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The Saijo Basin have more than 2,000 irrigation ponds with many endangered

species are reported. In this study, we investigated the growth of endangered species in Saijo Basin
and developed new microsatellite marker of endangered species. We collected plant samples from
three populations of N. japonica in the Saijo Basin. And we also gained an understanding of and
evaluate the inhabitation status of aquatic plants especially Nuphar taxa and Potamogeton taxa in
more than 150 irrigation ponds. The western Japan heavy rain in July, 2018 caused tremendous damage.
In addition, in the reservoir after this heavy rain, there was a reservoir whose environment was
greatly changed by heavy rain, such as the possibility that water grass flowed out due to the inflow
of soil and sand and the rise of water. Our findings contribute to an understanding of the
vegetation patterns in irrigation ponds at the landscape scale and may have important implications
for aquatic plant conservation and restoration.



B X C—19. F—19—1, Z—19 (@)
1. ARSI O &

7=, BEAAHDOILODANLOT 2y T2 RTHHIZHL20b 6T, Ml Wi D%
RICEBEREEZR-T L HIC, BEEERE L TCABEBROGFEELE 25 L CTIHEFICH
HWIRWAERERTH D, LnLAaRs, ITELOMIL, RO A/KEBEIC L 5 ERREEE
DK T, BEFHOZICHE S DS CTROFHEBEOR I | WETHEREOBBIZS S I,
;EOLEFM & L TOE O TFLEOBD ORENRA T T D,

T2 OMLD X 5 A IR IZ ST DA BTl B DFENAEE ATREZR 72 DA &L O A AT HE
PREREEIC AR L, IR THEABEI CE D X v N U — 7 BEET DHEAITIE, T OO
BRI RmL R D B2 bND, Flo, NS thOESRIZIZFE CHEOE—O R X 72l v
ZL OEEMNEET L TCND 2 E | ABHOSH T — 0%y N U —7 BNi=dOEY SRk
PEDFRUC BB BB 2 BTe LT D Z EDRETHRTHL NN > TWD, —FH T, AWMk
MDA B DT O 7= DI EE | Ml o I A DM E T 5 T2 DA B HOR E L, %
v MU — 2 7 EO BRI RIERIZIA SR o TWHRY, TS EHALNICT 701, £ F
HC OMEPRRE R ORE T HUA 72 E I L A B EIERE, AFMORR TR 2 b LI Loy I a
L— g R0, B AR EORENLETHDLN, 2O LX) 2RI O T LMTbh
TELT, AFHOREFHBONEE TIEINRY ORMZ2ET 5, £7-. 2oL, EEARER
LT AMEEBIOEED & LT L TEX AR TH D720, B, BUE., BEIRREDZE AL,
BAZE 7 EDNBW A X7 bOb & RFTHRHERSCE AR ERR YIRS N TE -2 ER%
GITHENI TX %, Z LT, TORET TEHE L TW D KAERM DL < 1355 TEER R R BB D
FEZRD, M FECHEMIAT R T2 2721 TR< . REBIEOT- OO L ZRFEEL., HIl
THELZ, £, BELNCLE LR > TEOBIEEEEAEZ DML HD, DX H 7, Fix
PR NBTREL & SRR BRI K > TR TN CTE 22 OMDAERER D A = XA L% BEF)
LERBETOLEER Ay — M- TIPTS5 Z L1k, WAt 2 B U728 The 722 AR
IKPEZEDOHERF « EBIZHT CEFICEETH 5,

ARRFIETIL, 72 ORI AR T 2O ERY ) 5 K ED DNA HEESFH 2 INE L, #ik
fEMfE % & B A PRI L FE 2 L DT L o T, MR RFER A M R2IC E 5T
HERREA T —)V MBRR 2 0 ik, B 2 USR5 & & bic, Hir 2 AAHA
VR MZHT Bl 2 OREHFEDOIETMEAMIAL L 2 &5 b0 THY . BIGHER X —
DA BN 24T H 2 & T, FECEAREE DR FTREMEIC OV T ORMM - FHIZ S &2 Lz, e
DI EMBIRMER R OB EITH Z L2 AREICTH LD TH D,

2. WEDB

ARFZEIL, MG K AR & 6t G & U T B8 B E AT & sk 2 77— L o 22 FH I &
ST, BEMNHREDONBINIA R T NTHT DEMERNE L ERRREEED A X T 7 v a v
ELANT T2y FI U R (F20M) OFy ARy b EMEEEEORE A7 —L) 2 LI
L. 7=OMMOARERKEE, WS HERF - T D R A2 BT O HELAMNET 5, 7ot
SOEHID K9 A MBI S AE T A AT HOMREITIT, FOSMNNE — o RAEF B O R v T —
J OEBEENBHFHREINTODHOD, BRIRREFIETHAL N E 725 TR0, AIFZRIL, 4
RERFMED B 70 D B OMPBSEIRFE O BISAE ST 28 L T, Bkx R ANBHA /37 NMIxT 5
{iEl = OIEFED B, WESINE & il 2 - — NV CRRIA 5 & O T, BEERRRDAEMEIEIEDR 4
WICRELSEMTHHDTHS,

3. WHEDTTE

AWFZEIL. MY TV OB EAFTRERE., ~A 70V T7 T4 b~—b—OBF., 4hE
Btk oo B 72 DR TE 2 6P 5 & U TS I IR & 2 O el 24TV, A o RSN
IKAEFEMTE DIFRE S L OVEM SRS 5 2 2 8 A 50M U, i) 7 il o B RE SR (R 23K %
ET 5,

(1) Blo~—h—DBE%

AWFFETIE, HILEEHICEFICFEEL TS a R R @3 (2 vhr, X=47 7 a vk
X, PAVavavkR) OffFcEATE s~ 7% T 74 h~—h—DRREEIT-7=,
IR RMEEEE 3 BT, N=A 7T a U MEEEE L BT, YA Y a v a vl EREE 1 O
S5 EEEEEZ W T~ — I — OB Z1To 72, 2 OO OHBRRIEEEEX 2.3 205 8.4 km Dl
FEIZ oA Ly Y OiEHEIX 5.8 km TH 5,

(2) HaPRSEIRFE DA BRI R

AWFFETIZ, 2 UARRE3FEDIFH), AL 0 3FEOERMORELIToT-, 2 VRLRE
IZOWTIE, FESAM CRITAICA LT HiaifE s L CREMRETH D, £/, LAY
2JBIZOWNTIEL, FERAHIASER L TVAZ ENRRESNTVDHFETH 5,

ARFZETIE, 2D OFEE OIS AR HEEA & FEOBRBEHA. DEM 2> O /ERR L7 I 21T



W, AR ORI Maxent) &, HERRSAAEE DL Z B 50N LTz, BRANRY ARG
UWNTIE, Riplay @ K 3% Fiv iz, A RBHIOZEEIE, SAAfEEIZ DWW TIE, 1995 455 2000 4F
WZNT TAT O TR 10 HERTO WA E T O 7= DFHEREEDO T — X OFTFER & & &2 1T -
77

4. WFIEERH

(1) \fr~—H—DRF

AWFIETIE, BHIRETTOTERAMIZE L AT 272 DOMICAEE T DB MEIRFEOFHEEZ I 5
WICT D7, FSAMOMERAEEMRO LT RNFAE, ERAEEEOBE T b~ —h —fR %
1Tole, ZTDI=®, FSRBEHOKAERYCMH, SO MG A IR E RO
NEE, AEBRNFAE D &L bic, WELZAEEMT —2 D GIS T—X _X—2 & Bk L, EFIR
WOEEW LT D LI AT, Bla~—T—OBIIZOWTIE, EERAMICAEET T
HayRpg SFOBGHT CHATE A~ 70T T4 h~—T—0DREDOTD, TS
D 3EMENR=A T T avRRrxeh A Vavavisxo1EHZLELWT, v( 7t T
FA h~v—Hh—% 15 {HBA%E L=, BRZE LIz~ — I — O Bn+0OREIL. 2 725 9. Fi
3.47T THY ., ~TaHEREIZ0.50 15 0. 78 DHiIPHTH 7=, R LIE-~—DT—D 5 b, 118
WR=F T T agRRrES AV avauRrTHIETLIZ E2HRTLIIENTER (F1 -
2),

# 1 : Characteristics of the 15 polymorphic microsatellite markers developed for Nuphar japonica

Locus Primer sequences (5'-3")° Repeat motif Fluorescent label Allele size range (bp) GenBank accession no.

NJ03362 F: [F9AGG] AAGGGTAGATGGTGCCGTC (AG),; HEX 384-430 LC164697
R: CGACCCTTGGAGTACGTCAA

NJ03807 F: [F9GAC] CACAGTACCAAACGGCGAAC (AG),5 FAM 127-143 LC164698
R: GTAAAGGAAAGGCGACAGGC

NJ03886 F: [F9CCG] CGCGGATTAATGATGGCCTC (AT),, FAM 321-339 LC164699
R: CACCACACCCGTACCTATGT

NJ04340 F: [F9CCG] GAAACCCACACATCACCTCC (AG) 6 FAM 312-328 LC164700
R: GGACGTAGCATTCTCTCTCCT

NJ08140 F: [F9GAC] ATCTCTCCCGCATCAAGACC (AG)5 FAM 136-170 LC164701
R: CTCGATCTCCACCTTCAGCA

NJ08349 F: [F9GCC] AGCATAACCACACAAAGTCCC (AG)5 PET 274-288 LC164702
R: CCAATGAGCTCACCTTTCCC

NJ11253 F: [F9CCG] AGGACACATTTGCCAACGTG (AG),; FAM 316-328 LC164703
R: CCATTATCGCCGGCAAGAAG

NJ12418 F: [F9GTC] TTTGTTGGTTGGCACGAGAC (AG) 4 HEX 186-196 LC164704
R: CGAAGGTAGGGCTGTGAACT

NJ13401 F: [F9GCC] ACACAAATTCACGGAGCAGAC (AQ)y; PET 289-315 LC164705
R: CAGCTTGGGTCTTGAATGGAC

NJ14763 F: [F9AGG] GGCAAGACAAAGTGAGGCTC (AT);s5 HEX 366-370 LC164706
R: GGCTGGTTTGGGTTCAGTTC

NJ15714 F: [F9GCC] GCATTCCTGATCGTGTCTGC (AG)6 PET 250-270 LC164707
R: CAACCCTACAGAAGAGCGGA

NJ17517 F: [F9GAC] GAGCAAGGAGGAGAAGGTTTC (AG),; FAM 146-174 LC164708
R: CTCTATAATGGCGACACAAGCT

NJ18010 F: [F9TAC] CATCACGACGGAACCAAAGG (AG) 5 NED 228-260 LC164709
R: GCACGAGCGAGACTAGAAGA

NJ18322 F: [F9AGG] TTCACAGCTCCTCTTCCGTC (AG) 6 HEX 406-410 LC164710
R: GCTCGAGAACCTTGACCTCA

NJ21829 F: [F9AGG] ACGCACACCAATCGTTGTAG (AG); HEX 401-433 LC164711

R: CTACCCAGAAGCGACAGTGA

2Annealing temperature was 60°C for all loci.

bSequences of the BStag primers: FOGAC-FAM = 5-CTAGTATCAGGACGAC-3’, F9GTC-VIC = 5-CTAGTATGAGGACGTC-3’, F9TAC-NED =
5’-CTAGTATCAGGACTAC-3’, FOGCC-PET = 5'-CTAGTATTAGGACGCC-3"), FOCCG-FAM = 5’-CTAGTATTAGGACCCG-3’, FOAGG-VIC =
5-CTAGTATTAGGACAGG-3".

# 2 : Genetic variation of the 15 polymorphic microsatellite loci in three populations of Nuphar
Japonica, one population of N, oguraensis var. akiensis, and one population of N. Xsaijoensis.

N. japonica N. oguraensis var. akiensis N. xsaijoensis
Sawahara (n = 12) Kouno (n=12) Doinouchisako-shita (n = 8) Rakan (n=8) Imori-shita (n = 8)

Locus Ar A H, H, A H, H, A H, H, A H, H, A H, H,

NJ03362 9 6 1.000 0.736 3 0917* 0.554 2 0.750 0.500 — — — 6 0.375% 0.858
NJ03807 2 2 0917 0518 2 0.666 0.464 2 1.000 0.533 1 0.000 0.000 2 0.750 0.533
NJ03886 3 2 0.833 0.507 3 0.833 0.562 2 0.875 0.525 — — — 2 0.125 0.125
NJ04340 3 2 0.833 0.507 3 0.833 0.554 2 0.875 0.525 2 1.000* 0.500 2 0.875 0.525
NJ08140 3 3 0.750 0.620 3 0.583 0453 2 0.875 0.525 2 0.000 0.233 3 0.625 0492
NJ08349 3 3 0.833 0.562 2 0.833 0.507 2 1.000 0.533 2 0.000 0.400 2 0.125 0.125
NJ11253 4 2 1.000* 0.522 3 0.666* 0.638 3 0.875% 0.642 — — — 1 0.000 0.000
NJ12418 3 3 0917 0.562 2 0.833 0.507 2 0.875 0.525 2 0.125 0.125 2 0.750 0.500
NJ13401 2 2 0.666 0.464 2 1.000% 0.522 2 1.000 0.533 1 0.000 0.000 2 0.875 0.525
NJ14763 2 2 0.583 0518 2 0.750 0.489 2 1.000 0.533 1 0.000 0.000 3 0.625 0.542
NJ15714 4 2 0.833 0.521 2 0.666 0.464 4 1.000% 0.650 2 0.000 0.233 2 0.750 0.500
NI17517 3 2 1.000* 0.522 2 0.750 0.489 2 0.875 0.525 1 0.000 0.000 3 1.000 0.592
NJ18010 6 3 0.500 0.507 3 0.750 0.562 5 1.000* 0.700 1 0.000 0.000 3 0.750 0.700
NJ18322 2 2 0.833 0.522 2 0.583 0.489 2 0.875 0.525 1 0.000 0.000 2 0.875 0.525
NJ21829 3 2 1.000* 0.522 2 0.833 0.507 3 0.875 0.692 — — — 2 0.000 0233

Note: — = not amplified; A = total number of alleles in N. japonica populations; H, = expected heterozygosity; H, = observed heterozygosity.

4Voucher and locality information are provided in Appendix 1.
*Significant deviation from Hardy—Weinberg equilibrium expectations (P < 0.01).
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