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Fine Mapping and Candidate Gene Analysis of
Leaf Color Mutant in Maize
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Abstract: The leaf color of maize is associated to the content and structure of chloroplast, which is the com-
partment and of importance in photosynthesis. Genetic analysis and isolation of genes that control the leaf color will
provide insights in the genetic improvement for photosynthetic yield and exploration of the theoretical mechanism.
In this study, by screening for maize mutants generated by W22 .. Mu in introgression lines with genetic back-
ground of Z31 ,we obtained a leaf color mutant with the abnormal chloroplast,lack of pigment and the reduction of
PSII, which was controlled by a single recessive locus. By the low-resolution genetic mapping using the SSR mark-
ers, this mutation locus was mapped to a 2. 95 Mb interval ( B73 RefGen_V4 ; bnlgl 863 -umc2075) . Furthermore ,
this locus was finely mapped to a ~900 kb interval ( B73 RefGen_V4 ;S1-S7) by 1200 individuals plants from
BC¢F, and developed SSR. Taking advantage of gene annotation and expression analysis, we identified a strong
candidate gene Zm00001d010000 that encodes for thioredoxin. Thus, the study could provide genetic material
and the selection markers that become valuable in theoretical and applied research for increasing photosynthetic
yield.
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PEFED TR TR €05 4% B 5T 10 2 2 M AR
EXENL 2 ST ARSI Sl N S 7 e S e o
s pE S M HE s T B2 210 5 E
KA DG HE A 5 QTL A7 1, Horp 18 A4S 5 ARHF 5
GEAR A S T 2 DL By W 8 5 8 S i/ TR B e
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PAFEAR A RER 31 (Z231) 5 W22 : Mu %584
M, FRAY L E AT (8 5EARK (2008 4F, fRE ) , =RAB
KRR ALY 731 HESL 058 H] BCF, ¥ H A AL
315 BCF, F T RAE R 515 53 B (2011-2015 45,
TRAE ), A S A BRAE AL SR A5 | R I 200 i 45 ) 6 7
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SN (2015-2016 4 fR5E) o
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KM CTAB 3 42 BCF, bk DNA, F ]
Yo 55 B73 FEKZH 1Y 963 XF SSR ( SSR, simple
sequence repeat ) bRiC i 28 A8 B 5 Z31 [H] 22 5 bp
i, LA BCF, B A7k X R 1 6. 009% 2R TN M ok e
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6], SSR {3 5 A H SSR Hunter 47, 51915
1 Primer Premier 5. 0 (http://www. premierbio-
soft. com/ ) , fdi FiX 26 SSR Fric & H b X Bt e 4
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RO I ENITEM i R e 5L R,
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(I S A A /N oA D ek R )2 HES AL
FRE A (E 1D G) , % 28 48 1K & T i Sk
AR SR M (8 R T A R T o8 AR A
SR AR b AR a R b K MR

SRR ETRATEREEZR (P < 0.01,& 1H),
VA2 S A AR €628 A BB 2 R 5 i 2t 2 5 OAY
R 2 A5 AU PSIT B AR X B A= 4R (P < 0.01,
BT UL S AR R B PS 1T & G0 e iE  fn it
R1 SEBEHIBENT

Table 1 The genetic analysis in segregation population

AT AEA F A= R/ AT Y RHME

Population Years Wild/mutant x*-value

BC,F, 2012 180/55 0.32

BC4F, 2015 246/80 0. 04
X%,o, 05 MI{E =3. 84

&,
B Yoy
g L
g ©
E B L v
£ g 03] rmxEn
m 5 03
e § 0.2
B g 0l
RE " psh

Az FZERIG 309 W22 0 :Mu, 231, LUK R —> BCF, BUSF A RIS AS T B C . 23 31 D4y 7 A T AN AL T o AL 2 (500 pum)
D E: B B J AR BS54 (1 wm A1 200 wm) 5 F G REALTII B TEAAMLEH (1 m F1200 pm) H 1 ™ R E 25
A:from left to right-W22: : Mu,Z31,wild and mutant type from a same BCyF, ,respectively,

B and C:mesophyll cells for wild and mutant type(500 wm) ,D and E:the leaf subcellular structure for wild type(1 pm and 200 pum) ,

F and G :the subcellular structure for mutant type(1 wm and 200 wm) ,H and I ™ significant difference
B1 REGRE MHEEREMTIEERSERT

Fig. 1 The phenotypic variation of chloroplast-abnormal mutant

2.2 MERTAEEN

FIF 55 B73 FEH 41 963 X SSR A ic & il
RASHI(BCF,) 5 731 A1 255, 3615 T e RN A
i) 2% F457 T bnlg1 863 ~ umc2075 X [i] , H) FHHE 55 Ky
2.95 Mb(B73 RefGen_V4) (&l 2A) . T B73 3
K 4175157t SSR 1Y ik 343 T 4 28 M
(£ 2), SHFER, 6 M~ ZAMhric R 2y
1200 Hfk BCF, BEAR, /15 T 6 DY fksc e 5
1 W 22788 (5 5 AL T ST~ ST (8], Wy FREE 5 4 900
kb(B73 RefGen_V4) (E2A) , & A 9 I EmtbHEA
Horp4 A>3 B A i M o Rk (I 2B),
Zm00001d010000 TE T By Fr v ik, Hifth 3
ASSERAE B A Frovh i SRk S AR (B 2C) A

K Zm00001d010000 1E g K M-8 5 748 A7 5 1Y
fo R A, HAT B Sk 2 B R T BE (181 2B ),
5 RAR LI S VIR G

F2 RATHBHEEAMFEZR SSR R

Table 2 Thenewly-generated SSR primers for fine map-

ping
AR TE [/ B Tl
Names Forward/Reverse
S1 CCAGTGTATTTGTCGTGCG/AAGGCAGGGAGAGTAGGAGA
S7 AGGGCTATTTGTATTCCGC/ATTGTTGGCTAACCGAGG

S9 GCAGTTTCTCACAGCCTTACA/GATTCTTCGCATCCACACAT

531 AAATCAGTAGCCCGTATCTCC/GGTCGCAAGTAAGTGACGA
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22, Y
TP
" f‘%‘} 0?,5
Chr.8 B
l L} 1 L} 1] I
Mutant _ . phenotypeNo. |
mutant 18
L1 T ] mutant 3
L2 mutant 10
L3 mutant 15
[ —— ' = i 1S
L5 t ]  mutant 5
L6 wild 8
31— i 1 wild 16
4, %, S8y & & &7 'y 0,)102

Zm0000 14010000

mMaizeGDB

g
25490

- 94.06 94.16 94.26 94.36 94.46 94,56 94.66 94.76 94.86 94.96 Mh-‘5
i - G T T PR TR T P

GenelD gy O
Domain Thioredoxin_like family

g
g
g

Zm000014010001
Zm00001d01 0007
ZmO0001d010008

ALl ~16 7358 6 DR OIS, BAEN FHES B FR ok A RAZ BRI 731 BRI, No. FORTHEREEE
B SRAESR R RN E (o1 X BN B B 25 D9, FRE SR 7R B A C o A0 A2 o2 X B i i PR 7y P B 3K

ALl ~ L6 represent the genotype of recombination events,black and white boxes represent from mutant type and Z31 ,respectively.

No. represent numbers of population, B:black and white boxes represent the genes inside fine mapping interval and structure

of candidate gene,C :expression of all encoding genes inside fine mapping interval in leaves at the seedling stage
2 MERTEMCSMNBEELRZEERERMKIE

Fig. 2 Fine mapping and cloning of the chloroplast-abnormal mutant
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