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Mapping of Growth Habit Related Gene in Common Bean
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Abstract : Common beans ( Phaseolus vulgaris L. ) originate from two genetic centers, which are the Central
American gene pool and the Andean gene pool. Common beans was domesticated in Central American,then taken to
the world. The leaf shape,grain and other specific traits changed in the process of domestication of common beans.
Especially growth habit, gradually evolved from the indeterminate viny to determinate bush, which is also one of the
key factors in the development of mechanized operations. Therefore ,the study of growth habit of common beans has a
great significance for exploring the origin and domestication of common bean. In this study, the indeterminate viny
breed ‘ Liannong Ziyun No. 1’ and the determinate bush local ‘ Rabbit Leg’ (F0404 ) were used to develop the seg-
regated population. Then,F, and F,., families were planted in Beijing, Henan and Heilongjiang for phenotypic iden-
tification and genetic analysis. I, population was all indeterminate viny type,and the F, population separated deter-
minate bush and indeterminate viny. The genetic analysis of different populations was consistent with the 3: 1 ratio,
indicating that the growth habit was controlled by single gene,and indeterminate viny was dominant for determinate
bush, temporarily named the gene gh-lz. In this study,2802 SSR markers evenly distributed on 11 common bean
chromosomes for preliminary screening by bulked segregation analysis method, then the candidate genes were loca-
ted on chromosome BO1 between pls86 and pl1s91 markers. The genetic distance was 15.32 ¢M. According to the
common bean reference genome ,the markers were located on chromosome BO1 44349833-46886079 bp, the physi-
cal distance was about 2. 5 Mb. Then, 19 polymorphic SSR markers were developed from the candidate region and
used to detect the 57 recombinant plants . The results showed that one recombinant plant was detected by p1t52
marker, no recombinant plants were detected by pl1t54, and two recombinant plants were detected by p1t23. The
SSR markers pl1t52 and pl1123 were used to detect 1066 fine mapped population, and no recombinant plants were
found. The target gene was located between plt52 and p1t23 markers with a physical distance of 135346 bp. Three
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In/Del markers were further developed from the parents according to the predicted gene sequence in the candidate

region. Those In/Del molecular markers were used to detect three recombinant plants. Among them,no recombinant

plants was detected by In87 and In89 ,indicating that the marker was co-segregated with the target gene and two re-

combinant plants were detected by In93. Finally,the target gene was located between p1t52 and In93 markers and

co-segregate with the markers In87 and In89. The candidate region located at the chromosome physical position
45453003-45575103 bp, the physical distance was 122100 bp. The predicted candidate region consisted of 12

genes ,named Genel- Genel2. Functional annotations indicated that candidate genes include serine/threonine protein

kinase genes, basic leucine zipper transcription factors, cytochrome P450 genes, etc. Among them, Genel2 was a

common bean gene TFLI ,which was a homologous gene in Arabidopsis thaliana controlling inflorescence growth and

development. This study established foundation to reveal location and function of the growth habit genes of common

bean.
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TE MJ research thermocycle PCR 1 L #EATH 44, ) v/
2N 94 °C 5 min;94 °C 45 5,55 °C 305,72 °C 30 s,
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TBE,220 V fHJEHLTK 1.5 h Z2 47, HL Ik &5 o 5 ek
BRI, Gty B
1.5 EEEE

SR BSA BB HARSER RIS 11 4
YetfR Z A SSR ARic 4T Kb IR it A ot 2 AR ik

A i e 7 ARG I | AR 5 % B A 85 400 A o R IR T A
Jetafk, FIZY R SSR ARICKT F, BEIREIT 225
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AE H BB TEG R i IX B, 78 B AR IX B &8
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A CERBEE ST, A5 F8 0 TR KT ;B EARE S — S H F0404 £, C. 357 F0404 167,
2T (055 Sk A8 1) T o A 25 1k A KR 5 AR A BRAE Y

A ; Inflorescence of the parent( Lianzi No. 1) ,red arrow points at indeterminate inflorescence , B ; Phenotype of two parents( Lianzi No. 1 and F0404) ,

BEH—F F0404

ARIERF

C:Inflorescence of the parent( F0404 ) ,the red arrow points at a determinate inflorescence grown on terminal meristem
1 RARBETFE
Fig.1 Phenotypic identification of growth habit

K1 EE—S5F404 ZXAGEESHT

Table 1 Genetic analysis of the cross-combination Lianzi No. 1 x F0404

A MEE ToRR & A AR SR HAE FES HAE X b
Generation Location Indeterminate viny Determinate bush Observed Theoretical o =0.05
T W IR/ T B/ AE 60 0 — — — —
F0404 W R/ R B/ AE ST 0 60 — — — —
F MR 83 0 — — — —
kF, 73 FH 253 85 3.04: 1 3:1 0. 004 0.94
F, (@3 292 106 2.75:1 3:1 0.38 0.45
Fs W IR IR 71(AA)149(Aa) 75(aa) 1:2.1:1.1 1:2:1 0.14 0.93

AATRRE A G R AR Aa: TIREAER B R R jaa . ARMNEAIE KR

AA ;Homozygous indeterminate viny, Aa; Heterozygote indeterminate viny,aa:Homozygous determinate bush

2.2 PvTFLIy EEREEEARHHIKN

JHIoR 5 A K PEAE P73 R R 9 In/Del BT,
(7 FHEN PoTFLLy 3% F e, M ZFRCx AT 58
FERREATRGIN 76 R AR R R P 2)

1 2 3

-— -

200 bp ! . -
100 bp | -

1 : Marker;2 . 45 FRAA AR F0404 ;3 . TR E A EARE S —5
1 :Marker,2 ; Determinate bush parent 0404 ,3 :Indeterminate
viny parent Lianzi No. 1
B2 PvTFLIy EE#RMETEFRA F0404 FE
E—Sdpiai
Fig.2 PvTFLIy marker detected in parent
F0404 and Lianzi No. 1

2.3 EKIJUEERFPTENM

M 2802 ANH3E S T 4 FE R 4T SSR BRic i
310 EA LA 28 WM ARie, IR X 310
AN ZZASERRIC T R VR Tt A0 B S AR R4 78t 4% 1 B
0T, K B R E LRSS 1 ARGtk b, FIH
BO1 Yefafhk 21 2B AR ICXT 398 A4 F, FRRR#E T

AT 45 A& RV E L5 R, 12 QTL IciMaping
vA. O B, ¥ H % 2k R SE A7 78 SSR FRic pls86 Fil
pls91 Z 0] EHE 5 15.32 M (& 3) . IKIEKE T2
FER AT I, 02 Z b il T4 1 &4 AR
44349833 ~ 46886079 bp 4t , Y PRIE 2y 2.5 Mb, |
FH SSR FRic pls86 Al pls91 X pgREAA 83 4~ F, Ktk
BAPRIEATIE TR, HAS S F A R 57 BE

BO1
pls8
1091 plsié6
254 pls17
7.05 == pls4s
1.37 pls52
1.45 pls59
1.96 pls64
1.55 pls68
238 pls74
1.66 pls76
2.82 pls8l
10.89 pls86
6.81 - oh-lz
8.51 pls9l
13.29 pls94

3 ERIJMRUERMEMER
Fig. 3 Primary mapping of the recessive

growth habit gene gh-Iz
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EFXT p1s86 2| pls9l XBFF A 19 P28 SSR
0, AR IC T 57 A~ F 4 Rk IEA Tt AL, He
H p1iS2 ARic A B 1 AT bR, plis4 K E) 0 4
TR, pl23 K3 2 AEALHRE, FIH SSR Arid
pl1t52 Fll p1123 XF 1066 Ff e P 240 {5 BEAA 14 7 1
Suad i ioalll I N \E S EAE I X 7 SRS I e Ca B BB S g ivd

pls86
plt52
103 44349833
plt
44453003
45588349

pls91 _ ]

I

- 46886079 \

FE plt52 Fl pl23 AricZ[a], KA 135346 by,

FIF Softberry 244 (http ://www. softberry. com/ )
XX BEN 135346 bp JPSIIEAREAEHEAT 70T 45
R Bw 51 eh g 6 DR 51 AR G i ik A 471
LR, IS 15 A fige e 5 PR 45 4, 439 i 44
Genel ~ Genel5 , Ho i A5 6 /> TN & A 1F W) 4 155 25
F1,9 /> TR0 PR 538 o) G A A 1 (151 4)

Genel

Gene2
Gene3

Gene4

Gene5
%
2%
Geneb -~
e
(A
In87
Gene7 (In87) =
B
(122kb)
Gene8
Gene9 (In89)
Genel0
Genell
Genel2
Genel3  (In93) .
Genel4 ‘
Genel5 1
8 kb

A AR X BB RS B AR X BEN TN IER Genel ~ Genel5, HMERCFEIER L5H | i LA FHEH Iy ]
$55 1N In87 \In89  In93 JEARHEAH N T 3% K FF A& 1) In/Del #5710

A ; Physical map of target segment, B Predicted Genel-Genel5 in target segment. White box represents candidate gene,arrow direction represents

direction of gene encoding,and In87,In89,In93 are the developed markers refering to predicted gene
B4 gh-lz EEBHEEN
Fig. 4 Fine mapping of gh-Iz gene

HHEEL 5 UTR 1 3'UTR B354, 23 5
XF 15 Ak FE PRI R AT B A H AR P 5104 3, 345 2]
10 ML 1 B, Wik S8 7 g1 B 4700 | HL X, &
BUAE 2 25— 5 1 FO404 P25 A i Y 17 A8 PSR
255 A H 3 DN Gene7  Gene9 | Genel 3 11
TEBR AR A B AR P07 557 O B 47 A2 2
S ITFR 13 AEEK In/Del 514 In87 .In89 . In93

FrRic S H S PR e R | EE AT R AR
H i/ X 3 4 In/Del 43 FARICH 3 DA
PARRHEA TR . P In87 AN In89 A F] 0 AN F 4H
bk, AR IC 5 H AR LR RS E | In93 A 2] 2

AEM PR, R4 H B M E A TE plis2 Al
93 Z [8], H 5#ric In87 1 In89 H:/p g, HERR 3 4
R Genel3 . Geneld Genel 5, 8l ETEFI AT 12 4
R R s 6 DX TR) R B 1 A Y (R g AV
45453003 ~45575103 bp, K/ 122100 bp,
2.5 BEEXREERETRE

FIH NCBI ( http://blast. ncbi. nlm. nih. gov/) H!
Blast X PF43HT & B, 12 AR SR B 20 D s e R
5 R BRI B HE AR T A mRNA P31, 254
3 S 1L G19833 F% S A4 FE vh Phvul. 001G H1 )7
5, B L 25 R4 PR (£ 2) o
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Table 2 Predicting gene information mapped in the particular region

%i"5- Number FEH B Gene name

FLF {7 (bp) *Position

FEH R Gene annotation

Genel Phvul. 001G188100 45456926 ~ 45462280
Gene2 Phvul. 001G188200 45471000 ~ 45472612
Gene3 Phvul. 001G188300 45475087 ~ 45479683
Gened Phvul. 001G188400 45481000 ~ 45484564
Gene5 Phvul. 001G188500 45496837 ~ 45498420
Geneb Phvul. 001G188600 45506495 ~ 45509704
Gene7 Phvul. 001G188700 45513666 ~45516784
Gene8 Phvul. 001G188800 455321180 ~ 45532573
Gene9 Phvul. 001G188900 45532820 ~ 45536557
Genel 0 Phvul. 001G189000 45542395 ~ 45546302
Genel 1 Phvul. 001G189100 45550280 ~ 45551367
Genel?2 Phvul. 001G189200 45561512 ~ 45563326

Protein kinase superfamily protein
60S acidic ribosomal protein family
Basic-leucine zipper transcription factor family protein
Subtilisin-like serine endopeptidase family protein
CYP94Cl1 cytochromeP450 , family94 , subfamily C, polypeptide 1
GDSL-like Lipase/Acylhydrolase superfamily protein
Uridine-ribohydrolase 1
A20/ANI-like zinc finger family protein
Purple acid phosphatase 22
Purple acid phosphatases superfamily protein
Integral membrane Yipl family protein

Phosphatidylethanolamine-binding protein family protein

a: FERTERE ST BO1 S ik L0 (7
a:Gene location on common bean chromosome BO1

HRYEIE R DI RETE RS B, Genel J& T 22 E R/
RIRTE I 5 % (STKs ) , Gene2 J& TR HHATE 1
KK, Gene3 J& TMEZ AR P N F R &
1, Gened J& T4k HEFT 1R 2K 1 Bl 21 22 2 R N K K
JREE 1, Gene5 J& T A M (A 38 P450 K05 94, C WA
WREE T, Gene6 J& T IEIE /K iR BB R W 1, Gene7
JB T IRWENERZ AT K ST , GeneS JB THEAE A KK,
Gene9 J& TR TEBENEEF 22, Genel0 J& T 45 €6 1% P ik
FRIGZ G 1, Genel I J& T B5 B 1 Yipl R IE &K
H,Genel2 J& T Wi IR IE O IR S G A RX G EH,
SISy A K R B SR TFLL 2[R
LA,
3 g

TR AR R EEN YR, H
B, A T PR R BIFFE R 43 4 Th 7E A7 FR AU T FR 24 48
A, 324 A1k, 6 3 A0 S B AR K S A
I AL 543 B Bk %2 2 T BO1, BO7, B11 % o {k
USRS A e DRDRG
YN RE N RS, ASTFFTRE AN RE 7 1T VR T JCKR £ A 44
RHE LR —S A8 A I gh-lz, %L E AT BOL
Yeta AR @R oy AR plis2 Fl In93 FlZZ[E], Frid
A3y 55 T 45453003 bp ~ 45575103 bp, #5ic 6] 4 B
HEEIM 122100 bp, % X B HINAT 12 Ak 36 A
HrhfERpE T T A K LB R TFL
(4 (RT3 B2 3 DR AT BB gh-Lz BOBEE LA

PURS ST A ST PEAR ST R TFLT , 240 RE 30 1l

FEAEFIAE 73 A= 453 Ak 1) B B2 8 9 TR, 76 7 20 A
( Lycopersicon esculentum Mill. ) Fll 4> £ 5 ( Antirrhi-
num majus L. ) W55 51 va B 3] H R PR 3L K CEN Fl
Sp!® ) TFLI W [RIIR S LA TR R v BA R [ 3%
POB X, PRI xE LA o 1% 5L R i 4 il etk . TFLE
TE 0 3 5 Y A PR L R PoTFLLy A8 JC PR & A 1
A PR ) 2 3 28 R WL B R AL
B BRIL BN I R AR R A KT E A
WE 5 W PoTFLLy ¥ ARG ST 5 8 14, 7] LA )
AT MRS 00 I B AR AR SR A 2L B BT RA R
Al RE RIS G A R S AR RN AR 5
TR E A B B P L TFLL AR i v
H RIS R A 58 R PoTFLLy (D) Bednic X A
SEI6 T SEAKT I, B Rk IR A, T RE R R 5
— S &R Y PuTFLIy ASTa] )3 ) A= K > P 1) ik
s AT BB PR IC AN RERE A 50K I 353 5 5L PoT-

FLIy JER R,
TR 30 30 AR K TR TS oh A 2 B AR

F Fin R fin(R A LT 3C finitus % finite ) 1845
A K28 B &5 v K R (indeterminate 1 determi-
nate) , X tor (3R H LT 3C torquere 544 to turn or
to twist) {RFZEMBENC S M) AR AT ABF ST 25 51
DL ARG FH ] R 1Y 2 5, 0] 40 ) W 3 S AR G
MR A R TCRR AL s A | B 7 ZE R A AL,
FEorh 2 A EEEPIE S . AR R R TC IR & 2
AR AR E 25 A SRR P R IA OB & A4
FAT BRANE R 30 1 43 85 Lh, RER 3 2 A S50
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