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th B, B9, L@miE, TR, BERE, £EX, ZiE

(MR [ 2 mbR= B, V195 1 225009)
WE: [ B8] 327 30T 2569 B Rosa rugosa HiFP R, TAHIRFAHREFARRES, ARAEFTHRE, [F
%] BhESEABIME TG KILR rugosa ‘AlbaPlena’ RF LR —R (F) 408, R)5i@d 2 phia 43R0 435wt
&M, R TN S PR S (high-resolution melting, HRM) A B R H K, #H4TBCLA HEEEF0E 5 A0
(single nucleotide polymorphisms, SNP) /it 5338, [&R ] 83#%k F, 4%+, AL L& kBT T 50%, £+
12 %8 Traat sh Mk, *TAT A 22 6 Rt 47 Eml 5 & SNP 47, 4l 11 412 504 A~ SNP 4% 5., 2 gz
(C)> Mg (T) A 572w (G)>MEA (A) WA FEA RS, SNPARBR S 9ALBARX, Ly 3446%, I,
ikt 5 AR RIFHG SNPAZ B R 514, P SNP63 4% 589 [ A 7T vABIF I e 3240 2h 0 ik, -1 A T HOL& 2
STFAeshikE, (&SR] KEFEEERTEROBOLE 124, FRERT I AL B H 2 EmA0 SNP 472
(SNP63), B 54 5% 25
KRR B, AR (F); wEk; EAR % 5K (SNP)
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Evaluation of salt tolerance and screening of salt-tolerant SNP markers in
F, generation derived from wild Rosa rugosa x R. rugosa ‘Alba Plena’

XU Yong, MAO Yiru, MA Yuanxiao, YE Yinqiu, CHEN Xiurong, WANG Jianwen, FENG Liguo
(College of Horticulture and Landscape Architecture, Yangzhou University, Yangzhou 225009, Jiangsu, China)

Abstract: [Objective] This study aims to provide a parental selection strategy for salt-tolerant breeding of
Rosa rugosa, with the goal of enhancing breeding efficiency. [Method] F, generation seedlings were first
obtained by crossing wild R. rugosa with R. rugosa ‘Alba Plena’. The salt tolerance of these seedlings was then
evaluated under salt stress conditions. Resequencing and high-resolution melting (HRM) genotyping were
employed to screen and validate single nucleotide polymorphisms (SNP) associated with salt tolerance.
[Result] Among the 83 F; seedlings, more than 50% exhibited moderate or higher salt tolerance, with 12
individuals showing strong salt tolerance. Resequencing and SNP analysis of all hybrid progenies detected a
total of 11 412 504 SNP loci, among which cytosine (C)>>thymine (T) and guanine (G)>>adenine (A) were the
most frequent mutation types. The largest proportion of SNP (approximately 34.46%) were located in intergenic
regions. Furthermore, 5 well-genotyped SNP loci and their corresponding primers were screened. Among them,

type I of SNP63 could effectively eliminate salt-sensitive individuals, demonstrating its potential for marker-
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assisted selection in breeding for salt tolerance in R. rugosa. [Conclusion] The 12 salt-tolerant R. rugosa F,;
generation exhibiting stronger salt tolerance than their parent lines were obtained, and a significantly salt
tolerance-associated SNP marker (SNP63) was preliminarily identified, which will significantly enhance
breeding efficiency. [Ch, 5 fig. 5 tab. 25 ref.]

Key words: R. rugosa; F| generation; salt tolerance; single nucleotide polymorphisms (SNP)

TR O RO R ERME AR S R, H TR ER B G AR 2 9.56 42 hm?, HorhepE A 10.49%1,
B Rosa rugosa FEEIE XA TEMAE, £ “ LI M7 BAEMRIL RIS TS 52T, K & ml Sk Bm i b 2L
AHERTEE L, Hur, HEEHRBMHNL 601, DIINARFIMRETHHX T TS BB R rugosa
‘Zizhi’ | HRBL R rugosa ‘Plena’ , DL LAR 0 FURE % &8 305 I H R B R rugosa “ Alba
Plena’ %5 24 AN AP0, (EAERZ R G . Bk AAE K oE RFP BT . 07 A B HA B0 1 T Eh R F
PR, R O T E A A B A ARG AT B AR SO R s IR, LR i b
R, PRLHAT DA 3 2 S AR AR B ARG Al SR, BOAE M ARAHE Y, BRI, AN IFAEAT
3a, FEMEEEMREYH . BORAL, MERL TEMAERE, RETIASMEFH T

BT, s Fhaich Bt f 2 m F McR A T B, Hr, PR 2 84 (single nucleotide
polymorphisms, SNP) #ric K Bl i . MR e St s, EHEYBEEMP T ZNH. #lan, &AL
SN0 FE TR FE I P 25 58, 75294 Lagerstroemia indica " IF 4t 21 4~ SNP AR, X 85 {73 ##
FTHATREARI 73 o AR5 LTS 35 P 8 1) B A BB 5 it 0 1 5 559 1 B 1) OB SR AR A 2 AC AR, it
XF 22— (Fy) BEATI SR PRI O R %8, 455 S0 5 20 BEAJE i (high-resolution melting, HRM) J&
PR 53 B H AR I K it ER AR DG SNP Aic, DU BB it £ 5 A4 LR AR BERL SR 0 5 40 FAmic e, Bh )
U S B FhRCR AT

1 #MEE 7 *®

1.1 3K

ZACIR K T 2023 4 4—5 A AR 1L R4 V- BB A 5% i B b 5 9 5 1 (36.29°N,  116.46°E) N i 17 .
BEACH B A BOR, AN ERABOR, Frigfmikd Komtt . oW IRE . 2B ES B RS k.
2023 4F 10 H FAPRMCR A SS RS, B 0 WA AR T 1~2 )8, R FFI5F 4 ¢ vkEh v
o 2024 4F 1 A, WEEAMTFREM TR, 23 A K 3~4 R RN CE . 4K E 4 3~5
dPE 10K, F2B 1 RERK. HHEKE 10 ecm BRERE D2 155 cm, 5 14.0 cm AL 1S
I, EWERRARE, RFEAMRIE R AR
1.2 F, & B A8 R S =585t

FEIAEER B0 R A A S5 Bl R ) 7 & AR el AR, AR AL AR B AT S A Pyt B v s . PRIk, ERETE K
() W LIAE R DA T R vk A T SR8 s o 2024 4F 9 H, X IT A7 BF AR Br B 5 S (I BB By Q0 1 IR DeE
300 mL ) NaCl iAW (2 g- L"), FF209F4 3. 18, 21 KAMSE 100 mL AH [R5 H 4 B A9 NaCliF . AL B
25d )5, WIIRC SR AEY T RS ERE . 2% THESY N, HBERE F Ao s
5% 0%, MRskE, IEWIE; 1R, WHERRMY 25%; 2%, R EREHY 50%; 3%,
MR RN 75%; 4 9%, WAV E, SBERIBUE 90% I ERT, BhEREOIE AL B
TR FH FYOAZFEY R EO/GE B B s B E ) . EREFRBORAT, TR PR

FRYEER FEFE L (h) W Wi SRR 530 5 9% SRiER 2 A 0~0.069 95 FHEETHER A 24 0.070 0~0.159 9;
IRPEMRER b M 0.160 0~0.249 9; #ER 1 24 0.250 0~0.499 9; 2 EEHLER 2 4 0.500 0~1.000 0.,
1.3 EFEAENF

PEMCEEA B A BB . ACAS FE I B S B BEIRAS SRR SE R 40 DNA, @R G 4% )5, SR
Illumina HiSeq 4000 & 47 7 . i BWA-MEM v0.7.17, RHBINSE, FAE R0 & w5 5 B
S 2 S R Xt $RA5 3 R 4 He X SO o i it Picard v2.27.2 (https://github.com/broadinstitute/


https://github.com/broadinstitute/picard
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picard) ) Mark Duplicate T. 22T &, Ffdi ] GATK v4.5.0.0 (https:/gatk broadinstitute.org/hc/en-us) H
i) HaplotypeCaller #1748 Sk il U, DLs /N REAR ol , SR BN 81T, A4 S I 41 VCF
(variant call format) XfF. fefa, KA BHE YR A R A A E0F % 1) HighMap #0040, X728 5
I 25 AT U8 5 FE R o U B VAR TS, ASHIFGE A DG4 SR B B AR T AR i KRB B P A A &R
4t (CNSA), TiH %5 i CNP0007945.
1.4 SNP FRiCiFiE SIEIE

H5E, fiTH GATK-4.5.0.647 SNP &G, Zid 8 J5 15 B 5 281 SNP 17 545, Pl GATK /9 hard
filter T H.iff — 250k, (B EEED 70% FEA N SNP A7 &, Hrph S 80k E HIE N MQ<40.0,
QUAL< 50.0. DP<<5.0. DQ<2.0. FS>60.0. MQRankSum<—12.5. ReadPosRankSum<<-8.0. #|J{]
SnpEff v5.0 (http:/snpeff.sourceforge.net/SnpEff manual.html) X SNP JE477F BE X I RETIN (ERIAZS%D), 4
PR HZ A B BN S5 456 B AR B SE A i SE 07 A L, IR 28 S5 T 7 35 R A Xl R L i
(GRNEREPE 2

Hk, 5T #UIrg I+ Arabidopsis thaliana 1 C #1154 /> T 5 AH OCHE X (60 4% HKT1. ANKT1,
SOS2. NHX1 S5 5@ 1o 7 91) b X 7 36 B0 1 v B2 (R BE IR . 255 S 458, 7 1R LR 1) G B
X, g Bl DX S A T A PR X (i . AEBIEEIXAE) PRI SNP A7 a5 . A ARAS AT i Eh R
RISSE T ARic, PLoCieBEAemt £k 5 BeEh Sopk ) JE R Y 25 55 1 2 A0 UV T A SNP A6 s, FFZEsR M
3 200 bp W HAN A TR, DABRAR /> R4S S IR E o B 07 6 1 A SNIP A7 15 81) g it 5 SE BB 67 45,
T 2esik . {# ] Primer3Plus BTk SNP (S RERES 1Y, A TAEY TR (1) R A RA
A S DAACBEA DNA AR, SR F VA MEBE 28 W A2 72 ) 2 x KeyPo Master Mix(Dye Plus) #17 PCR 4"
B, RNAR R PRV AT ECH] . R 20 g+ L RS IERRE IS FEL KA

X PCR ¥ BRI AP 519, FEMLBEBUR I SR FAEh 4 4 A 9kk, 47 HRM ZEH R0, 4R
J&i, BERRAT BT SNP a5, IR XSRS [90%F F BEA BT A SRR EAT HRM BE R 43 43 #7
1.5 HiEsbiE

fifi 1 Excel 2 FEECHE , SR SPSS 27 #ATHIT 0 M. Fy $hESR N 22 5 B F MR ST FEAS ¢ K
55, WEMIKEH 0.05, [ Levene £ gl 7 22554, i Origin 2022 #1743l
2 HERGAM
2.1 F, BESTRMHBERLS

MFRAT B B S M A EE F, 400 83 ko WAl 1 R it £k S OB AR R £R RS L K
At SIRPRALIS, BR 4 BREET-Ah, HARMERRI A3 TR ECN 0207 2 £0.203 3. HAr, U5tk
YR F T BN T 0.040 0, AN 0.032 3; 3 ¥R R FFEEUE T 0.400 0, =ik 0.500 0. F 4]
B F R B e I 2 25 5 (P<<0.001), F, 2 H 8500028 5 R4 98.11%, RUIFHAEA K
R L 2R . 83 8k Fy 2h i M FEFR AL 0 5 AN Eh S (6 1), Hip, SRk 4l Ha 12 #%
(F7 Lk 14.5%), HREETHERAIAI 2, 3630 bk (5 1L 36.1%); REETHER AL A 20 Bk (&L 24.1%).
AT, A B K DL A b o AT 50% DL L.
22 ENFHERESSEERALISH

XA K 83 Bk Fy gl A AP E5 0 (36 2) BoR . FrAREARIIRAS M B F 51, Q30 filiE (RN
P AR <0.1% BB 5L ) IR T 97.95%, BEAS (BFAE B0 ) FACAS (A 11 BO3E ) 00000 5 T8 2 43 i) 3k
36.74x 1 36.63%, 553 5L AH K X I 5 T 98.50%; F, BEAR -4k 3515 5.57 Gb A 2%k (clean
data), VXM PR A 12.16%, FEHXTER 99.02%. FEA K FAM B 41 1008 L7 55 24 4k T
REKSE, XERBAIF TR AR IS, o TR SR G S AL A
2.3 SNP EFEE WS HSIT

SNP 7EJLtfk F R mg it ah At (38 3) W . LA 11 412 504 4~ SNP firsf, HAE 7 &Ltk -
AR R A), TE& Y R F B A B R 11.06%~19.00%., Ferf, SNP%{# 7E Chr 7 I % /b
(11.06%), fF Chr5 % (19.00%).
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AL A CITHEN I RSO IS, &Sk TR i P 3R B R U R AL . R PR LT Eh MRk 4 AR
PEREARHEAT $h 3 2097 -

Bl REGEFEBHEGERKRERTH EFHL

Figure 1 ~ Phenotypic performance and leaf salt injury symptoms of plants with different salinity tolerance levels

#E— 2053 BT SNP TE G (A B (1% 434 %% B2 W] A £1 S3HF, HETEHRZERRS
Chr 1 E/:J SNP ﬁﬁ%gzé\1$ﬁ% ) @E%ﬁ%é 42~58 Table 1 Classification of salt tolerance grades of 83 F; generations
Mb X Bt (B& 47 Mb &b 4h) ¥4 F 30000 4~ -Mb ', g s XIRIERK i AAF D
5 HEIREL i 2% Sb bk e
Chr 2 K43 X 3, SNP 3 4ii B8 FE 8¢ /N, KT 27 000 - ‘
PN - oy N 3R RE s B 0~0.069 9 SR 12 14.5
I+Mb'. Chr 3 K X3 SNP /)i 8 FEB g, R -
. 0.070 0~0.159 9 EATEN 30 36.1
F 27 000 4~+-Mb'; Chr 4 1 Chr 6 A %t X 35 1)) SNP
BOEERE A A5 BEIR T 24 000 4~ Mb™'. Chr 5 ) 0.160 0~0.249 9  HEMIEL 20 24.1
AR < ! ° 0.2500~0.4999 ik 17 20.5

/ R 22 A/~ . A1 4F AN . -1, -
SNP ﬁﬁ&g&ﬁiﬁﬁ, :I:i/J//] 21 000 7~ -Mb ™ 0.500 0~1.000 0 ET 4 4.8

Chr 7 ] SNP 73 11 % B 8RR, 4 K 2 80 IX IR
F 27000 4~ Mb (K 2).
2.4 SNP ERERSWH

1 3A AT L . SNP AR 55 28 A £ 19 02 IO W e (C) > i iR M e (T) 1SS IEERS (G)> JR IS (A)(FE
Ay, i 200 A4 HK O A>G I T>C 2881, Bl 17 150 14~ 1 C>G Ml G>C KA (0
Hi 4 AY) 1Y SNP £t /b, AR 40 J14>. SNP SR AR 205 895 725 A4, Hife&IH 115 865 531 1,
S S LR 1,78, Bt B S, SEEIX SNP B2, i BAK1) 34.46%, HUKJEIEA
(19 _E % (24.94%) FIEER ) R F (23.61%) X8 S5 P17 s X SNP B b, X4 0.25%(51 3B).

x2 HERENFRESSEZERALLHESIT

Table 2 Statistics of sample resequencing data and its comparison with the reference genome

Gitilhe LR Xt
40 RBreads) WOREC 0o g Ry BOBEC N GRIE 10
Kt 1#/Gb K /G W EERR EHEE%
SPAEBM Q56372513 1687  99.66 9826 3843 112745026 1127  98.68 36.74% 93.88 88.85
HMABOE S 55952390 1674  99.60  97.95 3846 111904780 11.19 99.16 36.63% 94.75 89.46
F /M 18627223 557 99.66 9826 38.83 37254447  3.73 99.02 12.16% 83.10 53.00

Ui QORI FE IR <1%; Q30F/RHIE NI F AR <0.1%.
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2.5 SNP il =ik Fx3 BEZHBRSEM SNP) LBESHS5IT
BT A TR Y 65 ) SNP A7 f 3% 5 kS|4 Table3 Single nucleotide  polymorphisms  (SNP)  chromosome
(https://zIxb.zafu.edu.cn/fileZINLDXXB/journal/article/ __ disuribution statisties _ —
file/8cecd486-d712-4e8b-9ac4-6ea810861562.pdf), It e SNPRURT [
Chr 1 1647 427 14.44
it PCR ¥ A 00 L4 RO SR bk (K 4). 45 Chr 2 L 641 102 1438
R EIR (F 4): SNPO1, SNP02 4§ 33 AN s 4 1 4% Chr 3 268 168 L1l
HR/NIERG; SNP10. SNP14 %5 11 /M 3514 Chr 4 1687 647 14.79
TER; SNP11, SNPI12 %5 19 ANz 5 B AR 1 Chrs 2168 035 19.00
%%%; SNP15 J SNP52 o s AY 14 AR 557t o ¢ Chr 6 1738 000 15.23
2k KNG BUW /) PCR P2k 5824 T/4EY) Chr7 1262125 11.06
I?‘l‘z () A A PR B354 T Sanger P HHIE ., 45 #it 11412 504 100.00

%ﬂ%ﬁpﬁ_ﬁ S E UK N—3, IS SRR
PREEIX 33 4~ SNP i s KX 514
2.6 SNP i = 5ififth R K EE S #T
M PCR ¥ B4R S RAFAI 510, BEMLIEH 4 PRIR AR FN 4 ARECER SRR EAT HRM JE R 43 T 50 #7 .
PEFES BTG . A2 E 1Y SNP s, R HEE R R 55 Al Ak R 3 48 BGHEA T He X 3 A U\ﬁﬁuﬂ%ﬁﬁhﬁzﬁxﬁzcﬁ

Chr 7
BJE/(AS-Mb )

37643
1l [/HHL THLEE Mt

30377
28 975

w01 B AVIR 1R

- 27572

- 26094

| | IA ] mEE

- 23195

SUIEL T T

- 17 366

- 2855

Chr2 N | | 2%
1 )

0 20 40 60 80
7 & /Mb

B2 $HAFMESE (SNP) AR EK LG BEESH

Figure 2 Density distribution of single nucleotide polymorphisms (SNP) on chromosomes
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Figure 3  Statistics of the number of single nucleotide polymorphisms (SNP) for different mutation types (A) and locations (B)
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A R

M123456789101112131415 M 313233343536373839404142434445 61 M 62 63 64 65

500 bp —

200 bp —
100 bp —

A. 1~15F7"SNPO1~SNP30 5| M3 45 R ; B. 31~6047RSNP31~SNP60 5| #1141 45 5, C. 61~65727XSNP61~SNP65
SIS, M. KR TES AR EMarker .

A4 65 /MNEAFE % SN (SNP) 14,5 5] 4 PCR ¥ 3 45 b & sk i) 25

Figure 4 Electrophoresis analysis of PCR amplification specificity for primers of 65 single nucleotide polymorphisms (SNP) loci

T4 BBRZEFBRISESM SNP) LaRETTEA KNS PCR ¥ 1EER

Table 4 Single nucleotide polymorphisms (SNP) mutation types and primer PCR amplification

(A=) SNP%E PCRY" (A=) SNPZ%E PCRY" (A=) SNP%E PCRY"
K ARHEHY HER 2K AR s 2K AR R
SNPO1 >C =5 SNP23 T>A 2o SNP45 T>C R
SNP02 A>G 1EH# SNP24 G>T 1EAf SNP46 A>G EZ ik
SNP03 G>T 1EAf SNP25 c>T 1EAf SNP47 >C EZ2 i
SNP04 A>G 1EAf SNP26 c>T EZ i SNP48 A>T EZ i
SNP05 T>G 1EHf SNP27 G>A 1EAf SNP49 A>T GL7/Mmt 37N
SNP06 C>A 1E# SNP28 G>T EAf SNP50 c>T EZ2 it
SNP0O7 c>T EH SNP29 c>G EH SNP51 A>C GL7/Mme 37N
SNP08 T>G EAf SNP30 Cc>T EZ L SNP52 T>A oo
SNP09 G>C EH SNP31 G>A GIL7/Mt 20N SNP53 T>A EZ i
SNP10 Cc>T GIL7/Mme 37 SNP32 A>T 1EH SNP54 T>A EH
SNP11 A>G EZ 305 SNP33 C>T EHi SNP55 G>A EZ i
SNP12 A>T E~2 3 SNP34 A>G GIL7/Imt 37N SNP56 A>C EZ i
SNP13 >C EH SNP35 A>C 2o SNP57 T>C GL7/Mme 37N
SNP14 G>A GIL7/Imt 30N SNP36 G>C 1EAf SNP58 c>T EZ ik
SNP15 G>C p it SNP37 T>A EZ St SNP59 c>T 1E#
SNP16 Cc>G 1EHf SNP38 G>A 1EAf SNP60 c>T GL7/Mme 37N
SNP17 G>C GlL7/Imt 37N SNP39 c>T 1EAf SNP61 C>T. G>C 1EH
SNP18 T>C LM SNP40 T>A EAf SNP62 T>C. A>T LM
SNP19 Cc>G EZ it SNP41 G>C EH SNP63 A>G, A>C 1EH
SNP20 G>A EAf SNP42 A>G EZ Ui SNP64 C>G IE#
SNP21 C>A EH SNP43 G>A GIL7/Ime 20N SNP65 A>C, T>A 1EH
SNP22 T>C GlL7/Imt 37N SNP44 T>C EH

i 5 55 B0 R B bR B SNP 7 il o e 0 1E 5 i e W R AH DG AR IS I AL A, 430 Dy SNP54. SNP61 .
SNP63, SNP64. SNP65. H:H1, SNP54 {ii T Chr 6 ] AKT1 3K 4P 7 [X (53 946 206 bp); SNP61 A X}
PRAESEAE , ¥90i T Chr 1 1) BZIP24 BRI A IX (435128 5370 601 F1 5370 616 bp); SNP63 . XU Ak
RAE, BT Chr 1 ) SOS3 B N & F X (43514 55 569 563 Fil 55 569 553 bp); SNP64 {ii T Chr 5 1Y
ABC1K104 3R AN T X (3 642 238 bp); SNP65 b WUAS HE 248, 5 1#5 SOS3 FE K A 41 T (55 570 406
bp) M FIX (55570 455 bp). R4S SNP fi i e b5 14, X F) BEARSEST HRM 4354, S X594
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MR 28, Hrf, SNP54 5 SNP64 43 Jill 43t 3 Fp 3L [ A4, SNP63 41 i 4 Fl, SNP61 FlI
SNP65 4541t 5 L7 (& 5).

XJ L5 i £ 55 R A R AE 45 SNP i a5 1Y HRM 43 BU S5 L (3% 5) &K . SNP54, SNP61. SNP64 fil
SNP65 XF i R R X 433 SR 3 2, {H SNP63 [/ RIS 3chy-, He 1 BUAE s ERAHAR D 7 63.6%, TEA
AR & 18.7%, [Fitt, SNP63 Ay T KR FH ¥ Uk R /- b sk

3 T

AR P HMRAOE I H0E B R, AR R 98.11%, FUIM M7 2238 1t L
AR Z R T Eh 59 R 05 B R . 50% L EATRRELA P L F TRtk e GO R A R
14.5%, tRRETREHIRE 1 36.19%), B0 85 /5 HOo B B r (0 Tt 26 A5 v 109, 76 285t £h 360 b B
Py BEGR R 12 /SR ER R 2R TR £RVE 7T RE UL T C R0 AP/ B0, 5 S B — A B A i e ) B PR
(ICPEZR , IF5 SR ATF R RIT A% BRI, L6 R 05 L 75 MBS AS T B . b R UM
RIS, AT b 7] A P 22 A OSOE L R, TR B — RO R 0%, Tt 2 B IR

A ER L BRAEACTE R 28
! 4 ; & ! s 1.0 S g Ty T e

DiPis

ARAS

0 i | i - 1
773 14 75 16 71 78
i/ R/
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Figure 5 High-resolution melting (HRM) typing analysis of Single nucleotide polymorphisms (SNP)
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Table 5 Statistics of high-resolution melting (HRM) genotyping results
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