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Abstract: [Objective]l Isolation and characterization of leaf-color mutation related genes lays a firm theoretical
foundation for dissecting the molecular mechanism underlying chloroplast development, chlorophyll biosynthesis, and
photosynthesis in rice. [Method] A spontaneous leaf-color mutant, termed as white stripe leaf after transplanting at
low-temperature (wltt), was obtained from the progeny of japonica cultivar Zhennuo 19. The main agronomic traits of the
wild type and wltt were determined at maturity. The pigment contents and ultrastructure of chloroplast of newly emerged
leaves were analyzed at the seedling stage, fifteen days after transplanting, at the tillering stage under direct seeding.
Genetic analysis was carried out by reciprocal cross of the wild type and wltt. An F, population derived from the cross
wltt>9311 was used for gene mapping. Quantitative RT-PCR was carried out to analyze the relative expression of genes
associated with chloroplast development and chlorophyll biogenesis in the wild type and the wltt mutant. [Result] The
white-striped leaves in the wltt mutant only emerged at 15 days after transplanting at low temperature such as 20°C. No
white-striped leaf was observed under direct seeding treatment. However, leaves of the mutant developed normally at the
late tillering stage. Simulation experiments showed that the mutant phenotype was caused by root injury at low
temperature. Compared with the wild type, the pigment contents in white-stripe leaves of the witt mutant were
significantly decreased, accompanying by reduced photosynthetic rate. Simultaneously, most of the mesophyll cells had
no chloroplasts. The expression levels of genes associated with chloroplast development, chlorophyll biosynthesis, and
photosynthetic system were all down-regulated in the mutant. At maturity, the mutant was featured with reduced plant
height, panicle length, flag leaf length and number of spikelets per panicle relative to its wild type. Genetic analysis
revealed that the mutant phenotype was controlled by a single recessive nuclear gene. Moreover, the WLTT gene was
mapped within an 853 kb region near the centromere on chromosome 2, between InDel markers L22 and L26, in which
no gene related to leaf color was reported. [ Conclusion] WLTT is a key gene regulating leaf color after transplanting at
low temperature, which plays an important role in chloroplast development.
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Table 1. Primers used for gene mapping.
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Primer name Forward sequence (5’-3") Reverse sequence (5'-3") BAC clone
L1 ATTCAGTAAGACTACACGCAT AATGACAGATTACTTGTTCCA 0J1756_HO07
L6 CTAACATAATGGGTAAAGAGG TTAGTTGGTTGCCGTGT 0J1124 _E11
L8 ATAGTTTAGGGAGTTATGTGCT CGTGTGCCTATTGACTTCTC OSJNBa0030M21
L11 ACAGAACGGAACGGGATA CTCACAATCTTTTATCACCCA OSJNBa0078K05
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L18 TAGGTGGTTGAATGGTGC TATGCTTCTTTTGGGTTG P0543C11
L20 TGAGATACGCAGAATGGG GAGGAGGATGCAGGGAC P0705A04
L22 GTTCTTTTGTCTTCCCTCA ATTATCCTTGGTCTTGGTAT 0J1134_B09
L26 TTGGAGAATGAAGTTGCTAA TTACCAAGCAGGACTAAAGAT OSJNBb0037J12
12-7 GAACCAGTCCGCTCTCTGAC TACGCGTCGTGTATCGTAGC OSJNBa0035A24
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A, Seedling stage; B, Fifteen days after transplanting, at the tillering stage; The insert represents the new fully-expanded leaf blades of the wild type
(left) and the mutant (right); C, Fifteen days after transplanting at the heading stage. The inserts represents the leaves of regenerated tillers of the wild
type (left) and the mutant (right); D, Plants at the mature stage (transplanting at the tillering stage). E, Wild-type and mutant plants at the tillering
stage under direct seeding. F, Net photosynthetic rate of new fully expanded leaf blades of the wild type and witt mutant at the tillering stage. WT,

Wild type. ™ P<<0.01(Student’s t test).
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Fig. 1. Phenotypic characterization of the witt mutant and its wild type(WT).
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Table 2. Comparison of major agronomic traits between the wltt mutant and its wild type(WT).

B 3= B BilUSS 8 AR AR gEs T
Material Plant height No. of effective Flag leaf length Panicle length No. of spikelets Seed-setting 1000-grain
/cm panicles /cm /cm per panicle rate /% weight /g
wT 86.740.2 9.240.4 22.2840.53 20.4430.46 173.645.7 95.840.4 29.180.26
wltt 75.840.5™ 8.240.4 18.1040.37" 18.4020.41" 136.246.9™ 95.6+.7 28.4640.32

CRRGNE G, TEP<0.01FZREZE,

“The difference between the wild type and wltt is significant at 0.01 level according to Student’s t test.
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Chla, Chlorophyll a; Chlb, Chlorophyll b; Car, Carotenoids; Total, Total pigment contents. Values are presented as mean#SD. **The difference
between the wild type and wltt is significant at 0.01 level according to Student’s t test.
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Fig. 2. Pigment contents in leaves of witt mutant and its wild type(WT).
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A-C, Transmission electron microscopic (TEM) images of chloroplast
ultrastructure in wild type; D-F, Two types of chloroplasts with (E, F)
or without (D) a normal ultrastructure in the wltt mutant; Cp,
Chloroplast; Thy, Thylakoid lamellae; OB, Osmiophilic body.
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Fig. 3. Transmission electron microscopic (TEM) images of
chloroplast ultrastructure in the wild type and the wltt
mutant.



BakE BWT
After transplanting DOwitt

xS IE KT

rpoA rpoB rpoClrpoC2 psaA psaB psbA rbel. rbeS ndhB ndhD atpA  atpB

rf [E 7K FE R} 2 (Chin J Rice Sci) 28 33 %58 1 #1(2019 £ 1 A)

R Ak BWT

30 | Before transplanting Owitt

rpoA rpoB rpoClrpoC2 psaA psaB psbA rbel. rbeS ndhB ndhD atpA  aipB

IR RBYINSL S AR HE RS o **RIR B AR B 5 SRR I 2 57:150.05F10.01 2 /K (HIER) .
Mean#SD (n=3). **The difference between the wild type and wltt is significant at 0.01 level according to Student’s t test.

E4 MRELERAERGHAEERETERMWIMRT P RRIE SR
Fig. 4. Expression analysis of genes associated with chloroplast development and photosynthetic system in the wild type(WT)

and wltt mutant.
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Fig. 5. Expression analysis of genes associated with chlorophyll biogenesis in the wild type(WT) and wltt mutant.
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A, The seedlings of the wild type and wltt with non-injured roots; B,
C, The seedlings of wild type and witt 10 days after root cutting
treatment at 20°C at the light intensity of 25 000 Ix(B) and 6250
Ix(C), respectively. D, E, The seedlings of wild type and wltt 10 days
after root cutting treatment at 30°C at the light intensity of 25 000
Ix(D) and 6250 Ix(E), respectively.
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Fig. 6. Effects of environmental conditions on leaf color
variation.
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S RIS AE 25 2 L i R o5 22 R I I X 38, P it A
10N 12-5F112-8, 15 1% 55 43 il /£ 50.0 cMA158.4
cM(/X18). NFELHENWLTT, HFHPrimer 5.0%44,
TR EPRAZ HA 2051106 (RL), &&H
FER B A THRICL22FIL26 2 8], 43 H 55 9853
kb([&18), #RiC12-6 L4 BIFRIT .

3 Wi

AHIFE r R € R AR At R i 3R T e -
-, 52 RIShiEPISRA8 IR AR BRI 4 14 R 7 ik
B AR s R LA AL A, BIFERS 5 d
BERS~4 R AR, R M Ak R
g, RAWHEBRG R AREKZ, TSCLEER
P TEELLY Ak, dRIBABCHHZ R, 1E RIS &4
TR RA R AE T ) S AR & O
FHEMERH: A AtscLRIE S BUAR AL FE 7 K OF:
MM ZRAETS, B E AN B 2R B0 R A,

BwT Owiit

Car | Total | Chla | Chlb

Car | Total
30°C, 25 000 Ix 30°C, 6 250 Ix

VR ZE LR RN UM SIS IFRAEZE . **RRBF AR SRAR AR ) 22 5714001 B /K (38
Means5D (n=3). **The difference between the wild type and wiltt is significant at 0.01 level according to Student’s t test.
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Fig. 7. Effects of environmental conditions on pigment contents after root cutting treatment.
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Table 3. Segregation of F, population from witt mutant and its wild type(WT).

sl RS SELCS SeBRA L ,
Cross No. of normal plants No. of white stripe plants Segregation ratio £
WT>wltt 375 127 29501 0.02
WItt>WT 368 130 2831 0.06
#RiT Marker 12-5 12-6
Chr. 2
BE 2 Distance /cM
L22 I12-6 L26 L16 L14 L11 L2-7
B
A PR AL 284 171 148 54 21 4 7 n=3069

No. of recombinants

2 0 2 28 2
|-> 853kb4+

A—FE AL AT E ALAE 52 5% (A3 22 R M InDelbRic 12-5F012-8 2 1] ; B-FE A 7 s 40 52 iz B bR ic L22 A1 26 2 1), P BEFE 853 kb nAsE

R HT IR A 26 SO R RS

A, The gene is mapped to the centromeric region of chromosome 2 between the InDel markers 12-5 and 12-8; B, Mapping of the gene locus between
markers L22 and L26 within an 853 kb region. CEN, Centromere; n, Number of individuals with white stripe leaf after transplanting.

B8 WLTT 7% 2 £ &4k ERMEN
Fig. 8. Location of WLTT on rice chromosome 2.

XA, SEELR. AHRA, REBAEWIt
2 BIRRALFRAE K B: 64 F Ak, IR (20°C) A K15 d,
LA A SORER s T 7E 5 e L (30°C) TE 58 AR
R, F5HMEBRE TS 1F KM T (HE A
TEEE M), BRI ARSI, Ft,
FEA AR witt (1) 848 7 2 AL (20°C) 26 1 R AR &
W& Ry, 50elRIEoe. SR, RARKRwItIK
WEUREYE, AT HAR R ERIR R R &
J T B I 5 I A IR B R AR SR R, BVARS
V2B 0sv4BE | TCDOBIAIWLPLMY, ik sl 3k [R] 5k
AR NG, N AR R AR S T BB 44
KM, FEERAM PR E Y RABKwIt A
FAR AP 5 A4 R AR B . 2T AR
Bk, 2B KRB A AEKEE . Hak
R E MR GIR R E @SN B 7 BEAEM R

2R AR R—AEYRFE gy, 2 EydE Tt
GAERM B BT 18 0 SRR B H e A 5%,
R B 5 pwltt 7 BE 5 7 IE 3 (R SRR gh 4, ey
B RAFIEREERIR . TORTER Fy 5/ 2844, 16
I SRR R SRR R B 2 B . 6 B H DS ER
G 1 J5E [ 3R 08 B 1) o0 AR S 5 SRR G R R TE

Ji%., psaB. psaAZwALPS T & piAH e MY, HodhpsaA
HIPsaB & H 4 & T8 it & HL 4% 346 4 1) e 0] 1
#t4kP7001, psbASER ] T4t AL L E S
Yh: AE AR RwIttd, IR RS AR 5 X e B R Rk 1
T, U SE R RGRZ BIR . SRk R
MRNAF S K B B RHEE, mRNAR R
RNAKEGHENIZ S, YIS N A 44 J R 4 i
RNAZRAME: rpoA. rpoB. rpoCl FlrpoC2; RNA
REMERGRKE, HKRORSTERIC Haidn
ARG L BEAES, Bk, Rk ke
FER A E B, HEMIWLTT R R R AR 5 SR g 7
RNAR GBI, DATRFMWIt SRR X -S4k %
BRI, KRG R A rpoARIARS A i,
HARINERREESHEMTLEZR, W5
RCHTAH L, R A A B SR R A2 AN Dok 55 £ 22
TR, MG R T SRR B BRI . AZBE AR K
/NI S 5t SR L R B A RH R B, BRI Ak
KRR /NS g5 3 R rps18 /5, I AR BLH A1k,
TR BEAZIE s AR R K T 3 45 A 56 (R rpI 365 2
Ja, R EREIE, Bkt ER TR,
RAEwIttr, ARIRF IR IG 2R, NP EE R
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