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Fine Mapping of the Etiolation Mutant Gene Zmet 9 in Maize
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Abstract: Photosynthesis is the basis for plant survival. Leaf color mutants are often accompanied by
abnormal chloroplast structure and blocked photosynthetic pigment synthesis. Therefore, the study of leaf color
mutants can provide experimental data and theoretical support for photosynthesis and photomorphogenesis. In
this study, maize etiolation mutant ez9, which was identified from maize inbred line PHOWC treated by 2.48 Gy
fast neutron irradiation, was used as the material. Through phenotypic identification, determination of
chlorophyll content in leaves, microscopic observation of chloroplast structure and analysis of photosynthetic
characteristics, plant height and panicle height of ef9 plants were very significantly lower than those of the wild
type. The flag leaf length, flag leaf width and the third leaf width were very significantly reduced in mutant. The
tasseling, pollen shedding and silking stages were delayed by 10-12 days compared with the wild type. The
contents of chlorophyll a, chlorophyll b and total chlorophyll were obviously lower than those of the wild type.
The chloroplast structure is loose, the distribution of thylakoids is chaotic, and the number of basal grains is
small. In contrast to the wild type, the net photosynthetic rate, stomatal conductance and transpiration rate

decreased significantly, while the intercellular carbon dioxide concentration increased significantly. The
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chloroplast fluorescence parameters were significantly lower than those of the wild type except for photochemical

quenching. Genetic segregation analysis revealed that the yellowing phenotype was controlled by a nuclear

recessive gene, named Zmet9. The F, segregating population was generated by crossing it with maize inbred line

B73, and the mutation site was initially located in the 20-22 Mb on chromosome 9 of maize using the BSR-seq

method. Four KASP markers and two InDel markers were further developed in the initial mapping interval, and

about 1100 plants showing mutant phenotype were used for fine mapping. Finally, Zmet9 was finely mapped to a

region of about 160 kb between markers KASP19 and 2040. This interval contains five annotated candidate

genes, of which Zm00001d045384 encodes an iron superoxide dismutase. Considering that mutation of its

homologous genes FSD2 and FSD3 in Arabidopsis shows leaf color bleaching phenotype, we speculate that

Zm00001d045384 may be a candidate gene for Zmet9.

Key words: maize;etiolation mutant gene Zmet9; BSR-seq; fine mapping
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P A A Ay 70 328 I 5 $R UK E 663 nm,
645 nm 470 nm AL WEEE . AR (mg/om’)=
OB ERIRE SRR DR RO AR AT,
123 FHAERMRTE O FIEEHNE (ER
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R1 Zmet9 BEEMIEESY

Table 1 Sequence of primers used for Zmer9 mapping
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5|4 Primers

F#31(5'-3") Sequence(5'-3")

KASP7-1F
KASP7-2F
KASP7-R

GAAGGTGACCAAGTTCATGCTTGTCCTGTTTGGAAGGTAAC
GAAGGTCGGAGTCAACGGATTTGTCCTGTTTGGAAGGTAAT
CGTGCATCCACAAGGGATTC
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5|4 Primers J¥%1(5'-3") Sequence(5'-3")
KASP19-1F GAAGGTGACCAAGTTCATGCTCGACGTGAACCCAGAAAGGC
KASP19-2F GAAGGTCGGAGTCAACGGATTCGACGTGAACCCAGAAAGGT
KASP19-R CACAAGATTCTCACAGGAAG
KASP23-1F GAAGGTGACCAAGTTCATGCTAAACAGGCACTACGTACTCG
KASP23-2F GAAGGTCGGAGTCAACGGATTAAACAGGCACTACGTACTCA
KASP23-R ATTGGGACGTGGCAGCGATG
KASP32-1F GAAGGTGACCAAGTTCATGCTAGCTGCACTTCCTCTTTAGA
KASP32-2F GAAGGTCGGAGTCAACGGATTAGCTGCACTTCCTCTTTAGC
KASP32-R TGTAGTTGTTGGCTGTGGTG
2099F TTGGATTACCTGAGGGCGTG
2099R ACAGAGACTCAGAGGCTCAC
2037F CGTTCTGTAGCTATCACGGT
2037R GCACTTGAAATGCCAACCTG
2040F GCTCACTGAAAGCTTGGCAG
2040R CACCCCCTCGCGTAGATAAG
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A': Seedling phenotype; B: Seedling leaves; C: Grain; D:Ear; E:Jointing stage; F: Silking period; G: Adult stage
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Fig. 1 Phenotype investigation of wild-type PH6WC ( left ) and maize etiolation mutant er9 (right) in the field
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Table 2  Statistical analysis of agronomic traits in ez9 and its parent PHOWC

PR Trait PH6WC et9 Pl
P-value
Fk 5 (cm)Plant height 247.6+17.3 168 +15.7 1.44x10712 %%
37 = (cm ) Ear height 99.3+11.8 553+10.5 8.25x107 **
HERE 4345 Number of tassel branches 0.8+0.8 0.7 +0.7 0.138
PRI F L Number of leaves 139+ 1.0 14.1+0.6 0.173
£t 5E (cm) Width of blade leaf 6.2+0.9 5.0+0.7 3.57x107 **
#f4< (em) Length of blade leaf 38.1+6.6 29.8+4.2 8.14x107 **
{5 =1 5E (cm) Width of the third last leaf 9.7+ 1.2 7.7+0.9 1.15x107**
{8 =K (cm) Length of the third last leaf 60.2+5.5 58+54 0.85
Bl (cm)Ear length 14.0£0.5 11.0+0.8 9.06x107 **
HEH (cm)Ear diameter 3.9£0.4 3.740.2 0.66
FH4740 Row number per ear 14.8£1.0 12.8+1.0 8.47x107*
%ili#H (cm) Axis diameter 2.5+0.3 2.4+0.2 0.045 *
T R E(d) Days from emergence to tasseling 75.5+1.6 86.4+1.2 1.96x107%%*
P BRI K2 (d) Days from emergence to pollen shedding 77.1+1.4 89.4+0.8 1.97x10%%*
HHT FE 22 K5 (d) Days from emergence to silking 78.0+1.4 90.5+0.8 2.6x107%*

Frh PHOWC il et9 MRt - (EFRIESS 5 *Fx . 43 5I7E P<0.05 Fll P<0.01 /K F-22 57 3% T [

The data of PHO6WC and et9 in the table were mean + standard deviation; * and ** mean significant difference at P<0.05 and P<0.01,respectively;

The same as below
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%, P<0.001 K22 5 T 1]
Chl.a:Chlorophyll a; Chl.b:Chlorophyll b; CX-C: Carotenoids;
*** mean significant difference at P<0.001; The same as below
E2 FEBPHOWCH5RTEKIBERRE
Fig.2 Pigment content of wild-type PH6WC and mutant er9
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Fig.3 Chloroplasts structure of wild-type PH6WC and mutant ez9 under transmission electron microscope

24 REXINNEHEDHT

RIS 2 B i S SR AR SR AR X er9
BREE AR, T er9 FNEF A R PHOWC MEFT TG &
SRR SR TS ENE . J6ESHN & R
B et9 (56 G R Z8 I S R AN S AL 3 i B
FRTFE A PHOWC (E 4A~C) s H i FOE A R
BEAR , AR AT — S ALRR A FHRE T AR, S5 er9
4D L ) — AR A B A A 2 v T B A R PHOWC
(K4D).

JeAVE F B K 250 R0 T L i g 2 08
FERON ok, AR K SE R G NACE
TALHEROREE . 4 t-test, et9 BAE G AL 4 K B 3
5 T EP A PHOWC (& 4F) , Y6 R G IRCR AL T
L3R B E AR T ¥4 A PHOWC (K1 4E.G) . A%
AR BB AR ORI RE T, T RGEIARL
RABFR N I RRE , 2 AR R v v 2 B (B A A b 2R B
FRARRFERGI FITEREMRE 182 , B A T ORI
2.5 RETMERHBEZST
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Fig. 4 Photosynthetic parameters of wild-type PH6WC and mutant ez9 plants
R3 F,oBEFERFANESR
Table 3 Chi-square test table for F, isolated population
MEE IR
#E1A Population Observations Expectations Rk
Chi-square
B73 et9 B73 et9
F, 532 165 522.75 174.25 0.065
0.8
0.7}
m B "
T2 %9 .
B2 o0s) .
s 3
BS 4 .
e 7| .
d o .
g 03 ‘
£ § ¢
& é 0.2t :
+
0.1} W
0 2 " ; “apa. N
Chrl Chr2 Chr3 Chr4 Chr5 Chr6 Chr7 Chr8  Chr9 Chrl0

Yrfafk Chromosome

E5 BSR-seq DB RELRETEE Zmerd WEIEEN
Fig. 5 The genetic allocation of the etiolation mutant gene Zmet9 revealed by BSR-seq

20245043~21984785 bp Z [H] 24 2 Mb i X [H] Y , 1iF
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InDel #51ct 2099, Ff i — 2245 /N X [A] 4 H 1) 2 ]

TENLAELY 750 kb (X[ o it — 245/ H 1 5L
Zmet9 [/ 3 L X 8] , A I KASP19 . 2099 1 5
& B> InDel 71T 2040 2037, X 3K [ F, BEA Y
1100 >3 75 A Rk E 47 3 PR AU 0, L 1k 2] 51
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Table 4 Genes within the fine-mapping interval
H D it FLH A
Gene ID Gene description Gene type
Zm00001d045384 AP AL B i L
Zm00001d045385 - EARIIiE e
Zm00001d045386 ERF % ¢ K1 TR LA
Zm00001d045387 SIBE 5L ACP i 15 B R EE A
Zm00001d045388 BE I D - H B Wi4h G AR 2 52 ARFE 2R (1 H RIS I N
- DIREARA
—: Function unknown
N v <X
Marker %Q °§ Y %Qq’ %Q
& S
Chr9 L g f \ 800 kb
Recombinant 20 3 16 44 4y N=150
I, i gy
i Tl -
/ A Q T
Marker ’ N N Rt R
Yoo 400 kb
Chr.9 } — .
44 0 7 145 N=1100
Recombinant S
o e
1 e ~ -
oo TR
e T s
1 O
Lo T e
! - 10 kb
i
SR80 OIS
\Qb{) ﬂQpr@ @bf) d@f)
R & @
PR N\
AR A 4

Marker: FRic & 5 ; N A KN s Recombinant : B 20 PR ; 21 K3 6 m E v X ]

Marker: Marker names; N: Size of F, population used in mapping; Recombinant: The number of recombinants; The red captions indicate the

MR 4 TR, R Al e A IR 5 D S

mapped region
6 Zmet9 WITEHEN
Fig. 6 Fine mapping of Zmet9

B (L A R A

1 1o 28 R Y 41 L X

Zm00001d045384 4t — A BADE AL, 5 & Bl Zm00001d045384 %& X 4% 1% 2 1 5 8L 7 %

IR [R) 5 3L 8] FSD2  FSD3(AT5G23310) 2575 J5

MSECVVTTSCFYTISDSSIRLKSPKLLNLSNQQRERS AE % PPY)3
R SYYSLITPPYL

AT5G23310
Zm00001d045384 L

FSD3 R gah 85 A [RPE (K1 7) .

WD ALEPYMSRRTLEVEW 6)4:): S
L \DALEPYMSKRTVELHW N

AT5G23310 RGYVDNLNKQLGEKDDRLYGYTMEELIKATYNNGNPL IS LN p 4 D P AT (015G S eD TIZ K eyaB S saR s anJeldmus 159
Zm00001d045384 EYNNAAQVWNH;FFWESMQP) PES&GVLOQIEKDFGSFTNIRE
AT5G23310 1ALIOIGSGWVWLVLKREEZRLIAVVETS LN DD CIWEH SY YLDYKNDRAKY INTFLNHLVSW 239
7Zm00001d045384 IEAL NG SGWVWLVLERNEWNKLE] $NAT) PLAF!DIPII I 142
AT5G23310 NAAMSRMARAEAFVNLGEPNIPIA 263
Zm00001d045384 MLTT 146

B7 1EEEE Zm00001d045384 5 FSD3 %S E B S ETEF 5 Lb 3t
Fig.7 Sequence alignment of animo acid sequence of Zm00001d045384 with FSD3
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Higr 4 v Zm00001d045385 it —A3h
REARHM A M, TERLEE T G [RE S B, FE /KA
B [l P L DR S RE AR . Zm00001d045386 13 F& h—
A~ ERF 5% H 7, (H 2 1) H 245 — 4> PBD 4544
B, T ASFEAE MR ) AP2/ERF 25 ¥ 48 , Bh A 5 ik
—HHiIN . Zm00001d045387 Jrts— SR IERE-ACP
TR, IR TR G B B i e — P Rl
ACP fift 25 7 75 B W it 5 78 100 g o b Ay [) 3 5 1R
FTABRAS SR Bk, Zm00001d045388
Gt —AMEE (1) D-H ZE b4 G BEE X2 R E A
TR , TR) PR R R WL RGE (% 4) . MR IR IR
B, HE I Zm00001d045384 7] GE 2 Zmet9 B 15 1%
LA

3 e

3.1 e R—IFHHEFREELRTE

- GEAR A R 77 A 2 B I SR A 485 4 T 4 R
TR, AL AR O T S AR R P AR
B2, M FEUb IR R SRR EE AR
Sl AR AR AR AL 3E AL EREMBE 15 A AE
FRCRAL. HRTR I R Bk 2 AR K
BrBOAET (A Wik K)o 280 b AR K
MELLSE E H A R AR S5 52 . an R oK E ik
AR ers4 B0 B A5 R R R EOC A R
B YA RS RO R R AR A SRR ER
S ATHTBVEOE s ors TR HERAK ATP 5 G5
M FIRGEBE s erpl TP IEH A AN G R A
ARG INRCE, IR AEGE s why I B HBL AL
W, AANIE 82 BH, IRFL & IR nec-t
Wit i R e WS i R BLIRBERE, A
BF RN N AR 2RSS0 T . Syl dikiE FSD2  FSD3 3t
[51 1) T-DNA 4l A ) 28 28 (AR #R 2 9 # A sl Ak i
A W R I EESE R FSD2  FSD3 A B
AR J H B 5 1 I R TR R (R 2 fd 3 9878
RARBEAETE E LA b (HIL R R SE N FSD2 1)
GAFNA fsd 2 W] LUAEIE 2 1 B35 FSD2 Fl FSD3 1
FUI 2R B R E EEAE | fsd2-Ifsd3-1 BUEE
ASRAESE R AR EAT ™ EE 0 AR R 1 fsd2 T
f5d3 PR IR AR HLAG R AR (O R R A 5T 1) 8
L IREAZNA et9, BT HERD— Pt s BB (L R T, 4
MEFBY ARG ABIE, SEARMMEL, AR
GZ0% , HERE AR AL A EOR , i HORY (k22 113
FU P A= AUHEIR 10~12 d, RE 58 ARG fieJo IE 5 455K,
HALMRR BB AR L o T HERT er9 JE— A X 1]

T ERE H A AR R R R S B AL 2 AR A
3.2 Zmet9 FBEA— NI ELRTEER

H Tl O 245 4 7 I 5 B ) R OK B A o8 AR AL
KA 234>, 43 A 7E B K BRAS 9 Ye A LIAM R 9 45 4
R o elml FEDHE A T4 8 Yo Ak 163614240~
163618286 bp 4 X[ P, g fith— > 4 23 Bk AL ik
AL R yell F NN T8 1 Je ok
7311454~7312602 bp [ X [B] N, YGLI j&4utB 4% %
A B FE N 12 T 5878 e 5 80 SR R A Y
B RS A B why I FE DR SE AL T4 6 Y fa ik
74547569~74550576 bp 1Y X [6] P, 12 35& [A] G it -2
TRHEERZ RS, A 1, 22728 5 T8 atpF Joik1E 7 57
2 1% 23S tRNA Joi i, AR ARGl b AR A AR
TER RGO EIE ) eti] Z378 1A B AREEIN E (P 7E
3 5 YL i K SSR FRiC 146-M194 Fl 147-M92 2 [f] 24
815 kb DX [H]“4" s xp 122 PN & M 255k # €, RSt
BT UR I z  th B A s L 2 R A R 122
AR FEPRURE 40 2 67 T4 3 Ye ek C50 1 G20 Anic 2
B8] 24 32.59 Mb Y IX (1], % DX [11] 38 12 4 35 PR 20 il
ARG 5] 92521 4~ SNP 120 /> InDels > ; # {k 58 725
k74101 B kA EH 28 EF ISR ek
R AN IE B R 4558 . SR ) e o T4 S e
o f& K-138 Fl1 K-27 bR ic Z [0 25 76.05 kb (14 9 3L #E
8o SEHEFF Y IE L A BB IZIE AR R
A FPRR AL AL . TEFRHTZ 1L EMS R R A
BrAR RIILE WSR2 5 74101 MR R AL # Ak
R0 yglm 1 AT A B 25 52 i 3 A B
AR I R I ZERTER AN, B A A F I o
TR A ARREIE R 4552 . JE PR AN e A 5 e B AR
HRIE™ s $AREIT EMS 1548 Col-0 i 1 1 28 AR 1k 27-24
A St A AR IR /NG R I R IR
AR ) 3 Y 5 R SR A AR il 28 AR 1 A — B, i
RAMAIE 1 AtFSD3(At5g23310) K& 1 5 RS RS,
3% 57 FL R L AE SR 5 YL (A 1Y 6.61~8.60 Mb 2
6], 7% LK cDNA J7 81 H (1) 575 748 i fisi 3k G A8 K
A, SEFSD3 & 11 Glu 250 %575 4y Lys 250, Hfi
Tt A B A 28 AR IR Tl FE TR e 6 T2 8 5 et fk I,
H4 ANNOVAR HITE RS BTN oS 8 5 e fafhk |2
59t PPR 8142 Z5F R B LOC_0s08g17080
A SE R S B w A S AR AR ym L R A TS
2 Yefi ik | 4.4 Mb(50800001~55200000 bp ) [X.[&] P,
2 X[ 0 16 380 WG A 7 s 21 v B2 R R R R 1 4
1k 2 X Solyc02g093180 ., Solyc02g092460* . 7 fiJf
TR AL IEARAK et9 Y5 yglm1 . 74101 .27-24 2540, A
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HAEIL DX AE Tk BRORS 40 2 A A6 AN [R] 1 e o {4
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384 SER HEAT A A B2 A M AT , 285 5 KB
P P K 10 e A b B 2R A A iy (8 9
TR ARR , HLHE Zmet9 5 X 0 58 A5 5L DR 7 o7 1y LA
fLE AR R IR A AE W Zm00001d045384 7]
AESE Zmet9 e KL, Zmet9 V] BEJ&— R B I E
(RGBT B Ak AR A5

Sk

(1] 28 RSB 5E R Brpem K5 4 € A S Rk Fik 4y
Hr . PLPR PR R, 2019
Li X. Fine mapping and expression characteristics of the
etiolated mutant gene Brpem! in Chinese cabbage. Shenyang:
Shenyang Agricultural University, 2019

[2]  Eckhardt U, Grimm B, Hrtensteiner S. Recent advances in
chlorophyll biosynthesis and breakdown in higher plants. Plant
Molecular Biology, 2004, 56(1): 1-14

(3] i, s, fhiE, B e, XIGRH . — B Fok 6
TR AL 0BT RIERE A7 . B KPR, 2012, 20(3)
26-28
Han S, Wang L J, Zhong S Y, Zhao Y, Liu B S. Genetic
analysis and gene mapping of a new leaf color mutant in maize.
Journal of Maize Sciences, 2012, 20(3): 26-28

[4] 2. FOREMRANK eril B 55T 804G 50 HT M 58 A8 5L R )
vl N TR R, 2015
Peng L. Identification. genetic analysisand preliminary map-
based cloning of etiolated mutant eti/ in maize. Zhengzhou:
Henan University, 2015

[5] R, #Ah . FoRM-@RERDITEIEE . B4l 2019,
13(28): 14-21,27
Li Q, Du H W. Research progress on maize leaf color mutants.
Southern Agriculture, 2019, 13(28): 14-21,27

[6] Sheehan M J. Structure and expression of maize phytochrome
family homeologs. Genetics, 2004, 167(3): 1395-1405

[7] Shi DY, Zheng X, Li L, Lin W H, Xie W H, Yang J P,
Chen S J, Jin W W. Chlorophyll deficiency in the maize

elongated mesocotyl2 mutant is caused by a defective heme

(8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

oxygenase and delaying grana stacking. PLoS ONE, 2013, 8
(11): e80107

PR Sk R AR B, BN, BRI, Rl oK
ELM 1 JE R 5 51728 5 B 5k 2R R A AR DG AR 14 DG IR 4
Bt BHE S, 2014, 32(35): 78-84

Yang Z F, Zhang EY, Xu S H, Mao B L, Pan L, Chen Q,
Xu C W. Sequence variations of the maize ELMI gene and
their association with plant types and ear traits. Science &
Technology Review, 2014, 32(35): 78-84

Sawers R J H, Linley P J, Gutierrez-Marcos J F, Delli-Bovi
T, Farmer P R, Kohchi T, Terry M J, Brutnell T P. The elm1
(ZmHy2) gene of maize encodes a phytochromobilin synthase.
Plant Physiology, 2004, 136(1): 2771-2781

Guan HY, Xu X B, He C M, Liu C X, Wang L M. Fine
mapping and candidate gene analysis of the leaf-color gene yg/-1
in maize. PLoS ONE, 2016, 11(4): e0153962

Xing A, Williams M E, Bourett T M, Hu W, Hou Z, Meeley
R B, Jaqueth J, Dam T, Li B. A pair of homoeolog ClpP5
genes underlies a virescent yellow-like mutant and its modifier
in maize. The Plant Journal, 2014, 79(2): 192-205

PR AN ORI (8 S AR MR S FIERAL 43T . 282 1
ALl K¥,2013

Zhong S'Y. Identification and genetic analysis of three maize
leaf color mutants. Tai'an: Shandong Agricultural University,
2013

FPPSR, XU, HER . IRBUKFE I RIS . AR
42, 1996, 10(1): 6-10

Shu Q Y, Liu G F, Xia Y W. Study on temperature-sensitive
rice leaf color mutants. Chinese Journal of Nuclear Agronomy,
1996, 10(1): 6-10

Gan S, Amasino R M. Inhibition of leaf senescence
autoregulated production of cytokinin. Science, 1995, 270
(5244): 1986-1988

Hui Z, Tian F X, Wang G K, Wang G P, Wang W. The
antioxidative defense system is involved in the delayed
senescence in a wheat mutant tasg/. Plant Cell Reports, 2012,
31(6): 1073-1084

A, ], WARDT, RE R, ATRE, e, AR
FLZSHBT fFh 1 157 e J il hEIZE i, 2016, 38
(3):22-24

Zhang Y J, Zeng J M, Zhang ZF, Hao G S,YuLY, NieM
Y, LiJ. Breeding report of a new albino tea variety "Zhongbai
No. 1". China Tea, 2016, 38(3): 22-24

B, AR BRI BUEE, e 1 X5 R B H A
AR R AR AR AAR ST . AR, 1999, 19(2):87-92
Cheng H, Li SF, Chen M, YuFL, YanJ, Liu Y M, Chen L
A. Physiological and biochemical essence of the extraordinary
characters of Anji Baicha. Tea Science, 1999, 19(2):87-92
fafuk, XUFSBE, SRICH, TR A (AR R A A A
AR, 2006, 42(1):1-9

He B, Liu L L, Zhang W W, Wan J M. Plant leaf color
mutants. Plant Physiology Letters, 2006, 42(1):1-9



2 KRS . FORBACRASIEIN Zmer 9 HING A E (L 329
[19] USCEL . =A KRR 5828 P I S 5 L P T . o - Wit datastandard for maize (Zea mays L.). Beijing: China

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

K2#, 2006

Liu W Z. Identification and gene cloning of three rice leaf color
mutants. Hangzhou: Zhejiang University, 2006

Liu X, Yu W, Wang G, Cao F, Cai J, Wang H. Comparative
proteomic and physiological analysis reveals the variation
mechanisms of leaf coloration and carbon fixation in a xantha
mutant of Ginkgo biloba L.. International Journal of Molecular
Sciences, 2016, 17(11): €1794

XV, ke, B, BREENE, G740, 200, BREgEE .
At I €0, A 98 A8 AR ) AT B 38t % 434 Iﬁlfi*‘*?& 2020,
47(12): 2340-2348

Liu F Z, Zhang Y, Yang J K, Chen Y H, ShuJ S, Li S P,
Chen L L.Characteristics and genetic analysis of eggplant leaf
color yellowing mutants. Chinese Journal of Horticulture,
2020, 47(12): 2340-2348

Refhift, 2930, 5 A1, IhESE, BEVK, T, Bk
U, AR T . KRG M S AR AR pl ()0 %58 5 AL b . 4l
HEWIF AR, 2020, 28(12): 2108-2117

KangW W, LiZL, YiZL, SunZ Z, Sheng X B, Huang A
P, Duan M J, Tan Y N . Identification and genetic analysis of
the yellow leaf mutant y/ (¢) in rice. Chinese Journal of
Agricultural Biotechnology, 2020, 28(12): 2108-2117
FAEE, B, SRR, iz, S, 0T . KRS e
ERFIRE TR (b AR K vpal (388 14 737 AR DR £ v ]
KAERL, 2020, 35(1): 19-26

Wang Z H, He Y, Zhang X B, Xu X, Wu J L, Shi Y F.
Genetic analysis and gene mapping of vpal mutant from albino
to green and panicle apical degeneration in rice. China Rice
Science, 2020, 35(1): 19-26

Millerd A, McWilliam J R. Studies on a maize mutant

sensitive to low temperature 1. Influence of temperature and

light on the production of chloroplast pigments. Plant
Physiology, 1968, 43(12): 1967-1972

WRETH: . — A R 5 AR I 8L R . M - TR ARl
K, 2009

Chen J F. Genetic study of a maize leaf color mutant.
Zhengzhou: Henan Agricultural University, 2009

Eckhardt L, Grimm B, Hortensteiner S. Recent advances in
chlorophyll biosynthesis and breakdown in higher plants. Plant
Molecular Biology, 2004, 56(1): 1-14

Jiang H, Li M, Liang N, Yan H, Wei Y, Xu X, LiuJ, Xu Z,
Fan C, Wu G. Molecular cloning and function analysis of the
stay green gene in rice. Plant Journal, 2007, 52(2): 197-209
Kusaba M, Ito H, Morita R, Iida S, Sato Y, Fujimoto M,
Kawasaki S, Tanaka R, Hirochika H, Nishimura M, Tanaka
A. Rice NON-YELLOW COLORINGT! is involved in light-
harvesting complex II and gram degradation during leaf
senescene. Plant Cell, 2007, 19(4): 1362-1375

ARR, B, ERT, RMEER . KRR AR AL A
Hethbr . st T ERAE T R, 2006 10-51

Shi Y S, Li Y, Wang T Y, Song Y C. Description and

[30]

[31]

[32]

[34]

[35]

[36]

[37]

[38]

[40]

[41]

Agriculture Press, 2006: 10-51

4 H 5% . BSR-Seq Jr i i o K B Ak 5848
Pl K, 2014

Li Y R. Etiolation mutant gene mapping via bulked segregant
RNA-Seq (BSR-Seq) method in maize. Wuhan: Huazhong
Agricultural University, 2014

Qin Y, Xiao Z, Zhao H, Wang J, Wang Y, Qiu F. Starch

LR B A

phosphorylase 2 is essential for cellular carbohydrate
partitioning in maize. Journal of Integrative Plant Biology,
2022, 64(9): 1755-1769

Liu S, Yeh C T, Tang H M , Nettleton D , Schnable P S.
Gene mapping via bulked segregant RNA-Seq (BSR-Seq).
PLoS ONE,2012,7(5): ¢36406
o X (S e 5 N W N L EN Tl he i
13(28): 14-21,27

Li Q, Du H W. Research progress on maize leaf color mutants.
Southern Agriculture, 2019, 13(28): 14-21,27

R, ST B ILE, BHE, XIPR A AN R (A5
AR VRIS 0T R RE R B . FORRE, 2012, 20(3): 26-28
Han S, Wang L J, Zhong S'Y, Zhao Y, Liu B S. Genetic

JERE . r A0l , 2019,

analysis and gene mapping of a new leaf color mutant in maize.
Journal of Maize Sciences, 2012,20(3):26-28

g R IT SR TAC A WAl BAE M S i f . |
g BRI, 2014

Ma Q. Mapping an Arabidopsis plastid transcriptional active
chromosome interaction network. Shanghai:
University, 2014

XU BN ST U (0 Iy S A8 AR B i R A5z 1K) RE 0 A6 B
FE TN AR AO R, 2020

Liu M. The gene identification of an Arabidopsis thaliana

Shanghai Normal

yellow leaf mutant and its preliminary fuction study.
Guangzhou: South China Agricultural University, 2020

Fumiyoshi M, Chieko H, Taishi U, Haruko I, Takashi K,
Reiko M, Yuriko S, Noriko N, Masahiko I, and Kazuo S. A
defends

chloroplast nucleoids against oxidative stress and is essential

heterocomplex of iron superoxide dismutases
for chloroplast development in Arabidopsis. Plant Cell, 2008,
20(11): 3148-3162

Sawers R J, Linley P J, Farmer P R, Hanley N P, Costich D
E, Terry M J, Brutnell T P. Elongated mesocotyll, a
phytochrome-deficient mutant of maize. Plant Physiology,
2002, 130(1): 155-163

Guan H, Xu X, He C, Liu C, Liu Q, Dong R, Liu T, Wang
L. Fine mapping and candidate gene analysis of the leaf-color
gene ygl-1 in maize. PLoS ONE, 2016, 11(4): €0153962
Zhang Y F, Hou M M, Tan B C. The requirement of WHIRLY1
for embryogenesis is dependent on genetic background in
maize. PLoS ONE, 2013, 8(6) : p0067369

P BRI TR eni] (9 4EE G8AE 53 HT B SR B R )

el I R, 2015

Peng L. Identification, genetic analysisand preliminary map-



330 Mo om w2 i 26 %

based cloning of etiolated mutant efi/ in maize. Zhengzhou: Xu D P. The preliminary study about a yellow green maize of

Henan University, 2015 whole growth period. Chengdu: Sichuan Agricultural
[42] BE. ERERAM 122 B FER E N7 TR PR . 2% University, 2013

s INARAO R, 2019 [45] iV . KT S ST AL S AR UK Hle Y A TRARRAE 45 A e E R 4

Gao X Y. Gene Mapping and Physiological Analysis of Maize Br. BB LAl R, 2021

Yellow Mutant xy/22. Tai'an: Shandong Agricultural He X F. Physiological characteristics and candidate genes

University, 2019 analysis of leaf late etiolation mutant //e of rice. Nanchang:
[43] X3 TR RARNR 74101 F AL FER @ 0 K v e . 224 . 1l Jiangxi Agricultural University, 2021

ARAM R, 2023 [46] BPIK . F5 i EMS P5AL I 8 AL 5 ALK ym 1) He 3023 BT FIGE

Liu S K. Localization and Cloning of Yellowing Genes in FEHEDRIFI . Pk FH PR H A K2, 2023

Maize Mutant 74/01. Tai'an: Shandong Agricultural Zhao Y R. Physiological analysis and candidate gene prediction

University, 2023 of ym mutants mutated by EMS in tomato leaves. Shenyang:
[44] IRET. 3 EKRETEAMEHWIERZE . WS pu )] Shenyang Agricultural University, 2023

Rk, 2013

2024 F i E RHARBHATI BUE R IE
(Hh k)

ZER 4L 18 STON 1% TR

T AR B B AR 7 R B K 2B RAE R B B I

EE - H2%% Bl #haRF R SElE B SRR BRI

BHT A AE 2 P 7 K AT, 406 38 B A it A 1 Rt A =2, DAk 2 5 6 K AR R ot PR+, i
AN B ARG REIHE (R I

rhE I, 2023(1) : 84-87

DOI: 10.19462/j.cnki.1671-895x.2023.01.025

“—i— BB BT R ER LSO E PR R R R

R R C RRE RESC BN B AREtE wokE ME ZERE

BT A 1) a3 T o B RO E PR AL A 2 IR a7 — B B RO H AR e Rl & Jré it 52 i
SRR ARILEE PRIR E AN RE SRR T . 2) R ARl ALY R Ak B R e SR L

FRE R, 2023(3) . 1-4

DOI: 10.19462/j.cnki.1671-895x.2023.03.038

NI E R R B LE B %

B XS IS

B A I BT T AR A P Rl i 51 B A % [ PN A1 4 JR T #5, o  Ste % [ ol & e b 443 B 1Y)
B,

rR R, 2022(6) : 1-5

DOI: 10.19462/j.cnki.1671-895x.2022.06.001



