXIE
ZRERMRIX

SRR S R SRS AR A RS
IS A 2 T A G A2 i TR A e 38 | IR W 2R AR 1A
all4 IR A AL F AR A SERE R Y Feak R 5 A
TS AR qRT-PCR 43T T HH G H 1 3235
(E'5), 4R, ®RAK all4 HHRBERG T |
KHFRG N EARE AV psad  psaB  psbA , UL I i
L4 ER a/b 4555 Cab2 WFRIKN I i
FART B8 Y (H 4 i NADH B S B9 5L K ndhB 1
ndhD D) i i iz RNA BB EE N rpoB 13
KA I AR
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500 nm [REE-

i B

A BB AR R 8 d ARSI ; C D RAK all4 1R 8 d MHERBIMEH B F SR all4 MRS, A CHRR N2
pm, B RN 1 pm, D E ElFR R 500 nm, B F 45 200 nm,
B3 FFAHERMRTE all4 HREBREN
Fig.3 Chloroplast ultrastructure of wild-type and all4
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HEMA ~ HEMB ~HEMC HEME  CHLI ~ CHLD CHLM CHLH CHLG  CAO
N
B B O 5 kall4

AHXT A

HEMA A5 & FR-IRNA 38 JFFEEE N HEMB . 5-5 3£ 0 50 R B /K B3 (9 s HEMC . JR B S B3 19 s HEME . RO T B SR 38 19 s CHILL . B 5 il 1
WASL s CHLD 8625 B G D WAL s CHLM (5 B ISk IX B RS REHE N s CHLH - SRS 65T H WAEEL N ; CHLG . 434 3R 45 JiU il 5
M5 CAO T4 3E a SEALREIED , ™ R[] — DA 3Rk i P A ) 5 58 7R AAK al 14 2 R 25 57 3% (P<0.01) ,

4 BFERMRETNE al4 HEEZEREEHRXERNRIE

Fig.4 Expression genes related to chlorophyll biosynthesis in wild type and all4
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SRR all4 WIERACH G, F AR EIER B
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SAEMEUERT RS « 1 S (R 2) . XRWRA
1A al 14 () ARSI 1 XHBS A IR
2.7 RETMHRMOEREA

BEARMEK all4 5 9311 4238, A &8 —10 )5 Fi
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HRENES 1 S Yk EAETARid 11-4 5 11-5
ZIE (Kl 6A), FFARBEIW(FE 3) it —P K4l E

A7, FE P R A8 AL AERRIE all4-3 Fl al14-10 Z 18],
PR E  100.5 kb (Bl 6B & 6C) , FIJ1] RAP-
DB H5Hs 2 0 X 18] 4 1 36 R, BEIX RIS 54 9 ek
PEIER (£ 4)
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psad psaB psbA rpoA

rpoB ndhB ndhD Cabl Cab2
HEA

B AR O 588 Rall4
psaA ARG 1 (PS 1) B W HERIHERE ;psaB: fIC RS 1 (PS 1) AUV EEAYHE R ; psbA  Fit R4 [ (PS ) B0 E S WHEER

ndhB : %% NADH [l Z i ndh FEIEH s ndhD  Jifs NADH W2 ndh FEM B smpoB : Gl 532 RNA RA T rpo FIGIHEH 5 rpoA . il
RNA AT rpo FKIGEIHER ; Cab2 . il JEMT 53K a/b G5B E M ; Cabl  FASHIYEM 4R R o/b G5B AR TR B4 B 528
AR all4 Z[8) 24 50 3 (P<0.01) ; * FR IR G R K al14 2 18] 24 57 5 % (P<0.05) ,

5 BERNMRTE (4 XRERERMEGEEHXEERERNRIE

Fig.5 Expression of genes related to chloroplast development and photosynthetic system in wild-type and all4

x2 HEBSRTIE a4 HBEEDN
Table 2 Genetic analysis of wild-type and all4

HE BB (FR) EHHREL (k) AL FE SRR B () STELL X3 (3:1)
AR al 14x43F5 3 5 316 209 107 2.93: 1 0.008 2
TR 3 S x AR K all4 344 239 105 3.29: 1 0.012 6

R3 a4 ERNSEMBEHENMMSI Y

Table 3 Primers for primary and fine mapping of all4

CIR/E 7 EHF519 (5'>3")

TSI 5(5'—-3")

11-4 CAGCATACAGTACGCATCATCA
RM10526 ATCATCCAGATTCCAGAGGCTTCC
I1-5 GTCTTGCTGCAGGGGAATAG
RM1151 GTAACAGCGACCGTTGGTTGG
all4-5 TGTCAGATTATGGCTCTTTTGGT
all4-11 TCAAGCCTAGATAGTGGGAAGAT
all4-1 ATAAGCGTTGATGTGCACGG
all4-3 CATACCAACCGGCTTTGCTTCG
all4-10 CCTCCTTTAGCGCAGTACAC
all4-8 TGGGACAGTTTCAATGGCGT

GCTCGTATCTCGATGAGTCCA
GCTCAACTAAAGGACGGTGAGAGC
TTTGGTGTTCGGTGAAAAGG
CCCATCATCTGATGTCACACTCC
GGTGCACTCATAGCATGACAC
TGTATCGAATCAAACACCAATCAA
GCGATGTCAGATTTTATACGAGGC
GTTTCGACAGGACACGAGGAAGG
AGCACCACACGGAGTAGAAAAT
GGATTCGTAGCAAGGGAAATAGC

F4 TN 100.5 kb X EHREERH
Table 4 Candidate genes in the 100.5 kb mapping region

A Uit
05010264100 UTP- 1 - i 451 255 0 R I % il
050120264400 SoR et S|
050120264500 TspiscE & 1A
050120264600 TspisE & 1A
05010264700 ML B/ o BB 52 KR E A
050120265000 Geranylgeranyl I JF G 6 A
0s01g0265100 ADP-#Z B AL F
050150265200 RN e Y &
050120265400 TsFlEE A

2.8 (FIEERNF

P51 W, P M ARIC all4-3 T all4-10 X 4] Y
JITA J DR 3 PR 20 e 9, % 300 705 R o i 28 b ARG
Y ADP/ATP ¥532 F [ 050120265200 %% 1%
i FHi 46 A T 18 bp MBI, J7° 1 2 GTCGACG-
GATCCAATCTC, g Y45 2 IR . R4 R H &R 2
AR KRAHER SEER 6 NAIR, KL% HFH
1 TAA 2828 TAG (I 6) o 73 i H B A B0 5 722 A
all4 W1 all4 SR H BT EIR TS A swiss-
model ( http://swissmodel. expasy. org/workspace ) ¥
Sl TN 1 5 1 3D 45 A4 A5 TR R R < 5 A 35, 4
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WR,ALL4 A A 1 ANLRIK ADP/ATP #ia 1
SERIR, RS R IR BN 5104~ 362 i, %I

J& OsPAPSTI () 1 A8 W S5 R A 2 3 IR 1Y 28 A
SBT RANK all4 LSRR

FRid 11-4 RM10526 II-5
uffR1 ‘ | ‘ ¢ n=10
3‘ 1‘ ‘ 3
/S e e
L e
I, ---------
Frid RM10526  RM1151 all4-5 11-5
\ \ \ | n=1845
LA Y 102 | 68 | | 54 o 158
_- - - T

Frid RM115 all4-11 all4-1 all4-3 all4-10 all4-8 all4-5

! ||
20 R 68‘ 27‘ 8‘ 3‘ ‘5 ‘7 ‘54

e ‘ S ~

7 S ~
’ s \\
R4 100.5 kb S,
7’
10/ 1225 K]
’ TAA ¥ GTCGACGGATCCAATCTCTAG
4 HEaii I—iD— iy
B 6 all4 B E KM E L
Fig.6 Fine mapping of all4
i e =
3 ‘I/TJ‘ ‘I//E\) ﬁziaﬁi%%j‘l‘ o

IKFE h i 2R RIS ADP/ATP #4428 T 1) 5
050120265200 4FHEHF A3 905 bp,CDS K 1 146
bp, 4l 381 PN IR, W E A 1 DNLKIK ADP/
ATP 5% 3z F R SF 250 S, A 500G 40 5 o7 31 1Y
all4 TG AIGE B OsPAPSTI 4507 5L gt 3/-
WERR AR 1T 5'-BEMEAR MR 5% 18 85 111 (PAPSTL ), (HR AR
ARPE AN TSN A . SEAZAK papst] FRIFT HA
i ( Nipponbare) [ EMS 548 i L K 7£ 55 289 {3/ il
S LA SRS G AR A, FEE TR A 97
PR R (Ala) 28 LA 28R (Thr) ') s 2875 1K all4
R TIRFT 3 S0 H AR AR | A LB TR A T
18 AN Hf %k, Kb % i F i TAA 788 TAG, Os-
PAPSTI F al14 (NS HRE T R EEIRF A ,2 5
AR B0 R IR , Bk i 3 ARG R A
AR papst] FEAH T WML AR 1 LU BF A= A0 ) 584D
1K all4 F R InFE 5 AR K 202, AR AR
EA SR, T AR T it B SR 5P

FL) (15 A5V T B S T It S A% 58 A5 A
all4 PR g SR B AEAEBRIE  SE BRI
JREEHE D I S 2 AR S 1 AU Z &5 1
RENE BRI R S ERERTEAER, IE
WFFEIY AL S AR A R 22 A 52 B M S A K 7 e o 3R
LI IT022 (PR R AN, S8R wlne Th IR 430
PR P AN B AR SR MK al 14 AL Fr b
(I SRR S5 0 S i, T 98 24K alr T SR B B AR
b BV R RO D AR AN SE AR H R
BRIRIS BRARAK all4 M R G GRS SRR S5 R R
1EH

RT-PCR 5 R 7R, RAGK al14 it 16 K H
R G A K FE A psaA | psaB | psbA  rpoA . Cabl F
Cab2 fNFER AR T IH ., rpoA .rpoB J&M LR IR
Zifh RNA 35 B0 AL A RE R, RNA R4 S
5 mRNA %35 rpo+ 58 B AR (3R & RE AL, 8 4
TR% & BB, B R AR I BT OsPAPSTI/
all4 BB R A8 F B rpoA . rpoB F it e RGE .
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2R & B IR 3L I ek i T, 51 gk &
HELE, CAHPFREREN, ik & F 2%
PRI 20 DR R, 4 Bk B AR S e A el B 1Y
b AR ek PR 2 I it 8 1 40 A 35 PR 1) e S R
BECOY L wsl2 S U AR R R B A AR,
WS R AR, 5 RAK all4 FHAL, 201K &
BRSNS RG N M RIERFIOLE RS
AR EE K TE mRNA JKF | 25 T R, AR
wsl2 TR EATE 5 32 B0, 238 5L K % MCF 5%
() ATP %5127 1 OsBT1-3 16817 M- 44K % & i
FEAEHY ) G RARK el R RTE S
WO EBGE, SLT HIE AR, YOLS Gt Mg-
PME FEBER AL 3 i R R A 5, 2 5
M2 25 A 3 PR 1) 26 38 o 6 2 U7, B o S 5
M 1 IR A R A B A 5 T 5 i i
RAFPIEH . PAPSTI W] i 5 v T2k AR &1 i A
LRARAMEE SN PAPST1 B2 B 724 T PAPS
iz T BT RE, 7E R Z )R 5% AT 1E 5 B 1R
RN RIS & RS Mg B A H O 3R R
FEH CHLH ik s B2 Bl % 3E W5 ChiD Fl Os-
Chll 7E /KRG 43 5 Gt Mg™ BE A W) H . D A1 T3
R SLTE A Mg-JE Rk 1X A9 TR B, 1 SR Bk
IX AV Ry ML ET 28 A 6 A1) e ) 7 400 5 i 5 Dl g
PIEED G 2 DU nH A P A e T S, 2R
B G FAl 2 K A AR R e AR AR
OsPAPST1/all4 5872 J5 , AR i 28 25 6 A
AL R B AR S i R A AR 7 AR A Y
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