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Characterization and Gene Mapping of A Wavy Leaf Line NWLI1 in Soybean
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Abstract: In order to evaluate the characteristics and map the target genes of a new wavy leaf mutant, and to provide new ge-
netic resources and useful information for the deep study on leaf development and plant type breeding in soybean. Performance
of morphological and photosynthetic characteristics between NWL1 and its wild type line was investigated, and inheritance and
gene mapping work was also conducted. It was showed that the third and late growth trifoliate leaves of mutant line NWLI ap-
peared wavy margin, and the epidermal cells arranged irregularly in comparison with those in wild type line. The values of
plant height and yield component trait of I, mutant plants were lower than those of wild type. However, there were some mu-
tant plants with high pod and seed number for selection. Genetic analysis showed that the mutant phenotype was controlled by
two pairs of recessive genes, wll and wl2, and all mutant plants performed gray pubescence, indicating pleiotropy or tight
linkage of these two genes for pubescence color and wavy leaf margin. wll gene was located on chromosome 06 between SSR
markers BALCSOYSSR_06_0971 and BALCSOYSSR_06_1008 with physical distance of about 1.0 Mb using 77 F, recessive
plants from W82 x NWL population. There were 56 predicted genes in the wll mapping region, and the pubescence gene Gly-
ma. 06G202300 involved in the expression of flavonol glycosides was selected to sequence. It was found that a base A deletion
appeared to change amino acid sequences at the 79th base position in the third exon of Glyma. 06G202300. wi2 was located on
chromosome 07 between the markers AF186183 and BARCSOYSSR_07_1143 with genetic distance of 25. 1 ¢M. No wavy leaf
locus was previously reported in the mapping region of wi2.
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1.1 #

PR 5 A8 R RL R B 1L B A B x 1L 7 B
A K E N23460 41 & it RSB F AR E
AR, b i g 2R IRER, 4 NWLI
(Nanjing wavy leaf 1) . H-Z%IE 5 A ik R AE N B
AT IR A4 NWLI-WT,
1.2 RI&igit

SIEUNI 2N IR P UE ~ S EE AP (R 2 N A
BRICHESEIN L BT o8 NWLL [94R8 45 .
2015 4 8 H LLIE % MBS S Fh Williams 82 ({65 N
W82) . Fg 4 1138-2 (NN1138-2) Hy i A% 43 5] 5
NWLI #7225 204, [FAFE 11 A 7Eig R it W82 x
NWLI 245 #8532 280 52016 AF7E R s £l K2
VIR A 23 3 3 A Al W82 x NWL1, NN1138-2 x
NWLL 4 & F, (43 3545 10 Bk .6 #k) F1 W82 x
NWLI 414 F, £t (530 #k) . 2017 4F i W82 x
NWLL 205 F, (10 #%) \F AR (587 #k) , [A) iy Fiki 312
A B IR SRR AR Y Fos BEAR, FhAH NN1138-2 x
NWLL ZH& F, (6 #k) AL (171 #k) . X2 A
F, ~F AR F it SR A, (R Fp s 34
KHATIE ATK 2 m A7#E 0.5 m #RH 0. 1 m,

L3MEmMBE 57H%
1.3.1 BAREHBRER

(1) A 40 f M

2016 4EFh A NWL1-WT NWLI , 5% 7<% 77 =0
Tgb 15 d #ERh— U, FERD S W, A MR E A 3
UOPUE I Z MBS 22 5. BUERARE
—F g AR A NWLL Jz NWL1-WT V5 #1454 i
MR B IR S BGE 5 /Ry R, FAA [ g
W (70% ¢, 90 mL . 40% H % 5 mlL F1 KBS R 5
mL) AT E I E A RS Lk B E W S i A
Feor i, 2K B B A A RO D) L
AN TS /R N TR & AU S i)
L S

(2) Zeze e A 2R TR

FREHA M W82 x NWLI 414 F, BE {4 rft b HIL 1%
HTE S A BR A% 15 bk, i R R 4 25 g
J7 4300 A PR L 2R R B RR TRk R R
RS  e GER AT R R NI L R L 3
ZRAR A5 B A RUPRIR ] 22 5 10 B 35
1.3.2 wHkeAdon e bR e, T
BHIC = B H/F 11:00 — 14:00 [A] , 38 25 4% 10 B 2F U
MR 3 bk, R AL SRS R4 Li-6400
(LI-COR,USA ) Il 52 5 45 & NWL1 % ' A= %1 NWLI-
WT V5 5 =it ot G 3R (Pn) SALFE
(Gs) Jula] COLMREE (Cr) FZERE B (Tr) 0 E 24
52 R LED 2T 5608, % B 800 pumol sm ™2 +s ™!
I 28 LB 20°C , CO, Y BE 1 72 24 400 wmol +m > +s ™",
PEBORE 5 43 2 3 U, P Y (B IR o T 3
LA 25 5
1.3.3 MRS A E A

(1) 8% 534t

76 R1 374 W82 x NWL1 . NN1138-2 x NWLI
HE A F AR RS 28 53 B H 5 OR G
M2, A F, F, Fo A AR 2 SR i
BLEORREL, SR A2 B BB AT X3 A D 565

(2) R EfL

KA CTAB B4R BURE bk DNAMT . 3[R &2 i 5
SEFH BSA 7518 M W82 x NWLI £ 4 F, ¥ 4 b
HLPLE S A8 F1IE H MR 45 5 PREEHL DNA, $2 By
DNA F3 il iA A 2 4~ DNA JE L, R 1 015 X
N3R5 | ) i 1E P 1] Y 2 SRS, 51 ok A
SoyBase ( http://soybase. org/) , I 1 2 4% ( Invitro-
gen) ‘EYIECAR (1) AIRA A . Z28micH
T I 2 A R A7 FE R AL 43 A, 938 i MapMaker
A AT B AT, H A W s JR DR T e e ek, )
F W82 x NWLI Iy F, Bt MAsEF Tt — 2 7
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PCR 43#7 it | Taqg DNA Polymerase , dNTP Mix
S DNA Ladder(50 bp) #g3K B RAR A ALFHE (b
SOATBYAT, PCR BAKRAA:2.0 L 10 ng-pL”
DNA #ifg 5.0 pL 2 x Tag Master Mix 1. 0 uL. PCR
Forward Primer 1. 0 wL PCR Reverse Primer, PCR /%
W Z5A R :95°C T AR 1E 5 min ;94°C 2544 30 5,55°C B
K A0 s, 72°C HEAf 40 s, 3t 35 YRAFHR; 72°C ZE A 10
min  4°C A7, B2 WL AR B i (1) PCR 7= ) i
FET 8% AL 1 3 PN s Tk Jig B J oy, 7 220 V1
FEHLE T HLIK 45 ~60 min, AERRAR Y L4547

(3) fige 3 ks PRI i 1 5 000

HRARE wll FEPR & A0 AN 4 53 5 ARac , B 5 17
[X.[8], i 3 Phytozome ( https://phytozome. jgi. doe.
gov ) P 3t A ) AR A2 X B A B A 0000 6 AT R JHG e
R B RN . R RNA 357 & (KRR B4k
BHEA R E]) $2 0 NWLL-WT NWL1 /) RNA, R
F PCR fi# KOD FX(TOYOBO H A\ H]) § 1o &A%
PRE Gt 51, 82 00 e e 9 2 R 0 22 5. )
FH Primer Premier 5.0 # {F i% i1 15 1k & Gly-
ma. 066202300 M 35144 - 514 1 F ¥, TCGGT-
GGAAGCCTCCAAATC,R ¥, AGTAACCGATGTGGG-
GAGGA;5|4¥) 2 F ¥ij, GGCAATGGCAGCATTACGTT,
R %, TAAGCTCTGTGCAGTTACGTT; 51 %) 3 F ¥,
GAGGGACACATTTGACTTTCCA, R ¥, TCATGTTTT-

TGGATCTTCACACACT,
X} Glyma. 06G202400 BETHAIIF5 149 K  F ¥,
TTACCTTGACGGCAAAAGTGG, R 3, GGCACACT-
GAAAGAGGCACAT,
1.4 HESH
i Bioxm 2.7 8 A #E47 15 51 HL X653 #7 , Map-
Chart i fF -4 7514 BT 231

2 HFRESH

2.1 HEHEMHRAESEREERES

AR NWLL () E 0 b5 K i 2 7 & /i
2% 5 B A= 8 NWLL-WT 2% — %, R B E
WSk H 22 5 A K B 58 4 R T & ) /N - & )
G, S AL IR AR (18 1A FL D) AR IARAR
PRI h 2 2 B A B TR AR B il B &) 5 1E %
M5 X 53 BEAE AR R A A i o T R B e I e, 2
255503 RE 1 0 B I 2 B IR YRR, ok T A o B
45 (B 1B FUE) o A5 43t vl LB A R 2
TR AR R A A 1 2 HE B 5 (T 1C) 1T 28 AR A
NWL1 {93 Bz 41 HESAS R, s B AR T R 42
AR 2H 27 U5 Akt s BROAS RN HE S B G (1 1F)
ZARPRIG M i B S5 AR — B, T MRS 412U 4N
it A A AR B S s

A:NWLL-WT HEAR 25 ;B NWLL-WT 25 /0 R 525 €. NWLL-WT 55 PU & i -2 BT i 4544 s D - NWLL AE R -
JEASE:NWLL 55 /0 R S 05 F - NWLL 55 P02 i M T T 4544
A:A plant of NWL1-WT; B: The 4th trifoliate of NWL1-WT; C. Section structure of the 4th trifoliate margin of
NWLI-WT;D:A plant of NWL1 ; E: The 4th trifoliate of NWLI ; F: Section structure of the 4th trifoliate margin of NWLI.
1 EF48 NWLI-WT 1T & NWLI HESHE S
Fig. 1 Leaf phenotype of wild type NWL1-WT and mutant line NWLI1
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I GAE AR A B, AR AR AR L R 2R R R

B RRRLE SRR R E IR T I A
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ZESEAR T o i T UK AS R PR A PR R
AIRRIEZE , L IAFAE R Y7 Sl T 5 AR AL

SRR

F1 W82xNWLI @& F,EEERTHEKO6 NMREMEKKH

Table 1 Performance of 6 traits of wild-type and mutant plants in W82 x NWL1 F, population
el M E2EWEL FRRIER R AR HIOREL [Eg A
Type Plant height/em  Node No. on main stem Pod No. per plant Seed No. per plant Seed No. per pod  100-seed weight/g
IEH##k Normal — 42.58 £9.59 a 18.60 +3.29 a 44.20 £31.66 a  77.00 £54.92 a 2.40 +£0.42 a 17.64 £0.32 a
RAZFE Mutant  40.10£7.22 b 17.73 £1.98 a 40.07 +14.80 b 65.47 £20.63 a 2.20+0.53 a 17.45 +0.43 a

RSIRRING SR e P <0.05 KF E257 8%, FR.

Different lowercase in the column indicate significant difference at P <0. 05 level. The same below.

2.2 NEHEHFH

M G SO B 45 R R, AR NWLL (1)
HEE AR (Pn) K 7.97 umol - m s B A
NWLI-WT Jy7.95 wmol-m *-s~' |, “F LR FLEF

(K2), Bala — A ka2 (Ci) NWL1 IS
LT (GS) ZEWE R (Tr) W{E 251 R 215.71,

0.018,0.59 mmol - m > -s~", ¥k F B 4= % NWLI-

WT H-FHZEEAREER(E2),

%2 NWLI-WT #1 NWL1 {%& S8t
Table 2 Comparison of photosynthetic parameters betweenNWL1-WT and NWL1

PR R HOL A R S Jiifa] CO, ¥R R

Tested line Pn/(pmol-m=2-s71) Gs/(mmol-m~%-s7") Ci/(mmol-m~2-s7") Tr/(mmol-m~2-s~")

NWLI-WT 8.21+1.35a 0.023 +£0.002 a 278.96 £10. 17 a 0.63+£0.02 a
NWL1 7.97 +1.21 a 0.018 £0.010 a 215.71 £58.77 a 0.59 +£0.02 a

2.3 MEREBESH

W82 x NWLI \NN1138-2 x NWL1 414 F, {0 Al
PRI SRy 55 8 A A SR AR AR [R) A A ith 2R 80, e Bk
ARAG VR R B PR B R P ] (R 3) . W82 x NWILI
A F AL 117 RE, b IE 5 5ukk 1040 B, 28 48
77 bk SRR, FF5 151 RBLF B (P
=0.39), NN1138-2 x NWL1 414 F, 1F % Bk 171
BROEABAR 12 bR, WAFE 151 Mgtk (P =
0.76) .

2017 4E X} W82 x NWL1 414 312 4~ F,, #4T
(H F IR M BRRRATT AR ) #EAT MR R 2 45 R K 7 s
MIRRATA 149 A, 53-S9 163 4N, 756 7:8 (A4

BRRATEC: BB B HRA TR MBS HL B (x* = 0. 54,
P =0.46) , %0 NWL1 SR & ok A2 2 4 gt 5
PRl

PR KB F AR R Yo K, R E
B PRGBS e I B, Xy
Fo BRAT IR At & BT A R R iR, B Ao
KB [N HBAR R IE# 0, KB IEH I, K
B OIREN 3 AR Fon 20 BEARATHY 153 M
BRI BT 115:27: 11, 774 12:3:1 RAUSES 1L
#l(x* =0.32,P =0.85) , KW B X PR 0 2
WA BN AR

#®3 FEEREREMERS BN BEENR

Table 3 Tests of goodness of fit for segregation ratio of wavy leaf trait in F, populations

ik AL THKREL No. of plant KT Chi square test
Cross Generation SABEEL Total 1E# Normal 75K Mutant X (3:1) P
W82 x NWL1 F, 20 20
F, 1117 1040 77 0.75 0.39
NN1138-2 x NWL1 F, 6 6
F, 183 171 12 0.09 0.76

2.4 ERFEEM

F W82 x NWLI 414 F, P il b A bk e 1t
ik T e 275 SSR 4 FhRie , 45 R & BLER 06
Sy o R (C2 EWEE) I Satt365 | Satt277 | Satt286 |
Satt376 1 07 S YL o (M & 417 ) Sattd94  Satt665 |

Satt551 FE1E £ A1k, ] W82 x NWLI 414 T 4
PERBRRE wll (w2 FETR 5350 AL AE S 6 5 Y gk
Satt365 . Satt277 2 [a] f1 %5 7 5 Ut @ /K Satt665 |
Satt551 2ZJa], #F—7E Satt365 Satt277 Fll Satt665 |
Satt551 Z [AINEFRIC , B 2okt wll Fe K i 7E 06 =
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Yetifk BARCSOYSSR_06_0971 1l BARCSOYSSR_06 ~ BARCSOYSSR_07_1143 Z[a]. 1 F & fif X 8] 7F %
_1008 ZJi], ) FHE B 29 | Mb, L HE B 2.8 ZRIHIL, @ (X R 14. 6 Mb, 3L #HEES 25. 1 cM
M 2A) o Hf wi2 Qi fE 0T SY (Al AF186183,  ([&12B).

B
Chr.06 Chr.07

0.0 Satt289

0.0 —fr— Satt323

16.9 \ Satt494

19.1~\]]/ Satt677
T
6.3~ sau36s 5(1)5 7 \3?52565183
6.9 -TT~ BARCSOYSSR_06_1008 :
wl2
wll

9.7 BARCSOYSSR_06_971

46.3 <1+ BARCSOYSSR_07_1143 ‘

57.24] |, BARCSOYSSR_07_1151
58.1 ~H-BARCSOYSSR_07_1161
59 17| NBARCSOYSSR_07_1173

L

17.1 ~4~ BARCSOYSSR_06_922
17.6 1™ Satt277 72.7 4 Satt551

19.0 Sat_402 77.3 =5—BARCSOYSSR_07_1294

A:06 SY Ak bR RL N wil ;B 07 S YR b IR R wl2 AL,
A :Location of candidate gene wll on chromosome 06; B: Location of candidate gene wl2 on chromosome 07.
2 NWLL BRMER wil 50 wi2 B E AL
Fig. 2 Mapping wil and wi2 loci for NWLI mutant

Chr.06
Sat 403 BARCSOYSSR_06_1015
at_:
Marker ; BARCSIOYSSR_O6_922I wll I ) - Satt365
| I I == | 1
Chr.06

BARCSOYSSR_06_971] BARCSO}SSR_06_1008 BARCSOYSSR_06_1013

W82XNWL1 N=77

1MB
gene(56) |— -—yﬂ\
Glyma.06g202300 ATG .

protein NWLI-WT e i e [y VS WV VAR A L AKL TREL DT [V ERDRS VEEEDLALP
NWLI R DHGHHLT DTELFALLLIF TAGT DTS55TTE AT AELTKNPG G Iausil s gVal B ALY, SN it o

B3 wll £E#A NWL1-WT #1 NWLI £ 3 bh x5 2
Fig. 3 Sequence comparison of wl/ in NWL1-WT and NWLI1
2.5 BREEESSH phytozome. jgi. doe. gov) . Hj AWIFZIN IR A]
TE 06 55 07 X i) P 45 £ 56 A~ (https:// RESZEETRBCET (0 R0 HRIEAE wll 52 07 X LA T
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e, 45 R I T S i 40 i (4, R P4S0 R . 5
BEREE A A A EL A Glyma. 06G202300 £l Gly-
ma. 06G202400, %f NWLI-WT 1 NWL1 15X 2 M3t
) CDS J¥ % it 47 W F¢, 45 2R & B Gly-
ma. 06G202300 [ it NWLL {55 =440 i 7 o
79 AL A KR T B Bl R Y BRI K
AT 3) o b 2DBEPLIEEE W82 x NWLI £
G 4 PR RXZ I AT Y, AR5 AB L
B NWL1 —%(, Glyma. 06G202300 % | H: 5 Bl
o, 5 G R CR A Fr ik — L W58, Gly-
ma. 06G202400 £E[K (1) CDs 7 58 28 {4 F1 5 A= 2 J5 37
W 225, BN T T Y AR w2 g1 T & 67 X
Bk, Horpfpe i Je AR £ (> 300) , fH X% X B
wll B [EIJRE LA Glyma. 072194300 , Glyma. 07g039800
HEATIN Y, AP I 25 5 (R ARSI .

3 i

YIS F B2, IRA B R A B
BRARIE WS ENLEA B FAEM AR IE R .
G RRRRMIE AR 7 5IE R AMOBHE E, A
- F 2 21 25 4 % 2E B A A R e T e B 2
AHFSE I NWLL I 5 P i PR B A 20 2 06 25
HAHEY) 5 IEH B A R e B 22 57, nT e & i
T LH 2L HEZ KL, 3 B2 40 B )2 M B , it A
IR IS KRR S5 AR Z A X f
Bt — 2 HF5E . LA NWLL bk 45 - 98 28 4R 75 1
(B8] 2 T3 9F, BB B PR e R FEANE 5T
JHB AL BRI — BB R AR AR A SRR B, AT
Fit—L ik F 0 R IR B R o 1A ST & B
PR AR K B EERE, I ASI,
AS2 ZEARRI B ARt A A R A3 BL AN, S 1 P R
HERZRESBORY, T 200 M0 53 2R 53 A AN XTFR,
M2 AE asl Rl as2 MEBIR X FR R B 4™ 5 Qi
AU AN R IR I R R A K BRI 2 R
VAT (R SR 2R — ) ) B i AR K R e A,
AT (MR ) AR R W B, A KR B AN R
REPEERAEZESR . PIRIT axr2/iaa7 5878 KA1 S
TP AERREREEA T, mifdrt 5 2 3R
apnge 2 dk— %t NWL1 M2 40N B 2 o =
AT o Bk A B T IR A8 R K GBI & B B
HLEE,

BTN G T176 . T205 3 bk i 3k 45 WF 9% %% B0
HAZ 2 X ES IR il | L2 ¥, 25 S
R () EA, IR ZE D37 3 AR LA
P R TGEEAREE 2 Fol-Fed SR,
b J Fgl Fl Fg3 dmts it A= 0010 25 Bl 6 bl

AR EALAEHT, BRI Fgl 1 Fg3 R4 J I 7
hol BYRTE N RKEM B2 IRt 2, Fgl 1 Fg3
IR SRS hol 5 IREACR M2, RIS 1E 7 1
FEHB L ARBIRE e B AR NWLL Bk 32 2
Xtk RS wil wi2 T, 53 5 % A 6 FIES
7 Bgefa ik o HrP e wll 3P G X ] B IR
TR 3 - BN AU (F3'H) %) Glyma. 066202300, {if A
WIF5E & B 3% 2 TR 3 4% K B B 7 I & B
NWL1 K BRI H i R it F, Al A 9 3 6 £ 5 K]
Glyma. 06G202300 {55 =4~ A i F H 48 79 >k 3
A AR T B eI wll FEDHN ORI
B, w2 FERATREN hol w2 T Eg—AS, Hobl @ i e
07 S Yt I, 12 A [A] BE AR UL AT AH DG MR R
PEFIARGE . 28 [, NWLL 3R 4 Al RE A2 24 3L
PRI 5 =it A 1R R P il TR A 78 i R A 1
B A FHLERAT B F T i s A S 2 F
FERE B ARG R AR SEAH OGS L 2 RAF5E o

4 &£ it

BRI R BT NWLL i 5 M A 20 25 0 ik 45 2
U ZEEL DA S BEIR T B AR, BA% T
I RS2 ol PR B R wld N wl2 351, 4
575 3 R 43 3l 2 6 A 06 5 1 07 S YL e fk |-, 7F
06 57 {37 DX [11] A 3 3 300 7 & 300 4 ) 255 #5375 i
AT Glyma. 062202300 5 K f77E 25 5, S BUE H
B A A, AR A RN IR A R K SR
BT B 43 L3 25 JE it

S 3k
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