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OPUTVHANIbBHAA CTATbA

HNU3KO3ATPATHbI METO/ A4/19 ONPEAENEHNA
OYBNETOB KOJIMEKUMW B TEHHbIX BAHKAX

AKTyaNibHOCTb. B HacTosLLee Bpems B pas3iNUHbIX reH6aHKax Mupa XpaHsaTcs
06pasLibl, CXOAHbIE MO HA3BaHWI 1 NPOUCXOXAEHWIO. OfHAKO HEW3BECTHO SiB-
NAKTCA M OHW Ay6neTamun. Matepuan v MeTogbl. C Lenbio pa3paboTku npo-
CTOr0 W HeZOPOroro MeToda A4 BbisiB/eHUs Ly6neToB B reH6aHKax Oblin Bbl-
6paHbl 06pa3Lpl AumeHs (Hordeum vulgare L.) CkaHAMHABCKOTO NMPOMCXOXAE-
HUA, XpaHsLlvecsa B Konnekumsax BUP um. H. V. Basunosa n Hopauyeckoro
reHHoro 6aHka. MepBbIil 3Tan BKIKOYaN BbISBEHVE 06Pa3LIOB C OAMHAKOBbIMY
Ha3BaHVAMY Ha OCHOBE NacrnopTHbIX 6a3 AaHHbIX B Pa3HbIX MeHHbIX 6aHKax;
BTOPOWi - NOMEBOE M3yyeHWe 00pa3L0B, MPeLCTaBAOLLYX BEPOATHbIE Ay6/eTbl,
TPETUiA - yray6reHHOe U3ydeHne ¢ UCMo/b30BaHUM 60Mee CNOXHbBIX METO/0B
[N 06pasLoB, MMEOLMX pasinums. Pe3ynbTaTbl U 3aKktoyeHre. B aByX Kor-
NeKumsax 6bu10 BbisiBeHO 185 nap 06pasLios ¢ 0AHAKOBLIMM Ha3BaHUAMU. Kax-
[as napa 6bl1a BbICESHbI B MO/e PSAOM C APYr APYroM Ha OfHOW AeNnsHKe u
M3yyeHa Mo OfHWUM W Tem ke MOPKONOrMYecK M MpUsHaky. Y 60/bLUMHCTBA
nap U3y4YeHHbIX 06pa3L0B Pa3Mymin He BbISBEHO (63%) T. e. YeTbIpe U3 Kaxk-
[bIX LLIECTU Nap NPeano/iokUTeNbHO ABASIOTCA AybneTaMu B ABYX FeHHbIX 6aH-
Kax. Y 13% nap 06pa3sLioB HabMHAaNCh 3HAUYNTE/bHbIE AOCTOBEPHbIE Pa3/in-
uns, ay 24% nap pasnnmums 6blM HeAOCTOBEPHBI, YTO NpeanonaraeT ux 6osee
yrny6neHHoe n3yyeHre. TakymM 06pa3oM, pesy/bTaTbl U3yUYeHUs NMOKa3anm, YTo
NP1 NOMOLLM NPOCTOr0 MOMIEBOTO CKPUHUHIE 06Pa3LI0B MOXHO BbISBUTb BEPO-
ATHble Ay6eThbl KONNEKLMM U 06pa3Lbl, KOTOpble TpebytoT 6o/1ee AeTalbHOro
uccnefoBaHus. PesynbTaThbl JaHHOMO UCCNef0BaHUS BaXKHbI Kak 415 paboTbl Mo
YNPaBNeHNIO KOHKPETHbIM FeH6aHKOM, Tak 1 [/ MPOBEAEHWs CCe0BaHIA
MEXY reHHbIMN HaHKaMM.
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ORIGINAL ARTICLE

A LOW-COST METHOD FOR THE DETECTION
OF DUPLICATE HOLDINGS AMONG GENEBANK
ACCESSIONS

Background. World genebanks hold some accessions with similar names and
origin. The question is whether accessions with identical or similar names pre-
served in genebanks are duplicates or not. Materials and methods. A study was
performed in the Russian and Nordic collections ofbarley (Hordeum vulgare L.)
to establish a simple, low-cost method for the detection of duplicates. The
method included two steps: 1) Identify accessions with identical names based on
passport data, 2) Agro-botanical screening of the accessions dividing the acces-
sions into most likely duplicates, probably distinct accessions or accessions that
would need further investigation. In a third step, more sophisticated characteri-
zation of the latter group should be conducted in future. 185 pairs of accessions
subsequently cultivated side by side for a screening, one plot per accession, and
scored by the same person using a set of morphological descriptors. Results and
conclusion. In total, 185 pairs of accessions with the same name were identified
in the two collections, cultivated, and scored using a set of morphological de-
scriptors. Within-pair differences more than two standard deviations from the
mean differences were highlighted. No differences were detected in the majority
ofthe pairs (63%). In four out of every six pairs no differences were detected for
any of the agro-botanical characters. The accessions are most likely duplicates.
In 13% ofthe pairs, the accessions were probably distinct and another 24% fell
in-between these categories and required further investigation. The results
showed that a simple screening can reduce the number of duplicates or the num-
ber of accessions put into further investigations. The results are relevant for
genebank management and collaboration between genebanks.
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Introduction

Genebanks for orthodox seed germplasm
have to maintain seed viability and to facilitate
use in breeding and research (Vertucci, Roos,
1990; Walters, 2004; FAO, 2010). The
germplasm collection at the Nordic Genetic Re-
sources Center at Alnarp, Sweden, (here abbre-
viated as NGB) consists of approx. 35,000 ac-
cessions. One of the world's oldest and largest
collections, with more than 325,000 accessions,
is held atthe N. I. Vavilov Institute of Plant Ge-
netic Resources (VIR) in St. Petersburg. The
idea of establishing ex situ collections spread
during the twentieth century and today 1500
collections can be found globally with a total
number of 7.4 million accessions (FAO, 2010).
Far from all of these accessions are unique as
there have been extensive duplications among
collection holders (Plucknett et al., 1987; van
Hintum, Visser, 1995; van Hintum, Boukema,
1999; Germeier et al., 2003; van Treuren et al.,
2009). However, according to FAO (1998)
many collections are in an unsatisfactory state
due to excessive expansion combined with in-
adequate resources. In Europe, the European
Genebank Integrated System (AEGIS) aims to
minimize duplications (ECPGR, 2008; Engels,

Maggioni, 2012; Vetelainen, 2012). One ap-
proach has been to search for samples with the
same or similar names and to start a process to
reduce duplicates from there. This was also our
motivation. We know that seeds have been ex-
changed between the Nordic countries and Rus-
sia. The records indicated that Nicolai Vavilov
had for example contact with the Botanical Gar-
den in Copenhagen in the period between
World War 1 and World War 2 and with the
breeders in Weibullsholm and in Svalof
(Loskutov, 1999). The question is whether ac-
cessions with identical or similar names pre-
served in genebanks are duplicates or not.

Material and methods

For this study, barley (Hordeum vulgare L.)
was selected as a model crop. A two step
method was suggested where the first step was
to identify accessions with identical names
based on passport data. A second step was an
agro botanical screening ofthe identified acces-
sions, resulting in a division of the pairs into
most likely duplicates, probably distinct acces-
sions or accessions that would need further in-
vestigation.

density curve

KWT.D

- red=mean - - blue=med.

pacuk pacnpefeneHns pasnmMymnii No 3Ha4YeHNO nNokasatens macca 1000 3epeH
Yy M3y4YeHHbIX 185 nap noTeHuManbHbIX Ay61eTOB
Graph showing the distribution of the differences in values for the character 1000 kernel
weight (KWT) when comparing the two values in the value pairs
of 185 potential duplicates
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Passport data were extracted from the NGB
and VIR databases. We searched for accessions
with same (or very similar) names in the two
collections and were able to detect more than
200 such pairs. Pairs where accessions were do-
nated from the other genebank or pairs where
seeds were not available were discarded from
the study resulting in 185 pairs of potential du-
plicates. The agro botanical screening was car-
ried out in a field at the Pushkin branch of VIR,
located in the Leningrad region. Pairs were
seeded next to each other, one plot per acces-
sion. Each plot was scored once by the same
person and and according to standard character-
ization guidelines for barley developed at VIR
(Loskutov et al. 2012, table 1). Statistical anal-
ysis was performed using R software (R Core
Team, 2014). For each character we calculated
a mean difference between VIR and NGB, and
standard deviations of the difference. Figure il-
lustrates a histogram for one of the characters;
1000 kernel weight (KWT), showing a two
tailed graph with a normal distribution when
comparing the two values in 185 potential du-
plicates. The R function 4ist was used for sur-
veying the distribution pattern and exclude
characters with no or very little variation were
removed from the further analysis (Glume

width, Awn roughness, and Kermnel covering;
data not shown). Rachilla hair length was
scored but not included in the analysis due to
uncertainties in the scoring method (short or
long category only). After analysis, the acces-
sion pairs were divided into three categories
based on the following criteria: (1) Probably
different accessions: more than two of the char-
acters show differences exceeding two standard
deviations from mean difference, (2) Doubtful
duplicates: one or two of the characters show
differences exceeding two standard deviations
from mean difference, and (3) Similar acces-
sions: none of the characters show differences
exceeding two standard deviations from mean
difference.

Results and discussion

The results are summarized in table 2. No
differences were detected in the majority of the
pairs and these were regarded as duplicates (ac-
cession details not shown). In 13 and 24% of the
pairs, accessions were seemingly different or
doubtful duplicates. The details are shown in ta-
ble 3 and table 4, respectively. Worth noting is
that four pairs include accession of different
sub-type; 6-rows or 2-rows barley, respectively.

Tabnuua 1. Pesynbrathl NONEBOro UdyveHua B 6annax (A66p.), cpeaHan pasHULa mexay
AaHHbIMK no 185 napam 06pa3u,08 U3 Konnekuun BUP n Hopauueckoro reHHoro 6aHka,
M 3HaYEeHMA CTaHAAPTHbIX OTKIOHEHUH
Table 1. Examined agro-botanical traits with code (Abbr.) and mean difference between VIR
and NGB accessions (185 value pairs) with the standard deviations of the difference

Character Abbr. Mean difference | Standard deviation of

IMpuznak AGOp. (VIR - NGB) the difference
Cpennsis pa3- | CraHgapTHOE OTKIIO-

HUIIA HCHHC

Continuous, numerical

Spike lenght (cm) SL -0.20 1.46

Jnuna xomoca (cm)

Seeds per spike (in number) SNS -1.08 7.82

Yucno 3epeH B KOJIOCC, IIT.

Spikelet per spike (in number) SGS -092 7.84

Ywc10 KOJIOCKOB B KOJIOCE, IIT.

Days from heading to maturity DHM —-0.08 0.74

JHu OT KOJTOWEHUS A0 CO3PCBAHMS

Days from seeding to heading DHE -0.05 0.73

JIHH OT BCXOJ0B A0 KOJIOIICHUS

Days from seeding to maturity DMA -0.02 0.44

JHu OT BCX0J0B 0 CO3PCBAHM
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Character Abbr. Mean difference | Standard deviation of

IMpuznak AGOp. (VIR - NGB) the difference
Cpennsg pa3- | CrangapTHOE OTKIIO-

HUIIA HCHHEC

1000 kernel weight (g) KWT 0.06 3.79

Macca 1000 3epen, r

Plant height (cm) PLH 0.00 0.52

BricoTa pactenmii, cM

Categorical, numerical®

Resistance to powdery mildew RPM 0.23 021

Y cTOMIHMBOCTD K MyUHHCTOH poce

Hoodedness-awnedness® HA 0.01 0.15

Resistance to lodging LOD -0.02 0.37

VY CTOHIHBOCT K MOJICTAHHUIO

Spike density SDE -0.04 1.39

ITmoTHOCTE KOTOCA

Resistance dark-brown spot blotch RDBB 0.01 0.50

VY cTOHYHBOCTE K TEMHO-OYPOH MATHH-

CTOCTH

Categorical. non-numerical

Lemma colour® LCO 0.05 0.61

IlBeT KOTOCKOBBIX eIy

Spike type (1 six row, 2 two row) RNO -0.01 0.23

Tun xomoca (1 6-psaHbIi, 2 2-psSAHBIN

Colour of caryopsis?

LlBeT 3cpHOBKH CCO 0.01 0.31

@ Categorical for resistance characters and density were 1-very low, 3-low, 5-intermediate, 7-high, 9-very
high (very good). ® Hoodedness-awnedness categories were: 1-sessile hoods, 2-elevated hoods, 3-awnless
or awned (<2 cm), 4-awned on central rows only for two rowed forms, on all 6 rows - for six-rowed forms, 5-
awned on central rows only, lateral rows awnless or awned for 6-row forms only. ¢ Lemma colour; 1-
white/brown, 2-yellow, 3-white, 4-brown, 5-black, 6-purple. ¢ Colour of caryopsis; 1-white, 2-blue, 3-black.
abannel N0 YCTOWYMBOCTU U MAOTHOCTU Komnoca: 1 — odeHb HU3Kas, 3-Hu3Kas, 5-cpefiHee, 7-Bbicokasd, 9-
OuYeHb Bhbicokast. °

Tabnunua 2. Bo3moKHO pa3Hble 06pasLbl, COMHUTE/IbHbIE Ay6aeTbl M 0aMHAKOBbIe 06pasLbl,
BblAe/IeHHbIE B NPOLLecCe CPAaBHUTE/IbHOIO aHa/n3a Pe3y/ibTaToB arpob6oTaHMYECKO OLLeHKH
185 nap noteHuuManbHbiXx Aybneros Hordeum vulgare us konnekumit BUP
1 Hopaunueckoro reHHOro 6aHka
Table 2. Probably different accessions, doubtful duplicates and similar accessions based on
comparing agro botanical characterization results in 185 pairs of potential
duplicates between VIR and NordGen holdings of Hordeum vulgare

Category Number of acces- % of
sion pairs accession pairs

Probably different accessions 24 13

Doubtful duplicates 44 24

Similar accessions 117 63

Total 185 100
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Tabauua 3. Mapbl 06pa3LL0B CO 3HAYUTENIBHBIMU PA3IMUMAMU MEXKAY HUMM (pa3IinumnA B 4Ba CTAaHAAPTHBIX OTKIOHEHUA

0603Ha4YeHbl — X U B TPU CTAaHAAPTHBIX OTKNOHeHUa — XX)

Table 3. These 24 accession pairs showed considerable differences among the two samples. They had within-pair differences of more than two
standard deviations from mean difference in all pair comparisons (marked as x)
or three standard deviations from mean value (marked as xx)

Accession pair information

Continous, numeric characters

Categorical, numeric

Non-numeric

v = «E = E i wn 2 = T p= < a % o o o
5 = 27| E c |7 | 5|3 Z|2|E|E|E|8|2|¢8 |2 S| 2|28
Akta 1984 DK k30491 2665 XX XX X X
Alf 1978 DK k26909 4707 XX X
Arabische L - k20923 8245 XX XX XX X
Asa 1949 [ SE | K18502 1487 XX X | X
Caminant 1994 DK K30374 15054 X XX X
Camir 1986 DK K29776 10710 XX XX
Chevalier 1830 UK K18045 9443 XX X
Dore 1932 SE K15536 6272 X X XX
Etu 1970 FI K21834 332 XX (X)
Frida 1984 SE K29420 1519 X XX
Gula 1976 DK K26806 13681 X XX XX
Jadar I1 1947 No K19035 457 X XX
Jotun 1930 No K19037 466 X XX 0.8
Laari L FI K29877 273 X XX
Magda 1989 SE K29761 9949 XX
Mari 1960 SE K19354 4694 XX XX
Mie 1995 SE K19494 12285 XX XX X XX X X
Pamina 1981 SE K20466 2675 X XX XX X XX X X
Patrik 1980 SE K29421 2676 XX
Polar 1933 No K30048 2277 X X
Riegel 1941 DK K21879 8818 XX XX XX XX XX XX
Ringve 1972 No K23664 2078 XX 0.8
Silja 1979 FI K26913 9280 XX X X X
Suvi 1973 | FI K21992 | 296 X XX X X X | [ X

2 DK is Denmark, SE is Sweden, Fl is Finland, NO is Norway, DE is Germany, UK is United Kingdom, L is landrace
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Tabauua 4. Mapel 06pasLLOB C HEZHAUUTENBHBIMY PA3IUUMAMU MEXKAY HUMU (pa3/inumna B ABa CTAHAAPTHBIX
OTK/IOHEHUA 0603Ha4YeHbl — X U B TPU CTAaHAAPTHBIX OTKAOHEHUA — XX)
Table 4. These 44 accession pairs showed differences among the two samples and represent doubtful duplicates. They had differences in one or
two characters. Within-pair differences greater than two standard deviations from mean difference in all pair comparisons (marked as x) or three
standard deviations from mean value (marked as xx)

Accession pair information Continous, numeric characters Categorical, numeric Non-numeric

2 =) g b = 0 o) = an) S <« ) Z ®) ©) ®)
5 22| E 2 |3 |23 Z|E|2|E|E|2 2182|2128 |2]|¢8

Archer 1927 | DK | k3537 6933 X

Anita 1962 | No | k19447 15250 X

Annika 1983 | SE | k30052 9929 X

Apex 1982 | NL | k28001 13689 | X X

Arena - - K28947 | 13687

Arla 1962 | SE | K20508 | 2681 X

Arra 1984 | FI K28189 | 4011 X

Arvo 1966 | FI K19958 | 303 X

Bente 1982 | SE | K28948 | 9289 XX

Bingo 1984 | DK | K29234 | 9933 X

Bomi 1966 | DK | K21887 | 5096 X

Bonus 1950 | SE | K17017 | 1489 X X

Canut 1987 | DK | K29775 | 13381 XX

Danpro 1969 | DK | K22139 | 9659 X

Denso - DK | KI18816 | 8826 X

Donnes L No | K4249 456 X

Duks 1975 | DK | K25108 | 9651 X

Foma 1961 | SE | K19353 1492 XX

Griar - No | K24005 | 15153 X X

Haaraniemi | L FI K29878 | 320 XX

Harry 1978 | SE | K26916 | 2666 X X

Hellas 1967 | SE | K20320 | 1495 X X

24



Accession pair information

Continous, numeric characters

Categorical, numeric

Non-numeric

2 5 g * = n 0 = an S < ) © ®) @) ®)
5 = | 2| B S| 7| 5|3 S|E|E|2|E|E8 28| |218|28|¢
Jonna 1980 | DK | K27568 | 4719 XX
Kilta 1981 |FI_ | K28190 | 301 X
Kristina 1968 | SE_ | K20321 | 1500 X)
Maskin 1918 | No | K8506 | 459 X X)
Mette 1984 | SE | K29163 | 9275 X
Nordlys 1962 | No | K20478 | 2076 X
Numaen - -~ | K15623 | 15147 X X
Paavo 1959 | FI | K19360 | 13661 X
Pendo - DK | K19912 | 9635 X)
Rauto L FI | K29876 | 265 |X |X
Reform 2000 | DK | K25926 | 1521 X)
Robert 1985 | DK | K28944 | 6310 XX | X)
Romi 1983 | DK_| K28912 | 6307 XX
Senat 1974 | SE | K21931 | 1503 XX
Simon - SE | K27972 | 2668 X)
Siri 1969 | DK_| K22007 | 9637 XX
Stallar 1T 1952 | SE_ | K30053 | 2661 X)
Stella 1935 | SE | K16497 | 1484 X)
Svanhals 1903 | SE_ | K6496 | 9997 XX
Tikkurilla | - -~ | K17557 | 15354 )
Varde 1941 |No |KI7013 | 8861 X
Vigdis 1964 | No | k20316 | 2083 X

2 DK is Denmark,

25

SE is Sweden, Fl is Finland, NO is Norway, DE is Germany, UK is United Kingdom, L is landrace



Tpyovr no npuxaaonot bomanuke, cenemuxe u cerexyuu, mom 177, evinyck 4

There are several possible explanations for
the differences found in accessions with identi-
cal names. Different cultivars could have the
same name. Among the material this was the
case for the pair Bonus. Bonus is a Swedish va-
riety released in 1950 but there also exists a
Norwegian variety with the same name released
by a local research station in the 1930s. Mis-
spellings could be another reason to error, espe-
cially with different languages involved. In the
case of Akta; the NGB accession NGB2665 was
misspelled to Akka and by mistake paired
wrongly. Other mistakes could be caused by the
fact that some Cyrillic letters look like certain
Latin letters but have different character encod-
ings. For example; Frida which is a Swedish va-
riety from 1984 but Frieda is a German variety.
Erroneous handling of seed lots in the genebank
can also bias the pairs. A more biological expla-
nation to differences is that forces are continu-
ously acting on the genetic make-up of the pop-
ulations (Ellstrand, Elam, 1993; Gomez et al.,
2005, Ouborg et al., 2006; Negri, Tiranti, 2010).
The relationship between population size and
genetic diversity has been well described
(Ellstrand, Elam, 1993; Dittbrenner et al., 20053,
Hensen, Oberpicler, 2005; van Treuren et al.,
1991). In genebanks, regeneration is a critical
step (Leino et al., 2013; Solberg et al., 2015)
and standards have been developed to reduce
genetic drift and erroneous germplasm handling
(FAOQ, 2014). Combined field assessment with
more a sophisticated method was suggested by
Diederichsen (2009) as the most efficient way
for determination of internal duplication hold-
ings. Our study highlights the cost-effective-
ness of including an initial field screening be-
fore more extensive assessments with sophisti-
cated analysis. By adding such a screening the

number of accessions included in the more so-
phisticated analysis could be reduced by two
third. For genebanks such cost reductions are of
great value. A screening method using one plot
per accession represents a low-cost method that
could potentially be useful for the extraction of
a subset of accessions for more detailed exami-
nation. This second examination could be per-
formed using for example molecular markers
(Lund et al., 2003), other biochemical analysis
(Perchuk et al., 2016) or more detailed morpho-
logical characterization based on multi-loca-
tional experiments (Diederichsen, 2009). Our
study furthermore demonstrates the need of in-
cluding agro botanical characterization in dupli-
cate assessment process. Rejection of acces-
sions based on accession names only could lead
to the loss of diversity. Including passport data
analysis in the process would be better (van
Hintum, Knupffer, 1995) however including
agro botanical screening should be part of a
standard procedure to reduce duplicate hold-
ings. Our case study in barley showed that one
of the accessions in more than 60% of the pairs
we could be eliminated. From a genebank man-
agement perspective this would reduce the
long-term maintenance costs. The European
Genebank Integrated System has tried to sug-
gest a road-map from which of the collections
such elimination should take place, however,
elimination can only take place when long-term
commitment and collaboration among collec-
tion holders and nations are present.
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