HYREEIR 2022, 40(6) . 820~828
Plant Science Journal http . /www.plantscience.cn

DOI.10. 11913/PSJ. 2095-0837. 2022. 60820

25, XIEAL, REGE, Edh, i, TEH, 0, FITIAR EACHR QTL e - TARic &L J]. MRl 2022, 40(6) . 820-828
Li J, Liu ZW, Zhu HL, Kuang J, Peng J, Wang ZX, Ji Q, Ke WD. Mapping of quantitative trait loci and development of closely linked
markers of flower color in lotus ( Nelumbo nucifera Gaertner) [ J]. Plant Science Journal, 2022, 40(6) : 820—-828

ERBMER QTL EL kD FIRCHA R
o, NEM, k4%, E &, 9B, TEF, 38, A1E

(BRI R B EBE, #I1L 430070)

# E. ¥ (Nelumbo nucifera Gaertner) {6t 2 g HOM BN R B AR Z MR Z —, HHS T AU A
TR, ARWITLAZE  WRE (L046) IEAR, BT (HAE) AR F, o BBk, FH 1056 5 40 0 4
AR (SLAF-seq) # £ i % B st (L [R5, MR FL AR Se AR I R AVEAE , XEMLLAE . FAEMERIEAT QTL 40#T,
TF & SiZtk % 25 % 91 PARMS( Penta-primer amplification refractory mutation system, To5|44 1452 Bl 2818
KBRS THRIC, 45RER: ERREEIEAK N 1046.82 cM, & 8 MR, 1 6376 A EEFRIC, Pt
AHEBARIC ] - B FE SN 0.16 cM, 725 6 FEBIRE LAl i 1 MRS RIEL L . AR QTL, sTikEN
49.957%, FizE i I Hm s 18 3L, Horp 5 A EshlLr e, AEd R R, [k, 7k T 34
SO, ATEHIRE S MY PARMS FRid, BERRUX 0 FLRHA T LM A IER AL,

4. %, B, QTL EMNi; SNP Tl

hESES: Q75 XEkFRIRAG . A X E4HS . 2095-0837(2022)06-0820-09

Mapping of quantitative trait loci and development of closely linked
markers of flower color in lotus ( Nelumbo nucifera Gaertner)

Li Jing, Liu Zheng-Wei, Zhu Hong-Lian, Kuang Jing, Peng Jing,
Wang Zhi-Xin, Ji Qun, Ke Wei-Dong”

( Wuhan Academy of Agricultural Sciences, Wuhan 430070, China)

Abstract. As one of the key agronomic traits that determine ornamental value, the genetic
mechanism of flower color in lotus ( Nelumbo nucifera Gaertner) requires further exploration. In
this study, an F, segregating population was obtained with the lotus cultivar ¢ Mantianxing’
(red flower) as the female parent and ‘Juwuba’ (white flower) as the male parent. A high-
density genetic map of the lotus was constructed using specific locus amplified fragment
sequencing ( SLAF-Seq). Combined with the phenotypic information of the F, individuals
obtained over two consecutive years, QTL mapping of the flower color trait was carried out.
PARMS molecular markers linked to this trait were also developed. The integrated map
spanned a genetic distance of 1046.82 cM, which consisted of 6376 SLAF markers on eight
linkage groups, with an average genetic distance of 0.16 cM between adjacent markers. A
QTL potentially responsible for red and white flower colors was stably detected on the sixth
linkage group, with a contribution rate of 49.957%. Eighteen genes were located in the QTL
interval, five of which were identified as candidate genes associated with flower color. Three
PARMS markers were developed that could be effectively used for genotyping red and white
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BB AL R 1 R, B FESt, R
CTAB LR IGE () 36 R 41 DNA, 38 o 3505 0 58 i
L 7K AT NanoDrop 2000 #:i DNA i S5, F
—20°CUKAE IR A

¥ DNA Bt 2 mi e A YR A IR A
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¥k 95.38%, GC Wit & &= V448 40.98%, ‘E
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3 GC &40k 38.36% F1 38.30%; T{UHE
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Table 1 Quantity of sequencing samples
. N Q30 A4 GC &t
(=g =)
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Sample ID Total reads o o
/ % / %
LA P 30 185 375 95.71 41.91
AR M 25 066 317 95.72 41.35
Fft Offspring 3 530 378 95.38 40.97
X} #& Control 1107 638 95.02 40.83
L Total 673 067 772 95.38 40.98
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AL 5.87% (£ 2) . ELEYE B0,
FFFE 1162 950 PNFE) SLAF A%, REARFIACA
4351k 430 946 F1 390 219 4~ (3£ 3) .

FHI AL 2% 38 19 2 55 7 4 55 00 0] X 22 25
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BGBEHR A FR 2R aa x bb FEHEI) £ AR
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4.23%, 0 T &SRR,
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Table 2 SNP information of samples

BE R +ﬁiﬂﬂ§lJi@ FE b SNP A5 et R
Sample ID SNP %k SNP number Heterozygous
Total SNP ratio / %
#AM 2 226 481 1330 918 5.87
LA P 2 226 481 1247 286 5.87
FAR Offspring 2 226 481 831 806 4.96

%3 SLAF tR&E4EiT
Table 3 SLAF tag statistics of samples

R SLAF R8P B R EE AR
Sample ID SLAF number  Total depth Average depth
A M 430 946 22 997 679 53.37
AP 390 219 28 238 972 72.37
Tt Offspring 211 304 3237 238 15.18
2.4 ENREEREERILHE

WL 7 S A b A, B R BE R Y
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Fig. 2 Genetic map constructed with F, population



824 =7/ S o o T 540 %
F4 EHBENEXERERIT
Table 4 Basic characteristics of lotus linkage groups
e ot N BEEE By E K Ga
Linkai%fjup D Tot?ﬁ?fker Total distance Average distance Max Gag Gap/<%5 cM

/ cM / cM / cM
1 1781 186.26 0.10 5.76 99.94
2 884 177.29 0.20 5.05 99.89
3 859 138.72 0.16 3.95 100
4 763 176.83 0.23 5.28 99.87
5 896 132.46 0.15 10.70 99.89
6 589 99.17 0.17 7.09 99.83
7 417 77.96 0.19 3.84 100
8 187 58.13 0.31 3.73 100
Bt Total 6376 1046.82 0.16 10.70 99.83
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Fig. 3 QTL analysis of flower color gene over two years
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FAT A W rpoE BE A R B 3 A ( Nn4g£4757 Hh ] X W R A/G AR S A
Nn4g24760, Nn4g24763) . B-box BUBHEHEMHER B, A 1 MAKNBIZOCF m#mm%w No
(Nn4g24768) . MYB-like %% 5 A T ( Nn4g24770) *£5 HIERBAHEETRE

- N . N N Table 5 Gene annotation of marked region
ML, AL, JHEENIE
XE@‘ ﬁ/’j(ﬁ’] Ig{ﬁﬁiﬁ Gene ID Annotation
1 .,—3—: A 2 4 ;ItF s\, / — kY
2.6 Tﬁﬁ‘,%{nﬁ%ﬂlﬁ’])\ ﬁ¥*"laﬂ-k Nn4g24753 RNA binding; cellular metabolic process; in-
3T SLAF-seq By, A QTL & X (8] nate immune response
Marker 153799 #1 54993 ZIEHEHZEU 9 /\ SNP ,f—L/-\\o Nn4g24754  Hypothetical p.rotfelm \./493_03831
v b Nn4g24755  Cul4-RING ubiquitin ligase complex
Fi 4l ik 26 SNP () Z 8 e, it T 8 X PARMS Nn4g24756  Uncharacterized protein
2T Y . ASEER F, LR 20 DNA g 34T Nn4g24757  Sucrose synthase activity
s y — y Nn4g24760  Sucrose synthase activit
PCR 3%, W15 1 fifbiic 3 5 43 A 0 B L 5 78 ? ‘ "~
. Nn4g24763  Sucrose synthase activity
ERA M) — B, Tk, 3 X519 (Marker Nn4g24765 RNA processing and modification
153798 . Marker 54975, Marker 153787) ﬁ}ﬂ:lj R Nn4g24767  Signal transduction mechanisms
Nn4g24768 B-box zinc finger protein 20
i
B, FACARRILAR 6. HEHIEL T Y 3 X5 197E F, Nn4g24769  General function prediction only
%) 444\
R T IR, $4AT LA HR X 502146 FN 1 AR R Nnagz4770 PREDICTED: putative Myb family transcription
ﬁ%liﬂ(l@@ TETEA%"}LL’#E‘ /JﬁEA}FUE—lT‘ factor At1g14600
%6 SNP{ERERSFIRESIHWFET
Table 6 SNP information and primer sequences of molecular markers
bric4 SNP #ric i & GlE/E SIF51(5'-38")
Marker Scaffold Position Primer Primer sequence
975ColF_G GAAGGTGACCAAGTTCATGCTACCATACCGATTCCTTATCCTCAG
Marker1563798  KN709517.1 687 425  975ColF_A GAAGGTCGGAGTCAACGGATTACCATACCGATTCCTTATCCTCAA
975ColR GTACCTGAATGGACAGATGCAATG
798ColF_G GAAGGTGACCAAGTTCATGCTTGTTATCCATGTTCTCCATTTTCCG
Marker54975 KN708907 .1 63 718 798ColF_A GAAGGTCGGAGTCAACGGATTTGTTATCCATGTTCTCCATTTTCCA
798ColR CACAGGTGAACGTAGAACAACTTC
787ColF_G GAAGGTGACCAAGTTCATGCTCGAAGGGGTATTACTGTTATGACCTAG
Marker153787 ~ KN709517.1 631489  787ColF_A GAAGGTCGGAGTCAACGGATTCGAAGGGGTATTACTGTTATGACCTAA
787ColR ACTCGAGAAGAAGGTGGATTCAAA
1.8 1 5 51
v o, A . B C
1.5 1 . =e
. 4 . 4 .
. %
2 1.2 2 = .
'S . L2 31 RE3
Y O L]
XE 09 . . ) L2 P
£ ) X 21 o, T2 ‘gt
T 0.6 1 T Te et I o
TS
0.3 1 1 » Y
' e o o cadOse
0 T T T T T T T 1 0 T T T T ! 0 T T T 1
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 0 2 4 6 8 10 12
FAM#S 3 FAMZE FAM#S

FAM intensity

A: Marker 153798 fFEH /P HIZE 58, B, Marker 54975 Hy3E [ 43 %1

FAM intensity

FAM intensity

450, C. Marker 153787 (13 K 43 F 2

A: Genotyping result of Marker 153798; B. Genotyping result of Marker 54975; C. Genotyping result of Marker 153787.
4 3MRIETE F AR kP EE S BA MR

Fig. 4 Genotyping results of F, plants using three markers
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QTLs Bl B 2y 58 2 120 % %20 RS 46 €6 1 bR 33t
e T, B T 25 4% AR R i
W AR . AAEMOIR QTL, i AS B 58 /1)
SIS AT RBHE DA 38 R R R A Y F, st A5
T, RIS T AE @A QTL, %k o7 IX 18] PN 11 4
PEHEE R AT T, R T 540 R % E S
PARMS #torFhrid, 7E— &R LRk T LLIE
] 35 {27 T BOIR RAZ I AL MR D Re L R 1Y
2, HARRIE S FARICH B E R AR R AR L
T

RN, EWatERZAETTSEDY
B A AR AT v, R R A 3 A
( Nn4g24757, Nn4g24760, Nn4g24763) . B-box
RIS T LN ( Nn4g24768) . MYB-like #% 5% A
T (Nn4g24770) fE R T0i i e i JE K, B4R H i
WS IE A SRS A ¢, [HEA]

NS TRUREE AR EN O AT 15 A P IR LS| 31
OB, B, FEHRESAE N —FE S 0T,
YIRS A R RE SRR S S T
A=) A R DG TR A 838124 334 i R B
2 (R SR AR R RS B B R —, FRAT]
I TEE W A5 B M L N Nndg24757 . Nn4g24760.,
Nn49g24763 113% ik 1] e i 13 I 45 H 4 14 9 T A
i, dEM G E AL T T A R A, HIR,
1E 0/ I ( Arabidopsis thaliana (L.) Heynh.) .
SER (Malus pumila M) . 2% ( Pyrus pyrifolia
(Burm. f.) Nakai) %59 & ¥ B-box £ 48 &
HEEWE S5 R F HYS B i H B A1k,
SRS & 56T 78 A X1 MYB #% 5%
AT, 45t DFR A1 ANS f33h T [ #Y G-box
5w L 3R GRS e ik, 3R U Nn-
BBX20( Nn4g24768) th v] fig i i 28 1) i 1 H #L
R B 2L 4B R A, TEAR 2 bl AR W) &R &
W MYB kA F e R PAL. CHS % ZFh %
SAEH AW & BR800 45 0 36 H Y R 8K
S 0143687 g i 3 R Nndg24770 A 25
MYB % % K T 19 DNA-bind 45 #4938, T fE 7 46
H AR b R R T ae, meAh, TR
fi1id % B, QTL X [&] f F ¥ A 41 46 19 SNP
(Marker 153799 Hi1 Marker 153798) M| - 7¢ i%
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