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FIFAEMNF - BSA S EESHBlAEHEXx
A
XNBW, X/NFE, T K, KHEF, FHE, & W% B 4, BRRAE

CPURE R AMAE T FET, P AR A B AR FEIT, B SRS TAEEORBE FL L, EIK 400712)

B E: NTYEES5SHMRREMCWER, FZ MRS &M [Fortunella japonica (Thunb.)
Swingle, BEATFI/D I RAIHE X &4 (Fortunella crassifolia Swingle ‘Huapi’, X&) #ATHTHET F,
AR EEREAR, N 159 A Fy AR b Bl Hh v ot i 2 AL 2 2 1) Bk % 30 Ak, 20l Ry A A Al i
R DNA VR T DR 20 28 0 5 o ) A 2500 ) 0 45 6 VR & 43 40 3 1% (Bulked Segregant Analysis, BSA)
HEAT B AR IR TE 70 A, K47 it M R B0 A7 S AL AE SR 9 2 AR 25 980 001 ~ 29 160 001 bp []1X
BN XL 511 AR SNP, 3AG7E 301 MEREAL A B RIVEMETIRE /87 5 345 11 A S5 uiE
JPYEFET . 20 R T e A 45 1) B 24 e K R g DR A5 AR B FR A O B L ZE R ( Ciclev10005243m.g
Ciclev10005288m.g~ Ciclevl0005338m.g~ Ciclevi0005441m.g- Ciclevl0006448m.g~ Ciclevi0005804m.g~
Ciclev10004719m.g+ Ciclev10005888m.g+ Ciclevl0006502m.g+ Ciclevi0005197m.g A1 Ciclev10004431m.g) ,
TXBEIE PR AT BEAE ARG Ui ) R B A i AR A .
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Abstract: The density of oil gland is an important factor to determine the content of essential oil in
citrus. To understand the genetic control of oil gland development, a segregation population of 159 F,
individuals was constructed by crossing Luowen kumquat[Fortunella japonica (Thunb.) Swingle]with
Huapi kumquat (F crassifolia Swingle ‘Huapi’), a low oil gland density mutation variety. Thirty
individuals of each extreme phenotype group with either high-density or low-density oil glands were

chosen and their DNA were pooled to construct two DNA pools for genomic re-sequencing to identify
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candidate genes associated with oil gland development. The results of Bulked Segregant Analysis (BSA)
indicated that the 25 980 001 - 29 160 001 bp region of chromosome 9 is highly correlated to the density
of oil glands. Through analysis of recombination frequency of SNP, 511 SNP loci distributed in 301 genes
were found to be possibly associated with the density of oil glands. The homology function analysis
suggested that 11 of these genes (Ciclevi0005243m.g, Ciclevi0005288m.g, Ciclevl0005338m.g,
Ciclev10005441m.g, Ciclevi0006448m.g, Ciclevi0005804m.g, Ciclev10004719m.g, Ciclevl0005888m.g,
Ciclev10006502m.g, Ciclevi0005197m.g and Ciclevi0004431m.g) involving in cell programmed death,
the function and construction of cell wall, and cell elongation and expansion may be the important genetic
factors controlling the development of oil gland.

Keywords: kumquat; oil gland development; re-sequencing and BSA; homologous analysis;

functional annotation

MIFAS & — R EE YRS, FERS iR A5k AT Ay, HoEd
By, AWiEH, BRARRICRSE, FNA REFCMEMPEEETE, $ZNHT '8 B4
TA7Mk (Shahidi & Zhong, 2005; Tranchidaetal., 2012).

FARE I A TR, M BRI & B A7 (Thomson et al., 1976;
Voo etal., 2012). JHATEREY) S AL A S ARG KA. WK R E IR RED NHIEL, 56
— BRI S KA, B2 AN BOR A MG ] R S i 1R 2 5L A A A T v i

(Knight etal., 2001; Rafiei & Rajaei, 2007; Zhengetal., 2014). JHAEK G LB 2 LT,
FHAER 2 B2 B CEE AT . Liang 25 (2009) W7 AL, i M 4L S 20 pA) F) SR A g A 2T 4 2 Ty
56 Ja E 1) 43 25 5 4 o B P At A2 PR S /E o Chen A1 Wu (20100 HFF 78 IE SIE7E I Ff AR 293 441 B 1) 3%
R AR MR AL T AL 2 5. Liu 25 (2012) W50 &K I Caspase & FF S 5 i M A 7 W 41 D
(A0 A A% 2% - DNA W28 DA K G 60 i il 4 AU A S5k 78 8 T 40 MR 7 AR T I ML AR AIE o Zheng
5 (2014) YRR A P92 WAZH LAY Ca™ R 4 H A 17 4 A A S5 A5 1T 5 A2 ) Ca™ I PE TR S 3 3
MMAR PR T B E RN R 2 — Nt — Pl B A R R R IR B, Voo &8 (2012) 7E%]
2] Al SR B i PR R T R T R RN i BT SR el B ZEL ZURD (1 R R T R A 4H 23 AT T B R R A X L
i, Sl E] 4 079 A3 082 AN 2 R RIA IR, AU 2 657 AL R ZE R, Hm
ZHAEY) = RE (Biological Process) 73 A “ AR KEACHHEFE” (GO:0009698) Fil “e5 %k —
MARSIERE” (GO:0006720), W WK AARHT Y& S MK K B H % 1280 T TEY 3=
TN T I M A i S5 A A P 6 )3 B AR T B 2 P AL R A 42 S o B RS T
T B B R A 2 A AR Ak 2 I AR R 2 ORI 9, (DG L a8 A D A AL ) B T TR B b o

RA 5 Hrik (Bulked Segregant Analysis, BSA) J&— st & B 1) H An R e AL 71, %
T E R IRE SR AN T AN A 1AM 0 2 H55 79 e 88 g 1R 1 AR 3E AT VB 43 BT - Miichelmore
1991 FESL 127 I8 — A T8 B R B P R R E AL AE 25 oM 3 (i X 3. 5301 1) BSA
N % @37 1E RFLP. RAPD Al SSR %57> FHric &z b (van der Lee et al., 2001; Morlais &
Severson, 2001). FfAE miEEMTHARK Z A, FTE R R A0 5 R 4H 500 B 3R A5
(1)K & SNP 1 Indel brich, 453 H] A BSA VL RS E A7 A 1) B 22 30 Y IR A RN R B D08,
AEAE PR IR HIAL B (Kayam et al., 2017) #H#&E 2 MPEIRAZ & (Wang et al., 2017). Z4R



XA, XINE, TL 7R, RSP, WERE, & K B OB, RIRE
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B EMERAL 5 (Xue etal., 2017) FAPEJRAIEEAEEE (Dong et al., 2018) S5V 2 HE4) B B A&
VR p RS DR AR A S o 5 v o R

GHME (Fortunella Swingle) MR (Citrus) WILZ)E (HFHE, 1983). AHF 7 oAl i /b
TR KA Ot 1985) 5 2 i) 2 SUa M A S M g (138345 4 BB AA, T I 0 SEARFI A
it 2 7 AR VR 3R 47 3L T S DR 4 B0 5 B9 BSA 20 #r, DA L AN i 5B M e e i 5 K &
JuR Y P IIE TS

QY L SRS DARE

L1 #REKRIR

I TR BEA N B G M [F japonica (Thunb.) Swinglel, FERFZ. M H . feil. SREHL
EE SR, AN A (Fortunella crassifolia Swingle ‘Huapi’ ), &l 22 41 ) RAR
s A, ANIER R B /DR, A R ZE R BT T W . Je A BEARON F ARy
ERAR, T 2016 1 A9 AGETERR (Poncirus trifoliata) HiAK Fo BRI FE T B Z R R0 5 &
PRA A ] oo

1.2 SFrRica

S FAMC T T H AR B SCiHk, 45 86 X SSR 514 (3Ki#EE %%, 20065 Luroetal., 2012;
RN &, 2015; @&fES, 2016), 60 X COS 51#) (EM, 2017; FHM %, 2017). SIMHER
B PR A 7 & sl BL EAEF 150 .

2016 4F 6 fI, RBCHTEER A Fr, FIAEYEFH DNA $=RBGAFI&E (DP305, RARAE
HARAF) $#2I DNA, NanoDrop 2000 735t 11 (Thermo Scientific) & DNA WK IHF-5t—#
BERK 50 ng - uL™ % . PCR JeMNAAZ N 15 pL, H 2 x Tug PCR MasterMix (PC0902, b5t 3 43¢
EYREERAT) 7.5 ul, 1. RIS (10 pmol - L) & 0.3 uL, DNA £ 25 ng, ] ddH,O
AMEZE 15 pL. PCR BTN 94 CTIAEYE: 4 min, 94 CASPE 20s, 1Bk 20s, 3B KR FEARTE A H
SIVIM N AR, 72 ‘CHEMH 20's, 35 NMEI, )5 72 ‘CIEM 5 min, 4 CLRAF. ¥ YK 4%35%
JE W ok 2 E A

XTI JE I T TR AR A R — I A B AR oAk A bRid e 17 B “0” HETRLE, AL
m AR ICEE . SR Nei’s AT EAPI AR K3 A AHLR 2 (Genetic Similarities, GS). FH
NTSYSpc Version 2.1 Fff, #ZMAEMALZE 447 (Unweighted Pair-group Method with Arithmetic
Means, UPGMA) #ATEREHT, MERGHIM.

1.3 M AHERE ST

2017 4 5 N A), ERASSEARTREA S E A B Fak i 5 522 R IF it agt -, H
HP Scanjet 4050 FA A F, F Tmage] 1.50i iH&E M F L (S,

FAFT FLARAE I B 32 ik A2 A7 AN R B 23 3R 3 AN EARZ) 0.5 em MR, BT 2 mL 193
O, NN 5% NaOH i2, 65 C/KIBALFE 1 ~2 h UUIBRZHRMEIEFRZ I EH SR, FEKIEE,
TN 0, IS 10% HIMXNAEK, 4 CHRATF.

AGARAF I [ A TS 7Kg, K3 F, T Olympus 1X73 818 62 BB T W EL. R, i
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PR IX IR AN 5. FIFH Photoshop CS6 HE X #1145 X 3 A (T MU EAT 5 (), D S BRASAE . 3t
A (D =n/s) FIH i EE (N =SD).

1.4 FENF - BSA 5#

12 Fy AR 43 Sl U Fr 22 3 B syl B AR AR %% 30 Bk, 2L AN AR PR AT R . (223 i
F AR HD pool, /b i MAEHRIEIL A LD pool), JEF 2 MNEA, ) M BAYEE AR
A E AT HE N E I 7, AR R R FE 38 O 25% o 2228 BE IR 2H R v BL &2 T 4 Chttp:: //phytozome.
jgi.doe.gov/pz/portal.html#!info?alias=Org_Cclementina).

PREFA LA —ANES, H— I NRAT SNP £ 5, DLaiG e A NS, HE ORI
HiZ% SNP 73 B AL s ()RS, R SNP-index. KHW 2% H5REE, 4% 1 Mb NE H, 20 kb N
K, XFE A SNP 5 AN DL B XOEH R 7 B AL S 3B, BUA3 B A RUAE AR A Bl it ) 2
IR 2246 (ASNP-index) HIZEXHE, 2 4> AU SNP-index . LEHUPIAS BB IR K
BI{H topl (T I'1|ASNP-index|Ril 1%) 1 topS (% I1|ASNP-index| il 5%), i BI{EAM I X 3k A /E
QTL ik [X 5

TR O I X 5 Py SNP i 25k 8 28 5 2 2 5 DR A RH B Aoz B B 11 LU G, vt o AR LA K 22 v i
/b 3o LR R VR AR o PR B RE R AR 2T, e H 216 A 5 2 SR AL RV T A e v i SR AR R A — B
ML R . FIFH NR (Non-Redundant Protein Sequence). GO (Gene Ontology) I KEGG (Kyoto
Encyclopedia of Genes and Genomes) £#& i B0 ik 2 R AT W) 22 0718, AN SR A Phytozome %§
P& (https: //phytozome.jgi.doe.gov/pz/portal.html) FlHE H b oK 27 E FE 356 (R 2 2048 7 (http: //citrus.
hzau.edu.cn/orange/index.php) X H 113 PR 2EAT [R5V 2 A F0 2 BE Tl

2 RS0

2.1 SHER FREAREMRIMEEEIENS FIRICEE

XU 4% BT (1) 177 BREEAL bR AR R SR i PR AR I Y B o0 A B AT IS B 3508 0 REL AR I 2R
Uity AR VT AN S AT e Gl 8 0 T AU BEAR B Sr e b 48K 22 BOR PR (10 1 A ol 225 5 R 2 Al Aol 1 B
A, R RR B ik AR R A N, AR R RIS AR SE A AR [E] R ol B AE AR (BT D

RIEVIE LR LE R, Phike 8 MREEAEH J A B AR, BFE 2 HRITRETESEASIA . 2 BRI 2R
TERSIEAAREA . 2 BRI Pyt O 4H /AN 2 BRI Fr iy R L REA R AR, T[] 2 /NSRS, H 146 X F
PRI B AT . SE3RAT 27 XEAEHIEM . R RIEA R R S FhRid, HAF SSR 514
18 X}, COS 5|4 9 %t

FIR 3 27 X5 514000 B e Al A SR IEAT 0 FARIC S 8, Al 159 PR, M
K 89.83%. FHiHr, COS 514 C5-8 M B F i, 115 83.62%, HAIH I EAFERIEFRL
KELHMZN (B2,



XIEEW, XN, 7R, REEE, REGEE, & OB, B B, BIRE
FIH BT - BSA 4347 %58 A i & & AR DGR
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1 FXRERZ FRBRNM R BBRESS5 5T
Ar PO ()5 B WEAEM ()5 C: No.214 ()52 Fy AAEHD: D: No. 21 (Jr i Fy AU -
Fig.1 Morphology and distribution of oil glands in the leaf of parents and hybrid F, lines
A: Luowen (9); B: Huapi (4); C: No.214 (F; individual with high density oil glands in leaf);
D: No.21 (F, individual with low density oil glands in leaf) .

F

1

3 9No92 93 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108 109 110 111

B2 COS3I%¥ C5-8 1) PCR #H845R (B4)
M: Marker DL1000; &: ¥4t Q: ZEUEAM: No.92. 110, 111: B4Rk,
Fig. 2 PCR fragments with COS primer C5-8 (partial results)
M: Marker DL1000; &: Huapi; @: Luowen; No.92, 110, 111: Fake hybrid lines.

27 353 AL SIAE ISR A AN 159 4y Fy ARAP R 3L 3G H 68 A2 VAL, BXF SSR 514
AT RN ) S A B R T30 2.52 A, Hod SSR 514 mest101 #1 COS 514 C4-9 Rkl 2] 4 2 41
B . 27 XF 51 AN 2 (3L DR 1 2 28545 BEAE 0.1097 ~ 0.6954 2 [a], “Fi{E N 0.4359, Hg|¥
COSC5-8 M Z AV 5 B EHAC, J14 CSSR41 2 A&

MRPEEAL AR AME REGERE, FIH UPGMA BT 161 M &I REE .. TEEEARECH
0.65 HI7KF |, AT LABR R 159 By SA A Stk R R0 28 3 N RHE (BI3). 25 1 R E5W R EHEN
—K, B 77, N 48.43%; HEINKETLEMERN—IK, H 74P, 1§ 46.54%; FIEEAF 8,
7 5.03%. FHEE T AR TP G LLBIAR Y, RENZFHIAARI H gL, &G —PEE o
T
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. . . . .
0.61 0.71 0.81 0.90 1.00
FLFE I Coefficient

B3 161 v RREE
221: BGLEM (9); 222 RSN (3D HREFI 159 s Fi Rk RS 5 .
Fig.3 Dendrogram derived from UPGMA cluster analysis based on SSR analysis of 161 kumquat lines
221: Luowen (Q); 222: Huapi (7); the rest numbers were the codes of 159 hybrid F, lines.



MW, XPRE, TR, R, RBRE, & O B, BIRE.
MM - BSA 7347 %58 St LA & AR EL
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G HT A SE AR 159 1 B A FRAE AR A 1 EASH FEROHE ERs Rt

Table 1 Number of oil glands in the leaf of parents and
hybrid F, lines

IR ok ORNG R Seid A< 2iil; Uk IR il ok e Ru S e
MR IR EIRA R b BEAR D SUg 12

§ SN o . FEARL TR HAIHgH A
/Elﬂﬂ@,i&j\j 25 033.66 /\’ XZKEP%EIE/EE@" éi\ Sample Oil gland nu:ber
4222 Fo AREEARTR M P & bk i v B EE w44t Luowen 25033.66 + 8 408.74 b
1516.15~40 179.08 N2 [d], Py ety %)y 58 Huapi 0d

2 AR HD pool
/b i LB ARt LD pool

33158.10+3160.92 a
6251.36+2771.07 ¢

20 797.19 4>, AF 7 RZHN 45.72%. HNEK T 25
056 2 B - 1 vk B 507 R AN AR YR b 1) A7 72 I
ZrR (F=1229.14, P=0.000) (¥ 1),

2.2 MFHHES

4 DNREASIB RS H) I BE S A RO IE BUE 9 842 ~ 12 570 Mb 18], il FE B3l i B i (Q20 =
95.64%. Q30 = 90.72%), GC FEFE 41.18% ~41.86% [A] . Fe[KIZ 13478 75 VR EEAE 26.82 ~ 34.25%
Z ] A REEKEAE 66 395 590 ~ 84 855 862 bp Z[H], A IHKMILE = 97.04%. S HEAHEKFRLE
88.87% ~ 90.34% 2 |A], 7 T 1 LU X K RAE 73.06% ~ 73.86% 2 18], 58 4= VL AC LU XT3 K R AE 49.12% ~
50.97% 18 (£ 2). VL EHIREZIIMFHIER L, RESHK, THT N 20

®2 MFRERESSEEERATKER

Table 2 Matching of sequencing quality control data with reference genome

IS ZERSS A B B At % ML TR i BRI
Sequencing information Luowen Huapi HD pool LD pool
BHRHHRFEE (bp) HQ clean data 12570 135 842 11313327014 11 115 600 900 9842210 848

Q20 (%) 12048257 924 (95.85%) 10856250 024 (95.96%) 10630934 374 (95.64%) 9450 640 419(96.02%)
Q30 (%) 11451 821288 (91.10%) 10334404014 (91.35%) 10084 581 175 (90.72%) 8994 942 757(91.39%)
I GC BRIEEH Lt B LEl (%) GC num 5262 150 866 (41.86%) 4687047724 (41.43%) 4620092 655 (41.56%) 4053 221 862(41.18%)
B R KB L] (%) HQ clean reads num 84 855 862 (97.74%) 76 607 168 (97.55%) 75227842 (97.04%) 66395 590(97.84%)
PSR Bl (%) Total mapped 76 070 998 (89.65%) 68 080 026 (88.87%) 67945741 (90.32%) 59983 972(90.34%)
5 LIS K BB B A8 (% ) Unique mapped 62293 940 (73.41%) 55965 582 (73.06%) 55504384 (73.78%) 49039 008(73.86%)
564 UHE LA S KB R L) (%) 42 473 883 (50.05%) 37629 157 (49.12%) 37554456 (49.92%) 33 841348(5097%)
Perfect mapped

2.3 SNP &3#f

SNP /& B Eon, 4 MEARILFRE 12 056 400 4> SNP £7 5, Hrhig 2 atitied, B ot

PSR RO =

SNP £ E NGS5 S Gttt Sor, MRHEARFZERLH) SNP HU LR KR (R 3) o SNP I8 &

E RS ER, 46 SNP A SRR AA SNP A S %, RAAhI AR 1.98 ~ 3.34 1

HHali& SNP fi7 St R e m, N 76.94%, HI B L4, N 71.03%.
P Z S AR TR A AS Fp 4l & R R LR, 2T BTRIE N 66.41%, /DIl TR N 68.15%.

RPN T FACHI A 5 SNP 2.

o Hrpig B
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=3 BRUMERBRETR

Table 3 Information of variation sites

A5 g s A5 R el R 4l % 1 AR AR VR /i B A R VR
Variation sites information Luowen Huapi HD pool LD pool
ShEEF Exonic 300 812 287 056 319790 314211
W& T Intronic 459 699 438984 486 650 478 581
HMETFHBYYIAL AL Exonic; Splicing 45 43 49 47
FEHMIX Intergenic 1642263 1553 538 1655 944 1642 925
BYP)Hz s Splicing 921 879 992 952

A B Upstream 243 484 230 707 246 013 247719
FFF# Downstream 213518 202 639 219 745 218414
JE[A LU Z:R R Upstream; Downstream 35405 33394 36 397 36318
5'4EEIEIX UTRS' 45246 43123 47710 46 909
39ERI X UTR3' 80077 76 215 84718 83372
SHERIEIX ; 3'dRRHIRX UTRS', UTR3' 221 205 243 227

221 FHERT Stopgain 1729 1632 1852 1831

2 1FZE K Stoploss 363 354 385 374

[A] X 584 Synonymous SNV 144 227 138 002 153213 150 722
k[ X 5€4F Nonsynonymous SNV 154 538 147 111 164 389 161 331
i Ts 1878522 1782 692 1922511 1902 181
Wi Tv 1143 169 1084091 1175 740 1167 494
A/ Ts/Tv 1.6433 1.6444 1.6351 1.6293

ai &5 Hom 2 146 449 2205 839 2057 628 2091938
RAFERE Het 875 242 660 944 1040 623 977 737
SNP it Total SNP 3021 691 2 866 783 3098 251 3069 675

2.4 BSA ST SiEiEEE R IHiE

X A A ARV Y SNP-index 7E Gt fk b (1) 70 At L gk AT Seit, tHE A AR
|ASNP-index|, BT Top 1%MIBIME, TRk 9 K4 B 25 980 001 ~ 29 160 001 bp XI5,
AL X AR (B 4) . 1ZXI A LS 6 896 /> SNP LA MEAL p, ZeBR/b i B AE kit DA K38 K2 &t 5
SR 2 A AR 2 SUe M R JE 22 e AL i, 3R1S AT RE S B AR IRAH S &% SNP 7 51
5114, iX28 SNP A7 st/ TE 301 MEREAL A o X EEF ) NR. GO Fl KEGG VERE 45 REAT ik
FAGE, SRER, GO FEBRFEIEIEIZS5MAEYSIIRE (Biological process) % AL &% LA
N EE A& G WA EURCE L2 (Single-organism metabolic process, GO:0044699).
i A i 72 (Phosphorus metabolic process, GO:0006793 ) A4 $ & 25 #4 41 21 (External encapsulating
structure organization, GO:0045229), EAIIATALHI4HEALE (Cellular Component) K247 )it B A1
ANfuBE, R A RS (Intrinsic component of membrane, GO:0031224) FI4HfIEE (Cell wall,
GO:0005618) . [l 5L F K ) 437 DhE (Molecular function) £ T8 ARG IS S 454 I,
WE A R B (Oxidoreductase activity, GO:0016491), %L YIBEIE % (Peroxidase activity,
GO:0004601), MEMIZIF K454 (Purine nucleoside binding, GO:0001883). & fiiik 11 /™5 g
REMRMER, AE 164 SNP, HHH 7 AR LSNP (( 4),



XBR, X~ 1T

R KUE, RMEE, &K B

FIF T - BSA 20 #7458 S M ik & MG E AL,
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¥, BIEAR.

849

1.0 A

0.8

|A SNP-index|

0.2

0.6

0.4

— #AHE

Chr.2

Chr.3 Chr.4

Chr.5

Chr.6 Chr7

Chr.8 Chr9

B4 SHZ MM HMEARERMERMAR ASNP-index| 53 H1ER
STk SRBRBIME AT 1%0h EAUBREIX 3K (25980 001 ~29 160 001 bp) 7EAMEE 9 Sk Ytk b,
Fig. 4 Distribution of |]ASNP-index| in variation site of HD pool and LD pool
The Top 1% candidate regions (region 25 980 001 - 29 160 001 bp) above the association threshold value (0.99)

were marked with red arrow on kumquat chromosome 9.

®4 FIEFEFREERESHERRIERAMNPHBERUSERG T

Table 4 SNPs of candidate genes among Huapi, Luowen and their LD pool and HD pool on chromosome 9

The fitted value
SRR BB 1%

The association
threshold value 0.99

- RERB{ERT 5%

The association
threshold value 0.95

ST A AR 2525 Base type
SNP fi7 & Reference base i3t b0 B A Z RAFRAY FH ID
SNP loci c Altered  &#ft S TpRIRM AR Mutation type Gene ID
clementina)  base Huapi Luowen LD pool HD pool

26233 568 G A 11 01 11 01 kA X SNV Ciclev10005243m.g
Nonsynonymous SNV

28 643 032 G T 11 0|1 11 01 [ 3L SNV Ciclev10005288m.g
Synonymous SNV

28 268 082 T C 11 01 11 01 [7] . SNV Ciclev10005338m.g
Synonymous SNV

28268 200 T C 11 01 11 01 kA X SNV Ciclev10005338m.g
Nonsynonymous SNV

28310879 C G 01 0]0 01 0j0 4L X SNV Ciclev10005441m.g
Nonsynonymous SNV

28440457 A T 11 o1 11 o/t 3£ X SNV Ciclevl0006448m.g
Nonsynonymous SNV

28 440 475 T A 111 01 11 01 kA X SNV Ciclev10006448m.g
Nonsynonymous SNV

27159 887 T A 11 0|1 11 01 [ 3L SNV Ciclev10005804m.g
Synonymous SNV

27159 893 T G 11 01 11 01 [7] X SNV Ciclev10005804m.g
Synonymous SNV

27542 671 T A 111 0|1 11 01 kA X SNV Ciclev10004719m.g
Nonsynonymous SNV

27633718 C T 11 0|1 11 (U 4L X SNV Ciclev10005888m.g
Nonsynonymous SNV

27 656 581 C T 11 01 11 01 [7] . SNV Ciclev10006502m.g
Synonymous SNV

26 688 805 C A 11 01 1)1 01 [7] . SNV Ciclev10005197m.g
Synonymous SNV

27 466 446 C T 11 0|1 11 (U [ 3L SNV Ciclev10004431m.g
Synonymous SNV

27 466 481 G T 11 01 11 01 [7] . SNV Ciclev10004431m.g
Synonymous SNV

27466 511 G A 11 01 11 01 [7] . SNV Ciclev10004431m.g
Synonymous SNV

e EEERA, 11 REAERE, o)l RERGRE, 00 REESHRIE .

Note: Among these base types, 1[1 represents homozygous mutation, 0|1 represents heterozygous mutation, and 0|0 is consistent with the

reference base.
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2.5 HRAL EHEXERNENRYERINEE ST

X 11 AN S R T RIVEME ST R, B2 T Ciclev10006502m.g NFET M (Populus
trichocarpa) FEHE (Citrus sinensis) FEFRMAH, HRFEFIEMEIT (drabidopsis thaliana) P
FITE A v 25 B S N B R R 3R (R (3R 5)6 Ciclev10005288m.g J& T BAG(BCL-2-associated athanogene )
FIRML, KR HE NS S A KK T 806 5 3R G 2 i A e s st . sk,
HFWER O BAG6 F1 BAG7 % LI 15T, 184 ik KPR i #h Wil 5 8U% 40 B A v 1 e T,
M A 357 40 J 35 7 (Pan et al., 2016). Ciclevi0005197m.g J& T RhoGTP B i% & 1 (Rho
GTPase-activating protein, RhoGAP) FKJE K 71, H KRR SPING 15 iz 2 5 A lEA R 48 (Ubiquitin
proteasome system) H1—/NNIA T, B B3 iz REEMEAHEAEH, X4 IR TR
RUBAEIAT O, DR EY A KR T FiEPESE (Reactive Oxygen Species, ROS) [1)-F4ii A1
1l B AH S 3 IR AR A Bk I R R i B R OA (Liu et al., 2015) o Ciclev10005338m.g #l
Ciclev10005441m.g J9¥R IR BEBEIHE A SR 51, [RIREREIE SE A2 5 B A2 KR 8 B0 J5 18 17 Guid
R R4 FR P HESET 842 (Marshall et al., 2003; Cummins et al., 2007) o Ciclev10004719m.g
Ciclev10005888m.g 1 Ciclev10006502m.g 25 15 FF TG B ] 7768 SO0 i 0, 126 R B0 1) 2 A 0 T
Y FF AR AE TS AN AR P 8 T 4 B EE D R AN 25 R 1) SR B R HEE R (Lionetti et al., 2017).
Ciclev1000443 1m.g 2920 Hi BEAH SIS R DR 12 550 B3 25 KL A0 917 400 J5 I8 o o 3 Js o ) e o2 it
T, [FIS S M0 A A KR K (Verica & He, 2002), FF HAZS R WAK 1L GEWS 8L PR K S
T P B ) PP TR A R ot 4 R B T A P THE (Xia et al., 2018). 1B WIBEEER Ciclev10006448m.g
A Ciclev10005804m.g 51 EAL YD EAR B = A INE 5%, 2 S5EYMEN Z M3 RACENES) (Orth et
al., 2007) , VLK a/p - /KIFEEE KR E ALK Ciclev10005243m.g, 2 52 BRI ZARU AR A
AU AR P AR B, B TEER R 0 AE Y D RediiE (Mindrebo etal., 2016) o LA FARZEEER X}
S M LR RN K B IR S MK AE i 2 00 AR TR g AT B0 e

&5 BSA-seq ¥EMFEERAREF
Table 5 Information of candidate genes identified by BSA-seq

ooy TAEETT A thaliana MW P. trichocarpa T C. sinensis
i TR DI REVERE — P — P — o
focik HE ] 1D Annofated A 5 R DR R A 5 R DRI R ] Y R LR R
Gene ID function Homologous  Annotated Homologous Annotated Homologous Annotated
gene function gene function gene function
Ciclev10005243m.g o/f - K iR B AT5SG51180.2 o/f - /K fi# B Potri.003G151300.2 o/p - /KIREHE Cs9¢15780.2 EHH olf - KIFE
HABRER HABREA FEA M EaEANLR
a/f-hydrolases a/f-hydrolases o/B-hydrolases % P iy 2 g
superfamily superfamily superfamily Putative serine
protein protein protein esterase type
enzyme with an
o/f-hydrolase
fold-containing
protein
Ciclev10005288m.g BCL-2 #1357k At5¢52060.1  BCL-2 #3%/K Potri.015G135500.1 BAG FK K4 T Cs9¢16880.1 BAG FW4H T1EA
AEE 1 AL 1 FEABAR G T 1
BCL-2-associa BCL-2-associa T2 BAG family
ted ted BAG family molecular chaperone
athanogene 1 athanogene 1 molecular regulator 1
chaperone
regulator
2-related
Ciclev10005338m.g FRERTGHET 20 AT5G62180.1 JRERWEGEG 20  Potri015G137100.1 JREREREF 20  Cs9g16450.1 FRERHSHG 1
Carboxyesterase Carboxyesterase Carboxyesterase Carboxyesterase 1

20 20 20




XBR, X~ 1T

R KUE, B, &

[ 2

MM - BSA 7347 %58 St LA & AR EL

¥, RARE.
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R
sunne TAEEIT A. thaliana MM P. trichocarpa it C. sinensis
. SR DIREERE — e — P — o
B FE A ID Annofated 7 5 A DR R 7 5 A DR R FIUREE  ThRgdR
Gene ID function Homologous  Annotated Homologous Annotated Homologous Annotated
gene function gene function gene function
Ciclev10005441m.g JRERTG/G 20  AT5G62180.1 JRERWEEF 20  Potri.015G137100.1 JREREAH 20 Cs9216480.1 FRERFGHT 1
Carboxyesterase Carboxyesterase Carboxyesterase Carboxyesterase 1
20 20 20
Ciclev10006448m.g i BAYIBGHE ATSGS51890.1 L EALWIEGHE Potri 005G108900.1 484G 64  Cs9g16590.1 LA 66
FIREH FIFEA Peroxidase 64 Peroxidase 66
Peroxidase Peroxidase
superfamily superfamily
protein protein
Ciclev10005804m.g it EALIIEENR AT3G47430.1 I EALWIBEAK Potri.001G124400.1 I EALIIEEIA  Cs9g14740.1 1L EACPIETIAE
A 1B AEfEA 11B AR AR T HH 11
Peroxin 11B Peroxin 11B 11 FiREA Peroxisomal
Peroxisomal membrane
biogenesis factor protein 11
11 family
protein
Ciclev10004719m.g TEVVHEALEY  AT3G47400.1 FYVHEALEY  Potri.015G127800.1 e R H Cs9g14440.1 {8 5E FRLFRB/ T
SRIK e R P g T AEEgHH 7 33
i FlB K 7B K Putative pectin Probable
#H I Plant # [ Plant methylesterase pectinesterase/
invertase/pectin invertase/pectin pectinesterase
methylesterase methylesterase inhibitor 33
inhibitor inhibitor
superfamily superfamily
protein protein
Ciclev10005888m.g WaWIE ALY — AT4G25250.1 WAWVEALEE  Potri012G127400.1 HIMVFEALEE/E  Cs9g14330.1 B2 R AL e/
SRR R A S R g 2 VP P A1 1 RILHERHOH T 13
] T 5 LRR Y THEFFEEA Probable
#H Plant #H Plant Plant pectinesterase/
invertase/pectin invertase/pectin invertase/pectin pectinesterase
methylesterase methylesterase methylesterase inhibitor 13
inhibitor inhibitor inhibitor
superfamily superfamily superfamily
protein protein protein
Ciclev10006502m.g TaWIFEALEE — AT4G25260.1 HIWVFALEE/
SRz T i S R g
7 AR R TR R i R
A Plant A Plant
invertase/pectin invertase/pectin
methylesterase methylesterase
inhibitor inhibitor
superfamily superfamily
protein protein
Ciclev10005197m.g /N G EHAFNE AT5G61530.1 /I G BEAZK WK Potri.004G233400.1 Rho/Rac/Cde  Cs9g15310.1 Rho GTP BH#Li%
& 1 /RhoGAP  F/RhoGAP GTP Bl ®HS
FIREA RIREHA HH Rho
Small G Small G Rho/Rac/Cdc GTPase-activating
protein family protein family GTPase-activating protein 5
protein / protein/RhoG protein
RhoGAP AP family
family protein protein
Ciclev10004431m.g MIBEMISSIE ATIGI6130.1 HMMIEEMISE  Potri001G038300.1 S-FLWERSER  Cs9g14510.1 HHRBEA S ZAR¥L
WX REA Wi 2 e gin el il 8
Wall-associated Wall BERRRZ AR Wall-associated
kinase associated i receptor

family protein

kinase-like 2

Wall-associated
receptor kinase
galacturonan-
binding

kinase-like 8
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3 Wi

Xof 48 i HE A 2R B PR P R DR AT WA 5 A6 75 BT ORI e K B ) 4 T i, IR BE BARic &
oM E AL HERAYE . MG IIBE S SE R, My 2 2R HEBEK, AR T8 2 AR AR
BN AY B, BRI BR 1) T R FH 2 B AT R 38 SR BRI AL BERTTE AT 7, Chavez F11 Chaparro
(2011) FIH BSA 144 5 =F 2 i 1 CAZ PR TEZE BRI 2 b 1) B AR IX 88T 7 8 7 Wang 55 (2017)
It BSA VEEAL T Fa A AE 22 MR IR I R 0 X 3 AR ST (2018) J8 Ik AH [F] (1) 40 A1 7 v e A 3
SLRE Al AR R R Chic60, LA BRI FUER R A T 25 Fy AR IR A BSA vEfL 5 B
FRPEIRSCHRIA7 A, B BSA 0] PR G &b H T id R e AL sk R oy & . Br, B R sER
SR A I R B T 45 2 S A B AR A R A — ST 9, (K 42 o1 R AT il R 3 DB ML ) A 08
AP 5 R FH R 22 A S AR A S 06 (1) 2 i B e P R A AR, R TR A B AR B, R
FHE D7 456 BSA V250 W Wi PR 22 e B 0 2> Jeh PR ) 10 (0 16 4 22 S5, Sk s ) el B R () B0 MR
R AT TR EAL, TS 11 A5 E B AR fRiE 3 A .

TEYEA SR F N T IR HARIR RS e B, XS idt e BB A i, DL Rr
mRNA (15858 1 DA R BY DRI B R A i e, TR I R IR R 1 0 (AL R RS o J8 3 66 JE 2 [R] SNP
BF s TR R RIBAT Gevt- 3 M A3, AE 57 398 (G L R 2 Hh, 35 49 1) b X 3k R A7 AE R [R] ) SNP 58
AL, ATRES HEE T BRI gL A A A SR A, R L Ih R . 1 (R LI AR ) SNP AR
A REAEER TN A, H ] REXS R K )R 4 0 (Clement et al., 2017). Kk, 7E4wAY
FA X 38 B A 7] 5828 SNP A7 S FE R Ciclev10005288m.g- Ciclev10005804m.g - Ciclev10006502m.g+
Ciclev10005197m.g Ciclev10004431m.g, VAJFH5 KA R XRAZRIFEK Ciclev0005338m.g T GE[A
UEAZ BIF R SNP FIsI, 5l A RS S5 3R D A0S, SRS M= AR R, 3k T R B A <
(AR B LR, HFATRE SR MR B 28 1k o {H[F] SLIAR SNP A7 S 750 DA 35 DRI ol 5 ol P 1
A, ANTEEE— BRI

R PR A 42 174 5 DR 000 P o Jo 2 DR AT TRV S ThRE M i, el (e BE R (T g 5 0L
[FEYREERIARML, PTREZ 5 23 M B I 2 A 0 20 B A2 1 R T I A2 LR 5 40 i B 1) R A O (1 AR 1 i
7, BB R B . BAG FE[H Ciclev10005288m.g 7] E2: 5 Bk i M 2 B R R 1)
SRR P AT AR, (R EEPT A 55 R e AR SR R v A o S Vet R D A DA ek L 25 ) 1) 56
PEA G . 1T 40 BB AR S BB SE [N Ciclev 1000443 1m.g A1 F e R BEBEII ] T FE K] Ciclev10004719m.g+
Ciclev10005888m.g+ Ciclev10006502m.g 7] et 2 5 K5 I 0T S 24 Pt B Ty R R 435 44 0 8 Ak () A 5
RhoGTP B 8 1 5E K Ciclev10005197m.g 7] B [RIFELE A G Mk B ik FE vh DU R 7 X2 5
Zaihws, DR REF AT R S % k. MARKRERER Cicev0005338m.g
Ciclev10005441m.g, iTEMYIBEIER Ciclev10006448m.g+ Ciclev10005804m.g, VA% a/ff — /KBt
FIRE AR Ciclev10005243m.g WA §EE T 1A N AR BRI 2 5 2GR & /2
AR PR T AR . DL B IR R Dh e S 2 5 AR U@ 4235 5 i M & 8 1 N B Bk o,
v R DR ) S R TR T e AR A A AT RE R TR R, (SR AR AR S 4 4 D B T A
LS. MBI RAR B & — MR AR, B = 8E @8 mme s, A s
ik BT R DR ZH E T 1Y BSA A3 BT TFAR R T — e 5y B R B AR G I R IR, xR PR T A TR 4R T
MR I B AE [R], DA K Gn e 5 el Jeh PR R 8 7 Ja 4 A il ik qRT-PCR S B R S5 4 AR AT 4>
M AT



XA, XINE, TL 7R, RSP, WERE, & K B OB, RIRE
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